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ACADEMY

Chapter 1: Ratio and Proportion, Indices, Logarithms

Ratio

A ratio is a comparison of the sizes of two or more quantities of the same kind by

division. It denotes how many times one quantity is contained in another.

Definition

If @ and b are two quantities of the same kind (in the same units), then the fraction %

is called the ratio of a to b. It is written as a : b. Thus, the ratioofato bis 2 ora : b.

b
Terms of the Ratio
The quantities a and b are called the terms of the ratio.

e @ is called the first term or antecedent.

* bis called the second term or consequent.

Inverse Ratio

One ratio is the inverse of another if their product is 1. Thus, @ : b is the inverse of b :

a and vice-versa.

Definition
The inverse ratio of @ : bis b : a. It is obtained by taking the reciprocals of a and b.
Explanation

The inverse ratio of a : b is:

11
a b

Similarly, the inverse ratio of @ : b:eis:

= b i

= be : ge s ab

i
&

Q|
S| -t
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Q) Find the inverse ratio of 5: 8

(@)5:8
(b)8:5
(c) 25: 64
(d)1:1

Q) Find the inverse ratioof 3:6: 8

(@) 8:4:3
(b)1/3:1/6:1/8
()6:3:8
(d)3:6:8

Q) Find the Inverse ratio of 5:8:9

(a) 72:45:40
(b) 45:72:80
(c) 9:8:5

(d) 40:45:72

Q) The ratio of two quantities is 15 : 17. If the consequent of its inverse ratio is 15, then

the antecedent is:
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1. Duplicate Ratio

A duplicate ratio is obtained by squaring the terms of the original ratio. If the original

ratio is @ : b, the duplicate ratio is a2 : b2.

2. Triplicate Ratio

A triplicate ratio is obtained by cubing the terms of the original ratio. If the original
ratio is a : b, the triplicate ratio is a® : b3

3. Sub-duplicate Ratio

A sub-duplicate ratio is obtained by taking the square root of the terms of the original
ratio. If the original ratio is a : b, the sub-duplicate ratio is \/a : '\/E

4. Sub-triplicate Ratio

A sub-triplicate ratio is obtained by taking the cube root of the terms of the original
ratio. If the original ratio is @ : b, the sub-triplicate ratio is \/a : vb.

5. Compound Ratio

A compound ratio is formed by multiplying the corresponding terms of two or more

ratios. For example, the compound ratio of @ : band ¢ : dis (a X ¢) : (b X d).

Examples
* Duplicate Ratio: For the ratio 2 : 3, the duplicate ratiois 4 : 9.
¢ Triplicate Ratio: For the ratio 2 : 3, the triplicate ratio is 8 : 27.
® Sub-duplicate Ratio: For the ratio 4 : 9, the sub-duplicate ratio is 2 : 3.
* Sub-triplicate Ratio: For the ratio 8 : 27, the sub-triplicate ratio is 2 : 3.
* Compound Ratio: For the ratios 2 : 3 and 4 : 5, the compound ratio is 8 : 15.
* Inverse Ratio: For the ratio 2 : 3, the inverse ratio is 3 : 2.

* Continued Ratio: For the quantities 2, 3, and 4, the continued ratiois2: 3 : 4.
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Q) Triplicate ratioof 4 : 5 is

(@) 125:64
(b) 16: 25
(c) 64 :125
(d) 120: 46

Q) Find the sub-duplicate ratio of 49 : 64.

(@)7:8
(b)49:8
(cyB:7
(d)64:49

Q) Find the sub-triplicate ratio of 8 : 27.

(@)2:3
(b)3:2
(©)4:9
(d)8:27

Q) The continued ratio of ¥ 150, X 300, and X450 is
faj1:2:3
(by2:3:4
el 325

Q) The ratio compounded of 4:5 and the sub-duplicate ratio of a:9 is 8:15, then ‘a’ is

(@2
(b) 3
(4
(d) 5

QA by Nithin R Krishnan




AAAAA

Q) If p : q is the sub-duplicate ratio of p - x*: q - X% then x? is:

@) jﬁ—q

(b) piq

(© Pqpq

(d) None

Q) 5$+6 is the duplicate ratio of 2 Then find the value of z:

(@) 2
(b) 6
(5
(d)9

Continued Ratio

Notes:
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Continued Ratio Based Problems

QIfA:B=4:7andB:C=5:9,thenfind A:B:C.

(@) 20:35:63
(b)4:7:9
(€©)5:7:9
(d)20:28:45

QIfA:B=5:6andB:C=3:8,findA:B:C.

(@)5:6:16
(b)5:6:8

QIfA:B=3:4B:C=5:6,andC:D=7:8,findA:B:C:D.

(a) 105 : 140 : 168 : 192
(b)15:20:24:28
(c)30:40:48:56
(d) 21:28:35: 40

QIfA:B=2:3B:C=4:5andC:D=4:7, thenfind A:B:C:D.

(@) 32:48:60:105
(b)8:12:15: 21

(©)16:24:30:42
(d) 24 :36:45: 63

Q) P, Q, and R are three cities. The ratio of average temperature between P and Q is 11 : 12 and that
between P and R is 9 : 8. The ratio between the average temperature of Q and R is:

(a) 22 : 27
(b) 27 : 22
(c)32:33
(d) None
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Q) X, Y, and Z together start a business. If X invests 3 times as much as Y invests and Y invests twd
thirds of what Z invests, then the ratio of capitals of X, Y, and Z is:

(a) 3:9:2
(b) 6:3:2
(c) 3:6:2
(d) 6:2:3

An amount divided in Certain ratio

Q) Two numbers are in the ratio 7 : 8. If 3 is added to each of them, their ratio

becomes 8 : 9. The numbers are:

(a) 14, 16
(b) 24, 27
(c) 21, 24
(d) 16, 18

Q) If the ratio of two numbers is 7:11. If 7 is added to each number, then the new ratio
will be 2:3.

Then the numbers are:

(a) 49, 77
(b) 42, 45
c) 43,42

(
(d) 39, 40

Q) The ages of two persons are in the ratio 5 : 7. Eighteen years ago, their ages were

in the ratio 8 : 13. Their present ages (in years) are:

(a) 50, 70
(b) 70, 50
(c) 40, 56
(d) None
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Q) The price of a scooter and moped are in the ratio 7 : 9. The price of the moped is ¥ 1,600 more than
that of the scooter. Then the price of the moped is:

(a) 7,200
(b) ¥ 5,600
(c) X 800
(d) X700

Q) The students of two classes are in the ratio 5 : 7. If 10 students left from each class, the remaining

students are in the ratio 4 : 6. Then the number of students in each class is:

(a) 30, 40
(b) 25, 24
(c) 40, 60
(d) 50, 70

Q) The ratio of the number of boys and the number of girls in a school is found to be 15:32. How many

boys and an equal number of girls should be added to bring the ratio to 2:3?

(a)19
(b) 20
(c) 23
(d) 27

Q) In a department, the number of males and females are in the ratio 3:2. If 2 males and 5 females join

the department, then the ratio becomes 1:1. Initially, the number of females in the department is:

(@) 9
(b) 6
©3
(d) 8

Q) A group of 400 soldiers posted at a border area had a provision for 31 days. After 28 days, 280
soldiers from this group were called back. Find the number of days for which the remaining ration will

be sufficient?

(@) 3
(b)6
()8
(d)10
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Q) Find three numbers in the ratio 1: 2 : 3, so that the sum of their squares is equal to 504.

(a) 6,12, 18
(b)3,6,9
(c) 4,8, 12
(d) 5,10, 15

Q) The ratio of two numbers is 3 : 4. The difference of their squares is 28. The greater number i

Q) For three months, the salary of a person is in the ratio 2:4:5. If the difference between the product of
salaries of the first two months and the last two months is ¥48,000, then the salary of the person for the

second month will be:

(a) 314,000
(b) ¥16,000
(c) 12,000
(d) 20,000

Q) Find three numbers in the ratio 1:2:3 so that the sum of their cubes is equal to 972.
(@2 4,6
(b)1,2,3
(c)3,6,9

(d) none

Q) X 572 are to be divided amongst A, B, and C so that their shares are in the ratio % : % s %. The

respective shares of A, B, and C are:

(a) ¥264,%176,% 132
(b) ¥ 260, X 180, 132
()X 270,%170,% 132
(d) ¥ 250,190,132
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Q) An alloy is to contain copper and zinc in the ratio 9 : 4. The zinc required to melt with 24 kg of

copper is:

(a) 103 kg
(b) 103 kg
(c) 92 kg
(d) 9 kg

Q) Eight people are planning to share equally the cost of a rental car. If one person withdraws from the
arrangement and the others share equally the entire cost of the car, then the share of each of the

remaining persons increased by:

-
£ o &

_—
o
St
gol=3 == go|— =

Q) A person has assets worth %1,48,200. He wishes to divide it amongst his wife, son, and daughter in

the ratio 3:2:1 respectively. From these assets, the share of his son will be:

(a) T24,700
(b) ¥49,400
(c) 74,100
(d) 37,050

Q) The salaries of A, B, and C are in the ratio 2:3:5. If increments of 15%, 10%, and 20% are allowed

respectively to their salaries, then what will be the new ratio of their salaries?
(a) 3:3:10

(b) 10:11:20

(c) 23:33:60

(d) Cannot be determined

Q) If the salary of P is 35% lower than that of Q and the salary of R is 40% higher than that of Q, then
the ratio of the salary of P & R will be:

(a) 13:28
(b) 7:12
(c) 9:20
(d) 11:25
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Q) The incomes of A and B are in the ratio 3:2 and their expenditures are in the ratio

5:3. If each saves %1,500, then B's income is:

(a) 36,000
(b) 34,500
(c) 33,000
(d) 7,500

Q) Incomes of R and S are in the ratio 7:9, and their expenditures are in the ratio 4:5.

Their total expenditure is equal to the income of R. What is the ratio of their savings?

(a) 23:36
(b) 28:41
(c)31:43
(d) 35:46

Problems on Coins

Q) The ratio of the number of X5 coins and 10 coins is 8:15. If the value of X5 coins is
360, then the number of 10 coins will be:

(a) 72
(b) 120
c) 135

(
(d) 185

Q) There are a total of 23 coins of X1, X2, and %5 in a bag. If their total value is 43

and the ratio of coins of ¥1 and %2 is 3:2, then the number of coins of %1 is:

(a) 12
(b) 5

(c) 10
(d) 14

QA by Nithin R Krishnan
il




E‘ al"l\/u PQ CA Foundation Paper 3 - Mathematics

ACADEMY

Q) A bag contains 105 coins consisting of 50 paise and 25 paise coins. The ratio of the

number of these coins is 4:3. The total value (in X) in the bag is:

(a) 43.25
(b) 41.25
):39:25
(d) 35.25

Q) A box contains %56 in the form of coins of one rupee, 50 paise, and 25 paise. The
number of 50 paise coins is double the number of 25 paise coins and four times the

number of one rupee coins. The number of 50 paise coins in the box is:

(a) 64
(b) 32
(c) 16
(d) 14

Problems on Mixture

Q) In a 40 litres mixture of glycerine and water, the ratio of glycerine and water is 3:1.

The quantity of water added in the mixture in order to make this ratio 2:1 is:

(a) 15 litres
(b) 10 litres
(c) 8 litres
(d) 5 litres

Q) A dealer mixes rice costing ¥13.84 per kg with rice costing %15.54 per kg and sells
the mixture at 17.60 per kg. So, he earns a profit of 14.6% on his sale price. The

proportion in which he mixes the two qualities of rice is:

(@3:7
(b)5:7
(Q7:9
(do:1n

QA by Nithin R Krishnan
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Q) A vessel contained a solution of acid and water in which water was 64%. Four
liters of the solution were taken out of the vessel and the same quantity of water was
added. If the resulting solution contains 30% acid, the quantity (in liters) of the

solution in the beginning in the vessel was:

(@) 12
(b) 36
(c) 24
(d) 2

Q) The cost price of Rice A is 50 per kg and that of Rice B is X70 per kg. In what

ratio should they be mixed so that the cost price of the mixture may be 365 per kg?

(@13
(b) 1:5
(c) 2:3
(d) 3:4

Proportion
A proportion is defined as the equality of two ratios.

e Ifa:b=c:d,itis usually expressed as:

a c
—=-— or ad=be or a:bzc:d

b d

e In this proportion, d is called the fourth proportional (or the highest
proportional).

QA by Nithin R Krishnan
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Key Points:

1. Terms of Proportion:

e The quantities a, b, ¢, and d are called the terms of the proportion.

e qa is the first term, b is the second term, ¢ is the third term, and d is the fourth

term.
e The first and fourth terms are called extremes (or extreme terms).

e The second and third terms are called means (or middle terms).
2. Product of Extremes and Means:

e Fora proportiona : b::c:d,

Product of extremes — Product of means

ad = be.

Continued Proportion

Definition:

® Aproportiona : b:: b: cissaid to be a continued proportion.

* Here, cis the third proportional (or highest proportional) and b is the mean

proportional.

Key Concepts:
1. Continued Proportion:

e Ifa:b:b:c then:

— = or b2 =ac or b= +ac

QA by Nithin R Krishnan
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2. Cross Product Rule:
e For three quantities a, b, and ¢ in continued proportion:

)
a:b=5h:e& or o) or b =ac
b c

e Here, b is the mean proportional, a is the first proportional, and ¢ is the third

proportional.

Properties of Proportion
1. Basic Properties
1. Basic Proportion Property

o Ifa:b=c:d thenad = be.

2. Invertendo

o fa:b=c:d thenb:a=4d:c

3. Alternendo

o fa:b=c:a.thag:c=b:4d.

4. Componendo

e fa:b=c:d thena+b:b=c+d:d
5. Dividendo

* Ifa:b=c:d, then

a—b:b=c—d:d.

6. Componendo and Dividendo

o fa:b=c:d then
a+b:a—b=c+d:c—d.

QA by Nithin R Krishnan
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7. Addendo
e fa:b=c:d=e: f =... theneach of these ratios is equal to
at+ctret...
b+d+ f+.
8. Subtrahendo
» fa:b=c:d=-e: f=... then each of these ratios is equal to
& — € —€ s
b—d—f—...

Q) If 5 = Z implies 7 = ;% then the process is called:
(a) Dividendo

(b) Addendo

(c) Alternendo

(d) Invertendo

Q) lIf g = E = 2%, the process is called:
(a) Addendo
(b) Subtrahendo

(c) Componendo

(d) Dividendo

Q) Which of the numbers are not in proportion?
(@) 6.8.5.7

(b)7,3,14, 6

(c) 18, 27,12, 18

(d) 8,6,12,9

QA by Nithin R Krishnan
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Q) The mean proportion between 18 and 72 is:

(a) 24
(b) 36
(c) 48
(d) 54

Q) The 3rd proportion to 15 and 45 is:

(a) 90
(b) 135
(c) 105
(d) 75

Q) The third proportional between a? - b? and (a + b)? is:

a+tb
(@) a—b

(b) 22
@S

) (a ¢ b)3

Q) The fourth proportional to x, 2x, (x + 1) is:
(@ x+2

(byx -2

(c)2x + 2

(d) 2x - 2

QA by Nithin R Krishnan
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QIfA:B=2:5, then
(10A + 3B)
(5A+2B)

is equal to:

(@)7:4

(b)7:3

(€)6:5

(d)7:9

Q) Find two numbers such that the mean proportional between them is 18 and the

third proportional between them is 144:
(@) 9, 36
(b) 8, 32
(c) 7,28
(d) 6, 24

Q) The mean proportional between 24 and 54 is:
(a) 33
(b) 34
(c) 35
(d) 36

Qlfxr:y=2:3, then

bz | 2y
3&—y
(@19:3
(b)16:3
(@7:2
(d)7:3

QA by Nithin R Krishnan

18




E‘ al"l\/u PQ CA Foundation Paper 3 - Mathematics

ACADEMY

QlIfa:b=3:7 then
3a + 2b : 4a + 5b =?
Options:
(a) 23 :47
(b) 27 : 43
(c) 24 : 51

(d)29:53

Q)Ifa:b=9:4,then\f%—|—\/§:?

—
2,

(b)

—
£,
c>|‘._",', $|m walng  boles

~—
&

Q) If 15(2p? — q?) = 7pq, where p and q are positive, then p : g will be:

Q) The ratio of the third proportion of 12, 30 to the mean proportion of 9, 25 is:

(a)2:1
(b)5:1

QA by Nithin R Krishnan
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Q) What number must be added to each of the numbers 10, 18, 22, 38 to make the

numbers in proportion?
(a) 2
(b) 4
()8

(d) None of these

1
Q)lf§

, and % are in proportion, then the value of x will be:

1'.-:1I»—-l
Cﬂl'—‘

Q)Ifa::y:z:7:4:11,then#is:
(a) 2
(b) 3
(c)4

(d) 5

Indices (Exponents)

Definition:

e An index (plural: indices) or exponent is the power to which a number (the base)

is raised.

e [f a number a is multiplied by itself 1 times, it is written as a”, where a is the

base and n is the index or exponent.

QA by Nithin R Krishnan
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Basic Concepts:
e Base: The number that is being multiplied.

* Index (Exponent): The number of times the base is multiplied by itself.

Important Notes:

 Any base raised to the power of zero is defined to be 1, i.e., a® = 1 (fora #* 0).

* The nth root of a number a is written as {/a and is equivalent to al/™,

Laws of Indices:
1. Product of Powers (Same Base):

m T M+

a Xa =a

¢ The bases must be the same.

2. Quotient of Powers (Same Base):

am m—n
i
3. Power of a Power:
(a?TL)TL — aﬂi'ﬂ.
4. Power of a Product:
(ab)" = a" - b"

5. Power of a Quotient:
a\" a"
G} =

a® =1 (fora #0)

6. Zero Exponent:

7. Negative Exponent:

QA by Nithin R Krishnan
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8. Fractional Exponent:

“a = a'/™
9. Equality of Exponents:

o Ifa® =aY thenz = y.

Algebraic Identities

Key Identities:

1. (a+b)? = a® + 2ab + b

2. (a—b)? = a*— 2ab+ b

3. a2 -0 =(a+b)(a—0b)

4. (a+b)® =a®+b® + 3ab(a + b)

5. (a —b)® = a® — 3a%b + 3ab® — b3

6. a® + b® = (a + b)(a® — ab + b?)

7. a® — b3 = (a — b)(a® + ab + b?)

8. (a+b+c)®=a®+b%+c®+ 2ab+ 2bc +2ca

Special Note:
e Ifa!/? 4+ b3 4 ¢!/3 = 0, then (a + b+ ¢)® = 27abc.

Q) Simplification of

$m+3n . w4m—9n

mﬁm—ﬁn

QA by Nithin R Krishnan
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Q) Simplify:
omn o 2n—1
ontl _ 9n
@) 3
(b) 3
(c) 2
(d) 3

Q) On simplification

1 i | 1
L za—b 4 za—c + 1+ zb—c il zb—a o 14 z¢—a 4 zc—b

reduces to:

1
(@) 3a—b-c)

(b) ﬁ
(1
(d)0

Q) If 4 = 5Y = 207, then z is equal to:

(a) zy

+
(b) 2

1
(©) e

2y
(d) Tty

QA by Nithin R Krishnan
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Q Ifz = y% y = 2%, and z = x°, then abc is:

Q) If 3 = 5Y = 757, then:
@z+y—2=0

OEEES
) gk d=l
@2+z=¢

Q) If 2% = 3¥ = 127, then:

I
Nw|._. NMI,_. Nwl"'

@z +
b 3z + 5
© =+ 3

(d) None

Q) If 2* x 3¥ x 5* = 360, then what is the value of x, y, 2?
(@3,2,1
n1,2,3
©.2:3,1
(d)1,3,2

QA by Nithin R Krishnan
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Q) Find the value of z, if

2 ()= ("]
(a) 3
(b) 4

(c) 2
(d)6

Q) The value of

is:

@a~0
(b) 1
(c) 2

(d) none

Q) If (25)1%0 = (252)%, then the value of z will be:
(a) 5°

(b) 5%

<) b*

(d) 5

Q) If abe = 2, then the value of

1 1 1
1+a+2b1 N 1+ 3b+c! N l+c+al

(@1
(b)2
(©3

—_—
o
—
b =
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Q) Leta = and b = \/_+\/_

QI
g

(a) 64
(b) 62
(c) 60
(d) 254

What is the value of a2 + b%?

Q) lfa = %Jr? and b = "r , then the value of _; Lk

(a) 480
(b) 482
(c) 484
(d) 486

1

b

is equal to:

Q)Ifa::\/§+ ‘—}g,then

QP =z3+ 213 then PP — 3P =

(a) 3

QA by Nithin R Krishnan
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Q) Value of

is:

(a9
(b) 27
(c) 81
(d) 3

==

Q) Value of

(01/8 3 a—l/S)(al/S B a—l/S)(aIM it a_1/4)(a1/2 4 a—1/2)

Q) The value of

zm—i—l % 32m—n+3 % 5n—|—m+4 % 62n—|—m

(a) 32m+2n
(b) 32n+2m

() 1

(d) none

62m+n X 10n+1 3 15m+3

QA by Nithin R Krishnan
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Logarithms

Definition:

® The logarithm of a number to a given base is the index or the power to which the

base must be raised to produce the number, i.e.,, to make it equal to the given
number.

Basic Concept:

e |f there are three quantities indicated by a, x, and n, they are related as follows:
a-=n

e Wheren > 0,a > 0,and a # 1.
* Then z is said to be the logarithm of the number n to the base a.

e Symbolically, it can be expressed as:

z Alog. n
Types of Logarithms

Logarithms can be categorized into two main types:

1. Natural Logarithm

e A logarithm with base "e" (Euler's number) is called a natural logarithm.

e Itis represented as Log.x or In(x).

e The constant e = 2.7183.

e Used frequently in calculus, exponential growth, and scientific applications.

2. Common Logarithm
e A logarithm with base 10 is called a common logarithm.
e |t is represented as Logsex or simply Log(x) when no base is mentioned.

e [f the base is not explicitly given, it is assumed to be 10 in most practical and

commercial calculations.
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Characteristic & Mantissa:
¢ The integral part of a common logarithm is called the characteristic.

® The non-negative decimal part is called the mantissa.

Antilogarithm:

e If z is said to be the logarithm of IV to a given base, then N is said to be the

antilogarithm of x to that base.

If log, N =x = N = antilog

Additional Notes:

. log, n=xz=a"=n

Laws of Logarithms

1. Product Rule:

log,(zy) = log, z + log, y

* Where & and y are positive numbers.

2. Quotient Rule:

log, (:—B—) =log,x —log,y
Yy

3. Power Rule:

4. Change of Base Rule:

log, m
log, m = Ea
log, b
QA by Nithin R Krishnan
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5. Logarithm of 1:
log,1 =10

6. Logarithm of a Number to the Same Base:

* The logarithm of a number to the same base is equal to 1.

log,a=1
¢ Examples:
logs 5 =1
log,; 10 =1
7. Inverse Property:
alo8:® — o

8. Equality Property:
e Iflogxz = logy, thenx = y.

9. Number of Digits in a Given Numeral:

Number of digits in a given numeral = log(numeral)

Q) The value of the expression

alo8. blog, clog, d-log,; t

log; a
@t
(b) abedt
@a+b+c+d+t)
(d) None
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Q) Iflogipp00 Z = — 3 1, then z is given by:

(@) 105

1
(b) 10
(©)

(d) None of these.

Q) Iflog(2a — 3b) = loga — log b, then a =:

Q) If log,; 3 = = and log,; 4 = y, then the value of log;; 120 can be expressed
as:

@z—y+1

bz+y+1

Qr+y—1

A2 +y—1

Q)

1 1 1
log,; (abc) & log,, . (abc) ch log,.,(abe)

is equal to:
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Q) The value of

1 1 1
log; (l‘f‘g) + logs (1+6) + -+« + logs (1+@)

is:

(a) 2
(b) 3
(c) 5
(d)0

Q) If log,, V3= %, find the value of a:

(a9
(b) 81
(c) 27
(d)3

Q) Find the value of log(z%), if

log(z) + 2log(z?®) + 3log(z®) = 14.

(a) 3
(b) 4
(c)5
(d) 6
Q) Number of digits in the numeral for 64
(Given log 2 = 0.30103):
(a) 18 digits
(b) 19 digits
(c) 20 digits
(d) 21 digits
Q) The value of

log; 8

logg 16 - log, 10
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is:

(a) 3log;, 2
(b) 7log;, 3
(c) 3log, z
(d) None

Q) If n = m! where ('m' is a positive integer > 2), then the value of

1 { 1 i 1 I l 1
logon  loggn  logyn log,, n

is:
(a) 1
(b) 0

(@ -1
(d) 2

Q) If log, « + log, = 6, then the value of z is:

(a) 16
(b) 32
(c) 64
(d) 128

Q) If log,, y = 100 and log, = 10, then the value of y is:
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Q) If

25
logy  + logyg x + loggy & + logass = 3

then the value of x is:

(a) 64
(b) 4
(c) 16
(d) 2

Q) For what value of &, the equation

(log o 2)2 = log,. 2
is true?
(@) 16
(b) 32
(c)8
(d) 4

Q) The value of log, 9 - logs 2 is:

(@) 3
(b) 9
(c) 2
(d) 1

Q) The value of (log, = - log, y - log, z)3is:

(@o
(b) -1
(91

(d) 3

QA by Nithin R Krishnan

34




EH APINVUPPGO  CA Foundation Paper 3 - Mathematics

A C A DEMY

Q) If z = logy, 12, y = logsg 24, and z = logg 36, then zyz + 1 =
(a) 2zy

(b) 2z

(c) 2yz

(d) 2

Q) Iflogxz = a + b, logy = a — b, then the value of

10z
log (—2)
y

is:

@l—a+3b

bya—1+3b

@Qa+3b+1

d)1—b+ 3a

Q) The value of

logs 3 X logs 4 X logy b

(a)0

(b) 1

()2

(d) 3

Q) If log 2 = 0.3010 and log 3 = 0.4771, then the value of log 24 is:

(a) 1.0791
(b) 1.7323
() 1.3801
(d) 1.8301
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Q) If log[log,(log, )] = 0, then the value of z will be:

(a) 4
(b) 8
(c) 16
(d) 32

Q) The value of

1 1 il
1 1o 1 14— N | —
0g5( +5)+0g5( +6)+ +0g5(1+624)

(a) 2
(b) 3
(©5
(d)o

log, /3(512) : logs. 5(324) =

(a) 128: 81
(b)2:3

(€) 32

(d) None

Q) ]'OgO.Ol 10, 000 :?

(@) 2
(b) -2
()4
(d) -4
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Q)
2 2 2
log (p_) + log (q_) + log (T—) is:

qr pr pq
(a) pgr
(b) O
(c) 1
(d) None

Q. logs(x* + x) - loga(x + 1) = 2. Find x

(a) 16

(b) 0

(c) -1

(d) None of these

Q. Solve:

logpz — 3 h 11 —logy = )
2 3 E

(@ 1071
(b) 102
() 10
(d) 10?
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Chapter 2: Equations

Equations
Definition of an Equation: A mathematical statement of equality.

e Conditional Equation: An equation that holds true for certain values of the variable involved. If
the equality is true for a specific value of the variable, it is called a conditional equation and uses

the equality sign '='

Example:

x4-2 2 #4-3
3 T2 =

holds true only for z = 1.
e |dentity: An equation that holds true for all values of the variable involved.

Example:

:r:+2+:c+3_5m+13
3 2 B8

This is an identity since it holds for all values of the variable z.

Solution or Root of the Equation: The value of the variable which satisfies an equation is called the
solution or root of the equation.
Types of Equations:

® Linear Equation (Simple Equation): An equation in which the highest power of the variable is 1.

This is also called an equation of degree 1.
¢ Simultaneous Linear Equations: Two or more linear equations involving two or more variables.
® Quadratic Equation: An equation of degree 2 (highest power of the variable is 2).

® Cubic Equation: An equation of degree 3 (highest power of the variable is 3).
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Simple Equation

A simple equation in one unknown  is in the form az + b = 0.
Where a, b are known constants and @ # 0.

Note: A simple equation has only one root.

Q) If log1o 5 + logio (5x + 1) = logio (x + 5) + 1 then, the value of x =

(a) 7
(b) 3
() 5
(d) 10

Q) If |x - 2| + |x - 3] = 7 then, X' will be equal to

(a) 6

(b) -1

(c) 6 and -1

(d) None of the above.

Q) If kx - 4 = (k - 1)x, then which of the following is true?

(@) x =-5
(b)x=-4
(c)x=-3
(d)x = +4
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Q) The number of students in each section of a school is 36. After admitting 12 new students, four
new sections were started. If total number of students in each section now is 30, then the number of

sections initially were:

(a) 6

(b) 10
(c) 14
(d) 18

Q) A person on a tour has 39,600 for his expenses. If his tour is extended by 16 days, he has to cut

down his daily expenses by 320, his original duration of tour had been:

a) 48 days
) 64 days
c) 80 days

(
(b
(
(d) 96 days

Q) 2$+5 + 3m+10 — 5

(a) 10.58
(b) 9.58
(c) 9.5
(d) None
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Simultaneous Linear Equations in Two Unknowns
The general form of a linear equation in two unknowns & and y is ax + by + ¢ =0, where a, b are

non-zero coefficients and ¢ is a constant.

Two such equations, a1z + b1y + ¢1 = 0 and asx + bey + co = 0, form a pair of simultaneous

equations in & and y.

A value for each unknown which satisfies both equations simultaneously will give the roots of the

equations.

Solve the following simultaneous linear equations:

dr+3y="7

3z +4y =10

Notes:
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Q) A man sells 6 radios and 4 televisions for $18,480. If 14 radios and 2 televisions are sold for the

same amount, what is the price of a television?

(a) 31,848
(b) T840

(<) 31,680
(d) ¥3,360

Q) A man starts his job with a certain monthly salary and earns a fixed increment every year. If his
salary was 31,500 after 4 years of service and 31,800 after 10 years of service, what was his starting

salary and what is the annual increment in rupees?

(a) 1,300, 350
(b) %1,100, 50
(c) 1,500, 330
(d) None.

Q) A man went to the Reserve Bank of India with 1,000. He asked the cashier to give him 35 and
%10 notes only in return. The man got 175 notes in all. Find how many notes of X5 and 310 did he

receive?

(a) (25, 150)
(b) (40, 110)
(c) (150, 25)
(d) None.

Q) If the ratio of (5x - 3y) and (5y - 3x) is 3 : 4, then the value of x : y is:

(a) 27 : 29
(b) 29: 27
(c)3:4
(d)4:3
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Q) A seller makes an offer of selling certain articles that can be described by the equation x = 25 - 2y
where 'x' is the price per unit and 'y' denotes the number of units. The cost price of the article is 10

per unit. The maximum quantity that can be offered in a single deal to avoid loss is

(a) 6
(b) 7
(©)8
(d) 9

Q) The equation x + 5y = 33; Iﬂ' = 13 has the solution (x, y) as:

(a) (4, 8)
(b) (8 3)
(c) (4. 16)
(d) (16, 4)

Q) The present age of a man is 8 years more than thrice the sum of the ages of his two grandsons
who are twins. After 8 years, his age will be 10 years more than twice the sum of the ages of his

grandsons. The age of a man when his grandsons were born was:

(a) 86 years
(b) 73 years
(c) 68 years
(d) 63 years

Q) If 221y = 222—¥ — \/g then the respective values of xandyare

o
S
Sl

Z W ol
b wd
(YT

e

d

one of these

T
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Q)Ifm+y+mi_y——landﬁy—ﬁ %then(x,y]is:
(a) (2, 1)
(b) (1, 2)
@ (-1.2)
d (21

Q) A number consists of two digits such that the digit in one's place is thrice the digit in ten's place.
If 36 be added then the digits are reversed. Find the number

a) 62
b) 26
c) 39
d) None of these

— e —

Simultaneous Linear Equation in Three Variables

Definition

A system of simultaneous linear equations with three unknowns is a set of equations where each
equation is linear and involves three variables. These systems aim to find the specific values of these

variables that satisfy all the equations in the system simultaneously. Typically, such systems can be

written in the form:

az+bhy+caz=d
a2z + by + oz = dy
a3z + b3y + c32 = dj
Where:
® 7,7, and 2 are the unknown variables.
* aq,as,0as,by,bs,bs, c1, €y, 3 are the coefficients of the variables.

* d;,d>,ds are constants.
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7z + 8y + 5z = 62

(a) 4. 3,2)
(b) (2,3, 4)
(€) 3. 4.2)
(d) (42, 3)

Q) Solve the system of equations:

Yz

i S
r+y

Find the values of (z, y, 2).
(a) (120, 60, 30)
(b) (60, 30, 120)

(c) (30, 120, 60)
(d) (30, 60, 120)

y+z

40,

vt
z4+x

=24

Q3(z+y)+22=21,3c— j(y+2) =65z +3(x+y—2z) =38

a)(4,9,5)
b) (2, 9, 5)
c) (24, 9, 5)
d) (5, 24, 9)

Q 1.5z + 3.6y = 2.1, 2.5(z + 1) = 6y

a) (0.2, 0.5)
b) (0.5, 0.2)
c) (2, 5)

d) (-2, -5)
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Quadratic Equation

An equation of the form ax? + bx + ¢ = 0 where z is a variable and a, b, ¢ are constants with

a # 0 is called a quadratic equation or equation of the second degree.

* Pure Quadratic Equation: When b = (), the equation is called a pure quadratic equation.

* Affected Quadratic Equation: When b # 0, the equation is called an affected quadratic.

General Solution:

The roots of the quadratic equation az?® + bz + ¢ = 0 can be found using the quadratic formula:

—b+ /b2 — 4dac

Tr —=

2a

Sum and Product of the Roots:

Let one root be & and the other root be 3.

®  Sum of the Roots:

v —4dac

a+ = 5

Thus, the sum of the roots is:

a+ B =

Which can be interpreted as:

—b+ vb? — dac a0 —fp

2| o

2a

coefficient of =

Sum of roots = —

coefficient of 2
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How to Construct a Quadratic Equation

For the equation ar® +br+c= 0, we have:
b c
2+ -z+-=0
a a

or

or

x® — (Sum of the roots)z + (Product of the roots) = 0

Q) Given a quadratic equation z2 — 6z +9 = 0, what are the roots of the equation?

Options:

A) 3 and 3
B) 3 and -3
C) -3 and -3
D)2and 4

Q) Which of the following equations has the sum of the roots 3 and 5?

A)z2 — 152 +8+0
B zZ—8z+15=0
Qz2+3z+5=0
D)z2+ 8z —15=0
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Q) Given a quadratic equation 222 4 5z — 3 = 0, which of the following statements is true?

A) The sum of the roots is —g.

B) The product of the roots is — %

C) The sum of the roots is g

D) The product of the roots is %

Q) On solving

we get one value of z as:
(a) =
(b) &
(c) %
d) 5

Nature of the Roots for the Equation az? + bz + ¢ = 0
1. Ifb? — dac =0
® The roots are real and equal.
2. If b — 4ac > 0 and a perfect square:
* The roots are real, distinct, and rational.
3. Ifb* — 4ac > 0and not a perfect square:
e The roots are real, distinct, and irrational.
4. 1fb? — 4ac < O:

® The roots are imaginary.
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Q) If b — 4ac is a perfect square but not equal to zero then the roots are:

(a) real and equal
(b) real, irrational and equal
(c) real, rational and unequal

(d) imaginary.

Q) Find the positive value of k for which the equations: 22 + kz 4+ 64 =0and 22 — 8z + k=0

will have real roots:

(a) 12
(b) 16
(c) 18
(d) 22

Q) The quadratic equation z? — 2kx + 16 = 0 will have equal roots when the value of k is

(a) =1
(b) 2
(&) £3
(d) +4

Note
1. If one root of the quadratic equation is P + NLE
* Then the other root will be P — ,/q.

2. If one root is the reciprocai of the other:

*» Thenafl =1 (sinceax- = = 1).
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Q) If one root of an equation is 2 + /5, then the guadratic equation is:

@z2+4x—1=0
bz —4zx—-1=0
@zl +4z+1=0
dx2—4x+1=0

Q) If one of the roots of the equation 22 + px + a is v/3 + 2, then the value of pand a is:

(a) -4, -1
(b) 4, -1
(©) -4,1
(d) 4,1

QIf(2+ \/g) is a root of a quadratic equation x? + pz + q = 0 then find the value of p and q.

(a) (4. -1)
(b) (4, 1)
@ -41)
(d) 2 3)

Q) Roots of the equation 3z2 — 14z + k = 0 will be reciprocal of each other if:

Q) One root of the equation: 2 — 2(5 + m)z + 3(7 + m) = Ois reciprocal of the other. Find the
value of m.

(a) —
b7
© 3
) —%
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Q) If one root of the equation £2 — 3z + k = Qs 2, then value of k will be:

(a) -10
(b) O
(c) 2
(d) 10

Q) If roots of equation &2 + = + r = 0 are @ and 8 and &® + 8% = —6. Find the value 77

(a) —3
(b)
(9 —3
(d) 1

Q) The sides of an equilateral triangle are shortened by 12 units, 13 units, and 14 units respectively

and a right-angled triangle is formed. The side of the equilateral triangle is:

(@) 17 units
(b) 16 units
(¢} 15 units
(d) 18 units.

Q) Area of a rectangular garden is 8000 square meters. Ratio in length and breadth is 5:4. A path of
uniform width runs all round the inside of the garden. If the path occupies 3200 m?, what is its

width?

(@) 12m
(b) 6m

(c) 10m
(d) 4m.
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Q) If the area and perimeter of a rectangle are 6000 cm? and 340 cm respectively,

then the length of the rectangle is:

(@) 140 cm
(b) 120 cm
(c) 170 cm
(d) 200 cm

Q) If p & q are the roots of the equation 2 — bz + C = 0, then what is the
equation whose roots are (pg + p + g) and (pg — p — q)?

@z —2cx+C*-0b2=0
(b)z* — 2bx + C* +b* =0
(©) 8czx? —2(b+c)z+C?*=0
(d) 22 4+ 2bz — (C? — b%) =0

Q) If one root of the equation p:r:2 + gz + r = Qs r, then the other root of the equation will be:

(@) 1/q
(b)1/r
Q1/p

) 57

If two roots are in the ratio a : [3:

apfb’ = (a + B)*ac

Q) The positive value of k for which the roots of the equation 1222 + kz +5 = 0

are in the ratio 3:2, is:
OF

(b) 12

(© ‘F

(d) 5\/_
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Q) If the ratio of the roots of the equation 4z> — 6z + p = 0 is 1:2, then the value
of pis:

(d) — 32

Q) If a and 3 are the roots of the equation 22 + Tz + 12 = 0, then the equation whose roots
(a+ B)? and (a — B)® will be:

@z —14z+49=0
b)z? —24x +144 =0
Qx2—50z+49=0
(d)z? — 19z +144 =0

Q) If & and 3 be the roots of the quadratic equation 222 — 4z = 1, the value of
% + %2 is:

b) 22
c) -22

(a)
(
(
(d) 11
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Q lfa+ = —2and aff = —3, then a and 3 are the roots of the equation, which is:

(a) 2% — 2z —3 =10
b)z?+2x—3=0
@Qz2+2x+3=0
dz>—22+3=0

Q) If the difference between the roots of the equation 22 —kx+8=0is 4, then the value of k is:

(a) 0
(b) +4
(©) +84/3
(d) +4+/3

Q) A cottage industry produces a certain number of pottery articles in a day. It was observed on a
particular day that the cost of each article (in %) was 2 more than thrice the number of articles
produced on that day. If the total cost of production on that day was < 800, the number of articles

produced was:

(a) 14

)
(b) 16
(©) 12
(d) 18

Q) If o, 3 are the roots of the equation 2 + = + 5 = 0 then & ﬁ + 'B is equal to:
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Q) Find the condition that one root is double the other of azx? +bx+c=0:

(a) 2b% = 3ac
(b) b* = 3ac
(c) 2b% = 9ac

(d) 2% > 9ac

: 2 . o :
Q) Findvalueof z* — 10z + 1ifx = W

Q) The value of

is:

(@1++v2
b)2 + /5
92++/3

(d) None.

24+ - ———

2+ 2+m

Q) The value of

(a) -3
(b) 2
(@3
(d) 4

\/6+\/6+\/6+W
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Q) The value of
\/30+\/30+\/30+\/30+---
is:
(a) -7
(b) -8
(c) 6
(d) none

Cubic Equation

* Definition: A polynomial in & having degree 3 (highest power of T is 3).

General form:

az® + bz’ +ecx+d=0

Sum of the roots:

Sum of the roots = —g

Product of the roots:
Product of the roots = —

~41-W

Q) Find the roots of the equation 2° — 622 + 11z — 6 = 0:

(@ (1,2, 3)

(b) (-1, 2, 5)
(@ (,-23)
(d) (1. 2, -3)
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Q) If 22 — 622 + 11z — 6 = 0, then find the value of (3z — 4):

(@) (1.2, 3)
(b) (-1,2,5)
(9 (-1.3,5)
(d) (2 3.5)

Q) The roots of the equation y* +y> —y — 1 = 0 are:

(@ (1. 1,-1)

(B) (-1.-1; 1)
(©(1,1,1)

(d) None of these

Q) The roots of the cubic equation 2> — Tz + 6 = 0 are:

(@)1, 2.and 3
(b) 1, -2, and 3
(1,2, and -3
(d) 1, -2, and -3

Q) The roots of the cubic equation
’ + 72 — 21z —27=0

are:

@@-1,3,9
(b)1,-3,9
(€} 1,3,-8
d-1,-3,9
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Chapter 3: Linear Inequalities

Definition of an Inequality

An inequality is a statement that compares two real numbers or two algebraic

expressions using the symbols <, >, <, >.For example:
e 3 < Hor7 > b (numerical inequalities).

e x<b,y>2 x> 3 y < 4(inequalities involving variables, sometimes called

literal inequalities).

Inequalities in One Variable

A one-variable inequality has the formaz +b < 0,ax +b > 0,axz + b <0, or
ax + b > 0, where a and b are constants.

Its solution set is a range (interval) on the real number line.

Key Property of Multiplication by a Negative Number
e Ifa > 0and b > ¢, then multiplying both sides by a preserves the inequality:
ab > ac.
* Ifa < 0andb > ¢ then multiplying both sides by a reverses the inequality:

ab < ac.

Inequalities in Two Variables

An inequality in two variables  and y often appears in the form:
ar+by<e, ar+by>ec, ax+by<ec, ax+by>ec,

where @, b, and ¢ are real constants.

The solution set (also called the solution region or solution space) is the set of all

points (x, y) in the plane that satisfy the inequality.

QA by Nithin R Krishnan

58



E‘ al"l\/u PQ CA Foundation Paper 3 - Mathematics

ACADEMY

Linear Equations vs. Linear Inequalities

A linear equation in two variables has the form:
ar +by+c=0.
A linear inequality in two variables replaces " = " with one of the inequality symbols:

ar+by+c<0, ar+by+c>0, ax+by+c<0, ax+by+c>0

Boundary Lines and Graphical Representation

Boundary Line: For a linear inequality az +by +¢ < 0, > 0, < 0,0r > 0, the
line

ar+by+c=20

is called the boundary line.

Half-Planes: This line divides the plane into two half-planes:
* One side satisfies ax + by + ¢ > 0.

e The other side satisfies ax + by + ¢ < 0.

Including/Excluding the Boundary:

® For strict inequalities (< or >), the boundary line itself is not part of the solution.

® For non-strict inequalities (< or >), the boundary line is included in the solution

region.

Special Case: If ax + by = 0 (i.e, ¢ = 0), the line passes through the origin (0, 0).

Examples

1. Numerical Inequality:

7 > 5 (True statement comparing two numbers.)
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2. One-Variable Inequality:
24+2L5
= &< 3.
The solution is all real x less than 3.
3. Two-Variable Inequality:
2z +3y < 6.
e Boundary line: 2z + 3y = 6.
* To determine which side to shade, pick a test point (e.g., the origin (0, 0)):
2(0) + 3(0) = 0 < 6 is true, so the side containing (0, 0) is part of the

solution region.

® Include the boundary line since the inequality is <.

Graphical Representation of Linear Inequalities

Understanding the Graphical Solution of Linear Inequalities

® A line divides the Cartesian plane into two parts. Each part is called a half-plane.

e A vertical line divides the plane into left and right half-planes.

* A non-vertical line divides the plane into upper and lower half-planes.

Ay Ay
Il (Upper half plane)

Il I
(Lefthand|plane) | (Righthand plane)

A

&

><‘F

X' X

¥ /
* / | (Lower half plane)
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Steps to Graph a Given Inequality

1. Plot the Boundary Line:

e Convert the given inequality into an equation by replacing the inequality
sign (<, >, <, >2) with =

e The resulting equation represents a straight line.

¢ |f the inequality is strict (< or >), use a dashed boundary line (since points

on the line are not included).

¢ |f the inequality is non-strict (< or >), use a solid boundary line (since

points on the line are included).

2. Choose a Test Point:

* Pick a test point (often the origin (0, 0) if it is not on the line).
® Substitute this point into the original inequality.

* |f the inequality holds true, shade the half-plane containing the test point.

* |f the inequality does not hold true, shade the other half-plane.

Using Arrows to Indicate the Solution Region
e Arrows are used to indicate which half-plane satisfies the inequality.
e [f the coefficient of y is positive:
e For less than (< or <), arrows should be below the line.
e For greater than (> or >), arrows should be above the line.

¢ |[f the coefficient of ¥ is negative:

e For less than (< or <), arrows should be above the line.

e For greater than (> or >), arrows should be below the line.
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o—0
A 4

(@x >0
b)yz >0
(oyar = )
dz<0

Q) The graph to express the inequality z + y < 9is:

\,:Ly “y \Ay
9 “ 9
9 9
0l I 9 >
0 0 <> x 0 N
a) b) c)
d) None

Q) The graph to express the inequality 5 + 3y > 30 is:

\Ay uy y
10 15 1
. 6 . 6
0 g X 0 R = "
a) b) c)
d)None
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Q) The graph to express the inequality y < %:E is indicated by:

Ay y

a) © % p)

Common Region for Given Inequalities

Understanding Feasibility of a Solution Region

® |f a common region exists where all the given inequalities overlap, the solution is

said to be feasible.

¢ If no common region exists, the inequalities are considered infeasible (i.e., no
solution satisfies all inequalities simultaneously).
Bounded and Unbounded Solution Regions
® |f the common region is enclosed within boundaries, it is called feasible and

bounded.

* |f the common region extends infinitely in any direction, it is called feasible and

unbounded.

Q) The commonregionofz +y <6,z +y >3, 2> 0;y >0

YA , YA

N\ k.

N NS

$ o e
a) X+¥Y=3 X+Y=86 C) +
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Q) The common region by the inequalities 1 + 222 < 5, 21 + 2z > 1,21 > 0,

x2 > 0 is given as shaded portion in:

d)None

Q) The common regions by the inequalities 4z + 3y < 60; y > 2x;x > 3; 2 > 0;
andy > QOis:

d)None

Q) The graph of linear inequalitiesz +y > 5,z +y < 5,0 < ax < 4and 0 < y > 2is given
below:

T =
The common region of the inequalities will be
(a) OABCEO

(b) ECDE

(c) Line Segment DC

(d) Line Segment BC
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Q) The graph of linear inequalities 7z + 9y < 63,z +y > 1,0 < x < 6 is given

Turly=p3

C‘__x
9‘\'

o

The common region of the inequalities is:
(a) BCDB and DEFD

(b) Unbounded

(c) HFGH

(d) ABDFHKA

Q) The shaded region represents:

40.0]
’ 0
xuv

v
@z+y>62r—y>0
bz+y<62z—y>0
Qz+y>62zx—y<0
(d) None of these

Q) The common region in the graph of the inequalities
cty<dz—y<4zc>2is

(a) Equilateral triangle
(b) Isosceles triangle
(c) Quadrilateral

(d) Square
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Q) The common shaded region in the graph represents the linear inequalities as:

Y

2 -
@z+y=>262x—y—2>20z,y=>0
bz+y>62cr—y—2<0,z,y>0
Oet+y<62r—y—-2<0,z,9>=20
dz+y<6,2xr—y—2>0z,y=>0

Solving Problems on Linear Inequalities

Key Rule for Multiplication with a Negative Number

® When an inequality is multiplied or divided by a negative number, the inequality
sign reverses.
e Thatis:

* < changes to >
e > changes to <
e < changes to >

e > changesto <

Q) The solution of the inequality {52 23:) < = — dis:

@z >8
(b) g <8
(e =8
(d) None of these.
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Q) The solution of the inequality 8z + 6 < 12z + 14 is:

(@ (—2,2)
(b) (0, —2)
(© (2, 00)
(d) (—2, 00)

Q) The linear relationship between two variables in an inequality:

@azx+by <c
(b)axr-by <c
©axzy+by <c
d)ax + bxy < c

Q) The solution set of the inequalities £ + 2 > 0 and 2z — 6 > O is:

@) (—2, 00)
(b) (3, 00)

(© (—o0, —2)
(d) (—o0, —3)

Q) Solve for z of the inequalities 2 < 33’5_2 < 4 where z € N:

(@) {5 6, 7}
(b) {3, 4, 5, 6}
(c) {4, 5, 6}
(d) None
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QIf2x +5 > 3x + 2and 2z — 3 < 4z — b, then x can take which of the

following values?

Q) The solution of the inequality 5_3% K —ais
@x>8
byxz>T
@z< %

Az >3

WORD PROBLEMS

Key Guidelines for Setting Up Inequalities
e For time-related constraints, use "<" (less than or equal to).

e For work-related constraints, use “>" (greater than or equal to).

Q) On average, an experienced person does 7 units of work while a fresh one does
5 units of work daily, but the employer has to maintain an output of at least 35

units of work per day. The situation can be expressed as:

(@) Tz + 5y < 35
(b) 7Tx + 5y < 35
() Tx + 5y > 35
(d) 7z + 5y > 35
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Q) On average, an experienced person does 5 units of work while a fresh person
does 3 units of work daily, but the employer has to maintain an output of at least

30 units of work per day. The situation can be expressed as:

(@) 5z + 3y < 30
(b) bz + 3y > 30
(c) bz + 3y > 30
(d) 5z + 3y = 30

Q) A dietician wishes to mix together two kinds of food so that the vitamins
content of the mixture is at least 9 units of vitamin A, 7 units of vitamin B, 10 units
of vitamin C, and 12 units of vitamin D. The vitamin content per kg of each food is
shown in the table. Assuming x units of food | is to be mixed with ¥y units of food II,

the situation can be expressed as:

} A B C D |
Food | 2 1 1 2
Food Il 1 1 2 3

@22x+y<9z+y<7z+2y<10,2x+3y<12,z >0,y >0
B2x+y>230,z+y<72+2y>2102x4+3y>12,2>0,y>0
@D2zxz+y>9%z+y>T2z+2y<102z+3y <12,z >0,y >0
2x+y>292+y>2Tc+2y>1022+3y > 12,2 >0,y >0

Q) An employer recruits experienced (x) and fresh workmen (y) under the

condition that he cannot employ more than 11 people.  and y can be related by

the inequality:

@z+y#11
bz+y<1ll,z>0y>0
@Qze+y=>1L,z>20,y=20
(d) None of these
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Q) XYZ Company has a policy for its recruitment: it should not recruit more than

eight men () to three women (). How can this fact be expressed in inequality?

(@) 3y > 8x
(b) 3y < /8
(c) 8y > 3z
(d) 8y < 3z

Q) The union forbids the employer to employ less than two experienced

persons () for each fresh person (y). This situation can be expressed as:

@)z <y/2
b)y < z/2
Qy=>x/2
(d) None of these.

Q) A fertilizer company produces two types of fertilizers called Grade | and Grade II.
Each of these types is processed through two critical chemical plant units. The plant
has a maximum of 180 hours available in a week. Manufacturing one bag of Grade |

fertilizer requires 4 hours in the plant. Manufacturing one bag of Grade Il fertilizer

requires 10 hours in the plant. Express this using a linear inequality.

(a) bx1 + 3z2 < 180
(b) 4z, + bxy > 180
(c) 2z1 + Sxz2 > 180
(d) 4z1 + 5z < 180

Problems on Boundary Points

Definition of Boundary Points
e A boundary point is a point that lies on the dividing line or curve of an
inequality.

¢ The boundary separates the solution region from the non-solution region.
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Q) On solving the inequalities 5z + y < 100, z +y < 60, x > 0,y > 0, we get

the following solution:

a) (0,0), (20,0), (10, 50), (0, 60)
b) (0,0), (60,0), (10,50), (0, 60)
0 (0, 0), (20, 0), (0, 100), (10, 50)

(
(
(
(d) None of these

Q) On solving the inequalities 6 + y > 18, z + 4y > 12, 2z 4+ y > 10, we get

(a (0, 18), (12,0), (4,2), (7,6)

() (3,0),(0,3),(4,2),(7,6)

() (5,0),(0,10), (4,2), (7,6)

(d) (0,18), (12,0),(4,2),(0,0), (7, 6)

Q) On solving the inequalities 2z + 5y < 20,3z + 2y < 12,2 > 0,y > 0, we

get the following situation:

(@) (0,0),(0,4),(4,0) and (20/11,36/11)
(b) (0,0), (10,0), (0,6) and (20/11,36/11)
() (0,0),(0,4),(4,0) and (2, 3)

(d) (0,0),(10,0), (0,6) and (2, 3)
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Chapter 4: Mathematics of Finance

Time Value of Money
® Money's value changes over time.
® Money received in the future is worth less than money received today.
e Today's money is more valuable than future money.
® |Investors prefer to get money now rather than later.

e Delaying payments means paying extra, called interest.

Interest
e |nterest is the extra money paid by a borrower to a lender for using their money.

¢ |f you borrow (or lend) 50,000 for a year and pay (or receive) 355,000, the 5,000

difference is the interest.

Principal

® The principal is the original amount of money lent or borrowed.

Accumulated Amount (or Balance)
¢ The accumulated amount is the total of the principal plus earned interest.
e If you deposit 50,000 at 5% interest for a year, you earn 32,500 in interest.

e After one year, the accumulated amount is 52,500 (principal + interest).

Basic Understanding of Accumulated Amount or Balance
e Formula: A = Principal + Interest
¢ |Interest Types:
e Simple Interest: Interest is calculated on the principal amount only.

e Compound Interest: Interest is calculated on the principal amount and any

previously earned interest.
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Simple Interest
Definition

Simple interest is the additional money paid for using somebody else's money

(principal) over a period of time at a simple rate.

Simple Interest (SI) =

Px RxT
100

Where:
® P = Principal amount
* R = Rate of interest per annum
® T = Time period in years

Amount(A) =P+ SI

P BxT
_|_

A ay— P
mount(A) T

Basic Questions on Simple Interest (SI)

Type 1:

To find Simple Interest (SI) and Amount (A) when Principal (P), Time (T), and Rate (R)

are given.

Type 2:
To find Principal (P) when Amount (A), Time (T), and Rate (R) are given.
Type 3:

a) To find Rate (R) when Amount (A), Principal (P), and Time (T) are given.
b) To find Time (T) when Amount (A), Principal (P), and Rate (R) are given.
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EXAMPLE 1
Q) Given the principal amount P = 1000, the rate of interest R = 5%, and the time

period T = 2 years, find the simple interest (SI) and the total amount.

EXAMPLE 2
Q) Given the principal amount P = 30000, the rate of interest R = 7%, and the time
period T = 4 years 6 months, find the simple interest (SI).

EXAMPLE 3
Q) P = Rs. 4800, R = 14%, and T = 2 years 4 months. Find the Simple Interest (SI).

EXAMPLE 4
Q) Find the sum of money that amounts to Rs. 4000 in 4 years at 6% per annum

simple interest (SI).
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EXAMPLE 5
Q) Rs 5000 amounts to Rs 8000 in 2 years at a certain simple interest (SI) rate. Find the

Sl rate per annum.

EXAMPLE 6
Q) In what time will Rs 20000 amount to Rs 25000 at 5% per annum simple interest

(S1)?

Q) Simple interest on 2,000 for 5 months at 16% p.a. is:

(a) 133.33
(b) 133.26
(c) ¥134.00
(d) 132.09

Q) How much investment is required to yield an annual income of ¥420 at 7% p.a.

simple interest:

(a) ¥6,000
(b) 26,420
(c) ¥5,580
(d) %5,000
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Q) A certain sum of money Q was deposited for 5 years and 4 months at 4.5% simple

interest and amounted to 3248. Then the value of Q is:

(a) X200
(b) X210
(c) X220
(d) X240

Q) If a simple interest on a sum of money at 6% p.a. for 7 years is equal to twice the

simple interest on another sum for 9 years at 5% p.a., the ratio will be:

(@) 2:15
(b)7:15
(e} 152 ¥
(d1:7

Q) A certain sum amounts to 315,748 in 3 years at simple interest at r% p.a. The same
sum amounts to 16,510 at (r + 2)% p.a. simple interest in the same time. What is the

value of r?

(@) 10%
(b) 8%
(c) 12%
(d) 6%

Q) An amount is lent at R% simple interest for R years, and the simple interest

amount was one-fourth of the principal amount. Then R is

(@) 5
(b) 6
(©) 5%
(d) 6
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Q) A sum of 44,000 is divided into three parts such that the corresponding interest
earned after 2 years, 3 years, and 6 years may be equal. If the rates of simple interest
are 6% p.a., 8% p.a., and 6% p.a. respectively, then the smallest part of the sum will
be:

(a) 4,000
(b) 8,000
(c) 10,000
(d) 12,000

Q) In simple interest, if the principal is 2,000 and the rate and time are the roots of

the equation
—~11z+30=0

then the simple interest is:

a) X500
b) X600
c) X700

(
(
(
(d) X800

Type 4
When two amounts, given in terms of the principal, along with the time for the first

case are provided, the objective is to determine the time for the second case.

EXAMPLE 1
Q) A certain sum of money becomes 4 times of itself in 15 years as per Sl.In

what time will it become 8 times of itself?
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Q) A certain money doubles itself in 10 years when deposited on simple interest. It

would triple itself in:

(a) 20 years
(b) 15 years
(c) 25 years
(d) 30 years

Q) A certain sum of money doubles itself in 6 years as per Simple Interest (Sl). In what

time will it become 4 times of itself?

A) 12 years
B) 18 years
C) 24 years
D) 30 years

Q) A certain sum of money becomes 3.5 times of itself in 10 years as per simple

interest. In what time will it become 8.5 times of itself?

Options:

(a) 20 years
(b) 25 years
(c) 30 years
(d) 35 years
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Type 5
When two amounts (in terms of Rs) and their respective time durations are given, the
objective is to determine the principal (P) and the simple interest (Sl) rate per annum.

Note:

S| rate per annum = M x 100

EXAMPLE 1
Q) A certain sum of money amounts to Rs 26,400 in 4 years and Rs 31,200 in 7 years

as per simple interest. Find the sum and S| rate per annum.

Q) What is the rate of simple interest if a sum of money amounts to 32,784 in 4 years

and %2,688 in 3 years?

(@) 1% p.a.
(b) 4% p.a.
(¢) 5% p.a.
(d) 8% p.a.

Q) What is the rate of simple interest if a sum of money amounts to 32,784 in 4 years

and 2,688 in 3 years?

(@) 1% p.a.
(b) 4% p.a.
(c) 5% p.a.
(d) 8% p.a.
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Q) A sum of money amounts to 6,200 in 2 years and 7,400 in 3 years as per simple

interest. Then the principal is:

(a) 3,000
(b) 3,500
(c) 33,800
(d) None

Q) A certain sum of money amounts to Rs 6,900 in 3 years and Rs 7,500 in 5 years as

per simple interest. Find the sum and Sl rate per annum.

Options:

(a) Rs 6,000, 5%
(b) Rs 6,200, 6%
(c) Rs 6,400, 7%
(d) Rs 6,500, 8%

Q) A certain sum of money amounts to Rs 692 in 2 years and Rs 800 in 5 years as per

simple interest. Find the sum and Sl rate per annum.

Options:

(a) Rs 620, 5.8%
(b) Rs 630, 6%
(c) Rs 640, 6.5%
(d) Rs 650, 7%

Q) The certain sum of money became 3692 in 2 years and X800 in 5 years. Then the

principal amount is:

(a) X520
(b) X620
(c) X720
(d) X820
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Type 6

When the simple interest (SI) rate per annum varies for different years, the total Sl is

calculated as follows:

(i) When the principal is the same

Total SI = %(TIRI = T2R2 + T3R3 S )
(ii) When the principal amounts are different

P TR, + PT5Ry + . ..

Total SI =
otal S 100

EXAMPLE 1
Q) Mr. Y invested Rs 40000 at 6% per annum Simple Interest (SI) for the first 4 years,
9% per annum SI for the next 3 years, and 12% per annum SI for the next 2 years.

Find the total Simple Interest accrued.

Q) A person lends 6,000 for 4 years and 38,000 for 3 years at simple interest. If he

gets 32,400 as total interest, the rate of interest is:

(@) 5%
(b) 4%
(c) 6%
(d) 7%

Q) 1/7 of a money is deposited at 4% per annum, 1/2 of a money is deposited at 5%
per annum, and the remaining at the rate of 6%. If the total interest gained is ¥730,

find the deposit amount.

(a) ¥14,000

(b) 215,500
(c) ¥212,800
(d) ¥214,500
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Q) Out of Rs 1,00,000, Mr. Y invested 1/5 of the money at 5% p.a. Sl for 4 years, 1/2 of
the money at 6% p.a. Sl for 3 years, and the remaining at 8% p.a. Sl for 2 years. Find

the total Sl accrued.

Options:

(a) 17,800
(b) %18,200
(c) %19,000
(d) 16,500

Q) A man invested one-third of his capital at 7%, one-fourth at 8%, and the

remainder at 10%. If the annual income is X561, the capital is:

(a) 34,400
(b) 5,500
(c) 6,600
(d) X5,800

Type 7

To find the time (T) when an amount (in terms of principal, P) and the simple interest

(SI) rate per annum are given, use the following formula:

_ Total SIrate
~ SI rate per annum

Q) In how much time does a sum of amount double at simple interest at a 12.5% rate?

a) 7 years

(

(b) 8 years
(c) 9 years
(

d) 10 years
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Q) In how many years will a sum of money become four times at 12% p.a. simple

interest?

(a) 18 years
(b) 21 years
(c) 25 years
(d) 28 years

Q) In what time will a sum of money double itself at 6.25% p.a. simple interest?

(a) 5 years
(b) 8 years
(c) 12 years
(d) 16 years

Q) If a sum triples in 15 years at a simple rate of interest, the rate of interest per

annum will be:

(a) 13.0%
(b) 13.3%
(c) 13.5%
(d) 18.0%

Q) The simple interest on a certain sum becomes 0.125 times of itself at 6.25% p.a.

Find the time taken.

Options:
(a) 1year
(b) 2 years
(c) 3 years
(d) 4 years
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EXTRA QUESTIONS

Q) A certain sum of money was invested at a simple rate of interest for three years. If
the same had been invested at a rate that was seven percent higher, the interest

amount would have been X882 more. The amount of sum invested is:

(a) X12,600
(b) X6,800
(c) 4,200
(d) 2,800

Q) The simple interest on a sum of money is 4/9 of the principal, and the number of

years is equal to the rate of interest per annum. Find the rate of interest per annum:

(@) 5%
(b) 20/3%
(c) 22/7%
(d) 6%

Q) A person borrows 5,000 for 2 years at 4% per annum simple interest. He
immediately lends to another person at 6 ¥a% per annum for 2 years. Find his gain in

the transaction for the year:

(a) X112.50
(b) X225
(c) X125
(d) X107.50

Q) If the simple interest on 1,400 for 3 years is less than the simple interest on

%1,800 for the same period by X80, then the rate of interest is:

(@) 5.67%
(b) 6.67%
(c) 7.20%
(d) 5.00%
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Q) A man invests X12,000 at 10% p.a. and another sum of money at 20% p.a. for one

year. The total investment earns at 14% p.a. simple interest. The total investment is:

(a) 8,000

(b) 320,000
(c) 14,000
(d) 16,000

Q) A man invests an amount of %15,860 in the names of his three sons A, B, and C in
such a way that they get the same interest after 2, 3, and 4 years respectively. If the
rate of interest is 5%, then the ratio of the amount invested in the name of A, B, and
Cis:

(a)6:4:3

(b)3:4:6

(£)30:72:5

(d) None of the above

Q) A farmer borrowed 3,600 at the rate of 15% simple interest per annum. At the
end of 4 years, he cleared this account by paying 34,000 and a cow. The cost of the

Cow is:

(a) X1,000
(b) 1,200
(c) 31,550
(d) 1,760

Q) By mistake, a clerk calculated the simple interest on principal for 5 months at 6.5%
p.a. instead of 6 months at 5.5% p.a. If the error in calculation was ¥25.40, the

original sum of principal was:

(a) 60,690
(b) ¥60,960
(c) 390,660
(d) 390,690

QA by Nithin R Krishnan

85




ACADEMY

E‘ BPI\/U PQ CA Foundation Paper 3 - Mathematics

Q) Mr. X invests 90,500 in the post office at 7.5% p.a. simple interest. While
calculating, the rate was wrongly taken as 5.7% p.a. The difference in amounts at

maturity is ¥9,774. Find the period for which the sum was invested:

(a) 7 years
(b) 5.8 years
(c) 6 years
(d) 8 years

Compound Interest

Definition
Compound interest is the interest calculated on the initial principal and also on the
accumulated interest of previous periods. This means that interest is earned on both

the initial principal and the interest that has been added to it over time.
Formula for Amount (A) in Compound Interest
A= P@+i)"
Where:
e A = Final Amount
e P = Principal
¢ 1 = Rate of interest per period

e n = Number of periods

QA by Nithin R Krishnan

86




AEADEMY

E‘ al"l\/u PQ CA Foundation Paper 3 - Mathematics

Formula for Compound Interest (CI)
CI=P[1+i)"-1]
Where:
e P — Principal amount

e 4 — |nterest rate (as a decimal or fractional value)

¢ 712 = Number of compounding periods or conversion periods

Types of Compoundings & Corresponding Conversions

(i) Annual (Yearly) Compounding
 Principal (P) changes once in a year.
e 1 = Number of years
¢ 7 = Interest rate per annum
(ii) Semi-Annual (Half-Yearly) Compounding
* Principal (P) changes twice in a year.

e 1 = 2X Number of years

§ & o= Interest rate per annum
_ 2

(iii) Quarterly Compounding
e Principal (P) changes four times in a year.

* n = 4x Number of years

Interest rate per annum
4

.?::
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(iv) Monthly Compounding
e Principal (P) changes twelve times in a year.

e 71 = 12X Number of years

Interest rate per annum

L] ‘i: 12

(v) Daily Compounding
¢ Principal (P) changes daily.

e n = 365X Number of years (assuming 365 days in a year)

Interest rate per annum

365

e ] =

Type 1: Problems on Compound Interest (Cl) and Amount (A)

This section deals with solving various types of problems related to Compound Interest (CI) and the
Final Amount (A) accumulated over time. The problems typically involve calculations based on the

compound interest formula and understanding different compounding periods.

Q) If compound interest on any sum at the rate of 5% for two years is ¥512.50, then the sum would
be:

(a) 3,000
(b) 4,000
(c) X5,000
(d) 36,000

Q) A bank pays 10% rate of interest compounded annually. A sum of X400 is deposited in the bank.
The amount at the end of 1 year will be:

(a) 3440
(b) 3439
(c) 3441
(d) X442
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Q) If 210,000 is invested at 8% per year compounded quarterly, then the value of the investment after

2 years is:
(given (1 + 0.02)® = 1.171659)

(a) 311,716.59

(b) $10,716.59

(c) ¥117.1659

(d) None of the above

Q) The compound interest on ¥15,625 for 9 months at 16% per annum compounded quarterly is:

(a) 31,851
(b) 31,941
(c) ¥1,951
(d) ¥1,961

Q) If P * i> = 396, and R = 8% compounded annually, then P =

(a) 14,000
(b) 15,000
(c) 16,000
(d) 17,000

Q) The ratio of principal and the compound interest value for three years (compounded annually) is

216:127. The rate of interest is:

(@) 0.1777
(b) 0.1567
(c) 0.1666
(d) 0.1587

Q) The sum invested at 4% per annum compounded semi-annually amounts to 37,803 at the end of

one year. The sum is:

(a) 7,000
(b) X7,500
(c) X7,225
(d) ¥8,000
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Q) Mr. X bought an electronic item for %1,000. What would be the future value of the same item after

2 years, if the value is compounded semi-annually at 22% per annum?

(a) 31,488.40
(b) %1,518.07
(c) 32,008.07
(d) 32,200.00

Q) The partners A and B together lent 33,903 at 4% per annum interest compounded annually. After
a span of 7 years, A gets the same amount as B gets after 9 years. The share of A in the sum of 3,903

would have been:

(a) 31,875
(b) 32,280
(c) %2,028
(d) 2,820

Q) Mr. X makes a deposit of 50,000 in the bank for a period of 2.5 years. If the rate of interest is 12%

per annum compounded half-yearly, then the maturity value of the money deposited by Mr. X is:

(Where (1.06)° = 1.3382)

(a) 66,910
(b) 366,123
(c) 67,925
(d) ¥65,550

Q) If in two years' time a principal of ¥100 amounts to ¥121 when the interest at the rate of r% is

compounded annually, then the value of r will be:

(a) 10.5
(b) 10%
(© 15
(d) 14
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Q) At what % rate of compound interest (C.I) will a sum of money become 16 times in four years, if

interest is being calculated compounding annually:

(@) r = 100%
(b) r = 10%
(© r = 200%
(d) r = 20%

Type 2: Finding A When P and Different Interest Rates for Different Years Are
Given

In some cases, the interest rate varies from year to year instead of remaining constant throughout the
investment period. To calculate the final amount (A) when different interest rates apply for different

years, we use the following formula:

Formula:

A =P+ 1814 8) o (L450)
Where:

e A = Final amount
¢ P = Principal amount (initial investment)
e %1,1%9,%3,...= Interest rates for each corresponding year (expressed as decimals)

e n = Total number of years

Q) How much will 25,000 amount to in 2 years at compound interest if the rates for the successive

years are 4% and 5% per year?

(a) 27,300
(b) 227,000
(c) 27,500
(d) 327,900
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Q) What will be the population after 3 years when the present population is 25,000 and the

population increases at the rate of 3% in | year, at 4% in Il year, and at 5% in lll year?

(a) 328,119
(b) 29,118
(c) X27,000
(d) 30,000

Q) A sum was invested for 3 years as per compound interest, and the rate of interest for the first year
is 9%, the 2nd year is 6%, and the 3rd year is 3% p.a. respectively. Find the sum if the amount in three
years is 5507

(a) X250
(b) X300
(c) 462.16
(d) X350

Q. A person deposited 5,000 in a bank. The deposit was left to accumulate at
6% compounded quarterly for the first five years and at 8% compounded
semiannually for the next eight years. The compound amount at the end of 13

years is:

a) 312,621.50
b) X12,613.10
o) 1361310

(
(
(
(d) None

Q) The present population of a town is 70,000. If it grows at 4%, 5%, and 6% per annum for the 1st,
2nd, and 3rd years respectively, then find the population of the town at the end of the 3rd year.

(a) 81,026
(b) 79,856
(c) 80,450
(d) 78,920
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Type 3: Finding the Time Period for the Second Case

This type of problem involves determining the time period (1%) for a second scenario when two

amounts (expressed in terms of principal, P) and the time period of the first case (71) are given.

Q) A sum of money doubles itself in 4 years at a certain compound interest rate. In how many years

will this sum become 8 times at the same compound interest rate?

(a) 12 Years
(b) 14 Years
(c) 16 Years
(d) 18 Years

Q) A sum of money invested at compound interest doubles itself in four years. It becomes 32 times

of itself at the same rate of compound interest in:
(@) 12 years
(b) 16 years
(c) 20 years
(d) 24 years

Q) A certain sum of money becomes 8 times of itself in 12 years as per compound interest. In how

many years would it become 128 times of itself?

Options:

(a) 16 years
(b) 24 years
(c) 28 years
(d) 36 years

EXTRA QUESTIONS

Q) A sum amounts to ¥1,331 at a principal of 1,000 at 10% compounded annually. Find the time.

(a) 3.31 years
(b) 4 years
(c) 3 years
(d) 2 years

QA by Nithin R Krishnan
93




E‘ al"l\/u PQ CA Foundation Paper 3 - Mathematics

ACADEMY

Q) In how many years will a sum become double at 5% p.a. compound interest?

(a) 14.0 years
(b) 15 years
(c) 16 years
(d) 14.3 years

Q) A sum of money compounded annually becomes 1,140 in two years and 1,710 in three years.

Find the rate of interest per annum:

(@) 30%
(b) 40%
(©) 50%
(d) 60%

Q) A sum of ¥x amounts to 327,900 in 3 years and to 41,850 in 6 years at a certain rate percent per

annum, when the interest is compounded yearly. The value of x is:

(a) 16,080
(b) 18,600
(c) 18,060
(d) 16,800

Q) An amount P becomes ¥5,100.5 and %5,203 after the second and fourth years respectively at 1% of

interest per annum compounded annually. Thus, the values of P and R are:

(a) 34,000 and 1.5
(b) %5,000 and 1
(c) 6,000 and 2
(d) 35,500 and 3

Q) The time by which a sum of money is 8 times of itself if it doubles itself in 15 years with interest

compounded annually.
(a) 42 years
(b) 43 years
(c) 45 years
(d) 46 years
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Q) Mr. Prakash invested money in two schemes 'A’' and 'B' offering compound interest at the rate of
8% and 9% per annum respectively. If the total amount of interest accrued through these two
schemes together in two years was ¥4,818.30 and the total amount invested was 327,000, what was

the amount invested in scheme 'A'?

(a) 312,000
(b) 212,500
(c) 13,000
(d) 213,500

Difference Between Cl and SI

The difference between Compound Interest (Cl) and Simple Interest (SI) is given by:
Difference = P [(1 +¢)" — 1 — TR%]

Where:
e P = Principal amount
e 1 = Interest rate per period (as a decimal)
e 7 = Number of years (or compounding periods)

o TR% = Total Simple Interest percentage over n years

Q) The difference between compound and simple interest on a certain sum of money for 2 years at
4% p.a. is ¥1. The sum (in X) is:

(a) 625
(b) 630
(c) 640
(d) 635

Q) On what sum is the difference between compound interest and simple interest for two years at 7%

p.a. interest ¥29.4?

(a) 5,000
(b) 35,500
(c) 36,000
(d) %6,500
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Q) A compound interest on a sum for 2 years is T30 more than the simple interest at the rate of 5%

per annum. Then the sum is:

(a) 11,000
(b) 13,000
(c) 312,000
(d) X15,000

Q) The difference between compound interest and simple interest on a certain sum of money

invested for three years at 6% per annum is ¥1,016. The principal is:

(a) T3,000
(b) 33,700
(c) ¥12,000
(d) ¥10,000

Q) The difference between the compound interest and simple interest at 10% per annum for 4 years

on 10,000 is X

(a) 650
(b) 640
(c) 641
(d) 600

Q) What is the difference (in ) between the simple interest and the compound interest on a sum of

%8,000 for 2 2 years at the rate of 10% p.a. when the interest is compounded yearly?

(a) 136.12
(b) 129.50
() 151.75
(d) 147.20

Q) The simple interest for a certain sum for 2 years at 10% per annum is ¥90. The corresponding

compound interest is (in ):

(a) 99
(b) 95.60
(c) 94.50
(d) 108
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Q) If the simple interest on a sum of money at 12% p.a. for two years is ¥3,600, the compound

interest on the same sum for two years at the same rate is:

(a) 33,816
(b) 33,806
(c) 33,861
(d) %3,860

Q) A sum of ¥7,500 amounts to ¥9,075 at 10% p.a., interest being compounded yearly in a certain

time. The simple interest (in ) on the same sum for the same time and the same rate is:

(a) 1,000
(b) 1,250
(c) 1,800
(d) 1,500

Effective Rate of Interest (ERI)

Definition

The Effective Rate of Interest (ERI) is the actual interest rate earned or paid in one year, accounting for
the effects of compounding. It is used to compare the true cost or return of interest rates when different

compounding periods are involved.
Key Concepts
¢ NRI (Nominal Rate of Interest):
¢ The stated interest rate without considering compounding.

e Example: A bank advertises a 10% annual interest rate, but it may be compounded quarterly or

monthly.
s ERI (Effective Rate of Interest):
¢ The actual interest rate after considering the compounding effect.
¢ ERIis always equal to or greater than the NRI.

¢ More frequent compounding leads to a higher ERI.
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Relationship Between NRI and ERI

e Annual Compounding: ERI = NRI (No compounding effect)

e More Frequent Compounding: ERI > NRI

e Semi-annual, quarterly, and monthly compounding increase the ERI.

Formula for ERI
ERI = (144" -1
Where:

e ¢ = Interest rate per compounding period (fractional value)
* 71 = Number of compounding periods in a year

Formula for Percentage ERI
%ERI =[(1 +4)".=1] x100

This formula converts the effective rate into percentage form.

Q) The effective rate of interest equivalent to the nominal rate of 7% converted monthly is:

(a) 7.26%
(b) 7.22%
(©) 7.02%
(d) 7.20%

Q) The effective annual rate of interest corresponding to a nominal rate of 6% p.a. payable half yearly
is:

(a) 6.06%

(b) 6.07%

(c) 6.08%

(d) 6.09%
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Q) The effective rate of interest for a one-year deposit corresponding to a nominal 7% rate of interest

per annum convertible quarterly is:

(a) 7%
(b) 7.5%
(c) 7.4%
(d) 7.18%

Q) The nominal rate of interest is 9.9% p.a. If interest is compounded monthly, what will be the

effective rate of interest (given (%g%%) o 1.1036 (approx))?

(a) 10.36%
(b) 9.36%
(©) 11.36%
(d) 9.9%

Q) Which is a better investment: 9% p.a. compounded quarterly or 9.1% p.a. simple interest?

(@) 9% compounded
(b) 9.1% S.T.

(c) Both are the same
(d) Cannot be said

Q) If the nominal rate of growth is 17% and inflation is 9% for five years, let P be the Gross Domestic
Product (GDP) amount at the present year, then the projected real GDP after 6 years is:

() 1.587 P
(b) 1.921 P
(c) 1.403 P
(d) 2.51 P

Depreciation
Definition

Depreciation refers to the reduction in the value of assets such as machinery, furniture, buildings, and
equipment over time due to factors like wear and tear, obsolescence, or usage. Assets that lose value

over time are called depreciating assets.
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Key Concepts

» Depreciating Assets: Assets whose value decreases over time due to factors like use, aging, or

technological advancements.

» Future Value (A): The value of the asset after a certain period, also known as the scrap value or

residual value.

® Present Value (P): The initial cost or current value of the asset.

For depreciating assets, the future value (A) will always be less than the present value (P), i.e.,

AP
Formula for Depreciation
A=Px(1-i)
Where:
e A = Future value or scrap value
¢ P = Present value or cost price

* i = Depreciation rate per period (expressed as a decimal)

¢ 7= Number of periods (years, months, etc.)

Q) The cost of machinery is %1,25,000. If its useful life is estimated to be 20 years and the rate of
depreciation of its cost is 10% p.a., then the scrap value of the machinery is [given that (0.9)29 =
0.1215]):

(a) ¥15,187
(b) 315,400
(©) ¥15,300
(d) ¥15,250

Q) The value of furniture depreciates by 10% a year. If the present value of the furniture in an office is

%21,870, calculate the value of furniture 3 years ago:

(a) 30,000
(b) 335,000
() 340,000
(d) ¥50,000
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Q) Scrap value of a machine valued at ¥10,00,000, after 10 years with depreciation at 10% p.a.:

(a) T3,48,678.44
(b) ¥3,84,679.45
(c) %4,00,000
(d) %3,00,000

Q) A machine worth %4,90,740 is depreciated at 15% on its opening value each year. When will its
value reduce to ¥2,00,750?

(a) 5 years 5 months
(b) 5 years 6 months
(c) 5 years 7 months

(d) 5 years 8 months

Q) A machine depreciates at 10% of its value at the beginning of a year. The cost and scrap value
realized at the time of sale being 323,240 and 39,000 respectively. For how many years was the

machine used?

(@) 7
(b) 8
@9
(d) 10
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Annuity
An annuity is a fixed amount of money paid or received regularly over a specified
number of periods.

Types of Annuity

1. Annuity Regular (Ordinary Annuity):

* Payments are made at the end of each period (e.g., end of year, half-year,

quarter, or month).

* Examples: Rent, EMI, etc.

2. Annuity Immediate (Annuity Due):
¢ Payments are made at the beginning of each period.

* Examples: Recurring Deposits (RD), insurance premiums, etc.

Future Value of an Annuity

If a is the fixed amount paid regularly for n periods at an interest rate ¢ per annum,

then the future value can be calculated as:
For Annuity Regular:

a((l4¢)"—1)

Future Value (FV) of AR = :

For Annuity Due (AD):

o fd+4F —1)

]

Future Value (FV) of AD = X (1+1)
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Relationship Between Future Value
and Present Value

¢ Future Value (FV) and Present Value (PV) are related by the following formulas:

FV =PV x (1413)"

FV
1+

PW=

Note

e |[f the type of annuity is not specified, the default assumption is an Annuity
Regular (AR).

Q) The future value of an annuity of 5,000 made annually for 8 years at an interest

rate of 9% compounded annually [Given that (1.09)® = 1.99256] is:

(a) ¥55,142.22
(b) 365,142.22
(c) %65,532.22
(d) 357,425.22

Q) The future value of an annuity of 31,500 made annually for five years at an interest

rate of 10% compounded annually is (Given that (1.1)5 = 1.61051):

(a) X9,517.56
(b) 29,157.65
(c) 39,715.56
(d) 29,175.65
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Q) The future value of an annuity of 31,000 made annually for 5 years at the interest

of 14% compounded annually is:

(Given (1.14)° = 1.92541)

(a) 35,610
(b) 26,610
(c) 6,160
(d) 35,160

Q) %200 is invested at the end of each month in an account paying interest 6% per
year compounded monthly. What is the future value of this annuity after the 10th

payment?

(a) 32,044
(b) 12,044
(c) 2,040
(d) 312,000

Q) How much amount is required to be invested every year so as to accumulate
¥6,00,000 at the end of 10 years, if interest is compounded annually at 10% rate of
interest [Given: (1.1)1% = 2.59374]?

(a) 337,467
(b) 337,476
(c) 337,647
(d) 337,674

Q) How much amount is required to be invested every year so as to accumulate
¥5,00,000 at the end of 12 years if interest is compounded annually at 10% {Where
A(12, 0.1) = 21.384284}?

(a) 23,381.65
(b) 324,385.85
(c) 326,381.65
(d) 328,362.75
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Q) Let a person invest a fixed sum at the end of each month in an account paying
interest 12% per year compounded monthly. If the future value of this annuity after

the 12th payment is 55,000, then the amount invested every month is?

(a) %4,837
(b) %4,637
(c) X4,337
(d) X3,337

Q) How much amount is required to be invested every year so as to accumulate
%7,96,870 at the end of 10 years, if interest is compounded annually at 10%, given
that A(10, 0.1) = 15.93747

(a) 340,000
(b) 34,50,000
(c) 348,000
(d) 50,000

Q) Find the present value of an annuity of 1,000 payable at the end of each year for

10 years. If the rate of interest is 6% compounding per annum (given (1.06)_10 =
0.5584):

(a) 7,360

(b) 8,360

(c) 12,000

(d) None of these.

Q) 32,500 is paid every year for 10 years to pay off a loan. What is the loan amount if

the interest rate is 14% per annum compounded annually?

(a) ¥15,841.90
(b) 13,040.27
(€) 14,674.21
(d) 14,010.90
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Q) Mrs. X invests in an annuity immediately that promises annual payments of
350,000 for the next 16 years. If the interest rate is 6% compounded annually,

the approximate present value of this annuity is ____, where (1.06)"® = 2.3965.

(@) X5,51,217.75
(b) 5,75,900.00
(c) 35,05,288.08
(d) %5,35,612.45

Q) Suppose your parent decides to open a PPF (Public Provident Fund) account in a
bank towards your name with 310,000 every year starting from today for the next 16

years. When you receive and get 8.5% per annum interest rate compounded

annually, what is the present value of this annuity?
(Give answer in X without any fraction.)
(Given P(15, 0.085) = 8.304236576)

(a) 383,042
(b) 1,66,084
(c) 393,042
(d) 8,30,423

Q) 32,500 is paid every year for 10 years to pay off a loan. What is the loan amount if

the interest rate is 14% per annum compounded annually?

(a) 15,847.90
(b) 313,040.27
(c) 314,674.21
(d) %16,345.11

Q) If the desired future value after 5 years with an 18% interest rate is ¥1,50,000, then
the present value (in %) is (Given that 1.18° = 2.2877)?

(a) 63,712
(b) 65,568
(c) 53,712
(d) 41,712
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Q) Anshika took a loan of %1,00,000 @ 8% for 5 years. What amount will she pay if

she wants to pay the whole amount in five equal installments?

(a) 25,045.63
(b) ¥26,045.68
(c) X28,045.50
(d) None

Q) Ankit invests 33,000 at the end of each quarter receiving interest @ 7% per

annum for 5 years. What amount will he receive at the end of the period?

(a) ¥71,200.20
(b) X71,104.83
(c) X73,204.83
(d) None

Q) A loan of X1,02,000 is to be paid back in two equal annual installments. If the rate
of interest is 4% p.a., compounded annually, then the total interest charged (in %)

under this installment plan is:

(a) 6,160
(b) 8,120
(c) 5,980
(d) 7,560

Q) A car is available for ¥4,98,200 cash payment or 360,000 cash down payment
followed by three equal annual installments. The rate of interest charged is 14% per
annum compounded yearly. The total interest charged in the installment plan is
(Given P(3, 0.14) = 2.32163):

(a) X1,46,314
(b) X1,46,137
(c) %1,28,040
(d) 1,58,040
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Q) Suppose you have decided to make a systematic investment plan (SIP) in a
mutual fund with ¥1,00,000 every year from today for the next 10 years at the rate
10% per annum compounded annually. What is the future value of this annuity?
Given 1.11% = 2.59374.

(a) ¥17,35114
(b) 17,53,411
(c) X17,35411
(d) %17,53,114

Q) Raju invests 20,000 every year in a deposit scheme starting from today for the
next 12 years. Assuming that the interest rate on this deposit is 7% per annum

compounded annually, what will be the future value of this annuity?
Given that (1 + 0.07)'% = 2.25219159:

(a) 35,40,526

(b) X3,82,813

(c) 36,43,483
(d) X3,57,769

Q) Mr. Bhuvan invests Rs 10,000 at the beginning of every year for the next 11 years.
Find the PV of this annuity. If the interest rate p.a. is 8% p.a. Cl.

a) 377,000
) 380,500
c) 75,200

(
(b
(
(d) X78,600
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Sinking Fund
Purpose of a Sinking Fund:

* Asinking fund is established to accumulate money for a specific purpose. This
purpose could be to repay bonds, replace assets, or cover any large future

expense.

Mechanism:

* Contributions are made into this fund in periodic payments over a defined time

period. These payments are known as deposits to the sinking fund.

Q) A company establishes a sinking fund to provide for the payment of ¥2,00,000
debt maturing in 20 years. Contribution to the fund is to be made at the end of

every year. Find the amount of each deposit if the interest is 10% per annum?

(a) 33,592.11
(b) X3,491.92
(c) 33,392.11
(d) None

Q) A company wants to replace its existing worn-out machinery in 10 years. The
expected cost of the machine would be 310 Lakh. If the management creates a
sinking fund, how much provision needs to be made each year, which can earn at
rate of 10% compounded annually? (Given A(10, 0.1) = 15.937425)

(a) 374,625
(b) X72,514
(c) 62,745
(d) 367,245
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Applications of Annuity

1. Leasing
* Definition: Leasing is essentially renting.

* Decision Making: When deciding between purchasing a machine or leasing it,

compare the present values of both options.
* |f the PV of leasing < PV of purchasing, leasing is preferred.
* [f the PV of leasing > PV of purchasing, purchasing is preferred.

* |If the PV of leasing = PV of purchasing, both options are equally good.

Q) A person wants to lease out a machine costing %5,00,000 for a 10-year period. It
has fixed a rental of ¥51,272 per annum payable annually starting from the end of the
first year. Suppose the rate of interest is 10% per annum compounded annually on

which money can be invested. To whom is this agreement favorable?

(a) Favour of Lessee

(b) Favour of Lessor

(c) Not for both

(d) Can't be determined

Q) A person wants to open a shop and has two options to acquire a commercial
space: either by leasing for 10 years at an annual rent of ¥2,00,000 or by purchasing
the space for 312,00,000. If the person can borrow money at 14% compounded per

annum, which alternative is most suitable?
(Given P(10, 0.14) = 5.21611)

(a) Leasing

(b) Purchase

(c) Can't say

(d) Data insufficient
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2. Investment Decision

® Rule: If the PV of cash inflows (returns) is greater than or equal to the PV of
cash outflows (investment), the investment is considered good; otherwise, it's a

loss.

Net Present Value (NPV)

Formula:

NPV = PV of Cash Inflows — PV of Cash Outflows

* Aninvestment is considered good if NPV > 0.

Q) What is the net present value of a piece of property which would be valued at X2

lakh at the end of 2 years? (Annual rate of increase = 5%)

(a) ¥1.81 lakh
(b) 2.01 lakh
(c) 32.00 lakh
(d) None of the above

Q) A machine can be purchased for Rs 65,000. The machine will contribute Rs
15,000 per year for the next 6 years. Assume borrowing cost is 10% per annum.

Determine whether the machine should be purchased or not:

(a) Should be purchased
(b) Should not be purchased
(c) Can't say about purchase

(d) None of the above
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Q) If the cost of capital is 12% per annum, then the net present value (in nearest )

from the given cash flow is given as:

Years 0 1 2 3
Operating profit (in thousands %) (100) 60 40 50

(a) 31,048
(b) 34,185
(c) 21,048
(d) 24,187

3. Valuation of Bonds

* Definition: A bond is a debt security where the issuer owes the holder a debt and
is obligated to repay the principal and interest. Bonds are usually issued for a

term longer than one year.

* |ssuer's Obligation: The bond issuer enters into a contract with the bondholder

to pay interest over the term of the bond.

Bond Valuation Formula

Present Value (PV) of the bond:

Pvza((l—l—i)“—l) Par value

i(142)n (L+4)
Where:

e a = Coupon Payment = Par Value x Nominal Rate

e 3 = Required Rate of Return

¢ n = Number of periods to maturity
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Q) An investor intends to purchase a 3-year Rs 3000 par value bond having a
nominal interest rate of 8% p.a. At what price the bond may be purchased now if it

matures at par and the investor requires a rate of return of 10% p.a.?

(a) Rs 2850
(b) Rs 3000
(c) Rs 3200
(d) None of these

Q) An investor intends to purchase a three-year 1,000 par value bond having a
nominal interest rate of 10%. At what price the bond may be purchased now if it

matures at par and the investor requires a rate of return of 14%?

Options:
(a) X907
(b) %950
(c) 3980
(d) 920

Perpetuity

Definition

Perpetuity is a type of annuity where a fixed amount (receipt amount) is paid or

received regularly and indefinitely, without an end date.
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Types of Perpetuity

1. Normal Perpetuity (Multi-Period Perpetuity):

e Formula:

R
PV of Multiperiod Perpetuity = —
i

¢ Where:
e R = Fixed payment (Receipt amount)
® 1 = Interest rate
2. Growing Perpetuity:
* A stream of cash flows that grows at a constant rate forever.

¢ Formula:

R
PV of Growing Perpetuity = A o

* Where:

* g = Growth rate

Q) Determine the present value of perpetuity of 50,000 per month @ rate of

interest 12% p.a. is

(a) ¥45,00,000
(b) ¥50,00,000
(c) ¥55,00,000
(d) ¥60,00,000
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Q) Assuming that the discount rate is 7% p.a., how much would you pay to receive

%200 growing at 5% annually forever?

(a) 2,500
(b) 5,000
(c) 7,500
(d) X10,000

Q) If the discount rate is 14% per annum, then how much does a company have to

pay to receive 3280 growing at 9% annually forever?

(a) X5,600
(b) 32,800
(c) 1,400
(d) 34,200

Q) If a person bought a house by paying ¥45,00,000 down payment and 380,000 at
the end of each year till the perpetuity. Assuming the rate of interest as 16%, the

present value of the house (in ) is given as:

(a) X47,00,000
(b) X45,00,000
(c) X57,80,000
(d) ¥50,00,000

Q) Assuming that the discount rate is 7% p.a., how much would you pay to receive

%200, growing at 5% annually forever?

(a) 2,500
(b) %5,000
(c) X7,500
(d) 10,000
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Q) Mr. Sharad got his retirement benefit amounting to ¥50,00,000. He wants to
receive a fixed monthly sum of amount for the rest of his life, starting after one
month, and thereafter he wants to pass on the same to future generations. He expects

to earn an interest of 9% compounded annually. Determine how much perpetuity

amount he will receive every month?

(a) 9,500

(b) 38,500
(c) 337,500
(d) 36,600

Q) A stock pays annually an amount of ¥10 from the 6th year onwards. What is the

present value of the perpetuity, if the rate of return is 20%?

(a) 20.1
(b) 19.1
(c) 211
(d) 221

Compound Annual Growth Rate (CAGR)
Definition

CAGR, or Compound Annual Growth Rate, is a measure used to describe the growth
of a certain element of a business (e.g., revenue, income, etc.) over a specified period.
It represents the mean annual growth rate of an investment over a specified time

period, assuming the investment grows at a steady rate.

Formula for CAGR

V. \ o
CAGR = | — = |
Vo
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Where:
* ¢, = End period
* ty = Beginning period
* V, = Value at the end period (t,)

* 1} = Value at the beginning period (t)

Percentage CAGR

%CAGR =

1
‘)‘n tn—tg
e =] 1
(Vo) ] ki

Short Trick for Solving CAGR Based Questions
th—to __ Vn

1| te
(1 + option) 7

Q) Let the operating profit of a manufacturer for five years be given as:

Years 1 | 2 ‘ 3 4 5 ]

Operating profit (in lakh ) 90 100 106.4 107.14 120.24 157.34

Then the operating profit of Compound Annual Growth Rate (CAGR) for year 6 with

respect to year 2 is given that:

(@) 9%

(b) 12%
() 1%
(d) 13%

Q) The CAGR of the initial value of an investment of 15,000 and the final value of
325,000 in 3 years is:

(a) 19%
(b) 18.56%
(c) 17.56%
(d) 17%
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Q) 10 years ago, the earning per share (EPS) of ABC Ltd. was X5 per share. Its EPS for

this year is ¥22. Compute at what rate, EPS of the company grows annually?

(a) 15.97%
(b) 16.77%
(c) 18.64%
(d) 14.79%

Q) Mr. Paul invested %1,00,000 in a mutual fund scheme. She got a dividend of
10,000 for the first year, 12,000 for the second year, 16,000 for the third year,
%18,000 for the fourth year, and 21,000 for the fifth year.

What is the Compounded Annual Growth Rate (CAGR) on the dividend return?
(a) 20.38%
(b) 18.59%

(c) 16.36%
(d) 15.89%

Q) If the initial investment of 34,00,000 becomes 36,00,000 in 24 months, then the
Compound Annual Growth Rate (CAGR) is:

(a) 30.33%
(b) 22.4%

(c) 19.46%
(d) 14.47%
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Chapter 5: Basic Concepts of Permutations and Combinations

Chapter 5 - Permutations and Combinations
Key Definitions:
1. Permutation: Arrangement of items.

2. Combination: Selection of items.

Factorial of n (n!):

¢ Definition: Product of the first n natural numbers.
e Formula:
nl=nxn—-1)xn-2)---x1

Values of Factorials:

o =1
o 20=2

* 31=6

o 41=24

e 51=120
¢ 6!=720
o 7!=15040
e 8!=40320

o (n—1)! 4 e
Q)lf;l—o = m,flnd n

@4 ({567
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Q) The value of IV in % -+ é = % is:

(a) 81
(b) 78
(c) 89
(d) 64

Permutation Formula:
e Arrangement of n items, taken 7 at a time:

n!

i (n—r)!
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Properties of Permutations:
1. Full arrangement (all items):
"P,=nl!
2. Zero selection:
“Po=1
3. Recursive relation:
=
4. Special cases:
e« *P.=nl
e "By =2!- n_2Pn—2
e "P, 2 =3 n_3Pn—3
. n'n3_4l n4PR4

5. Last term of the expansion:

"Pr=(n—-r+1)

Q) Find 'n' if "P, = 72:
(a) 12

(b) 36

(c) 24

(d)9
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Q) f*Py3 : "1 Py = 3 : 4, then the value of 'n’ will be:

(a) 13
(b) 15
(c) 18
(d) 31

Linear Permutation

Type - 1: Permutation of Letters Without Condition

This refers to the arrangement of all letters in a given word, considering possible

repetitions of letters.
Formula for Permutation with Repeated Letters

If a word contains repeated letters, the total number of unique arrangements is

calculated using the formula:

n!

ni! X ne! xng! x...
Where:
e n! = Factorial of the total number of letters.
®* N1,M2,N3,...= The number of times each letter is repeated.
Special Case: No Repeated Letters
¢ |f no letter is repeated, the number of unique arrangements simplifies to:

n!

¢ This means all letters can be freely rearranged without any repetition constraints.
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Q) The number of words which can be formed by the letters of the word 'ALLAHABAD' is:

(a) 7560
(b) 3780
(c) 30240
(d) 15120

Q) The number of ways in which 4 persons can occupy 9 vacant seats is:

(a) 6048
(b) 3024
(c) 1512
(d) 4536

Q) The number of numbers between 1,000 and 10,000, which can be formed by the digits 1, 2, 3, 4,

5, 6 without repetition is:

(a) 720
(b) 180
(c) 360
(d) 540

Type 2: Permutation with Conditions

This type of permutation involves additional conditions related to the arrangement of

letters or digits.

Key Points:
¢ The condition must be satisfied first before applying permutation rules.
e The word "or" in a problem translates to addition (+) in calculations.

e The word "and" in a problem translates to multiplication (x) in calculations.
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Q) If a man travels in a train from place A to B in 10 ways, then by how many ways

can he come back by another train?

(a) 94
(b) 110
(©) 90
(d) 99

Q) How many 3-digit odd numbers can be formed using the digits 5, 6, 7, 8, 9, if the digits can be

repeated?

(a) 55
(b} 75
(c) 65
(d) 85

Q) The number of different ways the letters of the word "DETAIL" can be arranged in such a way

that the vowels can occupy only the odd positions is:

(a) 32
(b) 36
(c) 48
(d) 60

Q) The number of words that can be formed using the letters of the word "PETROL" such that the

words do not have "P" in the first position is:

(a) 720
(b) 120
(c) 600
(d) 540
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Q) How many seven-digit numbers can be formed from the digits 3, 4, 5, 6, 7, 8, 9, with no digits
being repeated and not divisible by 5?

(a) 4320
(b) 4690
(c) 3900
(d) 3890

Q) The number of words that can be formed out of the letters of the word "ARTICLE" so that

vowels occupy even places is:

(a) 36

(b) 144
(c) 574
(d) 754

Q) A garden is having 6 tall trees in a row. In how many ways can 5 children stand, one in a gap

between the trees, in order to pose for a photograph?

(a) 24
(b) 120
(c) 720
(d) 30

Q) Find the number of arrangements in which the letters of the word "MONDAY" be arranged so
that the words thus formed begin with ‘M" and do not end with 'N".

(a) 720
(b) 120
(c) 96

(d) None
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Q) How many 3-digit odd numbers can be formed using the digits 5, 6, 7, 8, 9, if the digits can be

repeated?

(a) 55
(b) 75
(c) 65
(d) 85

Q) The four-digit numbers that can be formed out of the seven digits 1, 2, 3, 5, 7, 8, 9 such that no

digit is repeated in any number and are greater than 3000 are:

(a) 120
(b) 480
(c) 600
(d) 840

Q) In how many ways can the crew of an eight-oared boat be arranged so that 3 of the crew can

row only on a stroke side and 2 row on the other side?

(a) 1,728
(b) 256
(c) 164
(d) 126

Q) How many numbers not more than 10,000 can be formed using the digits 1, 2, 3, 4,
56,7, 8 and 9?

A) 3609
B) 5000
C) 4096
D) 6561
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Type 3: Permutations with Specific Pairing Conditions

1. When two specific items must always stay together:
* Treat the two items as a single unit (block).

¢ The total number of arrangements is:
(n—1)! x 2!

. (n — 1]!: Arrange the block and the remaining items.

» 2!: Arrange the two items within the block.

Note: If three specific items must always stay together, treat them as one block, and the formula

becomes:

(n— 2)! x 3!
2. When two specific items must never stay together:

e The number of arrangements where two elements are never together is found

using:
(n—1)!% (n—2)
Alternatively, we can compute it using:

Never together: Total arrangements — Always together arrangements

Q) The number of ways of arranging 6 boys and 4 girls in a row so that all 4 girls are together is:

(a) 6! - 4!
(b)2-(7!-4!)
(714!
(d)2-(6!-4!)
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Q) How many permutations can be formed from the letters of the word "DRAUGHT", if both

vowels may not be separated?

(a) 720
(b) 1,440
(c) 140
(d) 1,000

Q) The number of words from the letters of the word "BHARAT", in which B and H will never come
together, is:

(a) 360
(b) 240
(c) 120
(d) None of the above

Q) Find the number of ways in which the letters of the word "SOFTWARE" can be arranged such

that all the vowels are always together?

(a) 720

(b) 1,440
(c) 2,880
(d) 4,320

Q) In how many different ways can the letters of the word "CORPORATION" be arranged so that

the vowels always come together?

(a) 810
(b) 1440
(c) 25200
(d) 50400
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e Shortcut for boys and girls occupying alternate positions (unequal in number):

Total arrangement = (smaller number)! x (larger number)!

¢ Shortcut for boys and girls occupying alternate positions (equal in number):
Total arrangement = 2 x boys! x girls!

¢ Shortcut for no two boys being together:

(girls+1)

Total arrangement = girls! x Pooys

¢ Shortcut for no two boys being together:

Total arrangement = girls! x (gir‘ESHJPboys

e Shortcut for no two girls being together:

Total arrangement = boys! x (bf’yﬁl)Pgirgs

Q) The number of ways 4 boys and 3 girls can be seated in a row so that they are alternate is:

(a) 12
(b) 288
(c) 144
(d) 256

Q) Six boys and five girls are to be seated for a photograph in a row such that no two girls sit

together and no two boys sit together. Find the number of ways in which this can be done.

(a) 74,200
(b) 96,900
(c) 45,990
(d) 86,400

Q) Three girls and five boys are to be seated in a row so that no two girls sit together. Total

number of ways of this arrangement are:

(a) 14,400
(b) 120
(€)°Ps

(d) 3! x 5!
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Q) There are 10 students in a class including 3 girls. The number of ways to arrange them in a row
when any two girls out of three never come together is:

(@5P;-7

(b) Py - 7

©%P;-10

(d) None of these

Q) 5 Men and 4 Women are to sit in a row in such a manner that the women always occupy the

even places. The number of such arrangements will be:

(a) 126

(b) 1056
(c) 2080
(d) 2880

Type 4: Different Ways to Answer Questions

This type of problem deals with counting the number of ways to respond to multiple-

choice questions, including the possibility of leaving them unanswered.

1. Total number of ways to answer 'n' questions:
= Fach question has two choices: answer it or leave it unanswered.

s Formula:
2?’1
where 1 is the number of questions.
2. Ways to answer at least one question out of 'n' questions:

» This is the total ways to answer all questions minus the case where no question is answered.

* Formula:

2" -1
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Q) There are 12 questions to be answered in Yes or No. How many ways can these be answered?

(a) 1024
(b) 2048
(c) 4096
{d) None

Q) An examination paper with 10 questions consists of 6 questions in mathematics and 4

questions in the statistics part. At least one question from each part is to be attempted. In how

many ways can this be done?

(a) 1024
(b) 945

(c) 1005
(d) 1022

Q) There are 5 questions, each having four options. Then, in how many different ways can we

answer the questions?

(a) 20
(b) 120
(c) 1024
(d) 60
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Circular Permutation (Without Condition)

1. Linear Arrangement:

*  When arranging 1 items in a straight line (row), the number of arrangements is:
n!

2. Circular Arrangement:

* In a circle, the starting point is fixed because rotating the arrangement does not create a

new order.
* Therefore, the number of arrangements is reduced by 1 factorial (to account for the fixed

starting point):

(n—1)!

Key Idea:
* Linear Arrangement counts all possible orders.

* Circular Arrangement avoids overcounting identical rotations by fixing one item as the

reference point.

Circular Permutation with Condition

In circular permutations, objects are arranged in a circle rather than in a linear order.

The number of ways to arrange n objects in a circle depends on specific conditions.

1. Shortcut for no two girls being together in a circular manner

Total arrangement = (boys — 1)! x b"'YEPng

2. Shortcut for no two boys being together
Total arrangement = (girls — 1)! x &5 P
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Q) The number of ways 5 boys and 5 girls can be seated at a round table, so no two boys are

adjacent, is:

(a) 2,550
(b) 2,880
(c) 625

(d) 2,476

Q) In how many ways can 6 women and 6 men be seated at a circular table so that no

two women are adjacent?

A) 86400
B) 72000
C) 43200
D) 94600

EXTRA

1. Number of Ways of Arranging ‘r’ Things Taken from ‘'n’ Things, Such That
One Particular Thing Is Always Included

* When one specific item is always included, it occupies one position. The remaining r — 1 items

are arranged from the 7 — 1 remaining items.

Formula:
T+ (n-1)Fr-1)

s 7: The position occupied by the specific item.

. (n—l]P{r—l): Permutations of # — 1 items from . — 1 items.

2. Number of Ways of Arranging r’ Things Taken from 'n’ Things, Such That
One Particular Thing Is Always Excluded

*  When one specific item is excluded, 7 items are arranged from the remaining  — 1 items.

Formula:

{n—l]P'r
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Q) Find the number of arrangements of 5 things taken out of 12 things, in which one particular

thing must always be included.

(a) 39,000
(b) 37,600
(c) 39,600
(d) 36,000

Q) If six times the number of permutations of 'n’ items taken 3 at a time is equal to seven times

the number of permutations of (n-1) items taken 3 at a time, then the value of 'n’ will be:

(@) 7
(b)9

() 13
(d) 21

Q) Find the number of arrangements of 4 things taken out of 10 things such that 1

particular thing is always excluded.

A) 3024
B) 4032
C) 5040
D) 2520
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Combination (Selection of 'r' Things from 'n’ Things)

A combination is used when the order of selection does not matter. It gives the number of ways to

choose 7 items from n items.

Formula:

nPr
r!

ﬂcr _

Where:
e "P, = (n%!r]!: The number of permutations of r items from n items.

» 7!: Accounts for the fact that the order of selection doesn't matter.

7 A i3 C‘g

Then:
r4+8=mn

Basic Properties of Combination:
1. ®Cp = 1: Selecting 0 items from n items is always 1.
2. "] = n:Selecting 1 item from n items can be done in 1 ways.
3. "C), = 1:Selecting all n items from n is always 1.

4. "C, =" C,,_,: Symmetry property—selecting  items is the same as excluding 7 items.

5. °C,. +" C,_1 ="+ C,.: Pascal's identity.

Q) IF8C, =% C, s, find the value of ¥C5:

(a) 55
(b) 50
(c) 56
(d) None of these
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Q) *C3 +15 C3 is equal to:

(a) *Csy
(b) *°Chg
c) ]503
(d) *Cis

Q) A fruity basket contains 7 apples, 6 bananas, and 4 mangoes. How many selections of 3 fruits

can be made so that all 3 are apples?
(a) 35 ways

(b) 120 ways

(c) 165 ways

(d) 70 ways

Q) A business house wishes to simultaneously elevate two of its six branch heads. In how many

ways can these elevations take place?

(a) 12
(b) 3
(c) 6
(d) 15
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Applications in Geometry and Other Scenarios:

1. Number of straight lines formed using n points, where m are collinear:

nC2 _m Cz -l 1

2. Number of triangles formed using n points, where m are collinear:
3. Number of matches played by n teams (one match per pair):
n C2
» If each team plays two matches against every other team:
2" Cy
4. Number of handshakes among 1 people:
1 Cg

5. Number of quadrilaterals (or parallelograms) formed by n parallel lines intersecting m

parallel lines:
“Cg x ™ Cg
6. Number of diagonals in a polygon with n sides:
ncz —n
7. Number of chords in a circle formed by n points on its circumference:

n 02

Q) Six points are on a circle. The number of quadrilaterals that can be formed are:

(a) 30

(b) 360

(c) 15

(d) None of the above
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Q) A polygon has 44 diagonals. Then the number of its sides are:

(a) 8
(b)9
(c) 10
(d) 11

Q) How many parallelograms can be formed from a set of 6 parallel lines intersecting another set

of 4 parallel lines?

(a) 80
(b) 70
(c) 90
(d) 100

Q) The number of triangles that can be formed by choosing the vertices from a set of 12 points,

seven of which lie on the same straight line, is:

(a) 185
(b) 175
(c) 115
(d) 105

Q) If there are 6 points in a line and 4 points in another line, find the number of parallelograms
formed?

(a) 80
(b) 70
(c) 90
(d) 100

Q) Number of ways of shaking hands in a group of 10 persons, shaking hands with each other, are:

(a) 45
(b) 54
(c) 90
(d) 10
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Problems With Conditions

Q) How many ways a team of 11 players can be made out of 15 players if one particular player is

not to be selected in the team?

(a) 364
(b) 728
() 1,001
(d) 1,234

Q) Out of 4 gents and 6 ladies, a committee is to be formed. Find the number of ways the
committee can be formed such that it comprises at least 2 gents, and the number of ladies should

at least be double the number of gents.

(a) 94

(b) 132
(c) 136
(d) 104

Q) In how many ways a team of 5 can be made out of 7 boys and 8 girls, if 2 girls are compulsory

to form a team?

(a) 2,646
(b) 1,722
(c) 2,702
(d) 980

Q) A person has ten friends, of whom six are relatives. If he invites five guests such that three of

them are his relatives, then the total number of ways in which he can invite them are:

(a) 30
(b) 60
(c) 120
(d) 75
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Q) In how many ways can a selection of 6 out of 4 teachers and 8 students be done so as to

include at least two teachers?

(@) 220
(b) 672
(c) 596
(d) 968

Q) A bag contains 4 red, 3 black, and 2 white balls. In how many ways can 3 balls be drawn from
this bag so that they include at least one black ball?

(a) 64
(b) 46
(c) 85
(d) None of the above

Q) Out of 7 boys and 4 girls, a team of a debate club of 5 is to be chosen. The number of teams

such that each team includes at least one girl is:

(a) 439
(b) 429
(c) 419
(d) 441

Q) From a group of 8 men and 4 women, 4 persons are to be selected to form a committee so

that at least 2 women are there on the committee. In how many ways can it be done?

(a) 168
(b) 201
(c) 202
(d) 220
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Q) Eight chairs are numbered from 1 to 8. Two women and three men are to be seated by allowing
one chair for each. First, the women choose the chairs from the chairs numbered 1 to 4, and then

men select the chairs from the remaining. The number of possible arrangements is:

(a) 120
(b) 288
(c) 32
(d) 1440

Q) In the next World Cup, there will be 12 teams, divided equally into two groups. Teams of each
group will play matches against one another. From each group, 3 top teams will qualify for the
next round. In this round, each team will play against each other. Four top teams of this round will
qualify for the semi-final round, where each team will play against the others once. Two top
teams of this round will go to the final round, where they will play the best of three matches. The

minimum number of matches in the next World Cup will be:

(a) 56
(b) 53
(c) 37
(d) 43

Q) A committee of 3 women and 4 men is to be formed out of 8 women and 7 men. Mrs. Kajal
refuses to serve in a committee in which Mr. Yash is a member. The number of such committees

can be:

(a) 1530
(b) 1500
(c) 1520
(d) 1540

Sum of all permutations of digits

Find sum of all 4-digit numbers formed with 3, 4, 5, 6
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Find sum of all 5-digit numbers formed with 1, 3, 5, 6, 8, 9
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Chapter 6: Sequence and Series — Arithmetic and Geometric Progressions

Difference Between Sequence and Series

Aspect Sequence Series

Definition Ordered list of numbers. Sum of the terms of a sequence.

Nature | List of terms. Single numerical result (sum).

Example 2,4,6,8,... 24+44+6+8+4...

Focus On the arrangement of terms. On the summation of terms.
Examples

1. Arithmetic Sequence: 1,3,5,7,..

e Series;1+34+5+T7T+...

2. Geometric Sequence: 2,4, 8,16, . ..

e Series:21+4+84+16 ..

Q) The n™ terms of the series 3 + 7 + 13 + 21 + 31 + ............ is

(@) 4n - 1
(b) n® + 2n
(n®+n+1

(d)n®+2

Arithmetic Progression (AP):

» Definition: A sequence in which there exists a constant difference between consecutive terms.

Formula for the n-th Term:

a, =a;+(n—1)d
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Q) If in an A.P., Tn represents nth term.
If t7 :tio = 5:7 then te:ty1 =

(a) 13:16
(b) 17:23
(c) 14:17
(d) 15:19

Q) The 4™ term of an A.P. is three times the first and the 7™ term exceeds twice the third term by 1.

Find the first term 'a’ and common difference 'd'.

(aya=3,d=2
(bya=4,d=3
(a=5d=4
(d)a=6,d=5

Q) If a, b, c are in Arithmetic Progression (A.P.), then the value of a - b + ciis:
(a) a
(b) -b

(b
(d) c

Q) The value C such that a, -3, b, 5, c are in AP. is:
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Q) If the P* term of an A.P. is ‘g’ and the g™ term is 'p’, then its r'" term is:
(@p+q-r

b)P+qg+r

@p-q-r

dp-q

Q) The value of K, for which the terms 7K + 3, 4K -5, 2K + 10 are in AP, is:

Q) The 20™ term of arithmetic progression whose 6™ term is 38 and 10™ term is 66 is:

a) 118
b) 136
c) 178

(
(
(
(d) 210

Q) The n*™ term of the series 9, 7, 5, ... and 15, 12, 9, ..... are same. Find the n*" term?

(a) 7
(b) 8
(c) 9
(d) 10
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Q) If 9" and 19" term of an Arithmetic Progression are 35 and 75, respectively; then its 20* term is:

(a) 78
(b) 79
(c) 80
(d) 81

Q) How many numbers between 74 and 25,556 are divisible by '5'?

(a) 5090
(b) 5097
(c) 5095
(d) 5075

Q) Find the 17™ term of an AP series if 15" and 21 terms are 30.5 and 39.5 respectively.

(a) 33.5
(b) 35.5
(c) 36.0
(d) 38.0

Sum of n Terms of an Arithmetic Progression (AP):

* Formula:
S, = g(a +a,)

* Where:
o S,: Sum of the first n terms.
s n: Number of terms.
e a: First term.

* @, Last term (n-th term).

QA by Nithin R Krishnan
146




E‘ BPI\/U PQ CA Foundation Paper 3 - Mathematics

ACADEMY

Q) If each month ¥ 100 increases in any sum then find out the total sum after 10 months, if the sum

of first month is X 2,000.

(a) 24,500
(b) ¥ 24,000
() X 50,000
(d) ¥ 60,000

Q) An Arithmetic progression has 13 terms whose sum is 143. The third term is 5, so the first term is:

(a)4
(b) 7
(@9
(d) 2

Q) The sum of all two-digit odd numbers is:

(a) 2475
(b) 2575
(c) 4950
(d) 5049

Q) The sum of the third and ninth term of an AP. is 8. Find the sum of the first 11 terms of the

progression.
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Q) If Sum (S,) of ‘n'-terms of an Arithmetic Progression is (2n’ + n), what is the difference of its 10

and 1 term?

(a) 207
(b) 36
(c) 90
(d) 63

Q) If the sum of n terms of an A.P. be 2n® + 5n, then its 'n™ term is:

(a)4n - 2
(b)3n-4
(c)4n + 3
(d)3n+ 4

Q) If the sum of first 'n’ terms of an A.P. is 6n’ + 6n, then the fourth term of the series is:

(a) 120
(b) 72
(c) 48
(d) 24

Q) If the sum of 'n’ terms of an Arithmetic Progression (A.P.) is 3x* + 5x and its m™ term is 164, then

the value of mis:

(a) 27
(b) 28
(c) 24
(d) 26

Q) A person pays T 975 in monthly instalments, each instalment is less than the former by X 5. The

amount of 1¢ instalment is ¥ 100. In what time will the entire amount be paid?

(a) 26 months
(b) 15 months
(c) Both (a) & (b)
(d) 18 months
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Q) If the ratio of sum of n terms of two APs is (n+1):(n-1), then the ratio of their m™ terms is:
(@ (m+1):2m

b)Yy (m+1:(m-1)

@QRm-1):(m+1)

(dm:(m-1)

Q) Find the value of 'x' for the following data:
1+7+13+19+ ... +x =225

(a) 56

(b) 63

(c) 49

(d) 42

Q) If S, = n’p and S,, = m’p (m # n) is the sum of an AP, then S, =

(a) p?
(b) p*
() 2p*
(d) p*
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Finding the Sum and Middle Term in an Arithmetic Progression

(AP)

This section explains how to determine the sum of n terms when the middle term is

given and vice versa.

1. Relation Between Sum and Middle Term

The sum of m terms (S,,) in an arithmetic progression can be directly related to the

middle term:
S,, = Middle term x n

This means the total sum can be obtained by multiplying the middle term by the

number of terms.

2. Finding the Middle Term
If the sum of the first n terms is given, the middle term can be calculated using:

Middle term — Sum of n terms of an AP

n

This formula helps find the central value of an arithmetic series when its total sum is

known.

Q) In an AP, if common difference is 2, Sum of n terms is 49, 7*" term is 13 then n =

(@) 0
(b) 5
Q7
(d) 13
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Q) If 8™ term of an A.P. is 15, then sum of its 15 terms is:

(a) 1
(b) 0
(c) 225
(d) 225/2

Inserting Arithmetic Means Between Two Terms

1. What it Means:

To insert n arithmetic means (A.M.s) between two terms.

2. Sequence of Terms:
The terms form an arithmetic progression (A.P.):
a,a+d,a+2d,...,a+ (n—1)d.

3. Given Terms:
e Firstterm=a — d
e lastterm =a + nd.

4. Key Idea:

The difference between the two terms is evenly divided into n parts.

Q) If the sum of 3 arithmetic means between “a” and 22 is 42, then ‘a’

(a) 14
(b) 11
(c) 10
(d) 6
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Q) Insert two arithmetic means between 68 and 260:

(a) 132, 196
(b) 130, 194
(c) 70, 258

(d) None of the above

Q) Divide 69 into 3 parts which are in A.P. and are such that the product of first two parts is 460:

(a) 20, 23, 26
(b) 21, 23, 25
() 19, 23, 27
(d) 22, 23, 24

Q) Divide 144 into three parts which are in AP and such that the largest is twice the smallest, the

smallest of three numbers will be:

(a) 48
(b) 36
() 13
(d) 32
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Geometric Progression (GP):

e Definition: A sequence where each term has a common ratio with the previous

term.

General Form of GP:

a,ar, a,'rz, a,’r3, ey P
e Where:
e q: First term
e 7: Common ratio
e 1. Number of terms
e Common Ratio:
as as
P —= W = —— ==
a az
Formula for the n-th Term:
a,=a-r" !

Sum of n Terms in a Geometric Progression (GP):

1. Forr > 1:
=l
S. —a
n r—1
2. Forr < 1:
1 —"
5, =i
" 1—7r
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Q) Find the number of terms of the series:
25,5, 1,50

(@) &

(b)7

()8

(d)9

Q) In a geometric progression, the 3 and 6t terms are respectively 1 and —1/8. The first term (a)

and common ratio are respectively:

(a) 4 and %
(b) 4 and —71
(c) 4 and —%
(d) 4 and i

Q) The 39 term of a G.P. is % and the 6 term is 8%' then the 1% term is:

(a) 6
®) 3
(©9
(d) 2

Q) The sum of the first 20 terms of a G.P. is 1025 times the sum of the first 10 terms of the same G.P.

Then the common ratio is:

(a) v2
(b) 2

() 2/+/2
(d1/2
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Q) In a G.P,, the 5™ term is 27 and the 8" term is 729. Find its 11t term:

(a) 729
(b) 6561
(c) 2187
(d) 19683

Finding the Product of n Terms Using the Middle Term in a

Geometric Progression (GP)

This section explains how to determine the product of n terms in a geometric

progression (GP) using its middle term.

The product of the first n terms of a geometric progression is given by:
Product of n terms of GP = (G,,)"

where G, is the middle term of the GP.

Q) In a G.P,, if the fourth term is '3, then the product of the first seven terms is:

(a) 3°
(b) 37
(c) 36
(d) 3°

Q) If the 5™ term of a G.P. is \Vﬁ, then the product of the first nine terms is:

(a) 8
(b) 27
(c) 243
d9
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Sum of Infinite Terms in Geometric Progression (GP)

1. Formula:

Seo = 77, wherer < 1.
2. Conditions:
® a: First term of the GP.
® r: Common ratio (must satisfy |'r| % D
3. Important Note:

e S isnot defined when r > 1.

Q) The sum of the infinite G.P. 1 + % + % + % + ... Is equal to:

(a) 1.95

(b) 1.5

(€) 1.75

(d) None of these

Q) Sum up to infinity of the series:

R T
s Pt gttt

<l 3
(@) 2
(b) 2
(© 21
(d) None
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Q) Find the sum to infinity of the following series:
1-14+1-141-1+4.

(a) 1

(b) 0o

(© 3

(d) Does not exist

Q) Find the sum of the infinite terms 2, 5, 3%, 1—?7 el % 2

o

2
(a) y—j%

4
(b) 32
© 2%

(d) None of these

Q) The first term of a G.P. where the second term is 2 and the sum of infinite terms is 8 will be:

(a) 6
(b) 3
()4
(d) 1

Q) Given an infinite geometric series with first term 'a’ and common ratio 'r'. If its sum is 4 and the

second term is %, then one of the correct options is:

(a]azland'rzﬁ
(b)a.:3andr:%
(c]a:3and7‘:%
(d)a.:1andr:%
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Q) If S be the sum, P the product, and R is the sum of reciprocals of n-terms in G.P., then P2R" =

@ S
(b) 8™

© S~
@S

Q) A G.P. (Geometric Progression) consists of 2n terms. If the sum of the terms occupying the odd

places is §1 and that of terms in the even places is S2, the common ratio of the progression is:
(an

(b) 25;

(0 £

2

Q)Ify:l+a:+:1:2+...oo,then:c::
(a) L=
yt+l
(b) -
(Clg_Ll

d) ;5

Q) Three numbers in G.P. with their sum 130 and their product 27,000 are:

(a) 10, 30, 90
(b) 90, 30, 10
(c) (a) and (b) both
(d) 10, 20, 30
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Q) If the sum and product of three numbers in G.P. are 7 and 8 respectively, then the 4 term of the

series is:

(a) 6
(b) 4
©8
(d) 16

Q) The sum of the first 8 terms of a G.P. is five times the sum of the first 4 terms. Find the common

ratio:

(@) £4/2
(b) 16

(c) +4/20

(d) 4

Q) The sum of terms of an infinite G.P. is 15. And the sum of the squares of the terms is 45. Find the

commeon ratio:

(a) 3
(1
(0 —2
(d) 2
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Sum of Infinite Terms with Combination of A.P. and G.P.

1. Formula:

2. Components:
* @a: First term.
e 7. Common ratio of G.P. (where [T| < 1)
* d: Common difference of A.P.

3. Purpose:

This formula calculates the sum of an infinite sequence where terms are generated by

combining the progression rules of both arithmetic (A.P.) and geometric (G.P.) sequences.

Q)Sum-::ufth@series1+%-i-512-[-;}—gl + ...00is:

(a) 30

35
(b) 3¢

() %

d 13

QA by Nithin R Krishnan

160




E‘ BPI\/U PQ CA Foundation Paper 3 - Mathematics

ACADEMY

Notes on Combination of A.P, G.P, and H.P.

1. Arithmetic Progression (A.P.):

For three terms @, b, ¢ to be in AP.:

a+c
b=
2
Example: a,b,c = 1,2, 3.
2. Geometric Progression (G.P.):
For three terms a, b, ¢ to be in G.P.:
b= +ac
Example: a, b, c = 2,4, 8.
3. Harmonic Progression (H.P.):
For three terms a, b, ¢ to be in H.P.:
2ac
b=
a-+c

Q) If z, y, z are the terms in G.P., then the terms z? + *yz, Ty + yz, y2 + 22 are in:

(a) A.P.
(b) G.P.
(c) H.P.
(d) None of these

Q) If ﬁ, ﬁ, ﬁ are in arithmetic progression, then 0,2, bz, c2 arein:

(a) Arithmetic Progression
(b) Geometric Progression
(c) Both in arithmetic and geometric progression

(d) None of these
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Q) If b+i_a', c—|—g—b’ a+b—c

are in AP, then a, b, ¢ are in:
(a) A.P.
(b) G.P.
(c) H.P.

(d) None

Q) Find the numbers whose arithmetic mean is 12.5 and geometric mean is 10:

(a) 20and 5

(b) 10 and 5
(c)5and 4

(d) None of these

Q) If the arithmetic mean between the roots of a quadratic equation is 8 and the geometric mean

between them is 5, the equation is

@xz>— 16z —25=0
b)z? —16z+25=0
©@z?—-16z+5=0
(d) None of these

Q) If AM and HM for two numbers are 5 and 3.2, respectively, GM will be:

(a) 20
(b) 16
(c) 4
(d) 5
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Q) If Geometric mean (G.M.) of a, b, ¢, d is 3, then the G.M. of % 1._. 5 will be
@ 3

(b) 3

(c) 81

(d) g

Q) If S be the sum, P the product, and R is the sum of reciprocals of i terms in a

geometric progression (GP), then P2R" equals:

A) 57"
B) S"
c) g~
D) S~"
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Key Formulas for Sums of Natural Numbers

1. Sum of First n Natural Numbers:

n

» i=14+2+3+--+n=

i=1

n(n+ 1)
2

2. Sum of Squares of First n Natural Numbers:

i

n(n+1)(2n + 1)

P=1+2+3+...+n’= -

i=1

3. Sum of Cubes of First n Natural Numbers:

= 2
1
> 3'3=13+23+33+—--+f.rf’-:(_'“("'“r ))

: 2
i=1

4. Sum of First n Even Natural Numbers:

Y 2=2+44+6+--=n(n+1)

i=1
5. Sum of First n Odd Natural Numbers:

Tl

Y (2i-1)=1+3+5+..-=n

i=1

Q) Geometric Mean of P, P2, P3 ... P™ will be:
(a) P11

() P

© P"7

(d) None of the above.
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Q) The arithmetic mean of the squares of the first 2n natural numbers is:

A) £ (2n +1)(4n — 1)
B) 5(2n — 1)(4n — 1)
Oz(2n—-1)(4n+1)
D) £(2n + 1)(4n + 1)

SPECIAL SERIES

Q) The sum of 1 terms of the series 2 + 22 + 222 4 ... is

A) & (10" —10) — 2n
B) 2 + 2 (10" — 10)
0 81(10n+1 —10) + 2n
D) None

Q) The sum to m terms of the series 1 + 11 + 111 + ...

(a) g (10™ — 9m — 10)
(b) 57(10™ — 9m — 10)
() 10™ — 9m — 10

(d) None of these

up to m terms, is equal to:
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Chapter 7: Sets,Relations,functions,limits & continuity

Sets

e Definition: A set is a collection of well-defined elements.

Forms of Sets
1. Roster Form:
* Elements are listed explicitly within curly brackets {} .
e Example: A = {a,e,i,0,u}

2. Set Builder Form:

e Describes the set using a property or rule that its elements satisfy.

» Example: A = {z : z is a vowel}

Cardinal Number of a Set

e Definition: The number of elements in a set.

* Notation: If A is a set, n( A) denotes its cardinal number.

Null Set
¢ Definition: An empty set is called a null set. It contains no elements.

s Notation:

A={}orA=¢
¢ Cardinal Number: The cardinal number of a null set is zero.
Complement of a Set
e Definition: If A is a set, then A! represents the complement of A.

e Formula:

= U — A (Elements in the universal set U but not in A)
¢ Example:
U=1{1,2,3,4,5,6},A = {2,4,6}
=U - A=/{1,3,5}
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Types of Sets

Equal Sets

» Definition: Two sets A and B are said to be equal if they contain the same and equal number of

elements.

s Example:
A ={a,b,c}
B={ab,c}

Equivalent Sets

» Definition: Two sets A and B are equivalent if they have the same number of elements.

n(A4) = n(B)

* Example:
A =1{1,2,3}
B = {z,y,2}

Note: All equal sets are equivalent, but not all equivalent sets are equal.

Q) The set of cubes of natural numbers is:

(a) Null set
(b) A finite set
(c) An infinite set

(d) Singleton set

Operations on Two Sets

1. Union Operation
» Definition: The union of two sets A and B is the set of all elements that belong to A, B, or
both.
* Notation: AU B
* Example:
A=1{2,4,6,8} B = {6,8,10,12}
AUB=1{2,4,6,8,10,12}
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2. Intersection Operation

s Definition: The intersection of two sets A and B is the set of all elements that are common to

both A and B.
e Notation: AN B

* Example:
A= {1: 2,3, 4}- B= {37475: 6}
ANB = {3,4)

3. Difference of Sets (A - B)

» Definition: The difference A — B is the set of elements that belong to A but not to B.

Similarly, B — A is the set of elements in B but notin A.

e Example:

A= {1,3,5,7},32 {37578}
« A=B=AL7}
- B—A={8)

Q
If
A={z: 2 B2+H2 =10},
B={z:z*+4z - 12=0},

then B — A is equal to:

) {6}
b) {1}
04{1,2}

(a)
(
(
(d) {2, —6}
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Formulas for Union of Sets

1. For Any Two Sets A and B:

The number of elements in the union of A and B is given by:
n(AU B) = n(A) +n(B) —n(AN B)

e Example:
A=4{1,234}.B = {3;4.5,6}
n(A) =4,n(B) =4,n(ANB) =2
n(AUB)=4+4-2=6
2. For Any Three Sets A, B, and C"

The number of elements in the union of A, B, and C'is given by:

n(AUBUC)=n(A4)+n(B) +n(C) —n(ANB) —n(BNC) —n(ANC)+n(ANBNC)

* Example:
A={1,2,3}, B = {2,3,4},C = {3,4,5}
n(A4) =3,n(B) =3,n(C) =3
AN Bl W11C) =2.2(ANCI=1.n{ANBNC)=1
n(AUBUC)=38+3+3-2—-2=1+1=5

For Any Two Sets A and B:
1. At least one of A or B
n(AU B) = n(A) + n(B) —n(AnN B)
2. Only A
n(A — B) =n(A4) — n(AN B)
3. only B
n(B — A) =n(B) —n(ANB)
4. Exactly one of A or B
n(A— B) +n(B — A) =n(A) +n(B) — 2n(AN B)
5. Neither A nor B

=n(U) —n(AU B)
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For Any Three Sets A, B, C":
1. Atleastone of 4, B,C

n(AUBUC) =n(4) +n(B) +n(C) —n(ANB) —n(BNC) —n(ANC) +n(ANBNC)

2. Only A

n(A— (BUC)) =n(4) —n(ANB)—n(ANC) +n(ANBNC)

3. Only B

n(B—(AUC))=n(B)—n(ANB) —n(BNC)+n(ANBNC)

4. Only C

n(C — (AUB)) =n(C) —n(ANC)—n(BNC)+n(ANBNC)

5. Exactly oneof A, B,C

n(A) +n(B) +n(C) —2n(ANB) —2n(BNC) —2n(ANC) +3n(ANBNC)

6. Neither A, B, nor C

— n(U)—n(AUBUC)

De Morgan’'s Laws

1. Complement of Union:

e Example:

(AUB)° = A°N B°

A= {112}33 = {213}1U = {1:2:314}

A = {31 4}: B¢

{1,4}

(AUB)* = A°n B® = {4}

2. Complement of Intersection:

e Example:

(AN B)¢ = A°U B°

A ={1,2}, B=4{2,3}, U= {1,2,3,4}
A¢ ={3,4}, B = {1,4}
(AN B)° = A°U B° = {1,3,4}
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Additional Notes

Complement of Union:

(AUB)°=U - (AUB)

Formula for Complement of Union Count:

n((AU B)®) = n(U) — n(AU B)

» Usage: To calculate elements that belong to neither A nor B.

Subset

Definition:

A set A is said to be a subset of set B if all elements of A are also elements of B.

Denotedas A C B.

Example:

A ={z,y},B ={w,z,y,2}
Here, A C B, as all elements of A are present in B.

Note:
e Any set is a subset of itself.

e The empty set @ is a subset of every set.
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1. Number of Subsets:
* For a set with nn elements, the number of subsets is:
9n
2. Number of Proper Subsets:
s For a set with 1 elements, the number of proper subsets is:
2% —1
3. Power Set:

» Definition: The power set of a set A is the set of all subsets of A, including the empty set
and A itself.

* Example:
For A = {z,y},
Power set of A = {{}, {z}, {v}, {z,y}}

Q) The number of proper subsets of the set {3,4, 5,6, 7} is:

(a) 32
(b) 31
() 30
(d) 25

Q) The number of subsets of the set formed by the unique letters in the word "Allahabad" is:

(a) 128
(b) 16
(c) 32
(d) 64

Q) The number of subsets of the set {3,4,5} is:

(a) 4
(b) 8
(c) 16
(d) 32
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QIfA=1{1,2,3,4,5,7,8,9}and B = {2,4,6,7,9}, then how many proper
subsets of A N B can be created?

(@) 16
(b) 15
(c)32
(d) 31

Q) AN E'is equal to (E is a superset of A)
a) B

b) ¢
A

d) none

Q) Two finite sets respectively have & and 7 number of elements. The total number of subsets of the
first is 56 more than the total number of subsets of the second. The values of z and y respectively

are:

(a) 6 and 3
(b) 4 and 2
(c)2and 4
(d)3and 6

Q) If A C B, then which one of the following is true:

@ATB =B
b)AUB =B
AN B =4
dANB=0
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Forany twosets Aand B, AN (A’ UB) =
set A:

(a) AN B
(b) AUB
A" UB
(d) None of these

, where A’ represents the complement of the

QANe=
aA
b) ¥
oF

d) none

Q) AU A’ is equal to (E is a superset of A)
a) A
b) £
X%

d) none

Q) | is a set of Isosceles triangles and E is the set of Equilateral triangles. Then
aalCN
by E C I
¢ ii= T

d) none

Problems Using Venn Diagram

Understanding Venn Diagrams in Problem Solving

® A \Venn diagram is a visual tool used to represent relationships between different

sets or groups.

® |t is particularly useful when solving problems that involve counting elements in

overlapping or distinct categories.
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When to Use Venn Diagrams?

e Venn diagrams are most effective when it is required to find the number of

elements related to only one specific event or multiple overlapping events.

Q) In a class of 50 students, 35 opted for Mathematics and 37 opted for Commerce. The number of

students who opted for both Mathematics and Commerce are:

(a) 13
(b) 15
(©) 22
(d) 28

Q) There are 40 students, 30 of them passed in English, 25 of them passed in Maths, and 15 of them
passed in both. Assuming that every student has passed at least in one subject how many students

passed in English only but not in Maths?

(a) 15
(b) 20
(©) 10
(d) 25

QA by Nithin R Krishnan
175



E‘ EPIVU PQ  CA Foundation Paper 3 - Mathematics

ACADEMY

Q) For a group of 200 persons, 100 are interested in music, 70 in photography, and 40 in swimming.
Furthermore, 40 are interested in both music and photography, 30 in both music and swimming, 20
in photography and swimming, and 10 in all three. How many are interested in photography but not

in music and swimming?

@) 30
(b) 15
() 25
(d) 20

Q) Of the 200 candidates who were interviewed for a position at a call center, 100 had a two-

wheeler, 70 had a credit card, and 140 had a mobile phone.
® 40 of them had both a two-wheeler and a credit card.
® 30 had both a credit card and a mobile phone.
® 60 had both a two-wheeler and a mobile phone.

¢ 10 had all three.

How many candidates had none of the three?

(@0

(b) 20
(c)10
(d) 18

Q) In a town of 20,000 families, it was found that 40% of families buy newspaper A, 20% buy
newspaper B, and 10% buy newspaper C. Furthermore, 5% of families buy both A and B, 3% buy
both B and C, 4% buy both A and C, and 2% buy all three newspapers. The number of families which
buy A only is:

(a) 6600
(b) 6300
(c) 5600
(d) 600
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Cartesian Product of Sets

* Definition:
The Cartesian product of two sets A and B is the set of all possible ordered pairs, where the
first element is from A and the second element is from B.
Denoted as A x B.

Example 1:

If A= {z,y}and B = {1,2},

Ax B= {(‘.1:, 1)1 (m'l 2)1 (ya 1): (y: 2)}

Example 2:
If A= {a,b,c} and B = {p,q},

A x B = {(a,p),(a,q), (b,p), (b,9), (c,p), (c; )}
B x A= {(p,a),(p,b),(p, ), (g,2),(q,b), (g,¢)}

Note:

» The cardinal number of A X B is given by:

n(A x B) =n(A) x n(B)

QifA={1,23,4,5}, B={2,4}, and C = {1, 3,5}, then (A — C) x Bis:

(@) {(2,2),(2,4),(4,2), (4,4), (5,2), (5,4)}
(b) {(1,2),(1,4),(3,2),(3,4), (5,2), (5,4)}
©{(2,2),(4,2),(4,4),(4,5)}
@ 1(2,2),(2,4),(4,2), (4,4)}

QlIfA={2,3},B={4,5},C ={5,6},then A x (BNC) =

(a){( ,2),(5,3)}
b) {(2,5), (3,5)}
(C){( 4),(3,5)}
d) {(3,5),(2,6)}
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QIfA=1{1,2,3,4,5,6,7}and B = {2,4,6, 8}, the cardinal number of A — B is:

(a) 4
(b) 3
©9
d7

Relations

e Definition:

A relation is a subset of the Cartesian product of two sets A and B. It consists of ordered pairs

(a,b), wherea € Aand b € B.

Example 1:

IfA={1,2} and B = {3, 4},

Cartesian Product:

A x B={(1,3),(1,4),(2,3),(2,4)}

Relation R = {(1, 3),(2,4)}

Example 2:

If A= {z,y}and B = {5,6,7},

Cartesian Product:

Ax B ={(z,5),(=,6), (z,7), (4,5), (6), (5 7)}
Relation R = {(z,5), (y,7)}

The number of relations from A to B is given by:

2n(A]xn{B]

Q) If A = {1,2} and B = {3, 4}, determine the number of relations from A to B:

(@) 3
(b) 16
(@5
(d) 6
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Q) If:
e A={z:3€Z,0<Lz<10},

B = {z : z is a one-digit prime number}, and
¢ OC=H%:3 eNg <12},

then AN (B N C) is equal to:

(@@
(b) Set A

(c) Set B
(d) Set C

Types of Relations

1. Reflexive Relation:

 Definition: A relation R on a set A is reflexive if every element a € A satisfies (a,a) € R.

2. Symmetric Relation:

* Definition: A relation R on a set A is symmetric if, for any (a,b) € R, itimplies (b,a) €
R.

3. Transitive Relation:

* Definition: A relation R on a set A is transitive if, for any (a,b) € Rand (b,c) € R, it
implies (a,¢) € R.
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Additional Types of Relations

1. Equivalence Relation

* Definition:
A relation K on a set A is called an equivalence relation if it satisfies the following three

properties:
1. Reflexive: (a,a) € Rforalla € A.
2. Symmetric: If (a, b) € R, then (b,a) € R.
3. Transitive: If (a,b) € Rand (b,c) € R, then (a,c) € R.
s Example:

Let A = {1, 2, 3}, and define R = {(1, 1), (2,2), (3, 3),(1,2),(2,1)}.

Here:
e R is reflexive because (1,1), (2,2),(3,3) € R.
e R is symmetric because (1,2) € R implies (2,1) € R.
* Ris transitive because (1,2) € Rand (2,1) € Rimply (1,1) € R.

Therefore, R is an equivalence relation.

2. Partial Order Relation

o Definition:

A relation R on a set A is called a partial order relation if it satisfies the following three

properties:
1. Reflexive: (a,a) € Rforalla € A.
2. Antisymmetric: If (a,b) € R and (b,a) € R, thena = b.

3. Transitive: If (a,b) € R and (b,¢) € R, then (a,c) € R.
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Q) Let A = {1, 2, 3}, then the relation R = {(1,1),(2,3),(2,2),(3,3),(1,2)}is:
(a) Symmetric

(b) Transitive

(c) Reflexive

(d) Equivalence

Q) Given the relation R = {(1,2),(2,3)} onthe set A = {1, 2, 3}, the
minimum number of ordered pairs which, when added to R, make it an

equivalence relation is:

(@) 5
(b) 6
7
(d) 8

Q) If S = {1, 2,3}, then the relation {(1, 1), (2,2), (1,2), (2, 1)} is symmetric and:

a) Reflexive but not transitive

(
(b) Reflexive as well as transitive
(c) Transitive but not reflexive

(

d) Neither transitive nor reflexive

Q) On the set of lines, being perpendicular is a relation.

(a) Reflexive
(b) Symmetric
(c) Transitive

(d) None of these
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Q

In the set N of all natural numbers, the relation R is defined by @ R b "if and only if a divides b"
then the relation R is:

(a) Partial order relation
(b) Equivalence relation

(c) Symmetric relation
(d) None of these

On the set of eggs "is smaller than" is
a) Reflexive

b) Transitive

c) Symmetric

d) Equivalence
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Function

o Definition:

A relation R is said to be a function if:

1. Each element of the domain is mapped to exactly one element in the range (i.e, no domain

element is repeated).

2. Every domain element must have an image in the range.

* Example 1 (Not a Function):

R= {(11 1): (11 2)1 (2: 1)! (2: 2)1 (31 3)}

Here, domain elements 1 and 2 are repeated, so R is not a function.

e Example 2 (A Function):
R= {(13 2): (25 3)? (3: 4): (4: 1)}

Here, no domain element is repeated, so R is a function.

s Key Notes:

1. All functions are relations, but not all relations are functions.
2. The first element in each ordered pair is the domain element.

3. The second element in each ordered pair is the range element.

Types of Functions

1. One-to-One Function (Injective):

* Definition: A function is one-to-one if every element of the domain maps to a distinct

element in the codomain.

e Example: f(z) = x + 1, where f : {1,2,3} — {2,3,4}.
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2. Onto Function (Surjective):

s Definition: A function is onto if every element of the codomain has at least one pre-image

in the domain.

e Note: If a function is not onto, it is called an "into function.”

e Example: f(z) = z2, where f: {-2,-1,1,2} — {1,4}.

3. One-to-One and Onto (Bijective Function):

e Definition: A function is bijective if it is both one-to-one and onto.

» Example: f(x) = 2z, where f : {1,2,3} — {2,4,6}.

4. Many-to-One Function:

s Definition: A function is many-to-one if two or more elements in the domain map to the

same element in the codomain.

f(m) = |:B 1_13 01 ]-1 27 3} =4 {01- 1: 25 3}
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5. Constant Function:

* Definition: A function is constant if all elements of the domain map to the same element in

the codomain.

« Example: f(z) = 5, where f : {1,2,3} — {5}.

* Note: All constant functions are many-to-one, but not all many-to-one functions are

constant.

Q) Identify the function from the following:

@{(1,1),(1,2),(1,3)}
b {(1,1),(2,1),(2,3)}
() {(1: 2): (21 2)1 (3! 2)1 (4! 2)}

(d) None of these

QKA={+2,+3} B={1,4,9}, and
F ={(2,4),(—2,4),(3,9),(—3,4)}, then F is defined as:

(a) One-to-one function from A into B.
(b) One-to-one function from A onto B.
(c) Many-to-one function from A onto B.
(d) Many-to-one function from A into B.

Q) Let A = {1,2,3} and B = {6,4, 7}. Then, the relation R = {(2,4), (3,6)} will be:

(a) Function from A to B
(b) Function from B to A
(c) Both A and B
(d) Not a function

QA by Nithin R Krishnan

185



E‘ BPI\/U PQ  CA Foundation Paper 3 - Mathematics

ACADEMY

Q) Let N be the set of all natural numbers, and E be the set of all even natural numbers. Then the
function f : N — E defined as f(z) = 2z, x € N, is:

(a) One-one into
(b) One-one onto
(c) Many-one into

(d) Many-one onto

Q) If R is the set of all real numbers, then the function f : R — R defined by f(z) = 2% is:

(a) One-one onto
(b) One-one into
(c) Many-one into

(d) Many-one onto

Q) The range of the function f defined by f(z) = =5 is:

1
@{#: —s<a <}

(b){w:—%§m<%}

© {z: —3 P8}

(d){m:m>%or:;c<—%}

Given the function f(z) = 2z + 3, then the value of f(2z) — 2f(z) + 3 will be:

If f(x) = 2z + h, then find f(z + h) — 2f(z):
Yh — 2z

b) 2z —

A2z + h

(a
(
(
(d) None of these
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QFf:R—-R, f(z) ==+ 1,
andg:R — R, g(x) = 2% + 1,
then f o g(—2) equals to:

Q if f(x — 1) = 22 — 4z + 8, then f(z + 1) =

(@) z*> + 8
bz +7
©z2+4
d) 2 — 4z

Qi f(z) = \/1::_35 and g(z) = «./13:_35 find f o g:

(d) z4/1 — x2

Q f(z) =3+zfor—3<x<0,and f(x) =3 -2z, for0 < z < 3.
Then the value of f(2) will be:

(a) -1
(b) 1
(c) 3
(d) 5
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Q) The range of the function f : N — N; f(z) = (—1)*L,is:

(@) {0, —1}
(b) {1,—1}
(9 {1,0}

(d) {1,0,—1}

2z
14+-z2

Q) If f(z) = log (1£2£), then f (
@ f (=)

(b) 2f(x)

(© 3f(x)

d) —f(z)

) Is equal to:

Q If f(z) = -, then %3’7’% =

(@ z/y
(b)y/z
© —z/y
(d) —y/x

Inverse of a Function

Definition:
o If f(=) is a function, then f~!(z) is called the inverse of f(z).

* The inverse of a function is obtained by interchanging the domain and codomain elements in

the ordered pairs.

Example:

Let f(z) = {(1,2),(2,3),(4,5),(3,6)}.
e To find f_l(a:), interchange the elements in each pair:

f_l(m) = {(2! 1)7 (312)= (5! 4)1 (653)}'
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Finding f !(z) When f(z) is Given as an Expression:

To find f1(z) when f(z) is given as a mathematical expression:

1. Step 1: Assume y = f(z).
2. Step 2: Solve for z in terms of y.

3. Step 3:Replace y with z to get f~1(z).

Example:
If f(z) =2z + 3,
1. Lety = 2z + 3.

2. Solveforx:x = %3

3. Replace y with z: f1(z) = ET_?'

Q) If f(z) = 2, find f (2):
(a) —=

(b) ;5

)z —1

d)x

Q) The inverse function f ! of f(y) = 3y is:

@ 35
(b) §
(9 —3y

@ 5
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Q) let A=R — {3} and B =R — {1}. Let f(z) — B be defined by
f(z) = Z=2. What is the value of 1 (3)?

1:_

Q Ifu(z) = 7, thenu () is:

() =15
b)l—=x
@1—%
@z —1

Q If f(y) = L=, find f~*(y):
@ 15

(b) ¥

© ;54

@ 1%

Q) If f(z) : N — R is a function defined as f(z) = 4z + 3, Vx € N, then
F 4 m)is

@4+ 23

(b) =5

(0 &2
@ %5
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Q) Given:

X = {zyw,2}, Y ={1,2,3 4}

H= {(:E: 1): (y: 2): (y: 3)? (Z, 4)7 (ma 4)}
Options:

(@) H is a function from X to Y

(b) H is not a function from X to Y

(c) H is a relation from Y to X

(d) None of the above

Limits
Definition:

The limit of a function f(z) at a point z = a is the value that f(x) approaches as z gets arbitrarily
close to a.

It is denoted as:

lim / (z)

Left-Hand Limit (LHL):

The value that f(z) approaches as z approaches a from the left (z < a).

lim f(z)

rT—ra-

Right-Hand Limit (RHL):

The value that f(z) approaches as & approaches a from the right (z > a).

lim f(z)

r—at

Existence of a Limit:

A limit exists at ¢ = a if and only if:

lim f(z) = lim f(z) =

where L is the common value.
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Properties of Limits:

1. Sum Rule:

2. Product Rule:

3. Quotient Rule:

4. Constant Rule:

lim(f(2) + g(2)] = lim f(2) + lim g(z)

lim[f(z) -

—ra

9(z)] = lim f(z) - lim g(z)

GO C)
z—a g()

if *
i (2] lim g(z) # 0

limec=c¢
r—ra

Constant Multiplication Rule:

If C' is a constant, then:

l. . = 4 1.
lm[C - f(2)] = O lim (z)
Important Limits
1. Polynomial Limit:
limm — =n.a"!
z—=a T —Q

2. Exponential Limit:

lim > =Ina (where a > 0)
z—0 €T
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3. Natural Exponential Limit:

z—0 &
4. Logarithmic Limit:

s In(1+ z) _
z—0 T

1

5. Limit Definition of e (Infinity Form):

Expansion Limit:

. 2
Q) Evaluate lim,_,9 33_;%?2
8
(a) 0
(b) §
2
(©) 3
(d) 1
Q) Evaluate lim, 4 /5x + 7.
(@) 3
(b) 4
(ORs)
(d) 2
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Type lI: Factorization

¢ When both the numerator and denominator approach 0 (% form), factorize and cancel common

terms:
o F@) el
zva g(z)  q(a)
* Example:
2 _ _
& 2 i RDETD sy
z—1 ¢ —1 z—1 r—1 z—1

Q) Evaluate lim,_, 3 3:24;;7%;12
(@l

(b) O

() —1

(d) 12

Type lII: Infinity Limits

¢ Divide the numerator and denominator by the highest power of a:

fim 1)
25 9(@)
e Example:

3:"4+5 3

li -
e IgE T 2

Q) Evaluate lim,_, o ifiggﬂ which is equal to I, where [ is:
1

@ —3

1
(b) 5
(€ 2
(d) None
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Q) Evaluate lim,, . (nﬂ —|— + + e 2—2), which is:

Q) Evaluate lim,, ;o0 ((2” -2)(2" + 1)_1):
(a) 5

(b) 3

(©1

(d) None

Type IV: Standard Limits

¢ Exponential Limit:

lim )
z—0 T
* Logarithmic Limit:
1 In(1+x) 1
z—0 T
e Power Limit:
imZ —% — . g
r—a I —a
Q) Evaluate lim,_g M, which is:
@l
(b) 3
(©—3
(d) None
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Q) Evaluate ].11’11;,3_}0 WhICh is equal to:

(@) 103 - logy, 3
(b) log;p e

(c) log, 3

(d) None

Type V: Using L'Hopital’s Rule
e |[f the limit is in indeterminate form (g or %):

@) . f@)
% o) ~ o g'(e)

e Example:
Example 2: lim, ., =

1. Evaluate the limit directly:

T
— = —asIT — oo
et (0.0)

2. Differentiate numerator and denominator:

fllz)=1, d(z)=¢"

3. Apply L'Hopital’s Rule:

When to Use L'Hopital’s Rule:

* The rule is applicable only for indeterminate forms (g or %}.
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Other Type
vVi14x—1
€T

Q) Evaluate lim,,_, . which is equal to:

(a) —1
(b) 5

(c) 2

(d) None
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Continuity

Definition:

The term "continuous” in mathematics means a function progresses without interruption or abrupt
changes. A function f(x) is said to be continuous at a point = a if the following conditions are

satisfied:

1. Function is Defined:
f(a) must exist.

2. Left-Hand Limit Equals Right-Hand Limit:

lim f(z) = lim f(z)

Tr—ra- r—at

3. The Value of the Limit Equals the Function Value:

lim f(z) = £(a)

T—ra

Explanation of Limits:

o Left-Hand Limit (LHL):

LHL = lim f(z)

T—a
This is the value f(2) approaches as 2 approaches a from the left (z < a).
* Right-Hand Limit (RHL):

RHL = lim f(z)

z—a’

This is the value f(:c) approaches as x approaches a from the right (z > a).

If LHL = RHL = f(a), the function is continuous at = a.
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Important Notes on Continuity:
1. Continuity and Limit:
s For a function to be continuous, the limit must exist, but the existence of a limit alone is not
sufficient for continuity.

» Example: f(z) = Li—l at z = () has a limit but is not continuous.

2. Operations on Continuous Functions:
¢ The sum, difference, product, and quotient (if the denominator is non-zero) of continuous

functions are always continuous.
3. Polynomials:
* All polynomials are continuous everywhere.

4. Rational Functions:

* A function of the form i{(—:)l, where f(x) and g(x) are polynomials, is continuous

everywhere except at points where g(z) = 0 (as the function becomes undefined).

Points of Discontinuity

Definition:

A point of discontinuity is a value = a in the domain of a function f(z) where the function is not
continuous.
Removable Discontinuity:

* Occurs when the limit exists at = q, but f(a) is either undefined or not equal to the

limit.
s Example:
2
3 =1
z)= z#x1

Here, lim, 1 f(z) = 2, but f(1) is undefined, so z = 1 is a removable discontinuity.
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Q) Find the points of discontinuity of the function f(z) = g;—f%{%:
)1

(a

(b) 2
(c) (a) and (b) both
(d) None of these

Q) The function f(:I:) = 3;2__3? is undefined at £ = 3. What value must be
assigned to f(3) if f(x) is to be continuous at x = 3?

(@) 6

(b) —6

(c) Cannot be decided
(d) None

Q) A function f(z) is defined by f(z) = (z — 2) + 1 over all real values of x.
Now f(z) is:

(a) Continuous at x = 2
(b) Discontinuous at x — 2
(c) Undefined at z = 2

(d) None of these
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Chapter 8: Basic Applications of Differential and Integral Calculus in Business and Economics

Differentiation is a mathematical process that helps us measure the rate of
change of one variable concerning another. For example, it tells us how fast

distance changes with time (like speed) or how the price changes per unit length.
Here's the key idea broken down simply:
1. What is Differentiation?

* |t calculates how a dependent variable (like ) changes when the

independent variable (like ) changes.

* The rate of change is called the derivative of a function.

2. How It Works:

* When z changes slightly (from xg to 1), the difference (Ax) represents

this small change.

* Similarly, the change in y (denoted as A1) shows how ¥ reacts to this x-

change.

* The rate of change formula is:
Ay f(z+t Bz)  f(a)
Az Ax

e This gives an average rate of change over the interval Az.

3. The Derivative:

e When Az becomes very small (approaching zero), the formula defines

the exact rate of change, or the derivative.

e The derivative is written as:
d d
o F(@), or - [f(2)

* |t represents the instantaneous rate of change at any point.
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Key Points about Differentiation

1. Definition of Derivative: The derivative of a function f(z) with respect to z is

defined as:

dy or f'(z) = lim ) At f)

dzx Az 0 Ax

* This formula measures the instantaneous rate of change of y with respect

tox.
2. Remarks on Existence of Derivative:

e For f'(z) to exist, both the right-hand limit and left-hand limit must

exist and be equal. That is:

lim f(z+ Az) — f(x) — lim f(z + Az) — f(=)

Ar—0t A;B Az—0 A.?J

3. Derivative at a Specific Point:

¢ To find the derivative at a specific value ¢ of z, the formula becomes:

flc+ Az) — f(c)

A::—)U Az

fi(e) =

Basic Rules of Differentiation

1. Sum and Difference Rule:

d

d
= 1f(@) +g(a)] = o F(@) + 5 g

9(z)

e The derivative of a sum (or difference) of two functions is the sum (or

difference) of their derivatives.
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2. Scalar Multiple Rule:

d d
dz [af(z)] = a%f(l‘)

* Multiplying a function by a constant scales the derivative by the same

constant.
3. Constant Rule:
—(c) =20
dm( )

* The derivative of any constant is zero.

4. Power Rule:

* The derivative of " involves multiplying by the power and reducing the

power by 1.

5. Exponential Function with a Constant Base:

d_m(am) =qa” - In(a)

e Where a is a constant.

6. Exponential Function with Base e:

d I €T
d—m(e ) — €
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7. Logarithmic Function:

8. Square Root Function:

9. Logarithmic Function with Base a:

10. Variable as Exponent:

2 (log, (=) = — e

d £ &I
- (#) = 2*(1 + In(z))

Options:
@ x
(b) y
©1
(d)0

3
3, + ..., then dy —:

Q Ifzy =1, theny? + ¥ =7

Options:

@1l

(b) 0

(©) 2

(d) None of the above
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Sum Rule

The Sum Rule in differentiation allows us to find the derivative of the sum or

difference of two functions by differentiating each function separately and then

combining the results.

Formula:

Explanation:

e 1 and v are functions of z.

¢ The "+" or "-" sign in the original expression is retained in the derivative.

Example:

If u = 2 and v = 3z, then:

d 8 v d
= —(3
d:.c(u+v) d:r;(m)—l_da:( z)
=2x3
Q Ify = z(z — 1)(z — 2), then ¥ is:
Options:
@ —
(b) 3z — 6z + 2
(c) 6z + 4
(d) 32> — 6z
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Q) If u = 3t* + 5t% + 2¢2 + ¢t + 4, then the value of % atf = —lig

Options:
(@0
(b) 1
(c) 2
(d)o

Q) If f(xz) = “Cs, then f'(1) =7
Options:

(@ 5

(b) —3

(© 2

(d) —2

__ paloge zloga dy.
Qlify=e +e ,thendx.

Options:

(@) z* 4+ a”

(b) az® ! + a®loga
© az® ! + za® 1

(d) 2% + a®

Q) Ify = e® + 2% 4 z2, find g—g:
Options:

(@ €* + 2% (log 2) + 2z

(b) e® 4+ 2% 4 2z

©e® +2%(log2 —x) +2

(d) e® + 2%(log 2) + z?
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Product Rule

The Product Rule in differentiation is used when finding the derivative of the

product of two functions.

Formula:

d _ d(v)

—(uv) = u

d(u)

- dx
Alternate Notation:

2 (s dl)= Idfg)

Ud:n

+II@

dzx

Q) If y = log %, then % =%
Options:

(@) log(ex)

(b) log(e/)

(c) log(z/e)

d1

Q) Ify =x - €* - log z, then find %_%:
Options:

@) e* (1 + zlogzx + log x)

(b) e® (log z + x)

© €® (1 + log z)

d) e® (z + zlog x)
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d;
Q) Ify = y/z~€° find 22

Options:

T | (z+1)
(b) e —‘/52:
(d) et _(_]'J

27

Quotient Rule

The Quotient Rule in differentiation is used when finding the derivative of the

quotient of two functions.

Formula:
d(u d(v
dy _ v —uy
dx v?
Qlfy = 5’% then % is equal to:
Options:
3
di-
@ =5
z°(4—2x)
(b) AN
© z*(4—z)
ma(tia:—l)
d) ——
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Qlfy = 1/14__—2,then g—g is

Options:

(a) 932%_;_1

(b) 2

1—x2

—

(d) 74

Shortcut Rule for Rational Functions

This is a shortcut for differentiating functions of the form:

af(z)+b

YT @)+ d

dy _(ad—be)- f'(z)
dz lef(z) + d]?

Q) ify = Zt, find &

Options:
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31 6 d
QWY = giora 10+ find 7
Options:
—54
(@) z(4log z—10)?
(b) —b4
z(3 log x+6)2
54
(©) z(4log x—10)2
(d) —36

z(4log z—10)2

2
Q) Fmd Lify = 25t
Options:

—26x
(@) mzir6y

26x
(b) 15:::2+6 2

—10z
(c) 6 (522+6)2

@ Gisp

Q) Ify = _] =rE. then % dy ~ is equal to:

Options:

@ oy
b) gy
(c) ﬁ
@ wge

Chain Rule

The Chain Rule is used for finding the derivative of a composite function (a

function within another function).
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Formula:

For a composite function Y = [f(g(x))], the derivative is:

o =I(e) ¢ ()

Q) Fmd Zif y = log(log x):

OptionS'
(@)

) Zogay
) log

x- log:c

(c
(d) 1

Q) If f(z) = 3e*’, then f'(z) — 423 f(z) + 5 £(0) — £'(0) is equal to:

Options:
@0

2
(b) €
©1
d) —1

Q) If f(x) = log, (i 1). then the value of z at which f'(z) = 1, is:

Options:
(@) 0

(b) 1

() +v/3
(d) £v/2
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Q)d%(log(\/m—l+\/m+l))

Options:
1

(a) 2vxi—1
1

®) averm

© N - B
ve—1++vz+1
(d) None of these

Q) Find % ify = ¢* +3+10,
Options:

(@) e® +3z+10 (22 + 3)

(b) o2 +32+10 (2:.1:' _ 3)

©) e$2+3m+10 (z +3)

(d) o2 +32+10 (.7: - 1)

Q) Find % ify = 5% +32+10;

Options:

(a) 57 T3210 . 1og 5 - (22 + 3)
(b) 55 3210 . 1og 5 - (2% — 3)
© 5m2+3m—|—10 Sz + 3) -log5
(d) 5:1:2—1-3:2—0—10 . (2$ 4 3)

Parametric Differentiation

In parametric differentiation, both variables (x and ¥) are expressed in terms of a

third variable, called the parameter (e.g., %).
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If:

= f(t) and y=g(?),

then the derivative gy is calculated as:
d
dy
T - i dx
% — @ (pl‘OVlded dat 0)-

dt

Q) lfz =2t +5andy = t* — 5, then 3£ =7

Options:
(@t

(b) —3
GF;
(d)0

Q) If z = at? and y = 2at, then & =?

Options:

(@) 1

(b) —3

@t

(d) None of the above

Q) Ifz = ctand y = 7, then % is equal to:

Options:
(a) %
(b) ¢
(c) —
(d) None of these
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Q) If x = at? + bt? — t and y = at? — 2bt, then the value of g—g att = 0is:

Options:
(@) 2b
(b) —2b
(© 5
(d) — 5

Q) If z = at? and y = 2at, then the value of g% att=2is:

Options:
(a) 2
(b) 4
© 3
(d) 3

Q) Letz = at® and y = 5. Then % is:

Options:

@ —z%

(b) —32

(©) 525

(d) None of the above

Q) If x = 5t + 3 and y = 2t*> + 1, then d‘% can be calculated as:

Options:
(a) 2
(b1

(c) 2t
(d) 2
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Implicit Functions

Implicit functions are those where = and y are not explicitly separated (e.g.,  and

y are on the same side of the equation).

Shortcut Formula:

dy  Differentiate with respect to z, treating y as constant

dz ~ Differentiate with respect to y, treating x as constant

Q) If e*¥ — 4zy = 4, find j—g:
Options:

(a)

(b) -2

© 2

(d) -2

Q) If y = log, @, then is equal to
Options:

(@) —

:B-I-log y
(b)
(c)
(d)

-t log Y

14z log Y

y+10g x

If a function is given in the form:
2"y = (2 +y)""™,

then the derivative is simplified as:

@ _Y
de =z
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Q) If zPy? = (z + y)?™Y, then % is equal to:

Options:
(@) ;
(b)
G

(d) 2

Q) If 23y? = (z — y)°, find gg at (1, 2):
Options:

(@) —2

(b) &

(© 3

(d) —2

Q) If z¥ = €Y, then g—g is

Options:
2log x
(@) {THog o)

1
) Teez)
log =

(©) (1+log x)?
(d) None of the above

Q)If2m—23”=2m_y,then%ata:=y=2is:

Options:
(@) 1
(b) 2
(4
(d) 5
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Q) If z° 4+ y° — bzy = 0, then j—y is

Options:

4
y+z_
(@) 2y

(b) I

Q) If 23 + y3 — 3axy = 0, then % is equal to:

Options:
2

ay—z
(a) v’ —azx

2’ —ay
(b) 5=28
( ) G,y—;Ez

az—1y?

o =%

Logarithmic Differentiation

Logarithmic Differentiation is used for differentiating functions where the variable

appears as both the base and the exponent or in complex products/quotients.

Shortcut Formula:

&, |E, 4B

d(P)
d:l:_y B dz

* P: Power (exponent).

e B:Base.

* In(B): Natural logarithm of the base.
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Q) Differentiate =” with respect to x:

Options:

@) z*(1 + log x)
(b) £

() —&

d)y+ z*logzx

Q Ify = (vz) ", find -

Options:

(a)y - “B2
(b) y - 2BZ
@y- 1‘%
)y - B2

Q) Ify = (log z)°, find -
Options:

@Y |jogz T log(logz)

(b) y ml;gx + log(log =
@Y | gz — log(logz)

@y | 5lees)|

g

|

Successive Differentiation (Higher Order Derivatives)

Successive Differentiation refers to the process of repeatedly differentiating a

function to find its higher-order derivatives.
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Explanation:

 The first derivative (f'(z)) represents the rate of change or slope of the

function.

» The second derivative (f”(x)) represents the rate of change of the first

derivative (often related to acceleration or concavity).

® The nth derivative (f(")(w)) is obtained by differentiating the function n

times.

Notation:

1. First derivative: d—y ory

2. Second derivative: ory”

_y
dx?
3. Third derivative: d—%’ Faf

4. n-th derivative: ?—,; or y( ¥ ‘

Example:

Fory = x3;

1. First derivative (y’):

—2 = 3z°
dz

2. Second derivative (y"):
d2
—g 6
dx

3. Third derivative (y"'):
d3y _6
dz3
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Q) Find the second derivative of y = ¢/ + 1

Options:

@ 3(z+ 1)
(b) —(z + 1)—%
(© ;(z+1)" 2
(d) None of these

Q) If 22 + y? = 4, then:

Options:

QY = X%, then X —:

Options:

(a) & (1 +logz) +yL(1+logz)

(b) Y(1+1logz) + L(1+logx)
(1 +1logz) — yL(1+logz)

(d) Y(1+logz) — L(1+logz)

Q) For the function y = 3 — 3z, the value of ;’% at which % is zero, is:

Options:

(@) =1

(b) £3

(c) 6

(d) None of these
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2
Q) If y = ae™ + be "%, then % is equal to:

Options:
(a) n*y

(b) —n?y

(€) ny

(d) None of these

Derivatives of Infinite Series

When dealing with a function that represents an infinite power series, like:

2) @)
y = f(z)’®

there's a shortcut formula to differentiate it.

Shortcut Formula:

dy vy f(=)
de  1-ylnf(z) f(z)
DIFY = :r:f"zm (infinite power tower), then %:
Options:
@ sty
z(1—ylog z)
(b) m(lhgzlog:c)
O i
z(1+ylog z)
(d) z(1+ylog z)
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e
Qlfy = \/5‘/— (infinite power tower of square roots), find %:

Options:

2
Y
(@) 23;'(2—y210g x)

(b) g
22(2+ylog z)

Yy
(©) 2z(2—ylogz)
(d) None of these

Application of Derivatives: Slope of the Tangent (Gradient to
the Curve)

Key Idea:

The derivative of a function at a specific point gives the slope of the tangent to
the curve at that point.

Formula:

If the equation of the curve isy = f(z), then:

d
Slope of the tangent = L
dx r=r

where 1 is the point of interest.

Equation of the Tangent

Once we know the slope of the tangent at a specific point, the equation of the
tangent to the curve at that point can be found using the point-slope form of a

straight line.

Formula:
y —y1 =m(z — 1)
Where:

e (x1,y1): The point of tangency on the curve.

* m: The slope of the tangent, given b)‘ dx |$ 1
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When the tangent to a curve is parallel to the x-axis, its slope is zero. In such

cases:

dy

@_0

Q) The equation of the tangent to the curve f = z* — 2z + 3 at the point
(2,75

Options:

@y =2z —13
(B)yy = 10z
@Qy=10z — 13
dy=10

Q) The points on the curve y = z® — 2% — z + 1, where the tangent is parallel

to the x-axis, are:

Options:

(a) (—1,32) and (1,0)
(b) (0,0) and (1,0)

(©) (1,0) and (1,1)

(d) (0,1) and (1,1)

— Bl — O i
Q) The slope of the tangent to the curve y = =— atz = 2 is:

Options:

QA by Nithin R Krishnan
223




E‘ al"l\/u PQ  CA Foundation Paper 3 - Mathematics

AEADEMY

Q) The slope of the tangent to the curve y = v/4 + 2 at the points where the

ordinate and abscissa are equal is:

Options:
(@) —
(b) 1
(© 0
(d) None

Q) For a given curve y = 2 — =2, when ‘X' increases at the rate of 3 units/s,

then the slope of the curve will:

Options:

(a) Increase at 6 units/s
(b) Increase at 3 units/s
(c) Decrease at 6 units/s

(d) Decrease at 3 units/s

Maximum and Minimum Value of a Function

To determine whether a function y = f () has a maximum or minimum value at
a given point, we use the first and second derivatives.
Steps:

1. Find the First Derivative:

¢ Compute j—g and set it equal to zero:

dy
=
dzx

¢ Solve for x to find the critical points.
2. Find the Second Derivative:
2
¢ Compute iﬁ—%

2
¢ Substitute the critical points (values of ) into %% to determine the

nature of the critical points.
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Conditions:
2
o |If j—a,% < 0, the function has a maximum value at that point.
o IfdY 22 > 0, the function has a minimum value at that point.

e |f 35% = (), the test is inconclusive, and the point may be a saddle point

(neither maximum nor minimum).

Qlfy = 223 — 1522 + 362 -+ 15, then find the value of 2 at which the
function will have a minimum value. Also, find the minimum value of the

function.

Options:

(@) £ = 3, Minimum value = 42
(b) z = 2, Minimum value = 30
() z = 1, Minimum value = 15

(d) x = 4, Minimum value = 50

Q) The maxima and minima of the function y = 2z° — 1522 + 36z + 10

occur respectively at:
Options:

@)= 2and =3
biz=1and 2 =3
@xr=3andz =2
dx=3andz =1
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Q) In a market, there are 30 shops to allocate to people. If they allocate x shops,
then their monthly expenses, in rupees, is given by p(z) = —8xz2 + 400z —
1000. Then the number of shops they should allocate to minimize the expenses
is:

Options:

a) 0

b) 30

<) 25

(
(
(
(d) 10

Q) If a1, az, a3 represent the first, second, and third terms of an AP respectively,
the first term is 2, and (a1 + @2)as is minimum, then the common difference is
equal to:

Options:
(a) 2

(b) -3
(0 2

(d) —2

Application of Derivatives in Cost and Revenue

Key Definitions
1. Average Cost (AC):
C(z)

T

Avg Cost =

Where C'(z) is the cost function, and z is the number of units of production.

2. Marginal Cost (MC):
) d
Marginal Cost = E[O(m)]

It represents the rate of change of total cost with respect to the number of

units produced.
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3. Average Revenue (AR):

R(x)

Z

Avg Revenue =

Where R(:l:) is the revenue function.

4. Marginal Revenue (MR):
. d
Marginal Revenue = == [R(z)]
7

It represents the rate of change of total revenue with respect to the number
of units sold.

Notes

1. Revenue Function:

R(z) = Demand Function x z

2. Profit Maximization:

¢ Profit is maximized at the equilibrium point under perfect competition

when:
Marginal Revenue = Marginal Cost.

3. Break-Even Point:

® Profit is zero when:
Total Revenue = Total Cost.
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If the given cost function of a commodity is given by

3:3
C = 150z — 5z + e
where C' stands for cost and 2 stands for output, if the average cost is equal to

the marginal cost, then the output z is:

Options: (a) 5
(b) 10
(€) 15
(d) 20

The average cost function of a good is

13

AC=2Q+6+ 5,
where () is the quantity produced. The approximate cost at () = 15 is:
Options:
(a) 42
(b) 36
(c) 66
(d) 130

The cost function of production is given by
3

Cle) = % — 152° + 36z

where x denotes the number of items produced.

The level of output for which marginal cost is minimum and the level of output
for which the average cost is minimum are given by, respectively:

Options:

(a) 10 and 15

(b) 10 and 12

(c) 12 and 15

(d) 15 and 10
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The cost function for the production of  units of a commodity is given by
C(z) = 2a® + 152* + 36z + 15
The cost will be minimum when z is equal to:

Options:
(a) 3
(b) 2
(€)1
(d) 4

Q) The cost function for the production of z units of a commodity is given by
C(z) = 223 — 152% + 362 + 15 The cost will be minimum when 'x’ is equal

to:

Options:
(a) 3
(b) 2
(©1
(d)4

Q) The cost function is given by
) &
C(x) =125+ 500z — = —4-?, 0 <z <100

and the demand function for the items is given by
p(z) = 1500 — =

Find the marginal profit when 18 items are sold.
(a) 751
(b) 571
(c) 676
(d) 875
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Q) The speed of a train at a distance x (from the starting point) is given by
3z — 5z + 4. What is the rate of change (of distance) at z = 1?

Options:
(@) —
(b) 0
©1
(d) 2

Integrals
. fefde=e"+C
2. [e**dx = % + C (where a # 0)

—

3. [2dz=Inz+C

4. fa"’dw:%+0(wherea>0)
5. [ldz=2+C

6. [a"de =25 4 C (forn # —

Problems on Sum Rule in Integration

The Sum Rule for Integration states:

[ @ +9@)do= [ @) da+ [g@)de

Q) Evaluate the integral:

1
[(v#+ )

Options:

(a) 2212 (32 — 1)
(b) 222 (32 + 1)
©2 (3z+z'/?)

(d) None of these
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Q) Evaluate the integral:

f (32% — 2¢** + 5 — 3%)dz

Options:

@z’ —e® +5z— 35 +C
(b) z* 262“’+5:L'—m+0
Qz}—e®*+52—-3°+C
daz®+e*+b5z— 25 +C

Q If f'(z) = 3z2 — 3, f(1) = 0, then f() is:

Options:

(a) %3 —p? —Y
b a®+2?—2
Qz3+2%—2

(d) None of these

Q)f23m32m5:sd$:

Options:

23w 3Zx 53:
(a) 10g(720) —|’ C

2 32: 5T

(b) “Tog(360) +C
2 T 3 T 52

© log(180) +C

23: 32: 5z
(d) log(90) +C

Q [a* dz =

Options:
2z
@ 2?0ga.
(b) loga
(©) _108_“

(d) None of these
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Q) The equation of the curve which passes through the point (1,
2) and has the slope 3z — 4 at any point (z, y) is:

Options:

(a}2y=3$2 —8x+9
(b)y:6m2—8m+9
Qy=x2—8z+9
(d)2y:3a:2 —8x +c¢

Q) [log(a®)dz =
Options:

(a) loga(%Q) +ec
(b) Ioga.(g) +ec
(xloga® —x+c
(d)zloga® +c

Q) What will be f(z) if f'(z) = 10z + 4z and f(—3) = 17

Options:
@ f(z) = % + 2z% + 89
®) f(z) = 1% 4 242 4 72
© f(z) = % — 222 + 89
(d) None

Definite Integrals

A definite integral is an integral with specific limits of integration, usually

/: f(x)dz

e @ and b are the lower and upper limits, respectively.

expressed as:

e The result represents the net area under the curve f(z) fromz = atox =

b.
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Key Properties of Definite Integrals
1. Linearity:

[ @ o) @= [ @ [ o
/jc-f(a:)dm:c-/:f(m)da:

2. Reversing Limits:
/{;bf(a;)d:c = —/:f(m)dm
la f(x)dx =0

fﬂ@@+fﬂ@@=fﬂ@@

Steps to Evaluate Definite Integrals

3. Zero Width Interval:

4. Additivity:

1. Find the Indefinite Integral: Compute F'(x), the antiderivative of f(z)

2. Apply Limits: Use the Fundamental Theorem of Calculus:

b
‘/ﬂ@w:F@-H@

Q) Solve: fll (e* — e ®)dzx
Options:

(@) 0
(b)1
(€1

(

d) None of the above
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Q) Evaluate:

1
Mc::!:z:=?
1 X

Options:

(@ —
00
©1

(d) 2

Q) Evaluate:

2
f 728 dz
1

Options:
(a) 126
(b) 127
(c) 128
(d) 129

Q) Find the area under the curve f(:l:) — 12 + 5z + 2 with the
limits 0 to 1?

Options:

(a) 3.833
(b) 4.388
(c) 4.833
(d) 3.338

Q) Evaluate the definite integral f02 [1 —z|dz

Options:
(@0
(b) 5
© 3
d1
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Q) The value of f_22 f(z) dz, where f(z) =1+n, z <0,
f(z2)=1—2%n2>0,is

Options:
(a) 20

(b) —
(©—

(@0

Property 5: Symmetry in Definite Integrals

Lbf(m)dw=/abf((a+b)—m)dw

Explanation:
¢ This property highlights a symmetry in definite integrals.

* By shifting the variable x to (a + b) — z within the function, the value of the

integral remains unchanged.

Q) Evaluate f; f(z)dz — f; f(5—=z)dz

Options: a) 1

b) 2

00

d) None of these

Special Definite Integral Formula

fb " d;z:—b_a
s T+ (a+b—z)" 2

Q) The value of

T
—  _dzxis:
]0- VEF V2 —&
a0
b) 3
)2
d) 1
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Q) Evaluate

[ == s

d) 3

Q) The value of

/;2\/5;% dz is

a)0
b) 3
c) 2
d)1

Integration by Substitution

Integration by substitution is a technique used to simplify integrals by changing

the variable of integration. It is based on the chain rule in reverse.

/ a:ezzdsc

du
2

fmexzdm = fe“d—u

Evaluate:

Solution:
1. Substitution: Let 4 = 2, so du = 2zdz, or % = zdzx.

2. Rewrite the integral:
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3. Integrate:

4, Back-substitute u = z*“:

Final Answer:

£ Fo, 1

- du=—e"+C

2/8 U 2e+
2

1 1 .2

2e“+C:§e” +C

Q) Evaluate:

2
[ 24 T
1 1+ 22

(a) log, g

(b) log, 5 —log, 2+ 1

(0 log, 2

(d) None of these

Q) Find the value of f_33 zV8 — x2dzx

Options:
@t

(b) -1

{c)0

(d) None of these

3
Q) Evaluate f G:;:L—l)s dzx

Options:

(@) 2(=z> +1)
®) 1(2? +1)!
@ 3(z*+1)72
(d) None of these

_2+

(z2+1)'+C
— (=2 +1)+C
—s@+1) 1+ C

B3| pg| s bOl—
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Q) Evaluate fl md‘”

Options:
(a) log v/2
(b) log /3
(c) log —\}—5
(d) log =

Q) Evaluate f mdﬂz

Options:
il—l—lloga:iE +C
(b) 1+logm} +C
il+loga:i +C

(d) None of these

Q) Evaluate f(} m“—")“]“g

Options:

T N T o
& St -g: L

82 o
g~ & slesie

Q) Evaluate the integral [ ze® dz

Options:

(@) 2¢%" + ¢
by e +c

© 1" +c
d) ze® + ¢
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Important Formula

\/em (f(z) + f'(z)) de =" f(x) + C

Q) Evaluate the integral fle ¢(zlog, z+1) .,

€T
Options:
(@e+1
(b) e®
@e—1
de®*+1

Qfe (- 1)dzis

X
Options:
(e (s —1)
(b) e(e — 1)
(c)a
(d) e%(e — 1)

Q) Solve:

/‘ (log :)2 .
i

Options:

@ 3(logz)®+C
(b) 3(logz)* + C
© %(log z)*+C
(d 2(logz)* + C
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Integration by Parts

Integration by parts is a method used to integrate products of two functions. The

formula is derived from the product rule for differentiation.

freote=s forie— {2 [} i

The priority for selecting u (the part to differentiate) is:

Formula:

ILATE Rule:

1. I: Inverse Trigonometric Functions (e.g., arctan x, arcsin ).
2. L: Logarithmic Functions (e.g., In z).

3. A: Algebraic Functions (e.g., 2%, T, /).

4. T: Trigonometric Functions (e.g., sin &, cos ).

5. E: Exponential Functions (e.g., €*, a*).

Shortcut:

For repeated integration by parts, the solution can be written as:

/ wvdxr = uvy —u've +u'vy — ...

Terms in the Formula:
1. u: The function chosen for differentiation (based on the ILATE rule).
2. u', u”: Successive derivatives of u.
3. v1: The first integral of v.
4. vg: The integral of 1.

5. ws: The integral of vs, and so on.

How to Use:
1. Differentiate u repeatedly until it becomes zero or simplifies the integral.
2. Compute successive integrals of v.
3. Substitute into the formula:
* Alternate the signs (+, -, +, ...) for each term.

4. Stop when u becomes zero or the integral is fully solved.
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Q) [(log z)* dz is equal to:

Options:

@ z(logz)? — 2zlogz + 2z + ¢
(b) z(logz)® + 2zlogz — 2z + ¢
(© z(logz)? — 2zlogz — 2+ ¢
(d) None

Q) fol ze® dx is equal to:

Options:

(@0
(b) 2
(01
(d) 3

Integration by Partial Fractions

Integration by partial fractions is a technique used to integrate rational functions

by breaking them into simpler fractions.

Type 1: Linear Factors in the Denominator

When the denominator can be factored into distinct linear factors, the function is

decomposed as:

Plz) A - B -
Q) (z—-a) (z-0)

Q) Evaluate the integral:

1
f PR R

a) log (gig) +C

b) log(:n + 3) —log(z+2)+C
c) —m—+3 5 E—J;E +C

d) None of these
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Q) Evaluate the integral:

6x + 4

@ 2@ 3™

a)22log(z — 3) — 16log(z — 2)
b) 11log(z — 3) — 8(x — 2)

c) 22log(x — 3) — 16log(z — 2)
d) 22log(z — 3) + 16log(z — 2)

Type 2: Repeated Linear Factors

When the denominator has repeated linear factors, the rational function is

decomposed as:
Plz) A o B "
Q) (z—a) (z—a)

Q) Evaluate the integral:

/ 3z+5 .
(z —4)(xz — 5)2
Options:

a)17log (2=2) - 2. 4+ C
b)15log (=2) — 2. +0
0) 1710g(:c—5)-|— L +C
d) 10log (2=3) + 55+C’

Q) Evaluate the integral:

Options: a) 3 log( =
b) §log(z —3) — 2
0 log(z —5) — 2
d) None of the above
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Type 3: Combination of Linear and Irreducible Quadratic
Factors
When the denominator contains both linear factors and irreducible quadratic

factors, the rational function is decomposed into a combination of terms for each

type.

Q) Evaluate the integral:

f 322 -2z 45 T
(z —1)(x2 +5)
Options:

a)log[(z — 1)(z%2 +5)] + C
b) log(z? + 5) + C
olog(z —1)+C

d) None of the above

Special Integrals

(When the degree of x is the same in both the numerator and denominator)
Explanation:

When integrating a rational function where the degree of the numerator is equal
to the degree of the denominator, the function must first be simplified using

polynomial division.
The general form is:

P(z)
Q(x)

where:
e P(x): Numerator

e Q(z): Denominator
And the degree of P(z) = degree of Q(z).
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Steps:
1. Perform polynomial division to simplify Q( }— into:
P(z) R'(z)
=R
e )

Where:

. R(a:): The quotient obtained from the division (a constant or

pelynomial).
* R/(z): The remainder after the division.

2. Integrate R(ﬂ:) and %%) separately.

Q) Evaluate the integral:

1
l1—2z
/ iz
0 L 4@
a)2log2 -1
by4log2 —1
c)2log2

d) None of these

Q) Evaluate f 2 = 3 dz:

Options: a) z — 4In(z + 3) + C
byz +4ln(z+3) +C

gz —In(z+3)+C

d)z —4(In(z + 3)) + C

Standard Integrals for Common Forms

1 S—
1. \/P__aidwzlog(m+\/;:2—a2)+0
1 —
2 fﬁdleng(m+\/rg+az)+o
2
3. f\!m2+a2dm_—;v:t:2+a2+%log(:c+ m2+a2)+C‘
I .
4. f\/z2-a2d.1:=§'v/_zz—a2—%log(m+ 22-a2)+C
1 1 r—a
i [atae=srs(350) +o
1 1 a+x
6. fa—z—widz_ﬁlog(a—m)_
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Chapter 9: Number Series, Coding and Decoding and Odd Man Out

Coding and Decoding Techniques

Definition:

e Coding is a method of transmitting a message using a system of words, letters,

figures, or symbols to hide its meaning from a third person.

e Decoding is the process of converting the coded message back into its original

form.

¢ Objective: The test of Coding-Decoding is designed to judge a candidate’s

logical and analytical abilities.

Type 1 - Letter to Digit Coding

Each specific alphabet of a word is assigned to a specific digit.

Q) In a certain code, RIPPLE is written as 613382 and LIFE is written as 8192. How is PILLER written in
that code?

(a) 318826
(b) 318286
(c) 618826
(d) 338816

Q) If LOSE is coded as 1357 and GAIN is coded as 2468, what does figure 82146 stand for?

(a) NGLAI
(b) NGLIA
(c) GNLIA
(d) GNLA

Q) If PLAY is coded as 8123 and RHYME is coded as 49367, what will be the code for MALE?

(a) 6217
(b) 6198
(c) 6395
(d) 6285
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Q) If SYSTEM is coded as 131625, then TERMS will be coded as?

(a) 62251
(b) 62451
(c) 64251
(d) 62415

Q) If CLOCK is coded as 34235 and TIME as 8679, then MOTEL is coded as:

(a) 27894
(b) 72964
(c) 72894
(d) 77684

Q) If MOUSE is coded as 34651 and KEY is coded as 217, then how will YES be coded?

(a) 715
(b) 517
(c) 175
(d) 571

Q) If LOTUS is coded as 14682 and STRANGE is coded as 2690753, how will you code GESTURE?

(a) 5236893
(b) 5326793
(c) 5346893
(d) 5326893

Q) In a certain language, PEAR is coded as 7519, and TOIL is coded as 2693, then how will DOCTOR

be written in that code?

(a) 463293
(b) 463239
(c) 463269
(d) 463296
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Type 2 - Based on Sum of Forward or Backward Positions

In this type of coding, the sum of the forward or backward positions of the letters in a word is

calculated to derive a corresponding numeric code.

1. Forward Position of Letters in English Alphabet:

* The forward position refers to the numeric position of a letter in the alphabet starting from 1

(A=1, B=2, .., Z=26).

e Mnemonic for Key Letters:

s EJOTY:
e E=5
e 1=10
s O0=15
s T=20
e ¥Y=25

2. Backward Position of Letters:

* The backward position is calculated as:

Backward position = 27 - Forward position

e Example:
* Forward position of | = 9
* Backward position = 27 - 9 = 18

* To calculate the sum of backward positions for a word:
Formula:

(27 x number of letters) - sum of forward positions
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Examples:

Forward Position:

o Word: CAT

e C=3A=1T=20

* Sum of forward positions =3 + 1 + 20 = 24

Backward Position:

e Word: DOG

e D =4 (Backward: 27 - 4 = 23)

e (O =15 (Backward:27 - 15 =12)

e G =7 (Backward: 27 - 7 = 20)

e Sum of backward positions = 23 + 12 + 20 = 55

Q) If FRAME is coded as 0618011305, then ARISE is coded as:

(a) 0118091905
(b) 0119091805
(c) 0118190905
(d) 0118091805

Q) In a certain code language, "EXAM" is coded as 39 and "PAPER" is coded as 51. Then "PASS" is

coded as:

(a) 47
(b) 51
() 50
(d) 52

Q) In a special code, each letter of the alphabet is assigned a numeric value based on its position in

the alphabet. For instance, F is coded as 6. The word "MAT" is coded as 34 when the values of its

letters are added together. Using the same coding system, determine the value of the word "CAR."

(a) 21
(b) 22
(c) 25
(d) 28
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Q) In a certain coded language, the word "AND" is assigned the value 62. Following the same coding

pattern, what would be the code for the word "NAND"?
Options:

(@) 75

(b) 33

(c) 78

(d) None

Q) In a certain code language, AT = 25, WET = 57. Then how will TAT be coded?
(a) 47
(b) 46
(c) 41
(d) 50

Type 3 - Letter to Letter Coding

This coding technique involves transforming one letter into another based on specific rules. The

methods used include:

1. Forward Coding (+ or -):

* The position of a letter is shifted forward or backward by adding or subtracting a specific

value.

2. Reverse Coding (+ or -):

* The alphabet is considered in reverse order (Z=1, Y=2, .., A=26), and a specific value is

added or subtracted.
3. Word Divided into Parts with Reverse Coding for Both Halves:

e Aword is divided into two parts, and reverse coding is applied separately to each part.

Q) In a certain code, MADRAS is coded as NBESBT. How is DELHI coded in that code?

(a) EMMJI
(b) JIFEM
(c) EFMU
(d) CDKGH
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Q) If HONEY is coded as JQPGA, which word is coded as VCTIGVU?

(a) CARPETS
(b) TRAPETS
(c) TARGETS
(d) UMBRELU

Q) In a certain language, SIKKIM is written as THLJJL. How is TRAINING written in that code?

(a) SQBHOHOH
(b) UQBHOHOF
(c) UQBJOHOH
(d) UQBJOHOM

Q) In a certain code, MENTION is written as LNEITNO. How is PRESENT coded?

(a) QFSFTUM
(b) ONESERP
(c) QRESTNO
(d) OERESTN

Q) In a certain code language, BEAT is written as YVZG. What will be the code for MILD?

(a) ONRW
(b) NOWR
(c) ONWR
(d) NROW

Q) If "FROZEN" is decoded as "OFAPSG," tick the right option that depicts "MOLTEN" written in this

way:

(a) OFPOMN
(b) OFSMPN
(c) OFUMPN
(d) OFUNPN

QA by Nithin R Krishnan

250



E‘ BPI\/U IPQ CA Foundation Paper 3 - Logical Reasoning

ACADEMY

Q) If in a certain code "THANKS" is written as "SKNTHA," then how is "STUPID" written?

(a) DIPUTS
(b) DISPUT
(c) DIPUST
(d) DIPSTU

Q) In a certain code, MENTION is written as LNEITNO. How is PRESENT written in that code?

(a) NTSEREO
(b) OERESTN
(c) ERESTNO
(d) ROESTNE

Q) What comes at the last place inR, U, X, A, D, .............. ?

(a) E
(b) F
©G
(d)H

Q) Find the missing term: P3C,R5F, T8, V12L,7?

@yY170
b)X17M
() X170
(d) X160

Q) Find the next number in the series: Q1F, S2E, U6D, W21C, .......... ?

(a) YobB
(b) Y44B
(c) Y88B
(d) Z66B
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Q) Find the wrong term in: G4T, J10R, M20P, P43N, S90L

(a) M20P
(b) P43N
(c) J10R
(d) G4T

Q) If "HEALTH" is written as "IFBMUL," then how will "NORTH" be written in that code?

(a) OPSUL
(b) GSQNM
(c) FRPML
(d) IUPSO

Q) Which of the following is the odd one?

(a) CEHL
(b) KMPT
(c) OQTX
(d) NPSV

Q) In a certain coding language, "KING" is coded as 119147. Based on the same pattern, how will
"QUEEN" be coded?

Options:

(a) 1721554
(b) 1722554
(c) 1621554
(d) 1821554

Type 4 - Word to Word / Word to Character / Word to Digit Coding

This type of coding assigns a specific tag, label, or identifier to a word, which may not be related to
its position or numerical value. The coding follows a set pattern or logic unique to the system but

does not necessarily involve calculations based on positions in the alphabet.
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Q) In a certain code, '256' means 'you are good,' ‘637" means 'we are bad,’ and '358' means 'good

and bad.' Which of the following represents 'and’ in that code?

(@) 2
(b) 5
(©8
(d)3

Q) In a certain code language:
* 'dugo hui mul zo' stands for ‘work is very hard,’
* 'hui dugo ba ki’ stands for 'Bingo is very smart,’
* ‘'nano mul dugo’ stands for ‘cake is hard,’ and

e 'mul ki gu' stands for 'smart and hard.’

Which of the following words stands for "Bingo"?

Options:
(a) Jalu
(b) Dugo
(c) Ki

(d) Ba

Letter Repeating Series

A Letter Repeating Series is a type of alphabet series where certain letters appear
repeatedly in a structured pattern. These series often involve fixed repetitions,

alternating repetitions, or progressive changes in repetition.

Notes
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aba  ba_ab

(a) abbba
(b) abbab
(c) baabb
(d) bbaba

Q) _

aa _ba_bb _ab _aab

(A) aaabb
(B) babab
(C) bbaab
(D) bbbaa

Types of Series and Identification:

1.

Natural Numbers:
Series: 1, 2, 3,4, 5, ...

Even Numbers:
Series: 2, 4, 6, 8, 10, ...
Odd Numbers:
Series: 1, 3,5, 7,9, ...
Prime Numbers:

Series: 2, 3, 5,7, 11, 13, 17, ...

Squares of First n Natural Numbers:
Series: 1,4, 9, 16, 25, 36, 49, ...

Squares of Odd Natural Numbers:
Series: 1, 9, 25, 49, 81, ...
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7.

10.

11.

12.

13

14.

15.

16.

Squares of Even Natural Numbers:
Series: 4, 16, 36, 64, 100, ...

Cubes of First n Natural Numbers:
Series: 1, 8, 27, 64, 125, 216, ...
Cubes of Odd Natural Numbers:
Series: 1, 27, 125, 343, 729, ...

Cubes of Even Natural Numbers:

Series: 8, 64, 216, 512, 1000, ...

Combination of Squares and Cubes (Alternating):
Series: 1,4, 8,9, 27, 16, 64, ...

Arithmetic Progression (Common Difference):
Example Series: 1,3,5,7, 9, ...

Geometric Progression (Common Ratio):

Example Series (Ratio = 4): 4, 16, 64, 256, ...

Plus and Minus Series:

Example: 1,4, 2,5, 3,6, 4, ...

Plus and X Series:

Example: 1, 2, 2, 4, 8, 11, 33, ...

Fibonacci Series:

Series: 1, 2, 3, 5, 8, 13, 21, 34, ...

Q) Complete the series: 4, 16, 36, 64, 100, ___

(a) 144
(b) 121
(c) 49

(d) 120
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Q) Complete the series: 4, 16, __, 256, 1024

(a) 32
(b) 48
(c) 64
(d) 46

Q) Find out the next number in the following series: 7, 11, 13, 17, 19, 23, 25, 297

(a) 30
(b) 31
(c) 32
(d) 33

Q) Find the next number in the series: 7, 23, 47, 119, 167

(a) 211
(b) 223
(c) 287
(d) 319

Q) Find out the next term: 6, 13, 28, 59, ?

(a) 122
(b) 114
() 113
(d) 112

Q) Find the missing value in the series: 0, 2, 3, 6, 10, 17, 28, ?, 75

(a) 58
(b) 46
(c) 48
(d) 54
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Q) Find the next term: 1, 5, 21, 57, ......

(a) 105
(b) 138
(c) 121
(d) 101

Q) Find the missing value in:

3 8 18 9 18
8119241 "> 173

(El] 3—4
(b) 42
() 3
(d) B

Q) Find the next term

(a) 35
(b) 17
(©) 53
(d) 32

I:\JII—'
P | £
ocolen
-

&=
pe

Q) Choose the missing term in the series: 1, 1, 8, 4, 27, , 64,16

(a) 27
(b) 11
()9
(d) 125
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Q) The missing term of the series 4, 13, 49 76 is:

(a) 26
(b) 28
(c) 30
(d) 32

Q) Complete the series: 7, 26, 63, 124, 215, 342,

(@) 511
(b) 672
(c) 508
(d) 556

Q) Complete the series: 4, 6, 9, 13.5, . 30.375

(a) 40.50
(b) 20.25
(c) 40.75
(d) 60.25

Q) Find out the next term: 7, 11, 27, 63, 127, __

(a) 511
(b) 227
(c) 5100
(d) 255
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Q) Find the missing number in the following series: 3, 5, 5, 19, 7, 41, 9, ?, 11, 109

(a) 71
(b) 69
(c) 61
(d) 79

Q) Find the missing number: 2, 3, 8, ?, 3968

(a) 65
(b) 63
(c) 70
(d) 80

Q) Find the odd man out in the sequence: 8, 25, 64, 125, 216

(a) 25
(b) 64
(c) 125
(d) 216

Q) Which of the following is the odd one: 6, 9, 15, 21, 24, 26, 30

(a) 30
(b) 24
(c) 26
(d)9

QA by Nithin R Krishnan
259



EH APINVUPPGO  CA Foundation Paper 3 - Logical Reasoning

A C A DEMY

Q) Find the odd one out: 1, 5, 14, 30, 49, 55, 91

(a) 49
(b) 30
(c) 55
(d) 91

Q) Find the odd man out: 34, 105, 424, 2123, 12756

(a) 12756
(b) 2123
(c) 424
(d) 34

Q) Find the odd man out of the following series: 15, 21, 63, 81, 69

(@) 15
(b) 21
(c) 63
(d) 81

Q) Find the odd man out of the following series: 7, 9, 13, 17, 19

(a) 7
(b)9
(c) 19
(d) 13
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Q) Which of the following is the odd one: 4, 12, 44, 176, 890

(a) 4
(b) 12
(c) 44
(d) 176

Q) Find the odd man out: 5, 10, 17, 27, 37

(@5

(b) 17
(c) 27
(d) 10

Q) The wrong term in the series 225, 196, 169, 144, 121, 100, 77, 64 is:

(@) 121
(b) 77

(c) 100
(d) 169

Q) Find the odd one out of the series: 16, 25, 36, 72, 144, 196, 225

(a) 36
(b) 72
(c) 196
(d) 225
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Chapter 10: Direction Sense Tests
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Type 1 - Determining Final Direction Based on Left and Right Turns

This type involves finding the final direction a person is facing after following a sequence of left and

right turns starting from an initial direction (e.g., North).

Notes:
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Q) Jairaj started from her house, walked 20 km towards North. Now, he took a right turn and moved
2 km. Again he took a right turn and walked for 10 km. In which direction is he going?

(a) North

(b) South

(c) East

(d) West

Q) One morning Sujata started to walk towards the Sun. After covering some distance she turned to
the right, then again to the right, and after covering some distance she again turns to the right. Now
in which direction is she facing?

(a) North

(b) South

(c) N-E

(d) S-W

Q) Mr. AV started to walk straight towards South. After walking 5 m he turned to the left and walked
3 m. Now he turned to the right and walked 5 m. Now in which direction is AV facing?

(@) N-E

(b) South

(c) West

(d) s-w

Q) X walks southwards and then turns right, then left, and then right. In which direction is he moving
now?

(a) South

(b) North

(c) West

(d) South-west

Q) Raman starts walking in the morning facing the Sun. After some time, he turned to the left, later
again he turned to his left. In what direction is Raman moving now?

(a) East

(b) West

(c) South

(d) North
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Q) You go North, turn right, then right again, and then go to the left. In which direction are you now?
(a) South

(b) East

(c) West

(d) North

Q) A man started to walk East. After moving a distance, he turned to his right. After moving a
distance, he turned to his right again. After moving a little, he turned in the end to his left. In which
direction was he going now?

(a) East

(b) West

(c) North

(d) South

Q) Sangeeta leaves from her home. She first walks 30 meters in the north-west direction and then 30
m in the south-west direction. Next, she walks 30 meters in the south-east direction. Finally, she
turns towards her house. In which direction is she moving now?

(a) North-West

(b) North-East

(c) South-East

(d) South-West

Q) A man stands on a point and starts walking towards north. He then turns left, then turns right,
and then left. In which direction is he moving now?

(a) West

(b) North

(c) East

(d) South

QA by Nithin R Krishnan
265



E‘ BPI\/U IPQ CA Foundation Paper 3 - Logical Reasoning

ACADEMY

Q) R's office is 4 km in the East direction from his home, and the club is 4 km in the North direction
from his home. On the midway from office to club, R starts moving towards his home. In which
direction is he facing his back?

(a) South-East

(b) North-West

(c) North-East

(d) South-West

Q) A man starts from a point, walks 4 miles towards North and turns left and walks 6 miles, turns
right and walks for 3 miles and again turns right and walks 4 miles and takes rest for 30 minutes. He
gets up and walks straight 2 miles in the same direction and turns right and walks one mile. What is
the direction he is facing?

(a) North

(b) South

(c) South-East

(d) West

Q: Gagan starts from point X and walks 3 km towards south, turns left and walks 5 km. Then he turns
left again and walks 5 km. Now he is facing:

a) East

b) West

c) North

d) South-West

Type 2 - Determining Final Direction Based on Angular Turns

This type involves calculating the final direction a person is facing after following instructions that

specify angular turns (e.g., 90°, 180°, clockwise or counterclockwise).

Notes:
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Q) A person facing North moves 70° in clockwise direction. He again moved 300° in clockwise
direction. In which direction is he facing now?

(a) North-West

(b) South-East

(c) North-East

(d) South-West

Q) A man is facing west. He turns 45 degrees in the clockwise direction and then another 180
degrees in the same direction and then 270 degrees in the anticlockwise direction. Which direction is
he facing now?

(a) South-west

(b) North-west

(c) West

(d) South

Q) Madhuri moved a distance of 75 meters toward north. She then turned to her left and walked for
about 25 m, turned left again and walked 80 m. Finally, she turned to her right at an angle of 45°. In
which direction was she moving now?

(a) South-East

(b) South-West

(c) North-West

(d) North-East

Q) Srikant is facing east and turns 120 degrees in the clockwise direction and then turns 180 degrees
in the anticlockwise direction. Which direction is Srikant facing now?

(a) East

(b) North-East

(c) North

(d) South-West

Type 3 - Determining Directions Based on Clock Hands

Notes:
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Q) It is 3 o'clock on a watch. If the minute hand points towards the North-East, then the hour hand
will point towards the:

(a) South

(b) South-West

(c) North-West

(d) South-East

Q) Mr. Kartik puts his timepiece on the table in such a way that at 6 p.m. the hour hand points to the
north. In which direction will the minute hand point at 9:15 p.m.?

(a) South-East

(b) East

(c) West

(d) South-West

Q) The hour hand of a clock is in the west direction when the time is 3 o'clock. What is the direction
of the minute hand when the time is 6:45?

(a) East

(b) West

(c) North

(d) South

Type 4 - Determining Final Position with Respect to Initial Position

This type involves calculating the final position of a person or object after a series of movements

(e.g., North, South, East, West) relative to their starting point.

Q) Raj started from point A and walked towards West 4 m, then he turned towards South up to 4 m.
In which direction is he from the start point?

(a) W-S

(b) N-E

(c) South

(d) West
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Q) Anoop starts walking towards South. After walking 15 meters, he turns towards North. After
walking 20 meters, he turns towards East and walks 10 meters. He then turns towards South and
walks 5 meters. In which direction is he from the original position?

(a) North

(b) South

(c) East

(d) West

Q) Laxman went 15 km to North, then he turned West and covered 10 km. Then he turned South and
covered 5 km. Finally turning to East he covered 10 km. In which direction is he from his house?

(a) East

(b) West

(c) North

(d) South

Q) Rahim started from point X and walked straight 5 km west, then turned left and walked straight 2
km, then again turned left and walked straight 7 km. In which direction is he from the point X?

(a) North-East

(b) South-West

(c) South-East

(d) North-West

Q) Manu wants to go to the market. He starts from his house towards North and reaches a crossing
after 30 m. He turns towards East, goes 10 m till the second crossing and turns again, moves towards
South straight for 30 m where the marketing complex exists. In which direction is the market from
his house?

(a) North

(b) South

(c) East

(d) West
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Q) When a person faces north and walks 25 m right, then turns left and walks 20 m, and again turns
right and walks 25 m, and turns right, and walks 25 m, and turns right and walks 40 m, in which
direction is he now from his starting point?

(a) North-West

(b) North-East

(c) South-East

(d) South-West

Q) Mohan started from a point and walked towards west. He took a left to reach Sohan’s house. In
which direction should he move to reach his house?

(a) North-east

(b) South-east

(c) South-west

(d) North-west

Q) If you are facing North-east and move 10 m forward, turn left and move 7.5 m, then you are —
(a) North of your initial position

(b) South of your initial position

(c) East of your initial position

(d) None of the options

Q) There are four towns P, Q, R, and T. Q is to the South-West of P, R is to the East of Q and South-
East of P, and T is to the North of R in line with QP. In which direction of P is T located?

(a) North

(b) North-East

(c) East

(d) South-East

Q) Five friends A, B, C, D, and E are staying in the same locality. B's house is to the East of A's house
and to the North of C's house. C's house is to the West of D’'s house. D's house is in which direction
with respect to A's house?

(a) North-East

(b) South-East

(c) North-West

(d) South-West
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Type 5 - Determining Directions Based on Sunset, Sunrise, and Shadows

This type involves using the Sun's position during sunrise and sunset, or the direction of shadows, to

identify directions.

Q) Raman starts walking in the moming facing the Sun. After some time, he turned to the left, later
again he turned to his left. In what direction is Raman moving now?

(a) East

(b) West

(c) South

(d) North
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Q) The Sun rises behind the tower and sets behind the railway station. In which direction is the tower
from the railway station?

(a) North

(b) South

(c) East

(d) West

Q) One day morning after sunrise, Vimal started to walk. During this, he met Sheru who was coming
from the opposite direction. Vimal watched the shadow of Sheru to the right of him (Vimal). To which
direction was Vimal facing?

(a) South

(b) North

(c) East

(d) West

Q) One morning Sujata started to walk towards the Sun. After covering some distance she tu
the right, then again to the right, and after covering some distance she again turns to the rig
in which direction is she facing?

(a) North

(b) South

(c) N-E

(d) S-wW

Q: If Kiran sees the rising sun behind the Hill and the setting sun behind the Airport from his house,
what is the direction of the Airport from the Hill?

(a) South

(b) North

(c) West

(d) East

Type 6 - Determining Distance Between Starting Point and Final Point

This type involves calculating the shortest distance (straight-line distance) between the starting and

final positions after a series of movements in different directions.
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Q) Jay (starting from A) walked 5 m towards West, then turned left and walked 5 m, again turned left
and walked 5 m, again turned left and walked 6 m. How far is he from A?

(a)1m

(b)2m

(c)3m

(d)4m

Q) Starting from the point O, Vaibhav walked 15 m towards West. He turned left and walked 20 m.
Again, he turned left and walked 15 m. Now he turned to his right and walked 12 m. How far is he
now from the point O?

(@) 32 m

(b) 47 m

(c)42 m

(d) 27 m

Q) A boy rode his bicycle Northward, then turned left and rode 1 km and again turned left and rode
2 km. He found himself 1 km West of his starting point. How far did he ride Northward initially?

(a) 1 km

(b) 2 km

(c) 3 km

(d) 4 km

Q) A man walks 2 km towards North. Then he turns to East and walks 10 km. After this, he turns to
North and walks 3 km. Again he turns towards East and walks 2 km. How far is he from the starting
point?

(a) 10 km

(b) 13 km

(c) 15 km

(d) 17 km

Q) Ramu is going towards North from his house. After covering a distance of 6 km, he turned
towards left and covered a distance of 8 km. What is the shortest distance from his house?
(@) 15 km

(b) 10 km

(c) 25 km

(d) 20 km
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Q) Reena walked from A to B in the East 10 feet. Then she turned to the right and walked 3 feet.
Again she turned to the right and walked 14 feet. How far is she from A?

(@) 4 FT

(b) 5FT

(12 FT

(d)13 FT

Q) One day, Ram left home and cycled 10 km southward, turned right and cycled 5 km, turned right
and cycled 10 km, then turned left and cycled 10 km. How many kilometers will he have to cycle to
reach his home straight?

(a) 10

(b) 15

(c) 20

(d) 25

Q) A person walks 1 km towards West and then he turns to South and walks 5 km. Again, he turns to
West and walks 2 km. After this, he turns to North and walks 9 km. How far is he from his starting
point?

(a) 3 km

(b) 4 km

(c) 5 km

(d) 7 km

Q) If Ramu faces West and moves 5 km in that direction, then takes a left turn and moves 10 km,
then takes another left turn and moves 15 km in the same direction, then moves 10 km in the North
direction and reaches point A. What is the distance between the starting point and A, and in which
direction is Ramu facing now?

(a) 10 km, North

(b) 5 km, South

(c) 10 km, South

(d) 5 km, North
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Q) Kamal walks 10 km north; from there he walks 6 km towards south. Then he walks 3 km towards
east. How far and in which direction is he with reference to the starting point?

(a) 5 km south-east

(b) 7 km north-east

(c) 5 km north-east

(d) 7 km south-west

Q: Disha walks 2 km towards South, then she turns west and walks 10 km. After this, she turns South
and walks 3 km. Again she turns towards west and walks 2 km. How far is Disha from the starting
point?

(a) 10 km

(b) 13 km

(c) 15 km

(d) 17 km

Q) The length and breadth of a room are 8 m and 6 m respectively. A cat runs along all the four walls
and finally along a diagonal in order to catch a rat. How much total distance is covered by the cat?
(@) 10

(b) 14

(c) 38

(d) 48

Q) A man can walk by having long, medium, and short steps. He can cover 60 meters by 100 long
steps, 100 meters by 200 medium steps, and 80 meters by 200 short steps. He walks taking 5000
long steps, then he turns left and walks by taking 6000 medium steps. He then turns right and walks
by taking 2500 short steps. How far (in meters) is he away from his starting point?

(a) 5000 m

(b) 4000 m

(c) 6000 m

(d) 7000 m
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Type 7 - Based on Standing on Head

Q: If Mr. Virat stands on his head with his face towards West, in which direction will his right hand
point?

(a) South

(b) North

(c) East

(d) None

Type 8 - Calculating Total Distance Covered During the Journey

Q) Anil started walking 5 kms towards north, then he turned left and walked 3 kms.
Again he turned left and walked 5 kms. Then the total number of kilometers he

walked is:

(A) 13 kms
(B) 8 kms
(Q) 3 kms
(D) 5 kms
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Chapter 11: Seating Arrangements

Definition

The process of organizing a group of people to sit in a pre-planned manner based on
given conditions is called Seating Arrangement. In these types of questions, certain
conditions or constraints are provided, and based on them, students need to arrange

the individuals accordingly.

Types of Seating Arrangements
Seating arrangements can be broadly categorized into three types:
1. Linear Arrangement — People are seated in a straight line.
2. Circular Arrangement — People are seated in a circle or around a round table.

3. Polygon Arrangement — People are seated in a polygonal shape, such as a

square, hexagon, etc.

General Instructions to Solve Seating Arrangement Questions
To efficiently solve seating arrangement problems, follow these steps:

1. Review All Given Information

Carefully read and understand all details mentioned in the question.

2. ldentify Three Types of Information:

e Definite Information: Statements that confirm exact placement.

Example: "Person A is sitting at the left end of the bench.”

¢ Comparative Information: Statements that describe a relative position but
not an exact placement.

Example: "Person B is sitting immediately to the right of C."

* Negative Information: Statements that exclude possibilities but do not
confirm exact positions.

Example: "Person C is not sitting immediately to the right of D."
3. Understanding Negative Information

¢ While negative information does not directly tell us a definite placement, it

helps in eliminating possibilities.

QA by Nithin R Krishnan
271



E‘ al"l\/l.l IPQ CA Foundation Paper 3 - Logical Reasoning

AEADEMY

Golden Rules for Arrangements

Start with Definite Information

* Always begin solving an arrangement problem with 100% confirmed information.

® This means placing elements (people, objects) only where their positions are

explicitly stated, avoiding assumptions.

Understanding "And" vs. "Who"

® When reading a problem statement, the placement of words like "and™ and

"who" matters.
e Example:

* "Ais right of B who is left of C" — "Who" refers to B, meaning B is left of C,
and A is right of B.

* "Aisright of B and is left of C" — A is both right of B and left of C, meaning
A is between B and C.

Left vs. Imnmediate Left

® |n both circular and linear seating arrangements, do not assume the position of

“left" unless specified.
* Example:

¢ [f a question states, "X is to the left of Y", it does not mean X is immediately
left of Y.

® |f a question specifically says "X is immediately left of Y", only then is X

placed directly next to Y.
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Linear Arrangement

Notes
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Q) Five children are sitting in a row. S is sitting next to P but not T. K is sitting next to R, who is

sitting on the extreme left, and T is not sitting next to K. Who is/are adjacent to S?

(aKand P
(b)) Rand P
(c) Only P

(dPandT

Q) Eight persons A, B, C, D, E, F, G, and H are sitting in a line. E sits second right to D. H sits fourth
left to D. C and F are immediate neighbours, but C is not an immediate neighbour of A. G is not a
neighbour of E. Only two persons sit between A and E. The persons on the left end and right end

respectively are:

(a) Gand E
(b) Band E
(c)Hand E
(d) Gand B

Q) Six children A, B, C, D, E, and F are sitting in a row. B is between F and D. E is between A and C.

However, A does not sit next to F or D. C does not sit next to D. Then, F is sitting between:

(a) Band C
(b) Eand C
(c)Band D
(d) None of the above
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Q) Eleven students A, B, C, D, E, F, G, H, |, J, and K are sitting in a first line facing the teacher.

(a) D, who is just to the left of F, is to the right of C at second place.

(b) A is second to the right of E, who is at one end.

(c) J is the nearest neighbour of A and B and is to the left of G at third place.

(d) H is next to D to the left and is at the third place to the right of I, who is just in the middle.

Who is just in the middle?
(@) A
(b) B
() H
(dy1

Q) Five students A, B, C, D, and E are standing in a row. D is on the right of E, B is on the left of E
but on the right of A. D is next to C on his left. The student in the middle is:

@B
(b) E
(©C
d) A

Q) Six flats on a floor in two rows facing North and South are allotted to R Q, R, S, T, and U. Q
gets a North facing flat, and it is not next to S. S and U get diagonally opposite flats. R next to U
gets a South facing flat, and T gets a North facing flat. Whose flat is between Q and S?

@rT
(b)U
(@R
(dP

Q) Five children are sitting in a row. S is sitting next to P but not T. K is sitting next to R. K is sitting

on the extreme end. T is not sitting next to K. Who are sitting adjacent to S?

(@) K&P
(b)R&P
(c) Only P
dP&T
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Q) Five girls G, H, |, J, K are sitting in a row facing South, not necessarily in the same order. H is
sitting between G and K, | is immediate right to K, J is immediate left to G. Which of the following

is true?

(a) J is third to the left of K.
(b) G is second to the left of I.
(c) H is to the right of K.

(d) H is to the left of G.

Q) Five senior citizens are living in a multi-storeyed building. Mr. Manu lives in a flat above Mr.
Ashokan, Mr. Lokesh in a flat below Mr. Gaurav. Mr. Ashokan lives in a flat below Mr. Gaurav, and

Mr. Rakesh lives in a flat below Mr. Lokesh. Who lives in the topmost flat?

(a) Mr. Lokesh
(b) Mr. Gaurav
(c) Mr. Manu

(d) Mr. Rakesh

Q) Five girls are sitting on a bench to be photographed. Seema is to the left of Rani and to the
right of Bindu. Mary is to the right of Rani. Reeta is between Rani and Mary. Who is sitting

immediate right to Reeta?

(a) Seema
(b) Rani
(c) Bindu
(d) Mary
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Q) A, B, C, D, E, F, and G are sitting in a row facing north:
1. Fis to the immediate right of E.
2. Eis 4th to the right of G.
3. Cis the neighbor of B and D.

4. The person who is third to the left of D is at one of the ends.
Who are to the right of D?

(a)E F, and A
(b) G, B, and C
(c)C,B,and E
(d) G and B only

Q) Persons M, N, O, P, Q, R, S, and T are sitting on a compound wall facing North. O sits fourth left
of S; P sits second to the right of S; only two people sit between P and M; N and R are immediate
neighbours of each other. N is not an immediate neighbour of M; T is not the neighbour of P. How

many persons are seated between M and Q?

(a) One
(b) Two
(c) Three
(d) Four

Q) In a line, P is sitting 13th from the left. Q is sitting 24th from the right and 3rd left from P. How

many people are sitting in the line?

(a) 34
(b) 31
() 32
() 33
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Q) Six persons A, B, C, D, E, and F are sitting in two rows with three persons in each row. Both
rows are in front of each other. E is not at the end of any row, and D is second leftto F. Cis a
neighbour of E and diagonally opposite to D. If B is a neighbour of F, who is in front of C, then
who is sitting diagonally to F?

(a) C
(b) E
(©A
(d)D

Q) Six persons A, B, C, D, E, and F are sitting in two rows with three persons in each row. Both
rows are in front of each other. E is not at the end of any row, and D is second leftto F. Cis a
neighbour of E and diagonally opposite to D. If B is a neighbour of F, who is in front of C, then
who is sitting diagonally to F?

(@) C
(b) E
(@A
(d)D

Q) Seven friends A, B, C, D, E, F, G were sitting in a row. E is sitting at an extreme end. C is sitting
next to E. B is sitting between A and C. G is not sitting at an extreme end. A is not at an extreme

end. D is sitting immediate to F. Who is sitting in the middle?

@G
(b) D
(C
(d) A
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Q) Pran, Komal, Ravi, Shalu, Trilok, Urui, Baasu, and Volter are sitting in a row facing North

(i) Pran is fourth to the right of Trilok.
(i) Volter is fourth to the left of Shalu.
(i) Ravi and Urui, which are not at the ends, are neighbors of Komal and Trilok, respectively.

(iv) Volter is immediate left of Pran, and Pran is the neighbor of Komal.
Identify who are sitting at the extreme ends.

(a) Pran and Volter
(b) Trilok and Urui

(c) Trilok and Shalu
(d) Shalu and Pran

Q) Seven friends O, P, Q R, S, T, and U are watching a movie sitting in a row. S is sitting at one
extreme end. Q is sitting second to the right of S. P is sitting between O and Q. Both U and O are
not sitting at the extreme end. R is sitting immediate left of T. Who is sitting in the middle?

(@) o
(b) P
(@Q
(d)u

Q) A, B, C, D, and E are sitting on a bench. A is sitting next to B, C is sitting next to D, D is not sitting
with E, who is on the left end of the bench. C is on the second position from the right. A is to the
right of B and E. A and C are sitting together. In which position is A sitting?

(a) Between B and D

(b) Between B and C

(c) Between E and D

(d) Between Cand E
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Q: A B, C, D, E F, and G are sitting in a straight line facing North.

s There is only one person between F and C.

* Esits between A and D.

s There are only two persons between E and G.

s F sits on the immediate left of A, who sits in the middle of the row.
Questions:

1. How many persons are there between E and F?

2. Who among the following sits at the extreme ends of the row?

3. Who among the following sits on the immediate right of D?

4. Who among the following sits third to the right of A?

Q) Instructions to Solve
1. P,Q R S, T, U, and V are sitting on a wall, and all of them are facing West.
2. Sis on the immediate left of R.
3. Tis at an extreme end and has Q as his neighbour.
4. Vis between Q and U.

5. Sis sitting third from the north end.

Q) Name the person who should change places with R such that he gets the fourth place from the
South end?

(a) P
(b) S
©Q
@r
(e)U
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Q) Instructions to Solve

K.P, T,C N, D, L andJ are standing in a row facing north, but not necessarily in the same order. Only
N is between C and D, whereas only L is between D and J. T and K are P's neighbours. Neither T nor

C is at the extreme end of the row. J is to the right of T but not necessarily on the immediate right.
Q) Which of the following is true?

(a) N is on the immediate right of D.

(b) K is not at either of the extreme end.
(c) P is between Kand T.

(d) T is at one of the extreme ends.

(e) None of these.

(a) A, B, C, D, and E are five men sitting in a line facing South, while M, N, O, P, and Q are five ladies

sitting in a second line parallel to the first line and are facing North.
(b) B, who is just next to the right of D, is opposite to Q.

(c) Cand N are diagonally opposite to each other.

(d) E is opposite to O, who is just next right of M.

(e) P, who is just to the left of Q, is opposite to D.

(f) M is at one end of the line.

Questions:
1. Who is sitting third to the right of O?

2. If B shifts to the place of E, E shifts to the place of Q, and Q shifts to the place of B, then who will

be the second to the left of the person opposite B?
3. Which of the following pairs is diagonally opposite to each other?

4. IfOand P, A and E, and B and Q interchange their positions, then who will be the second person

to the right of the person who is opposite to the person second to the right of P?
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Circular Arrangement

Notes

Q) A, B, C, D, E, F, G, H are sitting in a circle facing the center. D sits 3rd to the left of A. E sits to
the immediate right of A. B is third to the left of D. G is second to the right of B. C is a neighbour
of B. C is 3rd to the left of H. Who is sitting exactly in between F and E?

(a) C
(b) E
(©) H
d) A

Q) Six friends - A, B, C, D, E, and F are sitting around a circular table facing towards the center of
the circle. E is not sitting between B and A. A sits to the left of F, and C is fourth to the right of A.
D is immediate right of E. Who sits second to the right of F?

(a) C
(b) A
(D
(dB
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Q) Four ladies A, B, C, and D and four gentlemen E, F, G, and H are sitting in a circle around a table

facing each other.

l. No two ladies or gentlemen are sitting side by side.
II. C, who is sitting between G and E, is facing D.

Il F is between D and A facing G.

IV. H is to the right of B.

Who is the immediate neighbour of B?

(a) Gand H
(b)Eand F
()Eand G
(d) Aand B

Q) A is seated between D and F at a round table. C is seated opposite to D. E is round adjust to D.
Who sits opposite to B?

(@A
(b) D
(c)C
(d)F

Q) Eight friends |, J, K, L, M, N, O, and P are sitting in a circle facing the centre. J is sitting between
O and L; P is third to the left of J and second to the right of I; K is sitting between |l and O; J & M

are not sitting opposite to each other. Which of the following statements is not correct?

(a) K is sitting third to the right of L
(b) | is sitting between K and N
(c) L and | are sitting opposite to each other

(d) M is sitting between N and L
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Q) Six persons are sitting in a circle facing the center. Parikh is between Bablu and Narender;
Ashok is between Chitra and Pankaj. Chitra is on the immediate left of Bablu. Who is on the

immediate right of Bablu?

(a) Parikh
(b) Pankaj
(c) Narender
(d) Chitra

Q) Eight friends H, J, K, L, M, N, O, and P are sitting around a circular table facing the centre but
not necessarily in the same order. There are five females in the group of friends. No two male
persons are immediate neighbours of each other. N sits third to the right of P, who sits second to
the right of his wife. J sits second to the right of her husband H, who is not an immediate
neighbour of P's wife. K is not an immediate neighbour of P. M sits second to the right of her

husband. O is not an immediate neighbour of J. L sits second to the right of N, who is not a male.
Q) Who among the following sits exactly between two males?

(@M
(b) O
(©)

(dN
(@)K

Q) Four Indian, A, B, C, and D and four Chinese E, F, G, and H are sitting in a circle
around a table facing each other in a conference. No two Indians or Chinese are
sitting side by side. C, who is sitting between G and E, is being D. F is between D and
A and facing G. H is to the left of B. Who is sitting left of A?

(a) E
(b) F
(@G
(d) H
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Polygonal Arrangement

Notes

Q) P Q, R, and S are playing a game of carrom. P, R, and S, Q are partners. 'S' is to the right of 'R'.
If 'R’ is facing West, then 'Q’ is facing which direction?

(a) South
(b) North
(c) East

(d) West
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Q) If six persons are sitting at a hexagonal table, they are P, Q, R, S, T, and U, each facing the
center. P is seated opposite to Q, who is between R and S. P is between T and U. T is to the left of
S. Which of them is facing R?

(a)P
(b) Q
QU
@T

Q) Six friends P Q, R, S, T, and U are sitting around a hexagonal table, each at one corner and
facing the center of the hexagon. P is second to the left of U. Q is a neighborof Rand S. T is
second to the left of S. Which one is sitting opposite to S?

(a) R
(b) P
@ Q
d)s

Q) Eight persons E, F, G, H, |, J, K, and L are seated around a square table, facing the
table - two on each side. J is between L and F; G is between | and F; H, a lady member,
is second to the left of J; F, a male member, is seated opposite to E, a lady member.
There is a lady member between F and I. Who among the following is to the

immediate left of F?

(@) G
(b) |
(©)J
(d) H
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Chapter 12: Blood Relations

Definition of Blood Relations:

Blood relations refer to people who are connected by birth rather than

marriage. These include direct family members like parents, grandparents,

children, and siblings, as well as extended relatives like aunts, uncles, and

cousins.

Remember the relations as given below:

(i) Basic Relations

e Children of Same Parents — Siblings

® One’s Husband or Wife — Spouse

Relatives on Mother’s Side — Maternal

Relatives on Father’s Side — Paternal

(ii) Extended Family Relations

Father's Father — Paternal Grandfather
Father's Mother — Paternal Grandmother
Mother’s Father - Maternal Grandfather
Mother’s Mother — Maternal Grandmother
Father's Brother — Paternal Uncle

Father's Sister — Paternal Aunt

Mother’s Brother — Maternal Uncle
Mother’s Sister — Maternal Aunt
Uncle’s or Aunt’s Child — Cousin
Sibling’s Son — Nephew

Sibling’s Daughter — Niece

Son's or Daughter’s Child — Grandchild
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(iii) Additional Relations

i,

2.

10.

11

12.
13.

14.

Grandfather’s Son — Father or Uncle
Grandmother’s Son — Father or Uncle
Grandfather’s Only Son — Father
Grandmother’s Only Son — Father
Mother’s or Father’s Mother — Grandmother
Son's Wife — Daughter-in-Law

Daughter’s Husband — Son-in-Law
Husband’s or Wife's Sister — Sister-in-Law
Brother’s Son — Nephew

Brother’s Daughter — Niece

Uncle’s or Aunt's Son or Daughter - Cousin

Sister’s Husband — Brother-in-Law

Brother's Wife — Sister-in-Law

Grandson’s or Granddaughter’s Daughter — Great Granddaughter

Notes
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TYPE 1

Q) A reads a book and finds the name of the author familiar. The author ‘B’ is the paternal uncle of C.

C is the daughter of A. How is B related to A?

(a) Brother
(b) Sister
(c) Father
(d) Uncle

Q) P and Q are brothers, R and S are sisters. P's son is R's brother. How is Q related to R?

(a) Uncle

(b) Brother

(c) Father

(d) Grandfather

Q) Six persons are seen together in a group. They are A, B, C, D, E, and F.
B is the brother of D, but D is not the brother of B.

F is the brother of B, C, and A are married together.

F is the son of C, but C is not the mother of F.

E is the brother of A.

The number of female members in the group is:

(a) 1
(b) 2
(©3
(d) 4
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Q) Ram and Mohan are brothers, Shankar is Mohan's father.
Chhaya is Shankar's sister. Priya is Shankar's niece.

Shubhra is Chhaya's granddaughter.

How is Ram related to Shubhra?

(a) Brother
(b) Uncle
(c) Cousin

(d) Nephew

Q) A, B, C, D, E, and F are members of a family. B is the son of A, but A is not the mother of B. A and
C are a married couple. F is the brother of A. D is the sister of B, and E is the son of C.

How many male members are there in the family?

(@1
(b) 2
(@3
(d)4

Q) How is F related to B?

(a) Uncle

(b) Daughter

(c) Son

(d) Niece

Q) How many children does A have?
(a) 3

(b) 2

(€4

(d) 1
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Q) P is the brother of Q and R, S is the mother of R. T is the father of P.

Which of the following statements cannot be definitely true?

(a) S is the mother of P
(b) P is the son of S

(c) T is the husband of S
(d)Qisthesonof T

Q) A is the son of C, C and Q are sisters, Z is the mother of Q, and P is the son of Z.

Which of the following statements is true?

(a) A and P are cousins
(b) C and P are sisters
(c) P is the maternal uncle of A

(d) A is the maternal uncle of P

Q) D is the daughter of E. A is the son of D. C is a brother of A, and B is the sister of A. F is the
brother of D.

How is F related to B?

(a) Father-in-law
(b) Uncle

(c) Brother

(d) Mother-in-law

Q) X and Y are brothers. R is the father of Y. S is the brother of T and the maternal uncle of X.
What is T to R?

(a) Mother
(b) Wife
(c) Sister
(d) Brother
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Q) A is B's sister. C is B's mother. D is C's father. E is D's mother.
Then how is A related to D?

(a) Grandfather

(b) Grandmother
(c) Daughter

(d) Granddaughter

Q) Suresh's sister is the wife of Ram. Ram is Rani's brother. Ram'’s father is Madhur. Sheetal is Ram's
grandmother. Rema is Sheetal's daughter-in-law. Rohit is Rani's brother's son.

Who is Rohit to Suresh?

(a) Brother-in-law
(b) Son

(c) Brother

(d) Nephew

Q) There are six children playing football, namely A, B, C, D, E, and F. A and E are brothers. F is the
sister of E. C is the only son of A's uncle. B and D are daughters of the brother of C's father.

How is D related to A?

(a) Uncle
(b) Cousin
(c) Niece
(d) Sister

Q) In a joint family, there are a father, mother, 3 married sons, and one unmarried daughter. Out of
the sons, two have 2 daughters each, and one has a son only.

How many female members are there in the family?

(@3
(b) 6
@9
d5
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Q) Ananya is the mother of Satya, and Shyam is the son of Bhima. Shiva is the brother of Ananya. If

Satya is the sister of Shyam, how is Bhima related to Shiva?

(a) Son
(b) Cousin
(c) Brother-in-law

(d) Son-in-law

Q) Suman is the daughter-in-law of Rakesh and sister-in-law of Rajesh. Ramesh is the son of Rakesh
and the only brother of Rajesh.

Find the relation of Suman with Ramesh.

(a) Sister-in-law
(b) Cousin

(c) Aunt

(d) Wife

Q) If A is the brother of B, B is the daughter of C, and D is the father of A, then how is C related to D?

(a) Husband

(b) Wife

(c) Granddaughter
(d) Grandfather

Q) X is the husband of Y. W is a daughter of X. Z is the husband of W. N is a daughter of Z.
What is the relationship of Y to N?

(a) Cousin

(b) Niece

(c) Daughter

(d) Grandmother
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Q) Based on the statements given below, find out who is the uncle of P?

(i) K and J are brothers.
(ii) K's sister is M.

(i) P and N are siblings.
(iv) N is the daughter of J.

(a) K
(b) J

©N
(d M

Q) In a family, there are six members: A, B, C, D, E, and F.

A and B are a married couple, with A being the male member.
D is the only son of C and is the brother of A.

E is the sister of D.

B is the daughter-in-law of F, whose husband is deceased.

How is C related to B?

(a) Brother
(b) Nephew
(c) Brother-in-law

(d) Sister-in-law

Q) P, Q R, S, T, U are six members of a family in which there are two married couples.
T, a teacher, is married to a doctor who is the mother of R and U.

Q, the lawyer, is married to P. P has one son and one grandson.

Of the two married ladies, one is a housewife.

There is also one student and one male engineer in the family.

Which of the following is true about the granddaughter of the family?

(a) She is a lawyer

(b) She is an engineer
(c) She is a student
(d) She is a doctor
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TYPE 2(Pointing at a Person)

Things You Should Know About Pointing at a Person or Introducing in a
Conversation

Notes:
1. The person who is introducing: Speaker
2. The person who is being introduced: Reference Person

3. The person who is listening: Listener

Rules for Pronoun Usage:
e Statements within quotes:
* |/mine/myself: Refers to the speaker.
s He/she/her/his/this girl/this boy: Refers to the reference person.

* You/your: Refers to the listener.
s If listener information is not provided, you/your refers to the reference person.
s Statements without quotes:

* He/his/she/her: Refers to the speaker.
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Q) A prisoner introduced a boy who came to visit him to the jailor as:
"Brothers and sisters | have none, he is my father's son's son.”

Who is the boy?

(a) Nephew
(b) Son
(c) Cousin

(d) Uncle

Q) Pointing to a man in a photograph, a woman said, "The father of his brother is the only son of my
grandfather.”

How is the woman related to the man in the photograph?

(a) Mother
(b) Aunty

(c) Daughter
(d) Sister
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Q) Vinod introduces Vishal as the son of the only brother of his father's wife.

How is Vinod related to Vishal?

(a) Cousin
(b) Brother
(c) Son

(d) Uncle

Q) Suresh introduces a man as "he is the son of the woman who is the mother of the husband of my
mother."

How is Suresh related to the man?

(a) Brother-in-law
(b) Son

(c) Brother

(d) Nephew

Q) Pointing to a woman in a picture, Sumit said, "She is the mother of my son's wife's daughter.”

How is the lady related to Sumit?

(a) Uncle

(b) Cousin
(c) Daughter
(d) None

Q) Pointing to a man in a photograph, a man said, "His mother's husband's sister is my aunt.”

What is the relation between that man and him?

(a) Son

(b) Uncle
(c) Nephew
(d) Brother
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Q) Pointing to a photograph, Sonia said, “His mother's only daughter is my mother.”

How is Sonia related to that man?

(a) Nephew
(b) Sister
(c) Wife

(d) Niece

Q) Pointing towards a person, a man said to a woman, "His mother is the only daughter of your

father.”

How is the woman related to that person?

(a) Mother
(b) Daughter
(c) Sister

(d) Wife

Q) Vicky introduces John as the son of the only brother of his father's wife.
How is Vicky related to John?

(a) Son

(b) Cousin
(c) Uncle
(d) Brother

Q) A man said to a lady, "Your mother's husband's sister is my aunt.”

How is the man related to the lady?

(a) Father

(b) Grandfather
(c) Son

(d) Brother
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Q) Pointing to a lady in a photograph, Ram said, "Her son's father is the son-in-law of my mother."

How is Ram related to the lady?

(a) Aunt
(b) Cousin
(c) Sister
(d) Mother

Q) A girl introduced a boy as the son of the daughter of the father of her uncle.
The boy is the girl's:

(a) Son

(b) Brother

(c) Son-in-law

(d) Uncle

Q) Pointing to a lady, Sahil said, "She is the daughter of the woman who is the mother of the
husband of my mother."

Who is the lady to Sahil?

(a) Aunt
(b) Sister
(c) Daughter

(d) Sister-in-law

Q) Shyam's mother said to Shyam, "My mother has a son whose son is Ram.”

Shyam is related to Ram as:

(a) Uncle

(b) Cousin

(c) Nephew

(d) Grandfather
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Q) Amit said, "This girl is the wife of the grandson of my mother."

How is Amit related to the girl?

(a) Father-in-law
(b) Grandson

(c) Father

(d) Son

Q) Pointing towards "A", "B" said: "Your mother is the younger sister of my mother.”

"A" is related to "B" as:

(a) Uncle
(b) Cousin
(c) Nephew
(d) Father

Q) Introducing a boy, a girl said, "He is the son of the daughter of the father of my uncle.”
Who is the boy to the girl?

(a) Brother
(b) Nephew
(c) Uncle

(d) Son-in-law

Q) R told M as, "The girl | met at the beach was the youngest daughter of the brother-in-law of my
friend's mother."

How is the girl related to R's friend?

(a) Cousin
(b) Daughter
(c) Niece

(d) Aunt
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Q) Pointing to a man in the photograph, Khushi says, "This man's son's sister is my mother-in-law."

How is Khushi's husband related to the man in the photograph?

(a) Grandson
(b) Son
(c) Son-in-law

(d) Cousin

Q) Pointing to a photographer, a woman says, "This man's son's sister is my mother-in-law."

How is the woman's husband related to the man in the photograph?

(a) Son
(b) Son-in-law
(c) Grandson

(d) Nephew

Q) Neelam, who is Deepak's daughter, says to Deepika, "Your mother-in-law Rekha is the younger
daughter of Ramlal, who is the grandfather.”

How is Neelam related to Deepika?

(a) Cousin

(b) Niece

(c) Sister-in-law
(d) Aunt

Q) When Mr. P saw Mr. Q, he recalled, "He is the son of the father of my daughter's mother.”
Who is Mr. Q to Mr. P?

(a) Brother

(b) Cousin

(c) Nephew

(d) Brother-in-law
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Q) Showing the man playing cricket, Ms. P said, "He is the brother of my uncle's daughter.”
Who is the man to Ms. P?

(a) Son

(b) Cousin

(c) Uncle

(d) Brother-in-law

Q) Introducing a boy, Akshat said, "His mother is the only daughter of my mother-in-law.”
How is Akshat related to the boy?

(a) Uncle
(b) Father
(c) Brother
(d) Husband

Q) Pointing to a lady, Suresh said, "She is the mother of my son's wife's daughter.”

How is Suresh related to the lady?

(a) Uncle

(b) Cousin

(c) Daughter-in-law
(d) Father-in-law

Q) Pointing to a lady, a man said, "The son of her only brother is the brother of my wife.”

How is the lady related to the man?

(a) Mother-in-law
(b) Sister of father-in-law
(c) Mother of father-in-law

(d) Cousin
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TYPE 3

Q) If P + Q means P is the mother of Q;
P = Q means P is the father of Q;
P — Q means P is the sister of Q;

Then which of the following relationships shows that M is the daughter of R?

(aR+M+N
(b)R+ N+ M
(R-M =N

(d) None of the above

Q) If:
P + Q means P is the brother of Q,
P — Q means P is the mother of Q,

P x Q means P is the sister of Q,

Which of the following means M is the maternal uncle of R?
aM+K+R

b)M-R+K

eM+K-R

(dM+KxR

Q) If:
» A $ B means A is the father of B,
s A # B means A is the daughter of B,

® A @ B means A is the sister of B,

Then how is K related to M in the expressionH @ K $ L # M?

(a) Husband
(b) Uncle
(c) Father
(d) Grandson
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Q) Directions:
e P x Q means P is the brother of Q,
s P + Q means Q is the mother of P,
s P - Q means P is the father of Q,

e P + Q means Q is the sister of P.

Which of the following means M is the daughter of T?

@M+N=J-T
b)T-JxR+M
(cIM=-1xT=+K
(dM+WxR=+T

(e) None of these
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Chapter 13

Statistics is a branch of mathematics that focuses on the collection, analysis,
interpretation, and presentation of numerical data in a systematic manner.
Etymology (Word Origin):
* The word "Statistics” is derived from:
* ltalian word "Statista”, meaning Statesman.
® Latin word "Status”, meaning Political State.
Different Senses of Statistics:

Statistics can be understood in two different ways: Singular Sense and Plural Sense.

1. Statistics in Singular Sense:

* In asingular sense, statistics refers to the science that provides methods and

techniques for:

* C(Collecting data
* Analyzing data
* Interpreting data

* Presenting data in a meaningful way

2. Statistics in Plural Sense:

® |n a plural sense, statistics refers to numerical statements of facts related to

various fields of study.

¢ |t involves data related to different sectors, such as:

e |t involves data related to different sectors, such as:

® Production
® |ncome

e Population
® Prices

e Other economic and social aspects
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Types of Data

Data is classified into two basic types:
1. Primary Data

2. Secondary Data

Key Differences Between Primary and Secondary Data

! Aspect Primary Data Secondary Data
Source Directly collected Collected from existing records
Accuracy More accurate and reliable Less accurate, depends on source credibility
Cost & Time Expensive & time-consuming Less costly & readily available
Examples Surveys, interviews, experiments Government reports, books, websites

Data Classification

Data can be classified into different types based on its nature and how it is collected.

1. Temporal (Chronological) Data

* Definition: Data that is related to time.

¢ Example: Sales data of a company recorded over multiple years.
2. Spatial (Geographical) Data

» Definition: Data that is related to a specific location or area.

* Example: Weather reports of different cities.

3. Qualitative Data

» Definition: Data that describes characteristics, attributes, or qualities but cannot be measured

numerically.
* Examples:
* Knowledge level of a person
* Habits and skills

e Nationality
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4. Quantitative Data (Measurable Data)
e Definition: Data that can be measured numerically.
* Examples:
* Marks obtained in an exam
* Height and weight of an individual

* Age of a person

Key Differences Between Qualitative and Quantitative Data

Feature ‘ Qualitative Data Quantitative Data

Nature Descriptive Measurable
Representation Text-based or categorical Numeric values

Examples Nationality, habits, skills Height, weight, age, marks

Frequency Distribution

Definition:

* A systematic presentation of the values taken by a variable along with their corresponding

frequencies is called a frequency distribution of that variable.

® |t helpsin organizing raw data into a structured format.

® The frequency of a value refers to how many times it occurs in a dataset.

1. Continuous (Grouped) Frequency Distribution

a) Inclusive Classes Example
* Ininclusive classes, both the lower and upper class limits are included.

* Example: If the range is 0-10, a score of 10 belongs to this class.

Marks Range 0-10 11-20 21-30 31-40

41-50
No. of Students 5 12 18 10 7
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b) Exclusive Classes Example
* |n exclusive classes, the lower limit is included, but the upper limit is excluded.

e Example: If a score is 20, it falls into the 20-40 category, not 0-20.

Marks Range 0-20 20- 40 40 - 60 60 - 80 80 - 100

No. of Students 8 15 12 10 5

Key Differences Between Inclusive and Exclusive Classes

Feature ‘ Inclusive Classes Exclusive Classes

Class Limit Inclusion | Both lower & upper limits are included Only the lower limit is included,

upper is excluded

Example of Class 0-10, 11-20, 21-30 0-20, 20-40, 40-60

Interval
Suitability Used for grouped data where clear upper/lower Common in scientific and statistical
limits are needed analysis

2. Discrete Frequency Distribution

e Used for countable values (e.g., number of pets, number of family members).

® Each value occurs individually instead of in a range.

No. of Pets (X) ‘ 0 ‘ 1 2 ‘ 3 ‘ 4

No. of Students (F) 4 9 14 7 5

Terminologies Used in Frequency Distribution

Understanding the key terms in frequency distribution helps in interpreting and organizing statistical
data effectively.
1. Class Interval

* When the range of a dataset is large, it is divided into smaller sub-ranges called class intervals.

¢ Example: If the dataset ranges from 0 to 100, it can be divided into intervals like 0-20, 20-40, 40-
60, etc.
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2. Class Limit

® FEach class interval has two limits:

¢ Lower Class Limit (LCL): The smallest value in the class.

e Upper Class Limit (UCL): The largest value in the class.
3. Class Width (Class Length)

® The difference between the class limits of a class interval.

¢ Formula:

Class Width = Upper Class Limit — Lower Class Limit
e Example: In the class 10-20, the width is 20 - 10 = 10.
4. Class Mark (Class Mid-Value)

e The central value of a class interval.

e Formula:
Lower Limit + Upper Limit
2

e Example: For the class 10-20, the class mark is (10+20)/2 = 15.

Class Mark =

5. Class Frequency
e The number of observations in a particular class interval.

* Example:

Marks Range Frequency
0-10 5
10- 20 8

Here, 8 students scored between 10-20, so the frequency is 8.
6. Total Frequency (N)
e The sum of all frequencies in a dataset.

* Formula:
N=f+Fftlit.+/n
* Example: If frequencies are 5, 8,12, then N = 5 + 8 + 12 = 25.
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7. Inclusive vs. Exclusive Class Intervals

Type ‘ Definition Example

Inclusive Class Both upper and lower limits are included. 10 - 20 includes 10 and 20.

Interval

Exclusive Class Lower limit is included, but upper limit is 10 - 20 includes 10 but not 20 (20 is in the
Interval excluded. next class).

8. Class Boundaries

* Upper Class Boundary (UCB): The upper limit extended slightly to separate adjacent classes.

e Lower Class Boundary (LCB): The lower limit adjusted similarly.
9. Frequency Density

¢ The ratio of class frequency to class width.

e Formula:

Class Frequenc
Frequency Density = . 4

Class Width
10. Relative Frequency (RF)

® The proportion of a class frequency to the total frequency.

e Formula:

RE — Class Frequency

Total Frequency

® RF values range between 0 and 1.
11. Percentage Frequency

* The relative frequency converted to percentage.

¢ Formula:

Percentage Frequency = RF' x 100
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Basics Rules for Frequency Distribution

To ensure an effective frequency distribution, certain rules must be followed:
1. Equal Class Lengths:

s As far as possible, class intervals should have equal lengths for consistency in analysis.

2. Unambiguous Definition:

® Each class interval must be clearly defined to avoid confusion.

3. Homogeneous Data:

® The data within the frequency distribution should be of the same type.

4. Mutually Exclusive Classes:

¢ No data value should belong to more than one class interval.

5. Exhaustive Classes:

e The frequency distribution should cover all possible values in the dataset.

Cumulative Frequency

Cumulative frequency represents the running total of frequencies. It is useful for finding medians,

quartiles, and plotting ogives (cumulative frequency graphs).

1. Less Than Cumulative Frequency (LCF)

¢ Definition: It is the cumulative sum of frequencies up to a certain class limit.

* Used to find:
® Median and other statistical partitions.
® Class boundaries (Upper Class Boundary - UCB).

¢ Final cumulative frequency is N (total number of observations).
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Example Table for LCF

| Marks Range Frequency (F) | Less Than Cumulative Frequency (LCF)
0-10 5 | 5
10-20 12 5+12=17
20 - 30 18 17+18=35
30 - 40 10 35+10=45
40 -50 7 45 +7 =52

2. More Than Cumulative Frequency (MCF)

¢ Definition: It is the cumulative sum of frequencies starting from the highest class and moving

downward.
e Used for:
* Ogive plotting (along with LCF).
¢ Class boundaries (Lower Class Boundary - LCB).

® First cumulative frequency is N.

Example Table for MCF
Il Marks Range Frequency (F) _ More Than Cumulative Frequency (MCF)
0-10 5 52-5=47
10- 20 12 47-12 =35
20- 30 18 35-18 =17
30-40 10 17-10=7

How to Determine the Number of Classes in a Frequency Distribution

When creating a frequency distribution table, the number of classes is determined using either of the

two methods:
Method 1: Using Range and Class Length

Range

N £ -
umber of Classes Glass Length

Range = Largest Observation — Smallest Observation
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Method 2: Sturges’ Rule

Number of Classes = 1 + 3.3221log N

Where:
¢ N = Total number of observations

* log N = Logarithm of the total number of values

Methods of Data Presentation

Data can be presented in various forms to ensure clarity and ease of analysis. The three main methods
are:

1. Textual Presentation (Descriptive Method)
¢ Data is presented in the form of a written explanation.
* Best suited for small datasets or reports.

e Example:

¢ "In 2023, the company's revenue increased by 20% compared to 2022."

2. Tabulation (Data Arranged in Rows & Columns)
® The best method for data presentation.
* Organizes data into structured tables for better understanding.
* Helps in comparison and analysis.

* Example:

Year Sales (in million $)
2021 50
2022 60
2023 72
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3. Diagrammatic (Graphical) Presentation
e The most attractive and easy-to-understand method.
e Uses graphs, charts, and diagrams to present data.
e Common types:
® Bar Graphs (for categorical data)
® Pie Charts (for proportions)

¢ Line Graphs (for trends over time)

Tabulation

Definition
Tabulation is the systematic arrangement of classified data into rows and columns within a table.

Advantages of Tabular Presentation

Facilitates comparison between different data points.
Simplifies complicated data for better analysis.
Essential for graphical representation (diagrams and charts).

Enables statistical analysis, which is impossible without tables.

Parts of a Table in Tabulation

A well-structured table consists of four main parts:
1. Caption:
* The topmost part of the table.
¢ Describes columns or sub-columns.
e Also called the Column Heading.
2. Box Head:
¢ The entire upper part of the table.
¢ |ncludes the caption, column names, and units of measurement.
3. Stubs:
* The leftmost part of the table.

® Lists row headings (e.g., names, categories).
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4. Body:

® The main section where the actual data (numbers, values) are arranged in rows and columns.
5. Footnote (Optional):

® |ocated at the bottom of the table.

* Provides source information or any missed details.

Diagrammatic Presentation of Data

Diagrammatic presentation refers to the visual representation of statistical data using charts, diagrams,

and pictures. It makes data easier to understand, analyze, and compare.
® |tcan be:
* One-dimensional (e.g., bar charts, line graphs)
* Two-dimensional (e.g., histograms, pie charts)

® Three-dimensional (e.g., 3D bar charts, 3D surface plots)

Types of Diagrams

Here are the different types of graphical data representations:
1. Line Diagram
® Used to show trends over time.

* Commonly used for stock prices, population growth, and sales trends.

Wea=mom
{int Lakh Rupees)

: 4 } ' 4 ’ '
008 2000 2011 2012 2013 2014 2015

Time

2. Bar Diagram (Bar Chart)
e Represents categorical data with rectangular bars.
® Bars can be vertical or horizontal.

¢ Example: Number of students in different departments.
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Types of Bar Graphs & Their Uses

A bar graph is a chart that uses rectangular bars to represent data. The length of each bar is

proportional to the value it represents.

Comparison of Bar Graph Types

| Type Used for Example
Horizontal Bar Graph Qualitative data Favorite sports of students
Vertical Bar Graph | Quantitative data Annual sales report
Multiple Bar Graph i Comparison of multiple datasets Monthly sales of two brands
Divided Bar Graph | Proportions within a whole | Budget distribution in a family
3. Pie Chart

e A circular graph that shows proportions.

e The entire circle represents 100%, and each slice corresponds to a proportion of the whole.

e Example: Budget allocation in a company.
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Formula for Central Angle

Each segment (category) in a pie chart is represented as a sector with a central angle given by:

Central Angle = =) x 360
Y@

Where:
e x = Value of the category
3" @ = Total of all values
* 360° represents the entire circle
Uses of Pie Charts
Family's monthly budget distribution

Five-year economic planning of a country

Market share comparison
Population distribution by age or region

4. Histogram
e A graphical representation of a frequency distribution.
e Used for continuous data.
e Bars are adjacent (no gaps between them).

e Example: Distribution of student marks.
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Cumulative Frequency

5. Frequency Polygon
e A line graph that represents a frequency distribution.
e Plotted by joining the midpoints of histogram bars.

* Example: Comparing the performance of different groups of students.

46 56 66 76
Weight (Mid-valuc)

6. Ogives (Cumulative Frequency Curve)
e A graph used to find median, quartiles, and percentiles.

* Two types: Less than Ogive & More than Ogive.
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7. Frequency Curves
e A smooth curve drawn through frequency distribution points.
¢ Used for probability distributions.

e Example: Bell curve (Normal Distribution).

QA by Nithin R Krishnan
324



ACADEMY

E‘ EPIVU PQ CA Foundation Paper 3 - Statistics

1. U-Shaped Curve

* Definition: A curve that has a dip in the middle and rises at both ends.

* |ndicates:

¢ Two extreme values occur frequently.

¢ Middle values occur less frequently.

Frequency Density

N
rd
Class Boundary

2. Inverted J-Shaped (S-Shaped) Curve

* Definition: A curve that starts high and gradually decreases or an "S" pattern showing slow and

then rapid increase.

* |ndicates:

* More frequent lower values and fewer higher values.

g
110 o
100 »
90 o

60 70 8:0 9l=3 lé:) IlID 1.3) i30
3. J-Shaped Curve
e Definition: A curve that starts low and increases steeply.

¢ |ndicates:

* Rapid growth after a slow start.
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Frequency Density

’
Class Boundary

4. Bell-Shaped Curve (Normal Distribution)

¢ Definition: A symmetrical, peak-centered curve (also called a Gaussian curve).

¢ Indicates:
¢ Data is normally distributed.

¢ Mean, median, and mode are equal.

S
Fd

Frequency Density

Class Boundary

5. Mixed Curve

e Definition: A curve with multiple peaks and valleys.
¢ Indicates:

* Data is not normally distributed.

* There are multiple sub-groups in the dataset.

b
4

Frequency Density

Class Boundary
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‘. Curve Type Shape Example
U-Shaped | Dips in the middle, rises at ends Income distribution
Inverted J-Shaped (S-Shaped) | High at start, decreases or curves like "S" | Age distribution
Ogive Smooth increasing curve | Cumulative exam scores
Bell-Shaped | Peak in the center, tapering ends | 1Q scores, height distribution
Mixed Curve Irregular pattern with multiple peaks | Seasonal sales trends

Q: Out of the following, the one which affects the regression coefficient is

(a) Change of origin only
(b) Change of scale only
(c) Change of scale and origin both

(d) Neither change in origin nor change of scale

Q: Which of the following is not a two-dimensional figure?

(a) Line Diagram
(b) Pie Diagram
(c) Square Diagram

(d) Rectangle Diagram

Q: Less than type and more than type Ogives meet at a point known as:

(a) Mean
(b) Median
(c) Mode
(d) None

Q: Arrange the dimensions of Bar diagram, Cube diagram, Pie diagram in sequence.

@132
(b)2,1,3
)2 3 1
d)3,2.1

QA by Nithin R Krishnan
327




E‘ EPIVU PQ CA Foundation Paper 3 - Statistics

ACADEMY

Q: With the help of a histogram, one can find:

(a) Mean

(b) Median

(c) Mode

(d) First Quartile

Q: Nationality of a person is:

) Discrete variable
b) An attribute
c) Continuous variable

(a
(
(
(d) None

Q: If we plot less than and more than type frequency distribution, then the graph plotted is

(a) Histogram

(b) Frequency Curve
(c) Ogive

(d) None of these

Q: Using Ogive Curve, we can determine

(@) Median

(b) Quartile

(c) Both (a) and (b)
(d) None.

Q: Mode can be obtained from

(a) Frequency polygon.
(b) Histogram.

(c) Ogive

(d) All of the above.

Q: The data obtained by the internet are

(a) Primary data
(b) Secondary data
(c) Both (a) and (b)
(d) None of these.
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Q: The chronological classification of data is classified on the basis of

(a) Attributes
(b) Area
(c) Time

(d) Class Interval

Q: The frequency of class 20-30 in the following data is

Class 0-10 10-20 l 20-30 30-40 40-50
Cumulative Frequency 5 13 | 28 | 34 38

(@) 5

(b) 28

(©) 15
(d) 13

Q: The data given below refers to the marks gained by a group of students:

Marks Below 10 . Below 20 Below 30 Below 40 Below 50

No. of Students g, 38 65 84 100

The number of students getting marks more than 30 would be?

(@) 50
(b) 53
() 35
(d) 62

Q: Cost of Sugar in a month under the heads raw materials, labour, direct production, and others were
12, 20, 35, & 23 units respectively. The difference between their central angles for the largest & smallest

components of the cost of Sugar is

(a) 92°
(b) 72°
(c) 48°
(d) 56°
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Q: For data on frequency distribution of weights:
70, 73, 49, 57, 55, 44, 56, 71, 65, 62, 60, 50, 55, 49, 63, and 45

If we assume class length as 5, the number of class intervals would be
(a) 5
(b) 6
()7
(d) 8

Q: A pie diagram is used to represent the following data:

Source Customs Excise Income tax

Revenue in million rupees 120 180 240

Wealth tax

180

The central angles in the pie diagram corresponding to income tax and wealth tax respectively:

(a) (120°, 90°)
(b) (90°, 120°)
(c) (60°, 120°)
(d) (90°, 60°)

Q: If class interval is 10 - 14, 15 - 19, 20 - 24, then the first class is

(a)10 -15
(b)9.5-14.5
(c)10.5-15.5
(d)9-15

Q: "The less than Ogive" is a:

(a) U-Shaped Curve
(b) J-Shaped Curve
(c) S-Shaped Curve
(d) Bell Shaped Curve
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Q: The following data relates to the marks of a group of students:

. Marks No. of Students
More than 70% | 07
More than 60% 18
More than 50% 40
More than 40% 60
More than 30% 75
More than 20% 100

How many students have got marks less than 50%?

(a) 60
(b) 82
(c) 40
(d) 53

Q: The number of car accidents in seven days in a locality are given below:

No. of accidents 0 ‘ 1 ‘ 2 3 ‘ 4 5

Frequency 12 9 11 13 8 9

What will be the number of cases when 4 or more accidents occurred?

(a) 32
(b) 41
(c) 26
(d) 18

Q: Frequency density corresponding to class interval is the ratio of:

(a) Class frequency to the total frequency
(b) Class frequency to the class length
(c) Class length to the class frequency

(d) Class frequency to the cumulative frequency

Q: 'Stub’ of a table is the

(a) Left part of the table describing the columns
(b) Right part of the table describing the columns
(c) Right part of the table describing the rows

(d) Left part of the table describing the rows
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Q: In a graphical representation of data, the largest numerical value is 45, the smallest numerical value is

25. If the classes desired are 4, then which class interval is:

(a) 45
(b) 5
(c) 20
(d)7.5

Q: There were 200 employees in an office in which 150 were married. Total male employees were 160,

out of which 120 were married. What was the number of female unmarried employees?

(a) 30
(b) 40
(c) 50
(d) 10

Q: In a study about the male and female students of Commerce and Science departments of a college in

5 years, the following data were obtained:

1995
s 70% female students
® 65% read Commerce
® 20% of male students read Science

* 3000 total No. of students

2000
®  75% female students
* 40% read Science
* 50% of female students read Commerce

* 3600 total No. of students
After combining 1995 and 2000, if x denotes the ratio of female Commerce students to female Science

students and y denotes the ratio of male Commerce students to male Science students, then
(@x=y
(b)x >y

@x<y
dxzy
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Q: A student’s marks in five subjects S1, S2, S3, S4, and S5 are 86, 79, 90, 88, and 89. If we need to draw

a Pie chart to represent these marks, then what will be the Central angle for $3?

(a) 103.2°
(b) 75°

(c) 105.6°
(d) 94.8°

Q: The suitable formula for computing the number of class intervals is:

(a) 3.322 logN
(b) 0.322 logN
() 1+ 3.322 logN
(d)1-3.322 logN

Q: The shareholding pattern of ABC Ltd. is as follows:

Shareholders Promoter Fll MF Other Public

No. of shares in somnious 120 25 20 20 15

What is the difference between the central angles of Promoters and Public in a pie chart?

(a) 216
(b) 189
(c) 180
(d) 99

Introduction to Sampling
1. Need for Sampling

¢ |n many situations, studying an entire population is impractical due to factors like:
* Time constraints
* High costs
» Efficiency concerns
* Vastness of the population

¢ |nstead of studying every unit in the population, a representative sample is

selected to infer information about the whole population.
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2. Real-Life Examples of Sampling

Example 1: Product Testing

* Scenario: Mr. Basu wants to place a large order for electrical lamps from "General

Electricals.”

* Problem: He needs to verify whether the company's claim that the lamps last for

at least 1500 hours is valid.

* Solution: Testing all lamps is impractical, so a sample is selected for testing.

3. Key Problems in Sampling

Sampling involves addressing three major challenges:

1. Selection of a Representative Sample
* How to choose a sample that accurately represents the population.
® In Example 1: Selecting lamps randomly from different batches.
* In Example 2: Surveying a diverse group of people to avoid bias.
2. Estimation of Population Parameters
® Using sample data to estimate characteristics of the entire population.

* |n Example 1: Estimating the average lifespan of lamps produced by General

Electricals.

* In Example 2: Estimating the proportion of people affected by the disease in the

town.

3. Decision Making & Hypothesis Testing

¢ Determining whether the sample observations provide enough evidence to

support claims.

¢ In Example 1: Deciding whether to proceed with the bulk order based on lamp
durability.
¢ In Example 2: Taking health measures if the disease outbreak is statistically

significant.

¢ Use of Hypothesis Testing: Statistical significance is considered before making

critical decisions.
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Principles of Sample Survey

1. Law of Statistical Regularity

If a randomly drawn sample is large enough, it will, on average, possess the

characteristics of the entire population.
A larger sample size improves accuracy in reflecting population characteristics.

However, increasing the sample size indefinitely is not always practical due to

constraints like cost, time, and efficiency.

Random selection ensures that every unit in the population has a pre-assigned

probability of being included in the sample.

2. Principle of Inertia (Law of Large Numbers)

Larger samples lead to more reliable, accurate, and precise results.

This principle states that as the sample size increases, the estimates derived from

it become more stable and representative.

It is a direct consequence of the Law of Statistical Regularity.

3. Principle of Optimization

Ensures that a sample survey is conducted with maximum efficiency at minimum

cost.
A balance is struck between accuracy and cost-effectiveness.

The selection of an appropriate sampling design helps achieve the best results

with limited resources.

4. Principle of Validity

A sampling design is valid only if it provides unbiased and accurate estimates of

population parameters.
Ensures that statistical tests and inferences drawn from the sample are correct.

Probability sampling is necessary to ensure validity, as it avoids bias.
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Comparison: Sample Survey vs.
Complete Enumeration (Census)

1. Complete Enumeration (Census)

* Involves collecting information from every unit in a population.

* Provides full and accurate data but is often time-consuming and costly.

e Preferred when detailed information is required for each unit.

2. Why Prefer Sample Surveys Over Census?

In most cases, sample surveys are preferred due to the following factors:

(a) Speed
¢ Faster than a census since only a subset of the population is studied.
¢ Census takes more time because every unit is examined.

(b) Cost

* Per-unit data collection cost is higher in sample surveys due to trained

personnel.
* However, total cost is lower in sample surveys as fewer units are studied.
(c) Reliability
* Sample surveys often provide more reliable data than censuses.
® This is due to:
* Trained enumerators
* Better supervision

* Use of modern techniques
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(d) Accuracy

* Sample surveys are subject to sampling error (errors due to selecting only a part

of the population).

* Complete enumeration is free from sampling error but still has non-sampling

errors, such as:

* Recording mistakes
* Enumerator bias

* Faulty data interpretation

* Reducing Sampling Error in Surveys:
® |Increasing sample size
* Using probability sampling
* Proper planning to minimize non-sampling errors (which is harder in a

census).
(e) Necessity

®* |n some cases, sampling is the only viable option:

® Destructive Testing: (e.g., Testing the lifespan of electrical bulbs, where

testing destroys the sample)
* Hypothetical Populations: (e.g., Studying probability experiments like coin
tossing)
* When to Use Complete Enumeration?
¢ |f detailed information on every unit is required.

* |f population size is small, sampling may not be necessary.

» If a single defect could be disastrous (e.g., safety checks in aircraft),

complete enumeration is mandatory.
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Types of Errors in Surveys

I. Sampling Errors

* Definition: Errors that arise due to investigating only a part of the population

instead of the whole.

* (Causes: Imperfections in sampling design, execution, or statistical estimation.

* Ways to Reduce: Proper sampling techniques, increasing sample size, and using

probabilistic methods.
Factors Contributing to Sampling Errors
1. Errors due to defective sampling design
= Poor sampling design leads to bias.

* Non-probabilistic sampling may introduce errors due to the sampler’s

prejudice.
2. Errors due to substitution
® FEnumeratars sometimes replace selected units with more convenient ones.

® This violates the sampling design and introduces bias.

3. Errors from faulty demarcation of units

® QOccurs when there is improper definition or classification of sampling units.

* Example: In agricultural surveys, a sampler may underestimate or

overestimate characteristics.
4. Errors due to the wrong choice of statistic

® Choosing an inappropriate statistical measure can lead to incorrect
inferences.
5. Variability in the population
* Differences between population units can introduce sampling errors.

* Using techniques like stratified sampling or multistage sampling can help

minimize this.
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Il. Non-Sampling Errors

Definition: Errors that occur in both sampling and complete enumeration

(census) due to human factors or procedural mistakes.

Causes: Lapses in data collection, response recording, communication, and

interviewer biases.

Ways to Reduce: Proper training of enumerators, clear instructions, and

minimizing respondent errors.

Factors Contributing to Non-Sampling Errors

1

2.

5.

Memory lapses — Respondents may forget key information.

Preference for certain digits — Some respondents may round off values or show

bias toward specific numbers.

Ignorance or misunderstanding — Respondents may provide incorrect responses

due to a lack of knowledge.

Psychological factors (e.g., vanity, fear, dishonesty) — Some respondents may

exaggerate or conceal information.

Non-responses — Some individuals may refuse to participate, leading to missing

data.

Wrong measurement of units — Errors in recording data (e.g., incorrect weight,
height, income).
Communication gap between interviewer & respondent — Misunderstandings

can distort collected data.

Incomplete coverage — Some population units might be omitted due to

oversight.
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Concepts of Population, Sample
and Parameters in Statistics

1. Population or Universe

¢ A population is the aggregate of all units under consideration.
® Examples:
¢ All lamps produced by General Electricals (past, present, and future).
s All peaple living in Miss Manju's town.
e Population Size (N):
* The number of units in a population.
¢ Example: If there are 1 lakh people in a town, then N = 1,00,000.
Types of Populations

1. Finite vs. Infinite Population
* Finite Population: Contains a limited number of units.

® Example: The population of Miss Manju’s town.

e |nfinite Population: Has an uncountable number of units.

* Example: The population of stars, mosquitoes, flowers, etc.

2. Existent vs. Hypothetical Population
* Existent Population: Composed of real objects.

® Example: Electrical lamps produced by General Electricals.

* Hypothetical Population: Exists theoretically.

e Example: The population of heads in an infinite coin toss.
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2. Sample

* A sample is a subset of the population selected to represent the entire

population.

* Importance of Sampling:

e Statistical inferences about the population are based on sample

observations.
e Sample Size (n):

* The number of units in the sample.
® Example: If 500 lamps are sampled, n = 500.
e Sampling Units:

¢ The individual units that make up a sample.

® Example: In an electrical lamp study, each lamp is a sampling unit.

e Sampling Frame:
* A detailed and complete list of all possible sampling units.

® |t should be updated before selecting the sample.

3. Parameter

* A parameter is a characteristic of a population based on all its units.

® Parameters are estimated from sample statistics.
(a) Population Mean (p)
* Represents the average value of a population characteristic.

¢ Formula:

_ 2a=i%a
a N
Where:

* N = Population size

® x, = Value of the a-th unit in the population
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(b) Population Proportion (P)
* Represents the ratio of units with a particular attribute in the population.

* Formula:

~
I
2| ™

Where:
* X = Number of individuals with the attribute
* N = Total population size
(c) Population Variance (c?)
* Measures the spread of data points in a population.
e Formula:
ol — > (za — p)?
N
(d) Population Standard Deviation (o)

® Represents the average deviation from the mean.

¢ Formula:

2 (Ta — p)°
i

o =

Sampling Distribution and
Standard Error of a Statistic

1. Concept of Sampling Distribution

* When selecting a sample of fixed size (n) from a population of size (N):

* With Replacement (SRSWR): Total possible samples = N".

* Without Replacement (SRSWOR): Total possible samples = N_C_n

(combinations of N taken n at a time).
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¢ Sampling Fluctuations:

* The value of a sample statistic (e.g., mean) varies from sample to sample.

¢ This variation creates a sampling distribution, a probability distribution of

the statistic.
2. Properties of Sampling Distribution

* The mean of the sampling distribution is called Expectation (E).

* The Standard Deviation of the sampling distribution is called the Standard Error

(SE).
* SE measures the precision of a sample statistic.

* SE is inversely proportional to the square root of the sample size (n).

3. Standard Error (SE) Formulas

(a) Standard Error of Mean (SE of x)

1. For Simple Random Sampling With Replacement (SRSWR):

SE(z) = %

2. For Simple Random Sampling Without Replacement (SRSWOR):
o N-—n

SE(;T:)=\/5>< N

¢ The term V((N-n)/(N-1)) is the finite population correction (fpc).

e If nis very large or N is infinite, the fpc = 1 and can be ignored.
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(b) Standard Error for Proportion (SE of P)

1. For Simple Random Sampling With Replacement (SRSWR):

i

SE(P) = /=

2. For Simple Random Sampling Without Replacement (SRSWOR):

P, N —n

* Where:
¢ P = Sample proportion
¢ g=1-P (Complement of P)
* n = Sample size
4. Importance of Standard Error

* Indicates precision: Smaller SE means higher precision.
* Helps in hypothesis testing: Used in confidence intervals and significance tests.

* Accounts for finite population effects: The finite population correction (fpc) is

applied for sampling without replacement but can be ignored for very large

populations.

Types of Sampling Methods

1. Probability Sampling
* |n probability sampling, each unit in the population has a pre-assigned
probability of being included in the sample.
* |f every member has an equal chance of selection, it is called Simple Random
Sampling (SRS).

e Common Probability Sampling Methods:

QA by Nithin R Krishnan
344



E‘ BPI\/U PQ CA Foundation Paper 3 - Statistics

ACADEMY

* Simple Random Sampling
* Stratified Sampling

® Multi-Stage Sampling

® Cluster Sampling

* Systematic Sampling

(a) Simple Random Sampling (SRS)
® Every unit in the population has an equal chance of being selected.
* Types:
1. With Replacement (SRSWR): Selected units are returned to the population.

2. Without Replacement (SRSWOR): Selected units are not returned.

* Best used when:

® The population is not very large.

* The sample size is not too small.

* The population is homogeneous (similar characteristics).
* Advantage: Free from sampler bias.

* Method: Uses random numbers to select samples.

(b) Stratified Sampling

e Used when the population is large and heterogeneous.

* Process:

® Population is divided into strata (sub-groups) based on similar

characteristics.

¢ Asample is drawn from each stratum.
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¢ Types of Allocation:

1. Proportional Allocation (Bowley's Method): Sample size for each stratum is

proportional to its population size.

2. Neyman’s Allocation: Sample size depends on both stratum size and

variance.

* Not suitable when:

e The population is small.
e Prior information about strata is unavailable.

e Population groups are not highly diverse.
(c) Multi-Stage Sampling
¢ Complex sampling method that selects samples in multiple stages.
* Process:
¢ First, primary units (e.g., states) are selected.
* Then, secondary units (e.g., districts) are selected.

¢ Further levels (e.g., households) are chosen until the final sampling unit is

reached.
* Example:

e Studying unemployment in India — Sample states — districts — police

stations — households.
* Advantages:
¢ Cost-effective.
® large coverage.
* Flexible.

¢ Disadvantage: Less accurate compared to stratified sampling.
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(d) Systematic Sampling
* Units are selected at fixed intervals after a random start.
e Types:
1. Linear Systematic Sampling: Every k-th unit is selected.
2. Circular Systematic Sampling: Sampling follows a cyclic order.

e Formula:

¢ |f N (population size) is a multiple of n (sample size) — Select every k-th

unit where k = N/n.

® Pros:

¢ Simple and cost-effective.
e Useful when a complete sampling frame is available.

s (Cons:

¢ |If a hidden periodic pattern exists, results may be biased.

* Not truly probabilistic after the first selection.

2. Non-Probability Sampling

¢ In non-probability sampling, selection is not random.
¢ Based on the judgment or convenience of the sampler.

e Common Non-Probability Sampling Methods:

® Purposive or Judgment Sampling
¢ Convenience Sampling

® Quota Sampling

¢ Snowball Sampling
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Purposive or Judgment Sampling

¢ The sampler selects units based on their own judgment.

¢ Highly subjective and varies between individuals.

* Disadvantage: No statistical hypothesis testing is possible.
3. Mixed Sampling

* A combination of probability and non-probability sampling.

* Example: Systematic Sampling (first unit selected randomly, others follow a fixed
rule).

Q) In a random sample of size 2 with replacement is taken from the population

containing the units 3, 6, and 1, then the samples would be:

(a) (3,6), (3,1), (6,1)
(b) (3.3), (6,6), (1,1)
() 3,3). 3.6), (3,1), (6,6), (6,3), (6,1), (1,1), (1.3), (1,6)
(d) (1,1), (1.3), (1,6), (6,1), (6,2), (6,3), (6,6), (1,6), (1,1)

Q) If a random sample of size two is taken without replacement from a population

containing the units a, b, ¢, and d, then the possible samples are:

(a) (a,b), (a,c), (a,d)
(b) (a,b), (b,c), (c,d)
(c) (a,b), (b,a), (a,c), (c,a), (a,d), (d,a)
(d) (a,b), (a,0), (a,d), (b,c), (b,d), (c,d)
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Chapter 14: Measures of Central Tendency and Dispersion Unit 1

Central tendency refers to the statistical measure that identifies a single value as
representative of an entire distribution. It aims to provide an accurate depiction of the
entire data set.

Measures of Central Tendency:

Mean: The average of a data set, which is divided into:
e Arithmetic Mean: The sum of values divided by the number of values.
e Geometric Mean: The nth root of the product of the values.
e Harmonic Mean: The number of values divided by the sum of the reciprocals of
the values.
Median: The middle value when data is ordered, dividing the distribution into two
equal parts.
Mode: The most frequently occurring value in a data set.

Partition Values:

Quartiles: Divide the data into four equal parts.
Deciles: Divide the data into ten equal parts.
Percentiles: Divide the data into a hundred equal parts.

Ideal Measure Criteria:

Clearly defined.

Easy to understand and compute.
Inclusive of all data points.
Minimally affected by outliers.

Possesses desirable mathematical properties.
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Arithmetic Mean (AM) of ungrouped data:

Example: Find the Arithmetic Mean of the test scores for a small class of 5 students.
The scores are 82, 76, 90, 68, and 79.

To calculate the AM, we would sum all the scores and then divide by the number of
observations (which is the number of students in this case).

. X
Formula is AM =T’ we get:

XX 82+76+90+68+79
AM = ==t : )

In a small company, the weekly wages for 8 employees are as follows (in dollars):
500, 600, 550, 650, 620, 580, 630, 540. Calculate the average weekly wage for
these employees.

QA by Nithin R Krishnan
350




ACADEMY

EH BPI\/U PQ CA Foundation Paper 3 - Statistics

Q) If the mean value of seven numbers 7, 9, 12, X, 4, 11, and 5 is 9, then the
missing number X will be:

(a) 13

(b) 14

(c) 15

(d) 8

Observations with equal spacing,

Example: Consider an evenly spaced set of numbers: 10, 15, 20, 25, 30. Since the
spacing between each number is equal (5 in this case), the AM can be quickly
found by averaging the smallest and largest numbers:

(10+30) _ 5

AM = >

Theory and Generalising

For Observations with equal spacing, the arithmetic mean (AM) is simply the
mean of the two extreme values.

AM of observations = AM of extreme values

This is because in a uniformly spaced series, the mean and the median coincide
and both are equal to the average of the extreme values.

Consider a series of numbers: 12, 17, 22, 27, 32, 37.. What is the arithmetic
mean (AM) of this series?
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Transformation of the Arithmetic Mean by a Constant Factor

For Addition Or Subtraction:

If you add or subtract k to each value in the dataset, the new AM will be the

original AM plus or minus.

Example:

Imagine you have a dataset of exam scores: 70, 75, 80, 85, and 90.

70+75+80+85+90

The AM of these scores is: - = 80

Now, if each student receives 5 bonus points, the scores become: 75, 80, 85, 90,
and 95.

The new AM is:
New AM = Original AM +5 = 85

Now, if each student's 5 bonus points are cut off, the scores become: 75, 80, 85,
90, and 95. The new AM is:

The new AM is:
New AM = Original AM -5 =75

For Multiplication/Division:

Continuing with the original scores: 70, 75, 80, 85, and 90. If each score is
doubled for a new grading scheme, the scores become: 140, 150, 160, 170, and
180. The new AM is:

The new AM is:

New AM = Original AM x 2 = 160

If the situation were reversed, and the scores needed to be halved for some
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reason, the new AM would be:
New AM = Original AM =2 =40

Generalising
When a set of data is modified by applying a constant value k to each
observation, the arithmetic mean (AM) is also transformed in a predictable way.
The rule can be generalised as follows:
1. For Addition/Subtraction:

-New AM = Original AM *+ k
2. For Multiplication/Division:

- New AM = Original AM X kor New AM = Original AM = k
Where k is the constant value applied to each observation in the dataset.

Q) The average age of a group of 10 students was 20 years. The average age
increased by two years when two new students joined the group. What is the
average age of the two new students who joined the group?

(a) 22 years

(b) 30 years

(c) 44 years

(d) 32 years

If the AM of 10 data points is 45 and we multiply each observation by 3, what is
the new AM of the data set?

Combined Mean (x_c)

Example: Two classes took the same exam. Class A, with 25 students, had an
average score of 72. Class B, with 35 students, had an average score of 78. What

is the combined average score for both classes?
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. Tl1X1+Tl2X2
Formulais Xx =
c n +n
1 2
xC=Combined AM,

n,n, are Number of observations in the first and second group resp.

x_l, x_z,are AM of the first and second group

— 25X72+35%78
x =

= ="
I 25435 )

Q) The mean of the first three terms is 14, and the mean of the next two terms is
18. The mean of all five terms is:

Q) The mean weight of 15 students is 110 kg. The mean weight of 5 of them is
100 kg, and of another five students is 125 kg. Then the mean weight of the
remaining students is:

(a) 120

(b) 105

(c) 115

(d) None of these

Q) The average age of 15 students in a class is 9 years. Out of them, the average
age of 5 students is 13 years, and that of 8 students is 5 years. What is the
average of the remaining 2 students?

(a) 5 years

(b) 9 years
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(c) 10 years
(d) 15 years

Q) The average age of 15 students of a class is 15 years. Out of them, the average
age of 5 students is 14 years, and that of the other 9 students is 16 years. The
age of the 15th student is:

(a) 11 years

(b) 14 years

(c) 15 years

(d) None of these

Q) The average salary of 50 men was %80, but it was found that the salary of 2 of
them were %46 and %28, which was wrongly taken as ¥64 and %82. The revised
average salary is:

(a) X80

(b) ¥78.56

(c) ¥85.26

(d) %82.92

Q) A professor has given an assignment to students in a statistics class. A student
computed the arithmetic mean and standard deviation for 100 students as 50
and 5, respectively. Later on, she points out to the student that he has made a
mistake in taking one observation as 100 instead of 50. What would be the
correct mean if the wrong observation is corrected?

(a) 50.5

(b) 49.9

(c) 49.5

(d) 50.1
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Q) The mean of 20 observations is 38. If two observations are taken as 84 and 36
instead of 48 and 63, find the new mean:

(a) 38.45

(b) 41.15

(c) 37.55

(d) 40.05

Q) The mean salary of a group of 50 persons is %5,850. Later on, it is discovered
that the salary of one employee has been wrongly taken as 8,000 instead of
%7,800. The corrected mean salary is:

(a) 5,854

(b) 5,846

(c) %5,650

(d) None of the above.

A baseball team has 30 players with an average height of 6 feet. If 12 of these
players have an average height of 6.5 feet, and another 10 have an average
height of 5.8 feet, calculate the average height of the remaining 8 players.

Q) The mean of the following data is 6. Find the value of 'P":

X|2(4]|6| 10 | P+5

(a) 4
(b) 6
(c) 8
(d) 7
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Q) The table below shows the expenditures of a company (in million rupees) per
item in various years:

Year Salary Fuel and Transport Bonus Interest on Taxes
Loans

1998 288 98 3.00 23.4 83

1999 342 112 2.52 32.5 108

2000 324 108 3.84 41.6 74

2001 336 133 3.68 36.4 88

2002 420 142 3.96 49.4 98

What is the average amount of interest per year which the company had to pay
during this period?

(a) 33.66

(b) 36.66
(c) 31.66
(d) 39.66

Arithmetic Mean for Grouped Data

When calculating the arithmetic mean (AM) for grouped data, you can follow a
straightforward process
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Direct Method for Grouped Data:

The AM is found by dividing the sum of the product of each observation's value
(usually the class midpoint) and its frequency by the total frequency.

Example:

Let’s say we have the following data for a survey on hours spent on leisure
activities per week, grouped by hours

Class intervals (Cl) in|1-3 [4-6 |7-9 |10-12
hours

Frequency (f) 5 8 12 5

To find the class midpoints (x), you would take the average of the upper and
lower boundaries for each interval:

. : . UCB+LCB
Midpoints of each interval = ———

Midpoints 2 5 8 11

Frequency (f) 5 8 12 5

The AM is then calculated as:

> fxa
N

53_(5X2)+(8X5)+(12X8)+(5X11)—67
N 5+8+12+5 o

So, the AM for this set of grouped data is 6.7 hours.

Q)Calculate the average height of a class of students from the following data:
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Height 150-154 | 155-159 160-164 165-169 170-174 175-179
in cm.

No. of 6 11 16 14 9 4
students

Q) Find the mean of the following data:

Class 10-20 | 20-30 | 30-40 | 40-50 50-60 60-70 70-80
Interval

Frequency 9 13 6 4 6 2 3

(a) 23.7
(b) 35.7
(c) 39.7
(d) 43.7

Given that the mean height of a group of students is 67.45 inches. Find out the
missing frequencies (x & y) for the following incomplete distribution of height of
100 students.

Cl 60-62 | 63-65 | 66-68 | 69-71 | 72-74

a) 35, 16 b) 52, 12 c) 42,27 d) 12, 9

QA by Nithin R Krishnan
359




ACADEMY

EH al"l\/u PQ CA Foundation Paper 3 - Statistics

The mean of the following data is 8. Find the value of Q.

X 6 5 Q+3
f 4 3 3
a) 2 b)5 ¢)9 d)11

Special Property of Arithmetic Mean:

Sum of deviations of a set of observations from their Arithmetic Mean (AM) is

= Z[fz‘(a’

Consider a small dataset of five values: 2, 4, 6, 8, 10.

zero

) (i — )

Example:

)| =0

In the given dataset of five values: 2, 4, 6, 8, 10, we'll demonstrate that the sum
of the deviations from the arithmetic mean (AM) equals zero.
Step 1. Calculate the AM of the dataset:

AM =6

Step 2.Calculate the deviation of each value from the AM (which is subtracting
the AM from each value):

e Deviationfor2: 2-6=-4

e Deviationfor4: 4—6=-2

e Deviationfor6: 6—6=0 (since it's the AM)
e Deviation for8: 8—6=2
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e Deviation for 10: 10—6=4

Step 3.Sum these deviations (=4)+(=2)+0+2+4=0

This is a fundamental property of the arithmetic mean which states that if you
calculate the deviation of each observation from the mean (by subtracting the
mean from each observation), and then sum all those deviations, the result will
be zero. This holds true for both weighted and unweighted observations.

Geometric Mean (GM)
e The Geometric Mean (GM) is a measure of central tendency that is

especially useful when dealing with products of variables or percentages
and ratios

e Often used in the contexts of growth rates and finance.
e ltis defined as the nth root of the product of n terms.

e Best measure of Central Tendency, for ascertaining the average rate of
change over a period of time.

GM For Ungrouped data

Example:Find the GM of 3,6 & 12
a)7 b)6 «¢)55 d)7.5

Geometric Mean,G = (X XX XX Xiieurs X )n
1 2 3 n

n is the number of observation

. th . . ..
Finding n root other than square root is not possible in simple calculators. So
students are advised to use option hitting method to solve the questions on GM.

(option)n = Product of observations
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Here n = 3
Try option a)

Then (option)n= (7)3 = 343

Product of observations= 3x6x12=216

(option)n # Product of observations
So Option a) is wrong

Try option b)

Then

(option)n= (6)3 = 216

Product of observations= 3x6x12=216

So (option)n = Product of observations

So G=6

Q)Find GM of 10,15,20,25
a) 15.5487 b) 16.5487 c) 14.5487 d) 17.5487

Q) The geometric mean of 3, 7, 11, 15, 24, 28, 30, O is:

(a) 6
(b)O
(c)9
(d) 12

Q)Find the GM of 50 & 60
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Q) The Geometric Mean of three observations 40, 50, and X is 10. The value of X
is:

a)2

b) 4

c)1/2

d) None of the above

—~ e~~~

GM for grouped data

Example:Suppose you have a dataset of test scores with the following scores and
frequencies:

scores (x) 5 7 10

f 2 3 1

a)6.64 b) 7.4 c) 8.76 d) 5.67

Geometric Mean (GM) for discrete grouped data

N
G=x1f1><x2f2><x3f3>< ........... xf"

N=3f=6

.. th . . . .
Finding n root other than square root is not possible in simple calculators. So
students are advised to use option hitting method to solve the questions on GM.

(Option)N = xlf1 X xzf2 X x3f3 p T x o

Try option a)
Then
(option)"'= (6.64)° = 85705. 46

xlflxx2f2xx3f3=52>< 73>< 101= 85750
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Both are approximately equal
So Option A is the correct answer

Suppose you have a dataset of test scores with the following scores and
frequencies:

scores (x) |4 5 6 7

f 2 3 1 5
a) 4.7b)5.7 ¢)6.7 d)7.7

Combined Geometric mean

If x and y are two variables, the GM of their product Xy is equal to the product of
their individual geometric means

GM(zy) = GM(x) x GM (y)

This means that if you multiply two sets of numbers together and then
calculate the GM of the resulting set, you would get the same result as if
you calculated the GMs of the two original sets separately and then
multiplied them.

X
e Similarly, the GM of the quotient 7is equal to the quotient of their

individual geometric means:

z\ GM(z)
“M\y) =~ am)
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Harmonic mean(HM)

e The Harmonic Mean (HM) is particularly useful when dealing with rates or
ratios.

e It is defined as the reciprocal of the arithmetic mean (AM) of the
reciprocals of a set of numbers.

Harmonic mean(HM) For Ungrouped data

HM =7

Q) The harmonic mean of 1, 1/2,1/3, ..., 1/nis:
(@) 1/(n +1)
(b) 2/(n + 1)
(c) (n+1)/2
(d) 1/(n = 1)

Q) A man travels from Agra to Gwalior at an average speed of 30 km per hour
and back at an average speed of 60 km per hour. What is his average speed?

(a) 38 km per hour

(b) 40 km per hour

(c) 45 km per hour

(d) 35 km per hour

Q) A lady travels at a speed of 20 km/h and returns at a quicker speed. If her
average speed of the whole journey is 24 km/h, find the speed of the return
journey (in km/h):

(a) 25

(b) 30

(c) 35
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(d) 38

Q) The harmonic mean of A and B is 1/3, and the harmonic mean of C and D is
1/5. The harmonic mean of A,B,C,D is:

(a) 8/15

(b) 1/4

(c) 1/15

(d) 5/3

Harmonic mean(HM) For Grouped data

HM = -
Z_

X

Q: Imagine you have a dataset representing the speeds of a car at different
times, and you want to calculate the HM of the speeds:

Speeds 40 50 60
(km/h)
frequencies |1 2 3
Combined HM
n 1+'n 5
Combined HM = ——
1 2
H T H
1 2
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If there are two groups with 75 and 65 as harmonic means and containing 15
and 13 observations then the combined HM is given by
a)65.b)70.36¢) 70d) 71

Relationship between AM, GM and HM

e If the observations are positive and equal, then all three means are
equal, i.e.,
AM = GM = HM.

e If the observations are positive and distinct
AM > GM > HM

e Additionally, for any two observations a and b, the GM can be found as
the square root of the product of AM and HM, which is:

GM =AM x HM

This relationship is useful in various statistical and financial analyses, particularly
when dealing with rates of return or growth rates over time.

Q) If A be the A.M. of two positive unequal quantities X and Y, and G be their
G.M., then:

(a) A<G

(b)A>G

(c)A<G

(d)AZG

Q) If the Arithmetic Mean between two numbers is 64 and the Geometric Mean
between them is 16, the Harmonic Mean between them is:

(a) 64

(b) 4

(c) 16
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(d) 40

Q) The harmonic mean H of two numbers is 4, and their arithmetic mean A and

the geometric mean G satisfy the equation 24 + G2 = 27. Then the numbers
are:

(a) (1, 3)

(b) (9, 5)

(c) (6, 3)

(d) (12, 7)

Q) A person purchases 5 rupees worth of eggs from 10 different markets. You
are to find the average number of eggs per rupee purchased from all the
markets taken together. The suitable average in this case is:

(a) A.M.

(b) G.M.

(c) H.M.

(d) None of the above.

Q) If the A.M. and G.M. of two numbers are 30 and 24 respectively, find the
numbers:

(a) 12 and 24

(b) 48 and 12

(c) 30 and 30

(d) 40 and 20

Q) A fire engine rushes to a place of fire accident with a speed of 110 kmph and
after the completion of operation returned to the base at a speed of 35 kmph.
The average speed per hour in per-direction is obtained as speeds:
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(a) Average of

(b) H.M. of

(c) G.M. of

(d) Half of H.M. of

Q) The A.M. and H.M. of two numbers are 5 and 3.2 respectively. Then G.M. will
be:

(a) 4.4

(b) 4.2

(c) 4.0

(d) 3.8

MEDIAN V/S PARTITIONS

Median

Definition: The median is the value that lies in the middle of a dataset when it is
ordered in either ascending or descending sequence.

Significance: It is considered a positional average because its value is determined
by the position within the ordered list, not by the actual magnitude of the
values.

Usage: Median is particularly useful in datasets with outliers or non-symmetric
distributions, as it accurately reflects the center of the dataset without being
affected by extreme values.

Like the arithmetic mean (AM), the median is also rigidly defined, which means it
has a specific calculation method and is not influenced by the actual values of
the data, just their position.
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Partitional Values

Definition: Partitional values are specific data points that divide the dataset into
equal parts.

Types:
Quartiles: Divide the data into four equal parts. The second quartile is the
median of the data.

Deciles: Divide the data into ten equal parts.

Percentiles: Divide the data into one hundred equal parts, with each percentile
representing 1% of the dataset.

Usage: These are used for understanding the distribution of data, such as
determining the spread or variability, and for comparing different sets of data.
They are also vital in the construction of box plots in exploratory data analysis.

Median (M) for Ungrouped Data

Example:Suppose we have the following set of test scores from a small class: 55,
60, 65, 70, 75.

Since there are 5 scores (an odd number of observations), we find the median by
taking the middle score. The observations are already in ascending order, so we

n+1 th
2

don't need to sort them. With 5 scores, the middle position is the (

observation.

n+1 th . rd .
l.e Here n=5, So - observation=3 observation

Therefore, the median (M) is the 3rd observation, which is 65.
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Another Example for an Even Number of Observations:
Now, let's say another score is added to the list, making it: 55, 60, 65, 70, 75, 80.

We now have 6 scores (an even number of observations), so we find the median
by averaging the 3rd and 4th scores. The 3rd score is 65, and the 4th score is 70.

th
n
To find the median:the median is the average (AM) of —5— observation and

2
n+2 th )
> observation

65+70 135
2 2

M = 67.5

Calculation | Arrange numbers in ascending or descending orders
Method:

e If the number of observations (n) is odd, the median (M) is

th
the ( n42—1 ) observation.

e |f the number of observations (n) is even, the median (M) is

1th nt2 th
2 2

the average (AM) of observation and (

observation.

Q)Determine the median of the following set of numbers:
12,37, 24,45, 29, 11, 33.

Q) The median of x. %, %, %,is 22.Find x where x> 0:

(a) 24
(b) 32
(c)8

(d) 16
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Q) In a class of 11 students, 3 students failed a test. 8 students who passed
secured 10, 11, 20, 15, 12, 14, 26, and 24 marks respectively. What will be the
median marks of the students?

(a) 12

(b) 15
(c) 13
(d) 13.5

Q) The median of the following numbers, which are given in ascending order, is
25. Find the value of XX:

11,13, 15, 19, (X + 2), (X + 4), 30, 35, 39, 46

(a) 22
(b) 20
(c) 15
(d) 30

Median for Continuous grouped data

Median for Continuous grouped data

Narration with an example

Let's narrate the concept of finding the median for continuous grouped data with
a new example

Example: Suppose we have a frequency distribution of the daily number of
customers visiting a café over a month:

Daily 0-9 10-19 |20-29 |30-39 |(40-49
Customers (Cl)
f 5 10 20 15 7
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To find the median:

Step1 Calculate Cumulative Frequency (CF):

We first calculate the cumulative frequency for each class interval. This is a
running total of the frequencies as we move through the intervals.

Step 2 Determine the Median Class:

The median class is the class in which the median lies.

To find this, we identify the interval where the cumulative frequency exceeds
half the total number of observations (%).

If the class intervals are inclusive then we shall convert them into exclusive
classes by setting up new boundaries

Step 3 Apply the Median Formula:

We use the median formula for continuous data:
N
< cf

M= ll -+ (ET) KiC

° llis the lower boundary of the median class.

e cf is the cumulative frequency of the class intervals before the median
class interval.

e fisthe frequency of the median class interval.

e cis the width of the class intervals.

Daily Customers 0-9 10-19 20-29 30-39 40-49
(c)
Exclusive class -0.5-9.5 9.5-19.5 19.5-29.5 29.5-39.5 39.5-49.5
f 5 10 20 15 7
LCF 5 15 35 50 57
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N = 57

N

The median classis 19.5 — 29.5
l1=19.5, cf=15, f=20,c = 10

28.5—15

M=19.5+( "

)x 10 = 26.25

Q) Find the median of the following:

Cl. (0-10( 10-20 | 20-30 | 30-40 | 40-50

f 2 3 4 5 6

(a) 35
(b) 32
(c) 36
(d) 37.5

Q) Find the median of the given data:

Cl 0-9 10-19 20-29 30-39 40-49
F 10 30 50 30 10
a) 24.5
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b) 25.0
c) 26.0
d) 23.5

Q) Find the median of the given data:

Cl 0-20

20-40

40-60

60-80

80-100

20

25

20

15

a) 48.5
b) 50.0
c)51.2
d) 49.0

Mode (2)

Mode (2)

Narration with an example

Imagine a fashion retailer tracking the number of each size of jeans sold over a

month.

The sales data is as follows:

Size 28: 10 sales
Size 30: 25 sales
Size 32: 40 sales
Size 34: 15 sales
e Size 36: 5 sales

In this dataset, size 32 jeans have the highest frequency of sales, with 40 pairs
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sold. Therefore, the mode of the jean sizes sold is size 32.
This indicates that the most popular, or fashionable, size among customers is size
32 — hence the term "Fashionable Average."

The concept of "Mode" refers to the value that appears most frequently in a
dataset. To put it another way, it's the number or category that occurs the most in
your data collection, which can indicate the most common outcome or
preference among the measured items.

It’s also possible for a dataset to have more than one mode. If another size had
also been sold 40 times, then the dataset would be bimodal, indicating two
modes. If there are more than two modes, it is referred to as multimodal.

Mode for Discrete Distribution

Question 1 | Find mode for the observations 1,3,3,4,6,7

Question 2 | Find mode for the observations 1,3,3,4,4,6

Question 3 | Find mode for the observations 1,3,4,5,6,7

Mode for discrete grouped Distribution

Question 1
Imagine a fashion retailer tracking the number of each size of jeans sold over a
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month. The sales data is as follows:

Size M L XL XXL
No of sales 8 12 6 3
Find mode

Mode for continuous grouped Distribution

Mode for continuous grouped Distribution

Narration with an example

Example:Find the mode of the distribution

Weight(kg)

60-62

63-65

66-68

69-71

72-74

f

14

117

132

123

19

Step 1:

If the class intervals are inclusive then we shall convert them into exclusive

classes by setting up new boundaries

Weight(kg)

59.5-62.5

62.5-65.5

65.5-68.5

68.5-71.5

71.5-74.5

f

14

117

132

123

19

Step 2: Finding the modal class; Class with the highest frequency

Here Modal Class is 65.5-68.5

Step 3: Apply the below formula
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Z—1 4 fi—To “ O

2f1— fo— [

° l1is the lower class boundary (LCB) of the modal class,

° flis the frequency of the modal class (the class with the highest frequency),
° fois the frequency of the class preceding the modal class (pre modal class),
° fzis the frequency of the class following the modal class (post modal class).

e (isthe length of the class interval (modal class length),

Here

[ = 65.5 f, =132, f, =117

f2=19 C =68.5—655=3

. 132—-117 1
Z =655 + (gagy)X 3 = 65.85
Note: The Final Answer should fall within the Modal Class.
Generalising
Step 1:

If the class intervals are inclusive then we shall convert them into exclusive
classes by setting up new boundaries

Step 2: Finding the modal class; Class with the highest frequency

Step 3: Apply the below formula

Z—1 4 fi — Jo « O

2f1— fo— [

° llis the lower class boundary (LCB) of the modal class,

° flis the frequency of the modal class (the class with the highest frequency),

° fois the frequency of the class preceding the modal class (pre modal class),

° fzis the frequency of the class following the modal class (post modal class).
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e (isthe length of the class interval (modal class length),

Note: The Final Answer should fall within the Modal Class.

Q) Find the mode of the following data:

Class 3-6 6-9|9-12|12-15|15-18 | 18-21
Interval

Frequency 2 5 10 23 21 12

(a) 25
(b) 4.6
(c) 14.6
(d) 13.5

Question 2

Find the mode of the distribution for the given data on the number of hours
students spend studying per week:

Hours Studied (Cl) 10-14 15-19 | 20-24 25-29 |[30-34
Frequency (f) 12 18 23 10 11
Question 3

Determine the median and modal sales for the following data, which represents
the sales volume in '000 units for a series of retail stores:

Sales Volume in '000 units | Below 50 | Below Below Below 200 | Below 250
100 150
Number of Stores 8 20 35 12 11
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Relationship between mean, Median & mode

The relationship between the mean, median, and mode for different types of
distributions can be understood with examples:

Symmetrical Distribution:

Narration with an example

Example: The heights of a group of people are 160, 165, 170, 175, 180 cm. The
dataset is symmetrical around 170 cm, so the mean = median = mode =170 cm.

In a perfectly symmetrical distribution, all measures of central tendency are
equal.

Mean= Median= Mode

For Positively Skewed (Skewed Right) Distribution:
Narration with an example

Example: Consider income data where a few high earners increase the average:
30K, 30K, 40K, 45K, and 200K. Here, the mean is higher than the median (40K),
and the mode is the most frequent value, 30K.

in a positively skewed distribution, the mean is greater than the median, which
is in turn greater than the mode.

mean > median > mode.

For Negatively Skewed (Skewed Left) Distribution:
Narration with an example

Example: In a test where most students did exceptionally well except a few, the
scores might be 95, 95, 95, 90, 55. The mode is 95, the median (middle value) is
95, but the mean is dragged down by the low score of 55.

In a negatively skewed distribution, the mode is greater than the median, which
is greater than the mean.

QA by Nithin R Krishnan
380



ACADEMY

EH al"l\/u PQ CA Foundation Paper 3 - Statistics

mode > median> mean

For Moderately Skewed Distribution:

Narration with an example

Example: If we have a moderately skewed distribution of test scores with a
mean of 75 and a median of 70, we can estimate the mode using Pearson’s
coefficient of skewness as follows:

mode = 3 median - 2 mean = 3(70) - 2(75) =210 - 150 = 60.

The empirical rule known as Karl Pearson’s coefficient of skewness states that

for a moderately skewed distribution, the difference between the mean and
mode can be related to the mean and median through the formula:

Mean-mode = 3(mean-Median) Or Mode = 3median - 2Mean

Q) If the difference between the mean and mode is 63, then the difference
between the mean and median will be

(a) 63

(b) 31.5

(c) 21

(d) None of the above

Q) If the mode of a data is 18 and the mean is 24, then the median is:
(a) 18
(b) 24
(c) 22

)
(d) 21

Q) The pair of averages whose value can be determined graphically?
(a) Mode, Median

(b) Mean, Mode

(c) Mean, Median
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(d) None of the above

Q) For a moderately skewed distribution of marks in commerce for a group of
200 students, the mean marks and mode marks were found to be 55.60 and 46.
What is the median marks?

(a) 55.5

(b) 60.5

(c)52.4

(d) None of these

Q) The ordering of a particular design of a cloth showroom, a size,
would be more appropriate.

(a) Median

(b) Mean

(c) Mode

(d) All of these

Q) In a moderately skewed distribution, the values of mean & median are 12 &
8 respectively. The value of mode is:

(a)0

(b) 12

(c) 15

)
(d) 30

Q) Which of the following is a positional average?
(a) Med|an
(b) G

(c)H

(d) A M

Q) Along a road, there are 5 buildings of apartments, marked as 1, 2, 3, 4, 5. The
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number of people residing in each building is available. A bus stop is to be set
up near one of the buildings so that the total distance walked by the residents
to the bus stop from their buildings must be kept to a minimum. One must
consider involving to find the position of the bus stop.

(a) Mean

(b) Median

(c) Mode

(d) Weighted mean

Q) Which one of these is least affected by extreme values?
(a) Mean

(b) Median

(c) Mode

(d) None

Effect of Extreme Values on Mean, Median, and Mode

® Arithmetic Mean (AM):

o Affected by extreme values and sampling fluctuations.

o The sum of deviations from the mean is always zero: ) (x—x7)=0
e Median:

o Not affected by extreme values or sample fluctuations.
O The sum of absolute deviations is minimum when taken from the
median: ¥ [ x—M| is minimum
e Mode:

o May or may not be affected by extreme values.
o Mode represents the most frequently occurring value in a dataset.
e The mean is useful when data is symmetrically distributed, but it is
sensitive to outliers.
e The median is a better measure of central tendency for skewed
distributions.
e The mode is useful for categorical data and identifying the most common
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value in a dataset.

Question

Determine the mean,median and Mode from the following cumulative
frequency distribution of grades in a class.

Grades (Less Less than 60 Less than 70 Less than 80 Less than 90 Less than 100
than)
Number of 6 14 24 32 37
Employees
Partitions
Quartiles

Narration with an example

Example: If we have test scores for 20 students, the scores are sorted, and we
look for the 5th, 10th, and 15th scores as the quartiles, assuming no two scores
are the same.

These divide data into four equal parts. The first quartile (Q1) is the value below
which 25% of the data can be found. The second quartile (Q2) is the median of
the dataset, and 50% of the data lies below it. The third quartile (Q3) marks the
point below which 75% of the data is found.

There are 3 partition points: Q1, Q2, and Q3.

Deciles

Narration with an example

Example: In a dataset of 100 sorted values, the 10th value is D1, the 20th value
is D2, ... up to the 90th value, which is D9.
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Divide the data into 10 equal parts, meaning each decile represents 10% of the
distribution. The first decile (D1) has 10% of the data below it, the second decile
(D2) has 20% of the data below it, and so on, up to the ninth decile (D9), which
has 90% of the data below it.
There are 9 partition points.

Percentiles

Narration with an example

Example: National test scores are often reported in percentiles. If a student is in
the 85th percentile, they scored better than 85% of all students who took the
test.

Percentiles divide a dataset into 100 equal parts. There are 99 percentile points,
each marking the point below which a certain percentage (from 1% to 99% at

intervals of 1%) of the data falls.

There are 99 partition points.

Partitions For Ungrouped data

Quartiles

Q = [ —(n + 1)]th Value i=123

n is number of observations

Q1’ Lower Quartile or First Quartile, i = 1
Q3, Upper Quartile, third Quartile,i = 3

Qz’ Median or second Quartile, i = 2

Q, 10,

Median M = Q2 T

Example 1: Find the value first quartile for the following observations:
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14, 16, 13, 15, 20, 18, 19, 22
Step 1: Arrange the observations in ascending or descending orders
13,14,15,16,18,19,20,22
n =238
Step 2 : Apply the formula
Ql, = [%(n + 1)]th Value

Here we are asked to find value of first quartilesoi = 1

L th
So, Q1 = [T(n + 1)] Value

1 th
Q1 = [7(8 + 1)] Value
= 2.25thValue

= anvalue + 0.25 X 3rdvalue — anvalue)
= 14 +.25 x (15 — 14)
= 14.25

Question
Find the value of first, second & third quartiles of the given observations
11,13,14,17,15,23,22,32,44,31,43

Deciles

. th
N P —
Di = [—10 (n + 1)] Value i=123,4..9

n is number of observations
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Percentiles

P =

i

th
n+1 Value i=1,234
100 (

n is number of observations

98,99

Q) 50th Percentile is equal to

(a) Median

(b) Mode
(c) Mean
(d) None

Q) The 3rd decile for the numbers 15, 10, 20, 25, 18, 11,9, 12 is

(a) 13

(b) 10.70
(c) 11.00
(d) 11.50

Question

Following are the wages of the labourers: %90, %50, %120, %75, X75, %80, %82,

%56. Find Ql, D6, P82
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For discrete grouped data

Quartiles i th ,
Qi = [T(N + 1)] Value i=123
N = Xf ,f isthe corresponding frequency
Deciles T th
Di = [T(N + 1)] Value
i =1,2,3,4..9
N = Xf , f isthe corresponding frequency
Percentiles i th
g [W(N + 1)] Value
i=1,23,4..98,99
N = Xf , fisthe corresponding frequency
Example 1
Find P
45
X 3 4 5 9 10
f 3 5 11 |5 2
Step 1: Find LCF
X 3 4 5 9 10
f 3 5 11 |5 2
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LCF

24 |26

N=26

P

. th
Step 2: Use the equation P, = [TIO(N + 1)] Value

th
= [ 100 (26 + 1)] Value

45
= 12. 15 Value
=5

Question
Find P50
X 2 4 6 8 10
f 3 5 11 5 2

For Continuous grouped data:-
Quartiles N —cf

Q=1 + [—P— X C

[ 1 f

For Quartiles , Np = %N
Deciles N —cf

D =1 + [ . ]x C

[ 1 f
For Deciles N = %N
p 0

Percentiles N, —cf

P = l + [ ]x C

f
QA by Nithin R Krishnan

389



&>

I"I\/U PQ CA Foundation Paper 3 - Statistics

ACADEMY

For Percentiles Np

=;’N

100

Here Np > cf

cf is the cumulative frequency
f is the frequency of partition class
l1 is the LCB of Partition class

l2 UCB of Partition class
C is the length of the class, C = l2 - l1

What is partition

Class?

Partition class
frequency class.

is the class just after the cumulative

How to find the

Step 1: Compute LCF

answer? Step 2 : Find Np Value
Step 3: c¢f value is the LCF value just less than Np Value
Step 4: Partition class is the class just after cf.
Step 5: Use formulas and find the answer.

Example 1

Calculate Q1’ D8, P62 for wages of the labours given below:

Wages (Rs.) 30-32 | 32-34 |34-36 36-38 38-40 40-42 42-44
Labourers 12 18 16 14 12 8 6
Step 1: Compute LCF

X 30-32 [ 32-34 | 34-36 |36-38 (38-40 |40-42 42-44

f 12 18 16 14 12 8 6

Lef |12 30 46 60 72 80 86

QA by Nithin R Krishnan

390



ACADEMY

EH BPI\/U PQ CA Foundation Paper 3 - Statistics

To find Q1
Step2:Find N Value N = —N,herei =1, N = 86

N =--x 86 =215
p

Step 3: cf value is the LCF value just less than Np Value i.e less than 21.5

So, cf =12
Step 4: Partition class is the class just after cf.

cf is 12, So partition class is 32-44

N —cf
Step 5: Use formula Qi = l1 + ”f X C

Heref = 18,1 = 32,1,=34= C =2, ¢f = 12,N = 2L5

Q, =32 +[%]x 2 = 33.056

Similarly find D8, P62

Question 1
The third quartile and 65th percentile for the following data are

Profits in '000 ¥ | Less than 10 10-19 20-29 30-39 40-49 50-59
No. of firms 5 18 38 20 9 2
Question 2
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Following distribution relates to the distribution of monthly wages of 100
workers.

Wages in ¥ Less than 500 500-699 700-899 | 900-1099 | 1100-1499 More than 150(

No. of 5 23 29 27 10 6
Workers

Calculate Q3, D7, P23

Changes in Origin & Scale

Changes in Origin & Scale
Narration with an example

If x & y are 2 variables related as ax + by + ¢ = 0 & a Central tendency of x is given.
Then how will you find the central tendency of y.

Example: If x & y arerelatedas3x-4y-10 = 0 & x is 15. Find AM of y

Step 1 Solve y

3x-4y-10 = 0
3x-4y = 10
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_ 3x-10

Step 2 Replace x by x and y by ; & Solve ;

So; _ 3x1i—10 _ 345 _ g 75
Generalising Step 1 Solvey
Step 2 Replace x by central tendency of x

&
Replace y by central tendency of y

Q) If two variables 'x' and 'y' are related as 2z — y = 3, if the median of 'x' is 10,
what is the median of 'y'?

(a) 4
(b) 17
@5
(d) 6

Q) The relationship between two variables  and ¥ is given by 4¢ — 10y = 20. If the median value
of the variable x is 10, then what is the median value of variable y?

(a) 1.0

(b) 20

(c) 3.0

(d) 4.0

Q) If y = 3 + 1.9z, and mode of z is 15, then the mode of y is:
(a) 159
(b) 27.8
(c) 35.7
(d) 31.5
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Mathematical Properties of AM, GM, and HM

Weighted Arithmetic Mean (Weighted AM)
The Weighted AM is calculated as:

where w represents the weight assigned to each value .
Weighted Harmonic Mean (Weighted HM)

The Weighted HM is given by:

This is useful in scenarios where rates and ratios are involved.

Weighted Geometric Mean (Weighted GM)

The Weighted GM is calculated as:

Weighted GM = Antilog (

This is useful for percentage growth rates and multiplicative processes.

Sw-z

Weighted AM = Sa

> w

3. (3)

i

Q) When each value does not have equal importance, then

(@AM
(b)GM
(c)HM
(d) Weighted Average

Dispersion

Dispersion:

e Dispersion in statistics refers to the extent to which a set of
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values is spread out or clustered together.

e |tis a measure of how the data points in a dataset are
distributed around the central tendency (mean, median, or
mode).

e Central tendency measures are said to be first order
measures , whereas Dispersion measures are said to be
2nd order measures

Purpose of
Dispersion:

e Dispersion helps to understand the variability or
consistency within a dataset.

e It can reveal whether the data points are generally close to
the mean or if they vary widely, which could significantly
impact interpretations and decisions based on the data.

Measures of

e |In statistics, measures of dispersion are categorized into

Dispersion two main types: absolute measures and relative measures.
Absolute Measures Relative Measures

e Absolute measures of dispersion e Relative measures, also known as
are expressed in the same units as measures of relative variation, are
the data. unitless.

e They provide an actual value of e They provide a measure of spread
spread without context to the mean in relation to the size of the mean
or any other related measure. or another average value.

Examples Examples

1) Range 1) Coefficient of Range.

2) Mean Deviation (MD) 2) Coefficient of MD

3) Standard deviation (SD) 3) Coefficient of variation (cv)

4) Quartile Deviation (QD) 4) Coefficient of QD

Range & Coefficient of Range
Range Example: Let's say you have a dataset representing the ages of a

group of people: 23,29, 31, 44,52, 58 To find the range:
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Narration with
an example

Step 1 Identify the largest observation (L), which is 58 in this case.
Step 2 Identify the smallest observation (S), which is 23 here.
Step 3 Apply the Range formula:

R=L-S

R =58 — 23 =35

Q) If the range of a set of values is 65 and the maximum value in the set is 83, then the
minimum value in the set is:

(a) 74
(b) 9
(c) 18

(d) None of the above

Theory &
Generalisation

The range is a measure of dispersion that indicates the spread
between the largest and smallest observation in a dataset.

For both grouped and ungrouped data set. It's calculated by
subtracting the smallest value (S) from the largest value (L) in the
data set.
R=L-S5
L is the largest Observation
S is the smallest Observation

Coefficient of
Range

Example: Let's consider the same dataset representing the ages of a
group of people: 23,29, 31, 44,52, 58 To find the coefficient of
range:

Step 1 Identify the largest observation (L), which is 58 in this case.
Step 2 Identify the smallest observation (S), which is 23 here.
Step 3 Apply the Coefficient of Range formula:

Coefficient of Range = ( ) X 100

L+S

58-23
58+23

Coefficient of Range = ( )X 100 = 43.2
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Q) If L1 = highest observation and Ls = smallest observation, then Coefficient of Range =
(a) ’ij}é x 100
(b) £ T +L2 x 100
() Ptz x 100

() ffii x 100

Q) The marks secured by 5 students in a subject are 82, 73, 69, 84, 66. What is the
coefficient of Range?

(@) 0.12

(b) 12

(c) 120

(d) 0.012

Q) Following are the wages of 8 workers: 82, 96, 52, 75, 70, 65, 50, 70. Find the range
and coefficient of range:

(a) 46, 32.70
(b) 43,31.50
(c) 46,31.50
(d) 43, 32.70
Mean Deviation (MD) & Coefficient of Mean Deviation
Mean Deviation e The concept of Mean Deviation (MD) is a statistical measure
(MD) that captures the average distance between each data point

in a set and a central point of the dataset.

e The central point can be the mean or the median of the
dataset.

e This measure is also referred to as the average deviation.

e The Mean Deviation about the mean tends to be larger than
the Mean Deviation about the median.

Mean Deviation | Mean Deviation about the mean is calculated by taking the sum of
(MD) For the absolute differences between each data point (x) and the mean (

ungrouped data: ;) and then dividing by the number of observations (n).
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T|x—x
MD about mean = 2=
Mean Deviation about the median is similar, but uses the median
(M) instead of the mean. This can sometimes give a better
representation of MD, especially for skewed distributions, as the
median is less affected by extreme values.

MD about median = Zle=M]

Mean Deviation
(MD) For grouped
(both for discrete
& Continuous)

MD about mean = %

MD about median = w

Coefficient of
Mean Deviation

The coefficient of mean deviation is a relative measure of dispersion
that standardizes the mean deviation by comparing it to the central
measure.

Coef ficient of MD about the Mean = —222outmean o 10

mean

MD about Median

Median X 100

Coef ficient of MD about Median =

Question 1

What is the value of mean deviation about mean & coefficient of MD about
mean for the numbers 3,7,6,8,12

= _ 3+7+6+8+12

Mean, x = ————=7.2
T|x—x 3-7.2|+|7=7.2|4|6—7.2|+|8—7.2|+|12—7.2
MD about mean = |n|=| I+ I+ 5" I+ |

4.2+.2+1.2+.8+4.8
= s = 2.24

Coefficient of MD about the Mean = MD about mean_ 10

mean

2.24
=221 x 100 = 31.11
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Q) The coefficient of mean deviation about the mean for the first 9 natural numbers is:
(a) 20
(b) 80
( 3¢
(d) 50

Q) What is the value of mean deviation about the mean from the numbers 5, 8, 6, 3, and
4?

(a) 5.20

(b) 7.20
(c) 1.44
(d) 2.23

Q) Mean deviation is the least when deviations are taken from:
(a) Mean

(b) Median

(c) Mode

(d) Harmonic mean

Q) The mean deviation of the numbers 3,10, 6,11, 14,17, 9, 8, 12 about the mean is
(correct to one decimal place):

(a) 8. 7

(b) 4.
(c) 3. 1
(d) 9.8

Q) The mean deviation of the data 3, 10, 10, 4, 7, 18, 5 from mode is:
(a) 4.39

(b) 4.70
(c) 4.14
(d) 5.24

Q) Find the mean deviation about the mean for the data 12, 16, 21, 30, 35, 39, 40:
(@) 9.14
(b) 9.63
(c) 8.91
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(d) 9.81
Question
Calculate the mean deviation about mean for the following distribution
X 10 20 30 40 |50
f ) 4 6 7 2
Question

Calculate the mean deviation about Median for the following distribution

X 10-20 |[20-30 | 30-40 |40-50 |50-60
f 5 4 6 7 2
Standard deviation (SD) & Coefficient of Variation (CV)
Standard Standard deviation is the positive square root of the average of the

deviation (SD)

deviations of all the observations taken from the mean

— 2
Z(x—x)
n

SD =

Variance

It is the square of Standard deviation

Coefficient of
Variation (CV)

The Coefficient of Variation (CV) is a statistical metric used to assess
the relative variability of a dataset in relation to the mean of the
dataset.

It is a useful tool for comparing the degree of variation from one
dataset to another, even if the means are drastically different.

_ D
CV = TR 100

SD is the standard deviation of the dataset.
AM is the arithmetic mean (average) of the dataset.
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Standard
deviation (SD)
For

Example: Consider a small dataset of five test scores: 70, 80, 85, 90,
75.Find the Standard deviation ,Variance & Coefficient of Variation.

Ungrouped Step 1:Calculate the mean x
data — _ 70+80+85+90+75 __
X = - = 80
Step 2: Using Equation of Standard Deviation
— 2
Sp = / X(x—x)
n
- 2
S(x —x) =100 4+ 0 + 25 + 100 + 25 = 250
250
SD =+ /= =/50
Variance = SD° = 50
.. . __SD _ 450

Coefficient of Variation (CV) = -7~ X 100 = —7= x 100
Formula for — _
Standard SD = /=2 o ¥ = ET
deviation (SD)
For 0

r

Ungrouped
data

SD =~/ Zjl‘z )

Q) The sum of squares of deviation from the mean of 10 observations is 250. The mean of the data is

10. Find the coefficient of variation.

(a) 10%
(b) 25%
(c) 50%
(d) 0%
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Q) The variance of data: 3,4, 5, 8 is
(a)4.5
(b) 3.5
() 5.5
(d)6.5

Q) The standard deviation of the weights (in kg) of the students of a class of 50 students was
calculated to be 4.5 kg. Later on, it was found that due to some fault in the weighing machine, the
weight of each student was under-measured by 0.5 kg. The correct standard deviation of the weight
will be:

(a) Less than 4.5

(b) Greater than 4.5

(c) Equal to 4.5

(d) Cannot be determined

Q) If the mean of a frequency distribution is 100 and the coefficient of variation is 45%, then the
standard deviation is:

(a) 45

(b) 0.45

()45

(d) 450

Q) If the sum of squares of the values = 3390, N = 30, and standard deviation = 7, find out the
mean.

(@) 113

(b) 210

8

{d) None of these
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Q) Standard deviation for the marks obtained by a student in a monthly test in mathematics (out of
50) as 30, 35, 25, 20, 15 is:

(a) 25

(b) v/50

(9 V30

(d) 50

Q) If the standard deviation for the marks obtained by a student in a monthly test is 36, then the
variance is:

(@) 6

(b) 36

(c) 1296

(d) None of the above

Q) Coefficient of variation is 80. Mean is 20. Find variance:
(a) 640

(b) 256

(c) 16

(d) 250

Q) If the numbers are 5, 1, 8, 7, 2, then the coefficient of variation is:
(a) 56.13%
(b) 59.13%
(c) 48.13%
(d) 44.13%

Q) If the standard deviation of data 2, 4, 5, 6, 8, 17 is 4.47, then the standard deviation of the data 4,
8 10,12, 16,34 is:

(a) 447

(b) 8.94

(c) 13.41

(d) 2.24
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Standard Example: Find the SD, Variance & Coefficient of Variation for the
deviation (SD) | following
For grouped Class intervals (Cl) in hours | 1-3 46 |79 |10-12
data
Frequency (f) 5 8 12 5
Step 1: Find x
Midpoints x 2 5 8 11
Frequency (f) 5 8 12 5
The AM is then calculated as:
= 3 PN
o N
N = 3f
F = (5%2)+(8x5)+(12x8)+(5x11) __ 6.7
_ 5+8+12+5 o
Step 2 Use Standard deviation (SD) For grouped data
5f.(x—x)’
(x—x
SD = >
2 2 2 2
. 5%x1.7 +8x1.3 +12x5.3 +5x1.7
= \/ 30 =+/12.65
. 2
Variance = SD = 12.65
Coefficient of Variation (CV) =—— X 100 = @ x 100
Formula for Standard deviation (SD)For grouped data
Standard

deviation (SD)
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For grouped —
data SD = 1/—”'(’;,_“ where N = 3f
SD = \/ MY (%Y

Q)Calculate the SD, Variance & Coefficient of Variation in height of a class of students
from the following data:

Heightin | 150-154 155-159 | 160-164 | 165-169 170174 | 175-179
cm.
No. of |6 11 16 14 9 4
students

Question

Determine the SD , Variance & Coefficient of Variation on time spent on homework
each week by students in a high school from the following data:

Time in Hours 0-2 | 3-5 | 6-8 9-11 | 12-14

No. of students 5 12 |20 8 4

Property of Standard deviation

The standard deviation (SD) when considering only two numbers, a and b. The formula
is:

Jda—bl

SD =-—

Shift of Origin: If you add or subtract a constant from all data points (shifting
the data set on the number line), the standard deviation does not change.

Change of Scale: If you multiply or divide all data points by a constant (changing
the scale of measurement), the standard deviation will change proportionally.
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To give an example with actual numbers: Suppose a=15 and b=5, the standard
deviation would be calculated as:

sp =1L =5

If you add 10 to both numbers (shift of origin), now a=25 and b=15, the new

standard deviation would still be:
Sp = |25;15| _ 5

However, if you double both numbers (change of scale), now a=30 and b=10, the
new standard deviation would be:

SD = '302;10' = 10, SD also Doubles

Combined SD
Example:Let's say we have two groups of data:

Group 1: n, = 10, }1 =70, &S =5
Group 2: n,= 15, ;2 = 80, &52 =7
Here n,n,areno. of observations El&EZ are AM, 51’ 52 are SD

To Find combined Standard Deviation
Formula for Combined SD,

‘tns’4nd’+nd’
n Sl nZSZ nl 1 n2 2

Combined SD = -

n -n
1+2

, - N2 , - 2
d1 =(x1—xc) & d2 =(x2—xc)
X is the combined mean

; _ nx +nx,
n +n
¢ 1,

Step 1: Find ;C
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XX, 10%70+15%80
c nl+n2 - 25

=76

R
Il

Step 2: Find dlz& dz2

_ _\2
d’ = (xl —xc) = (70 — 76)° =

2 (- =)\ 2
d2 =(x2—xc) =(80 — 76) =

Step 3: Apply Combined SD Formula and substitute the values

nsz+nsz+nd2+nd2
Combined SD = 1l z2 1 22

n1+n2

Combined SD = \/ 10x52+15><72;0x36 +15x16 _ - g¢

Question 1

Factory A has 30 employees with a mean salary of ¥ 4,800 and a standard deviation of
salary ¥ 10.

Factory B has 20 employees with a mean salary of ¥ 5,000 and a standard deviation of
salary ¥ 12.

The questions are:

(i) Find the combined mean salary and standard deviation of salary.

(i) Examine which factory has a more consistent salary structure as far as satisfying
its employees is concerned.
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Q) The mean and variance of a group of 100 observations are 8 and 9 respectively. The mean and
standard deviation of 60 observations are 10 and 2, respectively. Find the standard deviation of the
remaining 40 observations.

(@) 45

(b) 35

(25

(d)1.5

Standard The standard deviation (SD) of the first n natural numbers, or the
deviation (SD) | formula for the standard deviation of any sequence of n consecutive
of the first n | natural numbers.

natural

numbers SD of the first n natural numbers =

12

Q) If the standard deviation of the first ‘'n' natural numbers is 2, then the value of 'n’ is
(a) 10

(b)7
(c)6
(d)5
Quartile Deviation (QD) & Coefficient of Quartile Deviation
Quartile It is the average of the distances from the median to the first quartile
Deviation (QD) (Q1, the 25th percentile) and the third quartile (Q3, the 75th

percentile).

It essentially measures the spread of the middle half of the data.
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It is particularly useful for open-ended classifications where you
don't have detailed data about the lower and upper extremes of the
distribution.

Formula for Q,~Q,
Quartile ob =
Deviation (QD)

Q,—Q,is called as the inter quartile range

Q3, Q1 are Third & First Quartile

Coefficient of Q,- Q, oD
Quartile Coefficient of QD = ) ==
Deviation 0te

M is the median = >

Example

Find the value quartile deviation & Coefficient of Quartile Deviation for the following
observations:

14,16,13,15, 20,18, 19, 22

Step 1 : Arrange the observations in ascending or descending orders
13,14,15,16,18,19,20,22
n=28
Step 2 : Apply the formula & Find Q,&Q,
. th
Q= [%(n + 1)] Value
Here we are asked to find value of first quartilesoi = 1
So, Q,= [%(n + 1)]th Value
" th
Q1 = [7(8 + 1)] Value

= 2. 25th Value

= an value + 0.25 X 3rdvalue — an value)
14 +.25 x (15 — 14)
= 14.25

th
similarly @, =[-8 + 1)| Value = 6.75th value

= 6thvalue 4+ 0.75 % (7thvalue— 6thvalue) =19 + 0.75 = 19.75
Step 3 :Use the QD formula

Q,-Q -
QD = 32 1L 19.75214.25 — 2 75
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Step 4: Use the Coefficient of Quartile Deviation formula

. _ 9=0Q,  1975-1425
Coefficient of QD = 0r0, T To7stiazs 0.08

Q) Inter Quartile Range i1s _____ of Quartile Deviation.
(a) Half

(b) Double

(c) Triple

(d) Equal

Q) If mean = 5, standard deviation = 2.6, median = 5, and quartile deviation = 1.5, then the
coefficient of quartile deviation equals:

(a) 35

(b) 39

(c) 30

(d) 32

Q) The formula for the range of middle 50% items of a series is:

@ Q3 — &
(b) Q3 — Q2
(€ Q2— 1
(@ S

Q) If the first quartile is 142 and the semi-interquartile range is 18, then the value of the median is:
(a) 151

(b) 160

(c) 178

{d) None of these
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Q) The Q.D. (Quartile Deviation) of 6 numbers 15, 8, 36, 40, 38, 41 is equal to:
(a) 125

(b) 25

(c) 13.5

(d) 37

Q) Coefficient of quartile deviation is i, then % is:

OF:
(b) 3
(©) 3
OF

Q) If the first quartile is 56.50 and the third quartile is 77.50, then the coefficient of quartile deviation
is:

(a) 638.09

(b) 15.67

(c) 63.80

(d) 156.71

Q) For the given set of normally distributed data, the following statistical data are known: Mean = §;
Standard Deviation = 2.6; Median = 5; and Q deviation = 1.5, then the coefficient of quartile
deviation equals to:

(a) 30

(b) 32

(c) 25

(d) 39

Q)Calculate the value quartile deviation & Coefficient of Quartile Deviation for wages of
the labours given below:

Wages(Rs.) | 30-32 |32-34 | 34-36 |36-38 | 38-40 | 40-42 | 42-44

Labourers |12 18 16 14 12 8 6
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Relationship between SD, MD, & QD for Normal or symmetrical distribution

Relationship 2SD = 2.5 MD = 3QD

between SD,

MD, & QD for
Q Note: SD > MD > QD
Normal or N .
trical e The standard deviation is usually the largest because it squares the
SYm'T‘e r.|ca differences from the mean, giving more weight to extreme values.
distribution e The mean deviation does not square the differences, so it is typically

smaller.

e Finally, the quartile deviation only looks at the middle 50% of the
data, thus excluding any outliers or extreme values, which usually
makes it the smallest of the three.

Q) What will be the probable value of mean deviation? When (J3 = 40 and }; = 15:
(a) 17.50

(b) 18.75

(c) 15.00

(d) None of the above

Q) The quartile deviation is:
(a) 2 of SD.

(b) £ of S.D.

(c) 2 of SD.

(d) None of these

Q) The approximate ratio of SD, MD, QD is:
(a)3:4:5

(b)2:3:4

(€)15:12:10

(d)5:6:7
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Dispersion Relationship in Linear Variables:

Dispersion If two variables, x and y, are related by the linear equation
Relationship in ax + by + ¢ = 0, and the dispersion of x is known, then the
Linear Variables: | dispersion of y can be determined as follows:

Dispersionof y = |%| X Dispersion of x

Example: if the standard deviation of x is 6 and the coefficients a
and b are 2 and 3 respectively, the standard deviation of y would
be:____

SDof y =|%|><SDofx

SD of y :|%|><6:4

Q) The equation of a line is 5& + 2y = 17. Mean deviation of ¢ about mean is 5. Calculate mean
deviation of  about mean.

(@) —

(b) 2

() —

(d) None

Q) If the variance of z is 5, then find the variance of 2 — 3z:
(a) 10

(b) 45

(c)5

(d) —13

Q) The standard deviation of a variable & is known to be 10. The standard deviation of 50 + bz is:
(a) 50

(b) 100

(c) 10

(d) 500
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Q) If the arithmetic mean and coefficient of variation of z are 10 and 40, respectively, then the
variance of —15 + 32 5 will be:

(a) 64

(b) 81

(c) 49

(d) 36

Q) If the relationship between z and ¥ is given by 2z + 3y = 10 and the range of ¥ is 10, then

what is the range of 7
(a) 10

(b) 18

()8

(d) 15

Q) A.M. and coefficient of variation of z is 10 and 40. What is the variance of 30 — 2x?
(a) 64
(b) 56
(c) 49
(d) 81

Q) If z and y are related as 4z + 3y + 11 = () and the mean deviation of y is 7.2, then the mean
deviation of Z is:

(a) 2.70

(b) 7.20

(c) 4.50

(d) 5.40

Q) If z and y are related as 3= — 4y = 20 and the quartile deviation of z is 12, then the quartile
deviation of  is:

(a) 9

(b)8

(7

(d)6
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Q) Which of the following is affected by shifting of scale?
(a) SD

(b) MD

(c) QD

(d) None of these

Q) Which of the following is a relative measure of dispersion?
(a) Range

(b) Mean deviation

(c) Standard deviation

(d) Coefficient of quartile deviation

Q) If every observation is increased by 7, then:
(a) Standard deviation increased by 7

(b) Mean deviation increased by 7

(c) Not affected at all

(d) Quartile deviation increased by 7

Q) Which of the following is based on absolute deviation?
(a) Standard deviation

(b) Mean deviation

(c) Range

(d) Quartile deviation

Q) is based on all the observations and is based on the central fifty percent of
the observations.

(a) Mean deviation, Range

{b) Mean deviation, Quartile deviation

(c) Range, Standard deviation

(d) Quartile deviation, Standard deviation
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Chapter 15: Probability

Probability is the chance of occurrence of an event.

If A is an event, the probability of occurrence of A is given by:

Where:
e 1n(A): Number of favorable outcomes.

¢ n(S): Total number of possible outcomes.
Classification of Probability:
1. Subjective Probability:

* Based on one's experience and observation.

2. Objective Probability:

® Based on mathematical facts.

Key Properties of Probability

1. Range of Probability:

¢ Probability of an event always lies between 0 and 1 (both inclusive):

0<PA)<1
2. Special Cases:
o If P(A) = 0: The event is impossible or improbable.

* |f P(A) = 1: The event is a sure event.

e If0 < P(A) < 1: The event is possible or probable.
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3. Complementary Events:

e The sum of the probabilities of an event and its non-occurrence equals 1:
P(A)+P(A) =1

Where A’ is the complement of A, meaning the event does not occur.

4. Simple Event:

¢ An event that produces only one outcome is called a simple event.
Example: Getting a 2 when rolling a die.

5. Compound Event:

* An event that produces more than one outcome is called a compound (or composite)

event.

Example: Getting a multiple of 2 when rolling a die, where the outcomes are 2, 4, 6.

Sample Space (S):
The sample space is the set of all possible outcomes of an experiment.

Sample Space for Tossing a Coin:

1. When a coin is tossed once:

Sample space:

Number of outcomes:

2. When a coin is tossed twice:

Sample space:
S ={HH,HT,TH,TT}
Number of outcomes:

n(S) =4
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3. When a coin is tossed thrice:

Sample space:
S ={HHH HHT,HTH,THH,TTH, THT, HTT,TTT}
Number of outcomes:
n(S) =8
General Rule:

For n tosses of a coin:
n(S) = 2"

Where n is the number of tosses.

Note:

The probability of getting heads and tails alternatively on tossing a coin n times is given by:

Sample Space for Tossing/Rolling a Die

a) When Tossed Once:

e Sample space:

S =1{1,2,3,4,5,6}

e Total number of outcomes:

n(S) =6
b) When Tossed Twice:

® Sample space:

S = {(1’ 1)? (1? 2)’ (11 3)? (1! 4)? (1‘1 5)’ (1? 6)! B (6! 6)}

This includes all ordered pairs of outcomes where each die can show any number between 1

and 6.

e Total number of outcomes:

n(S) = 6 x 6 = 36
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Note:

For tossing a die 12 times, the total number of outcomes is given by:

n(S) = 6"

Sample Space for a Deck of Cards

Total number of cards:
n{5) = 52
Classification of Cards:
1. Red Cards (26 cards):

® Hearts: 13 cards

e Diamonds: 13 cards
2. Black Cards (26 cards):

® Spades: 13 cards

¢ Clubs: 13 cards
Each Suit Consists of 13 Cards:
¢ Number Cards: 9 cards (2 to 10)
* King: 1 card
® Queen: 1 card
* Jack: 1 card

® Ace: 1 card

Number of Face Cards:
® Face cards: King, Queen, Jack
* Total face cards per suit = 3

e Total face cards across all suits:

4x3=12
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Q) In a pack of playing cards with two jokers, the probability of getting the king of
spades is:

(a) 4/13

(b) 4/52

(c) 1/52

(d) 1/54

Q) If £ be the sum of two numbers obtained when two dice are thrown
simultaneously, then P(z > 7) is:

(a) 3

(b) 15

(9 13

(d) 2

Q) Two coins are tossed simultaneously. Find the probability of getting exactly one
head:

(a) 3

(b) 2

© 3

(d) 5

Q) If a pair of dice is thrown, then the probability that the sum of the digits is

neither 7 nor 11 is:
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Q) An unbiased die is thrown twice. The probability of the sum of numbers
obtained on the two faces being divisible by 4 is:

(@) 54 35

(b) 3 3

GF-

(d)

Q) The sum of numbers obtained in a throw of a dice twice is S. Probability of S
will be maximum if S is:

(@) 5

(b) 7

() 6

(d) 8

Q) Three coins are tossed together. The probability of getting exactly two heads is:
5

(@) 8

(b) 2

(© 3

(d) None

Q) If two unbiased dice are rolled, what is the probability of getting points neither

3 nor 6?
(a) 0.25
(b) 0.50
() 0.75
(d) 0.80
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Q) Two dice are tossed. What is the probability that the total is divisible by 3 or 4?
20

(@ 36

(b) %5

() 2

(d) None of these

Q) A coin is tossed six times. Then the probability of obtaining heads and tails
alternatively is:
@ 3
1
(b) 51
© %
(d) ==

Q) If a coin is tossed 5 times, then the probability of getting tail and head

alternately is:

Q) Two different dice are thrown simultaneously. Then the probability that the sum
of two numbers appearing on the top of the dice is 9 is:

(@ §

(b) &

© 3

(d) None of the above
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Q) When 2 dice are thrown simultaneously, then the probability of getting at least
one 5 is:

(a) 355

(b) o5

© =

(d) 7

Q) What is the probability of getting 7 or 11 when two dice are thrown?
2

(a) 9

(b) 2

(© 3¢

(@) 5

Q) When 2 fair dice are thrown, what is the probability of getting the sum which is
a multiple of 3?

Cf

(b) 55

(<) 5

(d) 52

Q) When two coins are tossed simultaneously, the probability of getting at least
one tail is:

(@1

(b) 0.75

() 0.5

(d) 0.25
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Q) When 3 dice are rolled simultaneously, the probability of a number on the third
die being greater than the sum of the numbers on the other two dice is:

(a) 216

(b) 3 21&.

(©) 216

@) 315

Q) If an unbiased coin is tossed three times, what is the probability of getting

more than one head?

e T e T e
DECEC

o= 0011 oojes bIl-

=

Q) If a card is drawn at random from a pack of 52 cards, what is the chance of
getting a Club or a King?

(a) 55

(b) 35
5
(d) 55

Q) Two perfect dice are rolled. What is the probability that one appears at least in
one of the dice?

(a) 5

(b) 3¢

CF:

() 55
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Q) If a number is selected at random from the first 50 natural numbers, what will
be the probability that the selected number is a multiple of 3 and 4?

(8) 55

(b) 5

(©) 39

(d) 95

Q) For a probability distribution, probability is given by P(Xt) —— %, where
X;=1,2,...,9 The valueof k is:

(a) 55
(b) 9

(c) 45
(d) 81

Key Concepts for Two Events A and B
1. Probability of A U B (At least one of A or B occurs):

P(AuUB)=P(A)+ P(B)— P(An B)

» P(AU B): Probability of A or B.
e P(AN B): Probability of A and B.

Note: This is also known as the Addition Theorem of Probability.
2. Mutually Exclusive Events:

* Two events A and B are mutually exclusive if they have no common

outcomes:
P(ANB)=0

* Probability simplifies to:
P(AuUB)=P(A)+ P(B)
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3. Exhaustive Events:

* Two events A and B are exhaustive if their union includes all possible

outcomes:
n(AU B) = n(S)
P(AUB)=1

4. Mutually Exclusive and Exhaustive Events:
If A and B are both mutually exclusive and exhaustive:
e« P(AUB)=1
» P(ANB)=0
* Formula simplifies to:
1 = P(A) + P(B)
5. Conditional Probability:
If A and B are two events:

1. Probability of A given B (Event B has already occurred):

P(ANB)
P(AB) = —————
g) = 22
2. Probability of B given A (Event A has already occurred):
~ P(ANB)
PBIAY= =P

Where:
e P(A|B): Conditional probability of A given B.
e P(B|A): Conditional probability of B given A.
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Q) One card is drawn from a pack of 52. What is the probability that it is a king or
a queen?

(a) 13

(b) 73

(©) 13
(d) None of these

Q) A number is selected from the first 30 natural numbers. What is the probability
that it would be divisible by 3 or 87

(a) 0.2

(b) 0.4

(c) 0.6

(d) 0.8

Q) A card is drawn out of a standard pack of 52 cards. What is the probability of
drawing a king or a red card?

(a)

(b) 75

(©) 35

(d) 5

Q) Two dice are thrown together. Find the probability of getting a multiple of 2 on
one die and a multiple of 3 on the other die.

(a) 2

(b) ¢

(©) 3

(d) None of the above.
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Q) The theorem of compound probability states that for any two events A and B:
(a) P(AN B) = P(A) x P(B|A)

(b P(AU B) = P(A) x P(B|A)

(@ P(AN B) = P(A) x P(B)

d P(AUB)=P(A)+ P(B) — P(ANn B)

Q) The sum of all probabilities of mutually exclusive and exhaustive events is equal

to:

Q) If in a class, 60% of the students study both mathematics and science, and 90%
of the students study science, then the probability of a student studying
mathematics given that he/she is already studying science is:
1
(@ 7
2
(b) 3
(c) 1
1
d) 3

Q) For any two dependent events A and B, P(A) = 3, P(B) = 17, and
P(ANB)= What are the values of P(A|B) and P( \A)

@3,
(b) 2,
© 5,
(d 2,

©in O g, e
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De Morgan’'s Theorem
1. P(A'NB')=P(AUB)
2. P(AAUB') =P(ANB)
Note:

The probability of neither A nor B occurring can be calculated using:

P(AUB) =1—-P(AUB)

Q) If A and B are two independent events and P(AU B) = £, P(B) = 3
Find P(A).

e
=3
=
||
a0

, P(B) = 2, P(AU B) = 2.Find P(B|A).

Q) If P(AN B) = P(A) x P(B), then the events are:
(a) Independent events

b) Mutually exclusive events

(
(c) Exhaustive events
(

d) Mutually inclusive events
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Q) If P(A|B) = P(A), then A and B are:
(a) Mutually exclusive events

(b

) Dependent events
(c) Independent events

(d) Composite events

Q) For any two events Aj, Ay, let P(A1) = % P(Ay) = % and
P(A; N A) = 1. Then Ay, A; are:

a) Mutually exclusive but not independent events

(
(b) Mutually exclusive and independent events
(c) Independent but not mutually exclusive

(

d) None of these

Q) Consider two events A and B not mutually exclusive, such that P(A) = %,
P(B) = %, P(AUB)= % Then P(A|B) is:

(a) 3

(b) 75

(© 16

(d) 3

Q If P(AU B) = P(A), find P(AN B):
(@) P(A) - P(B)

(b) P(A) + P(B)

(©0

(d) P(B)
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Q) The probability of a girl getting a scholarship is 0.6, and the same probability
for a boy is 0.8. Find the probability that at least one of the categories gets a
scholarship:

(a) 0.32

(b) 0.

(c) 0.92
(

d) None of the above

Q) Let A and B be two events in a sample space S such that P(A) =
P(B) =%, P(AUB) = 3.Find P(AN B):

(a) 3

(b) 1

© 15
(d) None of these

[

Q) If P(A) = 0.45, P(B) = 0.35, and P(AN B) = 0.25, then P(A|B) =?
(a) 14

(b) 1.8

() 0.714

(d) 0.556

Q If P(A) = %, P(B) = %, and P(AUB) = %, then P (%) is
(@) 15

(b) 3

(©)

(d) 5
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Q) If two events A, B, P(A) = 3, P(B) = 3,and P(AU B) = 2, then
P(ANnB)is:

_— _— _— _——
e a8 o 8
b= SR |t W]

Q) For two events A, B, let P(A) =
A and B are:

(a) Mutually exclusive but not independent

Wity

P(B) = %, and P(AN B) = 3. Then

(b) Independent but not mutually exclusive
(c) Mutually exclusive and independent

(d) None of these

Q) Let A and B be two events with P(A) = 2, P(B) = ;,and P(AN B) =
11—2. Then P(B|A) will be:

(a) &

(b)

(0 5

(d) 3

Q) If for two mutually exclusive events A and B, P(AU B) = 2 and P(4) =
, then what is the value of P(B)?

(@) 15

(b) 5

(© 3

(d 7
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Q) Given P(A) = % P(B) = %, and P(AN B) = i, the value of P(A|B) is:
(a) §
(b) &
(© 3
d) 2

Q) For any two events A and B:

() P(A — B) = P(A) — P(B)

(b) P(A— B) = P(A) — P(AN B)
() P(A— B) = P(B) — P(AN B)

(d) P(B—- A)=P(B)+ P(ANB)

Q If P(AU B) = 0.8 and P(AN B) = 0.3, then P(A) + P(B) is equal to:
(@) 0.3

(b) O
(c) 0.7
(d) 0.9

Q) If A speaks 75% of the truth and B speaks 60% of the truth, in what
percentage are both of them likely to contradict each other in narrating the same
questions?

(a) 0.60

(b) 0.45

(c) 0.65

(d) 0.35
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Q) Ram is known to hit a target in 2 out of 3 shots, whereas Shyam is known to hit
the same target in 5 out of 11 shots. What is the probability that the target would
be hit if they both try?

(a) 53

(b) <

(©) 39

@ 5

Q) A brother and his sister appear in an interview for two vacancies for the same
post. The probability of the brother's selection is :1{ and the probability of the
sister's selection is % The probabilities are:

(i) Both are selected,

(ii) Only one of them is selected, and

(iii) None of them is selected.

() 2= IO 28

35’ 35’35
35’35’35
ok
2

[d) 35?357 35

Q) The probablllty of a cricket team winning a match at Kanpur i |s , and losing a
match at Delhi is ?. What is the probability of the team winning at Ieast one
match?

(a) =

(b) 22

(© 35

(d) 52
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Q) The odds against A solving a certain problem are 4 to 3, and the odds in favor
of B solving the same problem are 7 to 5. What is the probability that the
problem will be solved if they both try?

(@) 31

(b) 31

(© 31

(d) 32

Q) Arun and Tarun appear for an interview for two vacancies The probability of

Arun’s selection is 3, and that of Tarun's selection is ¢ L Find the probability that

only one of them \r‘\?l" be selected:
(a) 2
(b) £
(0 ¢
d) £

Q) The probabilities of a person getting qualified for 2 different entrance exams are 3 & 3 3 Find the
probability that he would get qualified in one of the 2 exams.

(a) 2
(b) 2
© 3
(d) 3
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Sample Space for Leap Year and Non-Leap Year Problems

Non-Leap Year:
s Total Days: 365
e Odd Days: 1

* Sample Space: {Sunday, Monday, Tuesday, Wednesday, Thursday, Friday,
Saturday}

* n(S):7

* Key Notes:

» P(AN B) = 0, since there are no overlapping days for non-leap years.
Leap Year:

* Total Days: 366
®* Odd Days: 2

Sample Space: {Sunday-Monday, Monday-Tuesday, Tuesday-Wednesday,

Wednesday-Thursday, Thursday-Friday, Friday-Saturday, Saturday-Sunday}
® n(S):7
® Key Notes:
e P(AN B) = 0if the given days are non-successive.

s P(ANB) = % if the days are successive.

Q) The probability that a leap year has 53 Mondays is:

c T
--.-/\.c_):\-...a

—_—
o
S
e IS golpo =
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Q) What is the probability of a leap year having 53 Sundays?
a)
b)
c)

(
(
(
(d)

=3 S g0 =

Q) The probability that a leap year has 53 Wednesdays is:
(a) 2

(b) 4
(0) 3
(

d) 7

Q) What is the probability of getting 53 Sundays or 53 Wednesdays in a non-leap
year?
2
(a) 7
3
(b) 3
1
(€ 7

(d)

Q) What is the probability of getting 53 Fridays or 53 Saturdays in a leap year?
(a) 2
(b) 7
GE
(d) 2
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For Any Three Events A, B, &C
1. Probability that at least one event occurs:
P(AUBUC) = P(A) + P(B) + P(C) - P(ANB) — P(BNC) — P(ANC) + P(ANBNC)
This is the general addition rule for three events.
2.If A, B, &C are mutually exclusive:
P(AnB)=0, P(BNC)=0, P(AnC)=0, P(ANBNC)=0
P(AUBUC) = P(A) + P(B) + P(C)

3.1f A, B, &C are exhaustive:
If A, B, &C cover the entire sample space:

P(AuBUC) =1
4.1f A, B, &C are mutually exclusive and exhaustive:
P(A) + P(B) + P(C) =

5.1f A, B, &C are equally likely:

Where K is a constant.

Q) Company A produces 10% defective products, Company B produces 20%
defective products, and Company C produces 5% defective products. If choosing a
company is an equally likely event, what is the probability that the product chosen
is free from defects?

(a) 0.88
(b) 0.80
(c) 0.79
(d) 0.78
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Q) There are 3 events A, B, C' having probabilities %, %, and 3 . If the probabilities of occurrence of
A&B, B&C, A&C, and A&B&C are é, 3 l,a.nd & respectlvely, then find the probability of
occurrence of at least one event.

(a) 0.95

(b) 0.85

(c) 0.90

(d) 1.00

Random Variable (x)

®* Arandom variable is a function that assigns a numerical value to every

outcome of a random experiment.
® Example:
® Tossing a coin:
* Assign & = (0 for heads and & = 1 for tails.
® Rolling a die:

® g can take values 1, 2, 3,4, 5, 6, corresponding to the outcomes of
the die.

Probability Distribution

® A probability distribution lists all possible values of a random variable along

with their probabilities.
* Key Property:

> Pl =1

This means that the probabilities of all possible outcomes add up to 1.

¢ Example:
® Rolling a fair die:
* Probability of each outcome (1 to 6): P(w) = %.

» Total: P(1) + P(2) + P(3) + P(4) + P(5) + P(6) = 1.
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Mathematical Expectation of =

* Definition: The expected value or mean of a random variable is the weighted

average of all possible values of &, weighted by their probabilities.

®* Formulas:

e E(x)=) z-P(x)

® Example:

¢ For adie roll:

il 1 1 1+42+4+3+4+5+6
B(z)=1-c+2- 2+ +6- 2= - =35

o E(z?) =) 2% P(x)
® This is used to compute variance.

Variance of

* Definition: Variance measures the spread or dispersion of the random variable
around its mean. It tells us how far the values of x are likely to be from the

expected value E(z).
®* Formula:
2 2
V(z) = E(z°) - [E(z)]
Why Are These Concepts Useful?
®* Random variables are used to model outcomes of experiments in real life.

¢ Probability distributions allow us to predict the likelihood of outcomes.

* Expected value helps us determine the "average" or central value of a process

(e.g., average profit in business).

e Variance quantifies uncertainty or risk (e.g., in stock prices or insurance).
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Detailed Explanation of Properties of E(x):
1. B(K)=K
e This property states that if a random variable X is a constant value K,

then its expected value E/(X) is simply K.

® This makes sense because, in such a case, there is no variability or

randomness, and the constant K itself is the average or expected value.

2. E(z +y) = E(x) + E(y):

® The expected value of the sum of two independent random variables &

and y is equal to the sum of their individual expected values.

® This is a linear property of expectation and is applicable irrespective of

whether x and ¥ are dependent or independent.

3. E(XY) = E(X) - E(Y) (For Independent Variables):

® When two random variables X and Y are independent, the expected

value of their product is the product of their individual expected values.

* However, this equality holds only when X and Y are statistically

independent.
4. E(a+bX) = a+ bE(X):

® This property shows how expectation interacts with linear transformations

of a random variable.
® Here:

® @ is aconstant added to X, which directly gets added to the

expected value.

* bis a scaling factor that multiplies X, which directly scales the
expected value by b.
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Q) A random variable X has the following probability distribution:

X (D] T |2 |3
P(X)| 02K |3K | K

Then, P(X < 3) would be:
(a) +
(b) 3
(c) 2
(d) 2

Q) Let the distribution function of a random variable X be FI(X) = P(X < X)
.Then F'(5) — F(2) is:

(@ P(2 < X < 5)
(b) P(2 < X < 5)
P2 <X <5)
(d) P(2< X <5)

Q) E(XY) is also known as:
@@ E(X)+ E(Y)

b) E(X)E(Y)

© E(X)—E(Y)

) £

Q E(13z+9) =
(a) 13z

(b) 13E(z)

© 13E(z) +9
(d9
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Q) A dice is thrown once. What is the mathematical expectation of the number on
the dice?

Q) Two unbiased dice are thrown. The expected value of the sum of numbers on

the upper side is:

(@) 3.5
(b) 7
() 12
(d)6

Q) A player tosses two fair coins. He wins 35 if 2 heads appear, X2 if one head

appears, and X1 if no head occurs. Find his expected amount of winning.

(@) 2.5
(b) 3.5
(c) 4.5
(d) 5.5

Q) Find the expected value of the following probability distribution:

| X -20 -10 30 75 80
p(x) 3/20 1/5 1/2 1/10 1/20
(a) 20.5
(b) 21.5
(c) 22.5
(d) 24.5
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Q) A player tosses 3 fair coins. He wins X 5 if three heads appear, X 3 if two heads
appear, X 1 if one head occurs. On the other hand, he loses X 15 if 3 tails occur.

Find the expected gain of the player:

(a) 0.15
(b) 0.25
(c) 0.35
(d) 0.45

Q) An unbiased coin is tossed three times. The expected value of the number of

heads is:

(@) 2.5
(b) 1.0
(©) 1.5
(d) 2.0

Q) The probability distribution of the demand for a commodity is given below:

Demand (x) 5 6 7 8 9 10

Probability P(x) 0.05 0.10 0.30 0.40 0.10 0.05

The expected value of demand will be:

(a) 7.55
(b) 7.85
(€) 1.25
(d) 8.35

Q) Assume that the probability for rain on a day is 0.4. An umbrella salesman can
earn X 400 per day in case of rain on that day and will lose X 100 per day if there is

no rain. The expected earnings (in ) per day of the salesman is:

(a) 400
(b) 200
(c) 100
(d) 0
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Q) The probability distribution of a random variable @ is given below:

z | 1 | 2 | 4 ] 5 ] 6
P(z) | 0.15 | 0.25 | 0.20 | 0.30 | 0.10

What is the standard deviation of 27

(a) 1.49
(b) 1.56
(c) 1.69
(d) 1.72

Q) On a commodity exchange, when booking trades with a provision for a stop, a

trader can make a profit of 50,000 or incur a loss of ¥20,000. The probability of

making a profit and incurring losses from past experience are known to be

and 0.5, respectively. The expected profit to be made by the trader should be:

(a) 332,500
(b) 35,000
(c) 330,000
(d) X35,200

Bayes' Theorem Explained:

Bayes' Theorem helps us calculate the probability of an event E;, given that
another event A has already occurred. This is particularly useful when dealing with

conditional probabilities.

The Formula:
P(A/E;) - P(E;)
>io1 P(A/E;) - P(E;)

P(E:i/A) =
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» P(FE;/A): The probability of event E; occurring, given that A has occurred.
» P(A/E;): The probability of A, given that F; has occurred.
» P(E;): The prior probability of event E;.

o Y | P(A/E;) - P(E;): The sum of all probabilities where A is
conditioned on each E;, weighted by the prior probabilities of the Es.

How It Works:

1. Mutually Exclusive Events:

e Events B, B, ..., E, must be mutually exclusive, meaning no two

events can occur simultaneously.

e A is the observed event.
2. Finding P(E;/A):

* The theorem updates our belief about the likelihood of E; after
observing A.
3. Total Probability Rule:
* The denominator Y . | P(A/E;) - P(E;) ensures that all possible
events contributing to A are considered.
Example Application:
Imagine you're diagnosing a disease based on symptoms. E; could represent

different diseases, and A represents the observed symptom. Bayes' Theorem helps

calculate the probability of each disease given the symptom.

This theorem is fundamental in probability theory and is widely applied in areas

like medical diagnosis, machine learning, and decision-making under uncertainty.
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Q) There are 3 bags:

Bag 1 consists of 3 red and 4 white balls.
Bag 2 consists of 4 red and 5 white balls.
Bag 3 consists of 5 red and 2 white balls.

If one ball is drawn at random, what is the probability that the ball is selected from

Bag 2 given that the selected ball is red?

(a) 0.28

(b) 0.252
(c) 0.112
(d) 0.184

Q) According to Bayes' theorem,

P(Ey)P(A/Ek)

P(E/A) = S P(E,)P(A/E;)

here:

(a) By, E,, ... are mutually exclusive

(b) P(E/A,), P(E/As3),...areequal to 1
(c) P(A1/E),P(A2/E),...are equal to 1
(d) A and E are disjoint sets

Odds in Favor of an Event

¢ |f the odds in favor of an event are given as a:b:

® arepresents the number of favorable outcomes.

* b represents the number of outcomes against the event.

* The total number of outcomes is @ + b = n(S), where n(.S) is the total

sample space.
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Odds Against an Event
¢ |If the odds against an event are given as a:b:
* b represents the number of favorable outcomes.

* arepresents the number of outcomes against the event.

e Again, the total number of outcomesisa + b = n(S)

Q) The odds in favor of A solving a problem are 5 : 7 and the odds against B
solving the same problem are 9 : 6. What is the probability that if both of them

try, the problem will be solved?

Q) The odds against A solving a certain problem are 4 : 3, and the odds in favor of
B solving the same problem are 7 : 5. What is the probability that the problem will
be solved if they both try?

15
a) 21

(
(b) 3
(©) 51
(@ 5

Q) The odds that a book will be favorably received by 3 independent reviewers are

5:2,4:3 and 3 : 4 respectively. What is the probability that out of 3 reviewers,
a majority will be favorable?

209
o8
(b) 731

209
(@ T3

209
(d) 350
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Q) If p : g are the odds in favor of an event, then the probability of that event is:
(a) %
(b}

© 745
(o ¢

P“f'q

Q) The odds in favor of an event A are 2 : 3 and odds against an event B are 6 : 4. The probability

that only one of A and B occurs is 4, where y is:

(a) 12
(b) 15
() 18
(d)9

Q) The odds in favor of event A, in a trial, are 3 : 1. In three independent trials, the probability of no

occurrence of the event A is:

(@) g
(b) 35
© >
(d) 5

Q) If an unbiased die is rolled once, the odds in favor of getting a point which is a
multiple of 3 is:

(@) 1:2

(b) 2:1

(c) 1:3

(d) 3:1
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Extra Questions With the Concept of Combinations

Q) A bag contains 12 balls of which 3 are red. Five balls are drawn at random. Find the probability
that in 5 balls, 3 are red.

(a) %
(b) 396
(C) 36
(d) 55

Q) In a bag, there were 5 white, 3 red, and 2 black balls. Three balls are drawn at a time. What is the
probability that the three balls drawn are white?

@) 15
(b)

©) 195
(d) None of these

Q) A bag contains 3 white and 5 black balls, and a second bag contains 4 white and 2 black balls. If
one ball is taken from each bag, the probability that both the balls are white is

(@) 3
(b) §
© 3
(d) None of these

Q) Consider Urn [I: 2 white balls, 3 black balls,
Urn lI: 4 white balls, 6 black balls.

One ball is randomly transferred from the first to the second Urn, and then one ball is drawn from
Urn Il. The probability that the drawn ball is white is:

(a) 2
(b) 22
(© 2
() &
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Q) A bag contains 5 red balls, 4 blue balls, and ™ green balls. If the random probability of picking

two green balls is %, what is the number of green balls (m)?

(@5
(b) 7
(06
(d) None of the above. (1 mark)

Q) Exactly 3 girls are to be selected from 5 girls and 3 boys. The probability of selecting 3 girls will
be:

(a) 25
(b) ==

© 5
(d) None.

Q) Four married couples have gathered in a room. Two persons are selected at random amongst
them. Find the probability that the selected persons are a gentleman and a lady but not a couple.
@ 7
(b) 3
(© g
(d 3

Q) A team of 5 is to be selected from 8 boys and 3 girls. Find the probability that it includes two
particular girls.

(a) =
(b) 5
(9 &
(d) 3

Q) From 6 positive and 8 negative numbers, 4 numbers are chosen at random without replacement
and are then multiplied. The probability that the product of the chosen numbers will be a positive
number is:

409
(a) m
(b) 1001

(© 1001

420
() 1501
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Q) If two letters are taken at random from the word "HOME", what is the probability that none of the

letters would be vowels?

— =
0 o W

| SO b= S

e

Q) If there are 16 phones, 10 of them are Android and 6 of them are Apple, then the probability of 4

randomly selected phones to include 2 Android and 2 Apple phones is:

(a) 0.47
(b) 0.51
(€) 0.37
(d) 0.27

Q) Four persons are chosen at random from a group of 3 men, 2 women, and 4 children. The
probability that exactly 2 of them are children is:

(@) 51

(b) 13

© 3

(d) §

Q) A box contains 20 electrical bulbs out of which 4 are defective. Two bulbs are chosen at random
from this box. The probability that at least one of them is defective is:

(@) %

(b) 15

© 1

d) 1
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Chapter 16: Theoretical Distributions

Theoretical Probability Distribution:

1. Definition:

¢ A probability distribution distributes the total probability (1) across different mass points
(discrete random variable) or class intervals (continuous random variable). This is known as

a Theoretical Probability Distribution, existing conceptually.
2. Applications:

¢ Useful for short-term projections and predictions about the future.

3. Characteristics:

e Exhibits properties of observed distributions, including measures such as:

* Mean
e Median
¢ Mode

s Standard Deviation
4, Types of Probability Distribution:

e Discrete: Deals with countable outcomes.

* Examples:
* Binomial Distribution (BD)
s Poisson Distribution (PD)
s Continuous: Deals with outcomes over a continuum.
* Example:
= Normal Distribution
5. Important Note:

» A parameter is a characteristic of a population.

s Example: Population Mean is a parameter.
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Key Features of Binomial Distribution:
1. Based on Bernoulli Trials:

* A Bernoulli trial is a random experiment with exactly two possible outcomes: "success” and

“failure.”
2. Discrete Probability Distribution:
¢ The distribution is for discrete random variables.
3. Biparametric Distribution:
* Two parameters define it:
e n: Number of trials

e p: Probability of success in a single trial

Probability Mass Function (PMF): The probability of exactly & successes in 7 trials is
Pa) = plp"e"
Where:

e nC, (combination formula) is:

nC,

z!(n —z)!
e 1: Number of successes

* g = 1 — p: Probability of failure

Properties of the Binomial Distribution:

1. Mean of a Binomial Distribution:

¢ The mean of a binomial distribution is given by:
Mean = np
¢ 7. Number of trials.

e p: Probability of success in each trial.

¢ This represents the expected number of successes in 1 trials.
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2. Standard Deviation of a Binomial Distribution:

* The standard deviation measures the spread of the distribution and is given by:
= v1pq

¢ q = 1 — p: Probability of failure.

* The square root ensures that the measure remains in the same units as the random variable X.

3. Variance of a Binomial Distribution:

e The variance quantifies the dispersion of the distribution and is given by:
Variance = npq

e Variance is the square of the standard deviation: (, /'.Vfr.pq)2 = npq.
* Key observations:
¢ The mean is always greater than the variance for a binomial distribution.

* Variance is maximum when p = q = 0.5 (equal likelihood of success and failure).

4. Mode of a Binomial Distribution:

¢ The mode is the most frequent value in the distribution.

* Conditions for the mode:
e If (n+ 1)pis a non-integer, the mode is the integral part of (n + 1)p.
e If (n+ 1)pis an integer, the binomial distribution is bimodal, with modes:

Modes = (n + 1)pand (n +1)p — 1

5. Symmetry and Skewness:
e If p = g = 0.5: The distribution is symmetric.
e If p < 0.5: The distribution is positively skewed.

e If p > 0.5: The distribution is negatively skewed.
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6. Applications of Binomial Distribution:
e Conditions for Applicability:
* Trials are independent.

e Each trial has two possible outcomes: success (p) or failure (q).

Additive Property of Binomial Distribution:
If X ~ B(ni,p) and Y ~ B(ng,p), then:
(X +Y) ~ B(n1 + n2,p)

This property allows combining independent binomial random variables with the same

probability of success p.

Examples of Binomial Experiments:
1. Tossing a coin 7 times and counting the number of heads (successes).
2. Rolling a die i times and counting the occurrences of a specific number.
3. Testing light bulbs and counting how many fail.

Notation:

If X is a binomial random variable, it is denoted as:
X ~ B(n,p)

Where 1 is the number of trials and p is the probability of success.

Key Observations:

e When p = g, the binomial distribution is perfectly symmetric.

e The binomial distribution approaches the normal distribution as 71 increases, provided p is not

too closeto 0 or 1.

Usage of Binomial Distribution:
e Used to calculate probabilities in binary outcomes.
e Helps in quality control processes, such as defect analysis.

e Widely used in fields like biology (e.g., Mendelian genetics), marketing, and finance.
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The third central moment for a binomial distribution X ~ B(n,p) (where n is

the number of trials and p is the probability of success) is given by:

ps = npg(l — 2p)

Q) For binomial distribution E(X) =2, V(X) = % Find the value of n.
(a) 3
(b) 4
(©) 5
(d) 6

Q) What are the parameters of binomial distribution?
(@mn

(b) p

(c) Bothn and p

(d) None of these

Q) For a Binomial distribution B(6,p), P(X = 2) = 9P(X = 4), then pis:
@) 3
(b) 3
©1n
(d)

Q) In Binomial distributionn = 9and P = % what is the value of variance?
(@) 8

(b) 4

(02

(d) 16
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Q) If for a Binomial distribution B(n, p), the mean = 6 and variance = 2, then p is:
()2
b 1
(32
d 1

Q) In a Binomial Distribution, if the mean is k-times the variance, then the value of
k will be:

(@p

Q) The mean of a Binomial distribution is 20 and the standard deviation is 4, then:

@n=100,p=4,q=1%

(byn = 50,p = %, :%
@n=100,p=2,q4=§
@n=100,p=g,q=}

Q) The binomial distribution with mean 3 and variance 2 is:
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Q) For binomial distribution:
(a) Variance < Mean
(b) Variance = Mean
(c) Variance > Mean

(d) None of the above

Q) The mode of the Binomial Distribution for which the mean is 4 and variance is 3
is equal to?

(a) 4

(b) 4.25

(c) 4.5

(d) 4.1

Q) If x is a binomial variable with parameters 15 and %, then the value of the

mode of the distribution:
(@5

(b) 5and 6

(c) 5.50

(d) 6

Q) Find the mode whenn = 15 and p =
(a) 4

(b) 4 and 3

(c) 4.2

(d) 3.75

=

in binomial distribution:
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Q) In a binomial distribution with 5 independent trials, the probabilities of 2 and 3
successes are 0.4362 and 0.2181, respectively. Parameter p of the binomial
distribution is:

(a) 3

(b) 3

(c) 2

(d) 3

Q) Mean and variance of a binomial distribution are 4 and %, respectively. Then
P(X > 1) will be:

728
(@) 729

(b) 755

723
() 799

(d) None of the above.

Q) If six coins are tossed simultaneously, the probability of obtaining exactly two
heads is:

() g1

(b) 53

© &

(d) None of these

Q) For a binomial distribution with mean = 4 and variance = 3, the third central
moment [43 is:

(a) 2

(b)

(03

(d) 3
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Q) If x is a binomial variable with parameters n and p, then x can assume:
(a) Any value between 0 and n

(b) Any value between 0 and n, both inclusive

(c) Any whole number between 0 and 72, both inclusive

(d) Any number between 0 and infinity

Q) For a Binomial distribution, if variance = (Mean)z, then the values of n and p
will be:

(@) 1 and %

(b) 2 and 3

(c) 3 and %

(d) 1and 1

Q) The probability that a student is not a swimmer is % then the probability that
out of five students, four are swimmers is:

@ (3" (})

®°C1 (3)" (5)

©°Cs ()" (3)

(d) None of the above

Q) If the probability of success in a binomial distribution is less than one-half, then
the binomial distribution

(a) is skewed to left

(b) is skewed to right

(c) has two modes

(d) has median at a point > mean + 1/2
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Q) A coin with the probability for a head as % is tossed 100 times. The standard
deviation of the number of heads turned up is:

(@) 3

(b) 2

()4

(d) 6

Q) Four unbiased coins are tossed simultaneously. The expected number of heads
is:

(a) 1

(b) 2

(c) 3

(d)4

Q) The incidence of skin diseases in a chemical plant occurs in such a way that its
workers have a 20% chance of suffering from it. What is the probability that 6
workers, 4 or more, will have skin diseases?

(a) 0.1696

(b) 0.01696

(c) 0.1643

(d) 0.01643

Q) If the mean and variance of a random variable that follows the Binomial
Distribution are 7 and 6, respectively, then the probability of success is:

(a)

(b) 39

© 7

(d) 79
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Q) If the overall percentage of success in an exam is 70%, what is the probability

that out of a group of 5 students, at least 1 has passed?

(a) 0.9975
(b) 0.9520
(c) 0.8500
(d) None of the above

Poisson Distribution (PD)
1. Definition:

* Poisson distribution is a discrete probability distribution used to model
the number of events occurring in a fixed interval of time or space, given
that these events happen with a known constant mean rate and

independently of each other.
2. Key Parameters:
e m: The mean of the distribution, which is also the variance.
3. Characteristics:
* |tis used when n — o0 and p — 0 while np remains finite.
e Uniparametric distribution: The parameter is m.
4. Formulas:
e Mean=m
e \Variance = m

e Standard Deviation = 4/m
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5. Mode:

¢ [f m is a non-integer: The mode is the integral part of m.

¢ If mis an integer: The distribution is bimodal, and the modes are m and

m— 1.

6. Probability Mass Function (PMF):

where:
* e = 2.72 (base of the natural logarithm),
¢ 1: Poisson variate.

7. Interpretation:

o x ~ P(m): x follows a Poisson distribution with parameter m.

8. Special Notes:

* Probability for odd values of x:

) j e—?m
P(iL‘ 18 Odd) = T
e Probability for even values of &:
' 1--g 4
P(w 18 even) = T
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Additive Property of Poisson Distribution

Additive Property:
If X ~ P(my)andY ~ P(msy),
then (X +Y) ~ P(my + my).

This property holds because the sum of two independent Poisson random
variables with parameters m; and ms also follows a Poisson distribution with

parameter equal to the sum of the individual means m; + ma.
Applications of Poisson Distribution
1. When to Use:
e The Poisson distribution is applicable when:
® The total number of events or trials is very large.
® The probability of success for each trial is very small.

* |t models rare events occurring over a fixed interval of time or space.

2. Examples:

* Printing Errors: Distribution of the number of printing mistakes per page

in a large book.

* Road Accidents: Distribution of the number of road accidents on a busy

road per minute.

Skewness:

* Note: Poisson’s distribution is always positively skewed, meaning the tail

on the right side is longer or fatter than on the left side.

Q) In a Poisson distribution, P(X = 0) = P(X = 2). Find E(X):
(a) v2

(b) 2

(0 -1

(d)o
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Q) For a Poisson distribution P(X = 3) = 5P(X = 5), then S.D. is:
(a)4

(b) 2

(©) 16

(d) v2

Q) If the standard deviation of a Poisson distribution is 2, then its:
(a) Mode is 2

(b) Mode is 4

(c) Modes are 3 and 4
(d) Modes are 4 and 5

Q) A company has two cars which it hires out during the day. The number of cars
demanded in a day has a Poisson distribution with a mean of 1.5. Then the
percentage of days on which only one car was in demand is equal to:

(a) 23.26

(b) 33.47

(c) 44.62

(d) 46.40

[Given exp(—1.5) = 0.2231]

Q) If z is a Poisson variate and E(z) = 1, then P(x > 1) is:

(@)1 — &
b)l—e
©1—2e!
(d)1—2e
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Q) For Poisson Distribution:

(a) Mean and Standard Deviations are equal
(b) Mean and Variance are equal

(c) Standard Deviation and Variance are equal
(d) Both (a) and (b) are correct

Q) If a random variable z follows a Poisson distribution such that E(z) = 30,
then the variance of the distribution is:

(a) 7

(b) 5

() 30

(d) 20

Q) In a certain Poisson frequency distribution, the probability corresponding to
two successes is half the probability corresponding to three successes. The mean
of the distribution is:

(@6

(b) 12

€3

(d) 2.45

Q) For a Poisson variate X, P(X = 1) = P(X = 2), what is the mean of X?
(@ 1
(b) 3
(e) 2
(d) 3
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Q) X is a Poisson variate satisfying the following condition: 9P(X = 4) + 90P(X = 6) =
P(X = 2). What is the value of P(X < 1)?

(a) 0.5655

(b) 0.6559

(c) 0.7358

(d) 0.8201

Q) For a Poisson variate X, P(X = 2) = 3P(X = 4), then the standard deviation of X is:
(a) 2

(b) 4

© V2

(d)3

Q) In a Poisson distribution, if P(X = 2) = $ P(X = 3), find m:
(a) 3
(b) 5
(c) 6
(d) 3

Q) For a Poisson distributed variable X, we have P(X = 7) = 8P(X = 9). The mean of the
distribution is:

(@) 3

(b) 4

(7

(d) 9

Q) If the parameter of Poisson distribution is ™ and (Mean + S.D.) = 565, then find m:

(a) =
(b) 55
(c) %
(d) 2
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Q) It is a Poisson variate such that P(X = 1) = 0.7, P(X = 2) = 0.3, then P(X = 0) is:
@) 66)’7

(b) e=8/7
(& e

(d) 6—1;‘3

Q) The average number of advertisements per page appearing in a newspaper is 3. What is the
probability that in a particular page zero advertisements are there?

(a)e 3

(b) e’

(c) e+3

d) et

Q) If, for a Poisson distributed random variable X, the probability for X taking value 2 is 3 times the
probability for X taking value 4, then the variance of X is:

(a)4

(b) 3

(2

(d)5

Q) The manufacturer of a certain electronic component is certain that 2% of his product is defective.
He sells the components in boxes of 120 and guarantees that not more than 2% in any box will be
defective. Find the probability that a box, selected at random, would fail to meet the guarantee?
(Given that e~ 24 = 0.0907)

(a) 049

(b) 0.39

(c) 0.37

(d) 0.43

Q) A renowned hospital usually admits 200 patients every day. One percent of patients, on average,
require special room facilities. On one particular morning, it was found that only one special room is

available. What is the probability that more than 3 patients would require special room facilities?
(a) 0.1428

(b) 0.1732
(c) 0.2235
(d) 0.3450
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Q) If the Standard Deviation is 1.732, then what is the value of the Poisson distribution? The
P[—2.48 < X < 3.54]is:

(@) 0.73

(b) 0.65

(c) 0.86

(d) 0.81

Normal Distribution

Definition:

The Normal Distribution is a continuous probability distribution widely used to model natural

phenomena like heights, weights, test scores, or any variable following a bell-shaped curve.
Key Features:
1. Parameters:
* [t (mean): The central value or average of the distribution.

e o7 (variance): The measure of spread or variability. It determines the width of the bell
curve.

2. Probability Density Function (PDF): The formula for the normal distribution is:

1 —(e—p)?
== e 202

@) = —=

e x:Random variable.
® (i: Mean of the distribution.

e : Standard deviation.

The PDF defines the probability of  taking a particular value within the range —o0 < & < 00.
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3. Symmetry:

® The curve is perfectly symmetrical around the mean ().

® The left and right sides of the distribution are mirror images.
4. Skewness:

* A normal distribution has zero skewness, meaning it is not tilted to the left or right.
5. Equality of Measures:

® For a normal distribution: Mean = Median = Mode.

6. Shape Independence:

® The shape of the distribution remains consistent regardless of the values of it and . The

mean shifts the center, while the variance scales the spread.
7. Unimodal:

® The distribution is unimodal, meaning it has a single peak at the mean.

95%
99.7%
M-30 M-20 M-10 M H+10 M+20 M+
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1. Points of Inflection:
¢ The points of inflection occur at it — o and p + o, where:
* [:Mean
¢ (¢ Standard deviation

* At these points, the curve transitions from concave to convex or vice versa.
2. Quartile and Mean Deviations:

® Quartiles (Q1 and Q3):

e Q1 =pu—0.67450

e Q3 =p+0.67450

e The median is exactly in the middle of )1 and Q3.
¢ Quartile Deviation (QD):

QD = £_LL = 0.67450

e Mean Deviation (MD):

e MD =0.8c
3. Area Under the Normal Curve:
® The total area under the curve is 1, representing 100% of the probability
® The area is symmetric around the mean (L):
® Area from —0o to 0 = 0.5.

¢ Area from 0 to +00 = 0.5.
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e Specific areas between standard deviations:

e Between u — 30 and i + 30: 0.9973 (99.73%).
e Between u — 20 and p + 20 0.9546 (95.46%).

® Between u — o and u + 0: 0.6828 (68.28%).

Additive Property:
If X ~ N(u1,0?)and Y ~ N(uz,02), then:

« (X+Y)~ N [(u1+p2), (0% +03)]
e The standard deviation of (X + Y') is:

) 2
o] + o3

Area-Related Problems:

Area-related problems in a normal distribution involve calculating probabilities that correspond to

certain intervals of the variable X. These probabilities are found using the cumulative distribution
function (CDF) of the standard normal distribution, denoted by ¢(K)

(i) For Single Value: P(X < a)

* Conversion to Standard Normal Form: The normal variable X is converted into the standard

normal variable Z using:

gk
o
where:
® Jis the mean of X,
® ¢ is the standard deviation of X.
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¢ Probability Expression:

P(X<a)=P( ’“‘):qb(K)

where K =

=2
* Interpretation: ¢(K) gives the area under the normal curve from —oo to K.
(i) For a Range: P(a < X < b)

e Conversion to Standard Normal Form: The range @ < X < b is converted to the standard

normal variable Z:

Pla<X <b)=P(K; <Z<K,)

where:
e
« Ky="1t

* Probability Expression:
Pla < X <b) = ¢(K3) — ¢(K;)
Here, ¢(K3) is the area under the curve up to K3, and ¢(K7) is the area up to K3

(iii) Special Area Results:

The following probabilities are standard results for a normal distribution:
* Total area under the curve: 1

* Area to the left of the mean (X = p): 0.5
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1. Symmetry of the normal curve:
$(—K) = 1 - ¢(K)
e This property allows calculation of areas for negative K.
2. Boundary Area Formulae:
e Areafrom —oo to 0: 0.5,

* Areafrom0to K: ¢(K) — 0.5 (for K > 0).

The standard normal distribution is a normal distribution that has been standardized. This

means:
1. The mean (p) is 0.

2. The standard deviation (o) is 1.

Q) Shape of Normal Distribution Curve:
(a) Depends on its parameters

(b) Does not depend on its parameters
(c) Either (a) or (b)

(d) Neither (a) nor (b)

Q) The variance of the standard normal distribution is:
(a) 1

(b) p

(c) o?

(d)0

Q) The area under the Normal curve is:
(@1

(b) 0

(c) 0.5

(d) -1
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Q) For a normal distribution N (i, 02), P(u — 30 < x < p + 30) is equal to:
(a) 0.9973

(b) 0.9546
(c) 0.9899
(d) 0.9788

Q) If the inflexion points of a Normal Distribution are 6 and 14, find its Standard Deviation:
(a) 4

(b) 6

(c) 10

(d) 12

QKX ~N(3,36) and Y ~ N(5,64) are two independent Normal variates with their standard

parameters of distribution, then if (X + Y") ~ N(8, A) also follows a Normal distribution, the
value of A will be:

(a) 100
(b) 10
(c) 64
(d) 36

Q) The mean and the variance of a random variable X having the probability density function
P(X = z) = exp{—(z — 4)*}/y/7,—00 < £ < 0is:
(a)4, 3

1
(b) 4, W)
(€22

(d)2, 3

Q) In a Normal Distribution:
(a) The first and second quartiles are equidistant from the median
(b) The second and third quartiles are equidistant from the median

(c) The first and third quartiles are equidistant from the mean
(d) None of the above
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Q) Which of the following is not a characteristic of a normal probability distribution?

(a) Mean of the normally distributed population lies at the center of its normal curve.

(b) It is multi-modal.
(@

(d) It is a symmetric curve.

The mean, median, and mode are equal.

Q) T-test can be used only when the sample has been taken from:
(a) Binomial Population

(b) Poisson Population

(c) Normal Population

(d) Exponential Population

Q) Under a normal curve, T = 30 covers:
(a) 100% of the area (item values)

(b) 99%

() 99.73%

(d) 99.37%

Q) The wages of workers of a factory follow:
(@) Binomial distribution

(b) Poisson distribution

(c) Normal distribution

(d) Chi-square distribution

Q) The normal curve is:
(a) Positively skewed
(b) Negatively skewed
(c) Symmetrical

(d) All these
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Q) If  and y are independent normal variates with mean and standard deviation as p; and 9, and
o1 and o3 respectively, then z = x + y also follows a normal distribution with:

(a) Mean = 3 + u2 and S.D. = 0 respectively

(b) Mean = 0 and S.D. = 012 + 0'§

(c) Mean = iy + po and S.D. = 1,/0'3 + a%
(d) None of these

Q) What is the first quartile of & having the following probability density function?

1 z-10)2
Flz)= \/’TZ—WE(—WL’ —00 < <00

(a) 4
(b) 5
{e) 595
(d) 6.75

Q) If the area of the standard normal curve between z = 0 to z = 1 is 0.3412, then the value of
o(1) is:

(a) 0.5000

(b) 0.8413

(c) -0.5000

(dy 1

Q) If for a normal distribution (1 = 54.52 and Q3 = 78.86, then the median of the distribution is:
(a) 12.17

(b) 39.43

(c) 66.69

(d) None of these
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Q) What is the mean of X having the following density function?

f(z) = e F, —c0 < <
z) = e ® ,—00<T<X
4427

(a) 10

(b) 4

(c) 40

(d) None of the above

Q) If the points of inflexion of a normal curve are 40 and 60 respectively, then its mean deviation is:
(@) 8

(b) 45

(c) 50

(d) 60

Q) What is the SD and mean of z if f(z) = Y2e2@ 3", —00 < z < 00?
(@) 3,
(b) 3,
(@2 3

d) 2, 4/2

R

= = D

Q) If we change the parameter(s) of a distribution, the shape of the probability curve does not

change.

(a) Normal
(b) Binomial
(c) Poisson

(d) Non-Gaussian

Q) The quartile deviation of a normal distribution with mean 10 and standard deviation 4 is
(a) 54.24

(b) 23.20
() 0.275
(d) 2.70
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Q) For a certain type of mobile, the length of time between charges of the battery is normally
distributed with a mean of 50 hours and a standard deviation of 15 hours. A person owns one of
these mobiles and wants to know the probability that the length of time will be between 50 and 70
hours is (given @(1.33) = 0.9082, ¢(0) = 0.5)?

(a) -0.4082
(b) 0.5

(c) 0.4082
(d) -0.5

Q) Let X be a normal distribution with mean 2.5 and variance 1. If Pla < X < 2.5] = 0.4772
and the cumulative normal probability value at 2 is 0.9772, then @ =7

(a) 0.5
(b) 3

(c) -3.5
(d) -4.5

Q) In a normal distribution, variance is 16 then the value of mean deviation is:

(@) 4.2
(b) 3.2
(c) 45
(d) 2.5

Central Moments by Distribution

1. First Central Moment (11;)
* Represents the mean deviation.
® For symmetric distributions:
¢ Binomial: 1 = 0 (No mean deviation from itself).
e Poisson: 11 = () (Mean deviation is zero).

e Normal: u3 = 0 (Mean deviation is zero).
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2. Second Central Moment (13)
® Represents the variance.
* For each distribution:

¢ Binomial: iy = npgq, where 1 is the number of trials, p is the probability of success, and

q = 1 — p s the probability of failure.
e Poisson: (13 — Tn, where T is the mean (in Poisson, mean = variance).
e Normal: s = o2, where o is the variance.
3. Third Central Moment (1i3)
e Represents skewness, which describes asymmetry in the distribution.

® For each distribution:

* Binomial: u3 = npg(q — p). Indicates the direction of skewness based on p and g.
® Poisson: (13 = m. The distribution is positively skewed for m > 0.
® Normal: u3 = 0. Normal distribution is symmetric.
4. Fourth Central Moment (ut4)

® Represents kurtosis, which describes the "tailedness” of the distribution.

e For each distribution:
* Binomial: 4 = 3n%p?q® + npgq(1 — 6pq). Combines variance and higher-order terms for

tailedness.

* Poisson: 14 = m(3m + 1). Indicates the relative height of the distribution curve.

* Normal: yu4 = 3. The coefficient of 3 indicates "mesokurtic* (normal-tailed).

Q) For a normal distribution having mean = 2 and variance = 4, the fourth central

moment Wy is:

(@) 16
(b) 32
(c) 48
(d) 64
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Chapter 17: Correlation and Regression

Correlation

Correlation is a statistical tool used to measure and evaluate the extent to which two
variables are related. For example, it helps in understanding how the value of one

variable (e.g., ) changes when there is a change in another variable (e.g., ).

Conditional Distributions

¢ Definition: Conditional distributions describe the relationship between

classifications of one variable under given classifications of another variable.

¢ Example: For variables x and y, if  has p classifications and ¥y has ¢

classifications, the total number of conditional distributions is (p + q).

* Note: In a bivariate frequency table containing (p + q) classifications, the total

number of cells will equal p X gq.
Marginal Distributions

® Definition: Marginal distributions summarize the data for one variable by

integrating over (or ignoring) the other variable.

* Example: For a bivariate table with p X g classifications, there are always two

marginal distributions:

1. Marginal distribution for &

2. Marginal distribution for y

Correlation Coefficient (7)

The correlation coefficient () is a statistical measure used to determine the strength

and direction of a linear relationship between two variables.
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Key Features:

® |t helps to understand whether there exists a high, moderate, or low degree of

correlation between two variables.

* The value of r ranges between -1 and +1, where:

* 1 = 1: Perfect positive correlation.
e 7 = —1: Perfect negative correlation.

e 1 = (: No correlation or zero correlation.

Range and Interpretation of r:
1. Perfect Positive Correlation (r = 1):

® A unit increase in one variable results in an equal unit increase in the other

variable.

® The data points lie perfectly on a straight, upward-sloping line.
2. Perfect Negative Correlation (r = —1):

* A unit increase in one variable results in an equal unit decrease in the other

variable.
® The data points lie perfectly on a straight, downward-sloping line.
3. Low Degree Correlation:
* 0 < r < 0.25: Low degree positive correlation.

e —(0.25 < r < 0: Low degree negative correlation.
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4. Moderate Degree Correlation:

e (.25 < r < 0.75: Moderate degree positive correlation.

e —0.75 < r < —0.25: Moderate degree negative correlation.

5. High Degree Correlation:
e (.75 < r < 1: High degree positive correlation.

e —1 < r < —0.75: High degree negative correlation.

6. Zero Correlation (r = 0):

® No linear relationship exists between the variables.

Significance of Correlation:

e A high correlation (7 close to 1 or —1) indicates a strong relationship.
¢ A low correlation (r near 0) indicates a weak relationship.

* The sign of  (+ or —) indicates the direction of the relationship.

Spurious Correlation

Definition:

Spurious correlation refers to a statistical relationship between two variables that
appear to be related but lack a direct causal connection. The observed correlation

exists due to coincidence, the influence of a third variable, or data anomalies, rather

than any real association between the variables.

Examples:

1. Age and Height: There might be a correlation between age and height during

childhood due to natural growth. However, for adults, this relationship does not

imply causation. The observed correlation in such cases is incidental.

2. Height and Weight: While taller individuals might weigh more on average, this

does not imply a direct causal relationship. The correlation might result from

other underlying factors such as body composition or health.
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Q) Which of the following is spurious correlation?

(a) Correlation between two variables having no causal relationship
(b) Negative correlation
(c) Bad relation between two variables

(d) Very low correlation between two variables

Measures of Correlation

The following are the primary methods used to measure the strength and nature of

the correlation between variables:

(a) Scatter Diagram

(b) Karl Pearson’s Product-Moment Correlation Coefficient

(c) Spearman’s Rank Correlation Coefficient

(d) Coefficient of Concurrent Deviations

(a) Scatter Diagram
® A graphical representation of the relationship between two variables.
* Each point on the graph represents an observation.

® Patterns in the points (e.g., upward or downward trends) indicate the type and

strength of the correlation.
* Positive slope: Positive correlation.
* Negative slope: Negative correlation.

* Random distribution: No correlation.
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Q) Scatter diagram does not help us to:

(a) Find the type of correlation
(b) Identify whether variables are correlated or not
(c) Determine the linear or non-linear correlation

(d) Find the numerical value of the correlation coefficient

Q) Scattered diagram is used to plot:

(a) Quantitative data
(b) Qualitative data
(c) Discrete data

(d) Continuous data
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Q) Correlation coefficient between X and Y will be negative when:
(a) X and Y are decreasing

(b) X is increasing, Y is decreasing

(c) X and Y are increasing

(d) None of these

Q) If 2 variables are uncorrelated, their regression lines are:
(a) Parallel

(b) Perpendicular

(c) Coincident

(d) Inclined at 45 degrees

Q) Price and Demand is the example for:
(a) No correlation

(b) Positive correlation

(c) Negative correlation

(d) None of the above

Q) When the correlation coefficient r is equal to +1, all the points in a scatter
diagram would be:

(@) On a straight line directed from upper left to lower right

(b) On a straight line directed from lower left to upper right

(c) On a straight line

(d) Both (a) and (b)

Q) The coefficient of correlation between the temperature of the environment and
power consumption is always:

(a) Positive

(b) Negative

(c) Zero

(d) Equal to 1
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Q) If the plotted points in a scatter diagram are evenly distributed, then the
correlation is:

(a) Zero

(b) Negative

(c) Positive

(d) (@) Or (b)

(b) Karl Pearson’s Product-Moment Correlation Coefficient

Key Concepts:

1. Definition: It measures the strength and direction of the linear relationship

between two variables.

2. Linear Relation: If a linear relationship exists, KPCC is the best measure.

* If 7z, = 0, there is no linear relationship between z and y.

__ Cov(z,y)
Yoy = Bl

* 1y Correlation coefficient.

* Cov(x,y): Covariance between x and ¥.

e §.,85,: Standard deviations of & and y, respectively.

Expanded formula:

ny zy—2_z)Q_y)

T:By —

When Deviations Are Taken From the Mean:

_ 2. dzdy .
Tyy = \/Z R Where:

nd 22— (2 2)’lln >y’ - (> )]
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dx: Deviation of  from its mean (x — Z).

dy: Deviation of y from its mean (y — 7).

> dz - dy: Sum of the product of deviations.

3" dx?: Sum of squared deviations in z.

3 dyz: Sum of squared deviations in y.

Properties of Correlation Coefficient
1. Independence from Units of Measurement:

* The correlation coefficient (r,,) does not depend on the units of
measurement of the variables  and y. For example, whether the variables

are measured in meters, kilograms, or any other unit, the value of 7y

remains the same.

2. Shift of Origin and Scale:

® The correlation coefficient remains unchanged in magnitude when there is a

shift in the origin (adding or subtracting a constant to the values of x or y).

* |t may or may not change in terms of sign due to a change in scale

(multiplying the values of & or y by a positive or negative constant).

3. Relationship Transformation:

e |f z and u are related by u = ax + b (linear transformation, equation 1) and

y and v are related by v = cy + d (linear transformation, equation 2):
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e The correlation between u and v remains the same as that between x

and y if the signs of the constants a and ¢ are the same.
Tuv = Tzy
* If the signs of a and ¢ are different, the correlation coefficient between

u and v becomes the negative of the correlation coefficient between x

and y:

Tuy = —Tzy
Implications:
® The correlation coefficient is robust to linear transformations, which makes it a

versatile measure to evaluate relationships in datasets where variables are scaled

or shifted.

* The sign of the correlation may flip if the transformations involve a reversal of

signs in the scaling factors.

Q) If the sum of the product of deviations of x and y series from their means is zero,
then the coefficient of correlation will be

@1

(b) -1

(©0

(d) None of these

Q) The covariance between two variables X and Y is 8.4, and their variances are 25 and
36 respectively. Calculate Karl Pearson's coefficient of correlation between them.

(a) 0.82

(b) 0.28

(c) 0.01

(d) 0.09
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Q) If the covariance between variables X and Y is 25 and the variance of X and Y are
respectively 36 and 25, then the coefficient of correlation is:

(a) 0.409

(b) 0.416
(c) 0.833
(d) 0.0277

Q) The coefficient of correlation between two variables x and y is 0.28. Their
covariance is 7.6. If the variance of x is 9, then the standard deviation of y is:
(a) 8.048

(b) 9.048
(c) 10.048
(d) 11.048

Q) Determine the coefficient of correlation between x and y series:

‘ X Series y Series
No. of items 15 | 15
Arithmetic Mean | 25 18
Sum of Squares of Deviations from Mean 136 138

Sum of products of Deviations of x and y series from Mean = 122

(a) -0.89
(b) 0.89
() 0.69
(d) -0.69

Q) The coefficient of correlation between x and y is 0.6. If x and y values are multiplied
by -1, then the coefficient of correlation will be:
(a) 0.6

(b) -0.6

(©) o

(d1-0.6
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Q) Given that:

X

-3 -3/2 0 3/2 3
Y 9 9/4 0 9/4 9

Then Karl Pearson's coefficient of correlation is:
(a) Positive

(b) Zero

(c) Negative

(d) None

Q) What is the coefficient of correlation from the following data?

X 1 2 3 _ 4 5
y 5 4 3 2 6
(@0
(b) -0.75
(c) -0.85
(d) 0.82

Q) For the set of observations {(1, 2), (2, 5), (3,7), (4, 8), (5,10)}, the value of
Karl Pearson's coefficient of correlation is approximately given by:

(a) 0.755

(b) 0.655

(c) 0.525

(d) 0.985

Q) The coefficient of correlation between & and y is 0.5, the covariance is 16, and the

standard deviation of y is:

(a) 4
(b) 8
(c) 16
(d) 64
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Q) Karl Pearson Correlation Coefficient method is used for:

(a) Any data

(b) Scattered data
(c) Grouped data
(d) Ungrouped data

Q) may be defined as the ratio of covariance between the two variables to the

product of the standard deviations of the two variables.

(@) Scatter diagram
(b) Karl Pearson's correlation coefficient
(c) Spearman's correlation coefficient

(d) Coefficient of concurrent deviations

Nature of Correlation (r) from Linear Equation

Concept:
The relationship between two variables & and y in the form of a linear equation

az + by + ¢ = 0 can help determine whether the correlation between z and y is
perfect positive or perfect negative.
Key Points:
1. Perfect Positive Correlation:
¢ [f increasing the value of & causes Y to increase, the correlation is perfect
positive.
¢ This happens when the signs of a and b are similar (both positive or both
negative).
2. Perfect Negative Correlation:
* [fincreasing the value of & causes y to decrease, the correlation is perfect
negative.
® This happens when the signs of @ and b are opposite (one positive and one

negative).
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Shortcut Rule:

e If the signs of z and y in the equation y = a + bx are the same, the

correlation is perfect positive.

e |If the signs are different, the correlation is perfect negative.

Q) If the correlation coefficient between z and ¥ is 7, then between U = 2 and

10

(c) Spearman’s Rank Correlation Coefficient

Spearman’s rank correlation coefficient (r,.) is a non-parametric measure used to
assess the strength and direction of the association between two variables. Instead of

using raw data, it uses ranks assigned to the data values.

Key Uses:
1. Measures agreement or disagreement between variables.

2. Especially useful for ordinal data or when the relationship is monotonic (but not

necessarily linear).

3. Easy to compute compared to Karl Pearson's caorrelation coefficient.

Formula for r,.:

1. With Ties:
-t
6 (X + 20)
rp=1— 3
n—n
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3" d2: Sum of the squared rank differences.
= (zr — yr)? where z and yp are the ranks of variables z and .

e {:Length of the tie.

e n: Number of observations.

2. Without Ties:
6> d?
n°—n

e The term for tie correction (Z( )) Is omitted.

1. 7, = —1 When the Ranks are in Reverse Order:

e This happens when one variable's ranks are in exactly the opposite order to

the other variable's ranks.

e Example: If Variable X has ranks [1, 2, 3, 4] and Variable Y has ranks [4, 3, 2, 1],
the rank correlation coefficient (r,.) will be -1, indicating a perfect negative

correlation.
2. The Association Between the Two Variables Need Not Be Linear:
¢ Unlike Pearson's correlation coefficient, Spearman’s rank correlation

coefficient does not require the relationship between the two variables to be

linear.

e |t only measures the degree of monotonic association (a consistent direction

of increase or decrease) between variables.
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3. The Sum of the Rank Differences Will Always Be Zero:

e In ranking, when you calculate the differences in ranks (d; = r — yg), the

sum of these differences across all observations will always be zero.

e Mathematically, Z d; = 0. This is because ranks are assigned relative to the
same set of observations, and any increase in one rank is offset by a

corresponding decrease in another.

Q) Ranks of two characteristics by two judges are in reverse order. Then find the

value of Spearman rank correlation coefficient.

(a) -1
(b) 0
(€1
(d) 0.

15

Q) If the rank correlation coefficient between marks in Management and Mathematics
for a group of students is 0.6 and the sum of the squares of the difference in ranks is

66, then what is the number of students in the group?

(@9

(b) 10
(c) 11
(d) 12

Q) The ranks of five participants given by two judges are:

Participants ‘ A ‘ B ‘ C ’ D ‘ E
Judge 1 1 2 3 4 5
Judge 2 2 5 -4 3 1

Rank correlation coefficient between ranks will be:

(@1
(b) 0
(c) -1
(d) 3
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Q) Three competitors in a contest are ranked by two judges in the order 1,2, 3 and

2, 3, 1 respectively. Calculate the Spearman's rank correlation coefficient.

(a) -0.5
(b) -0.8
(c) 0.5

(d) 0.8

Q) When each individual gets the exactly opposite rank by the two judges, then the

rank correlation will be

(@) 0
(b) -1
(c) +1
(d) 5

Q) In a beauty contest, there were 10 competitors. Ranks of these candidates are
assigned by two judges A and B. The sum of squares of differences of ranks is 44. The

value of rank correlation is:

(a) 0.70
(b) 0.73
(c) 0.80
(d) 0.60

Q) Rank correlation coefficient lies between:

(@0to1

(b) —1 to +1 inclusive of these values
(c) —1toO

(d) Both

QA by Nithin R Krishnan

497



ACADEMY

E‘ al"l\/u PQ CA Foundation Paper 3 - Statistics

Q) Determine Spearman's rank correlation coefficient from the given data:

¥d*> =30, n = 10

(@r = 0.82
(b= 0.32
(©r=0.40

(d) None of the above

Q) The coefficient of rank correlation between the ranking of the following 6 students

in two subjects, Mathematics and Statistics, is:
Mathematics 3 5 8 4 7 10
Statistics 6 4 9 8 1 2

(a) 0.25
(b) 0.35
(c) 0.38
(d) 0.20

(d) Coefficient of Concurrent Deviations

The Coefficient of Concurrent Deviation is one of the simplest methods to measure
the relationship between two variables when we are not concerned about their

maghnitude but only about their direction of change. Here's the explanation:

QA by Nithin R Krishnan

498



E‘ al"l\/u PQ CA Foundation Paper 3 - Statistics

ACADEMY

Key Points:
1. Concept:

¢ The method focuses on whether the two variables increase or decrease

together, disregarding the magnitude of change.

* A positive sign is assigned if the value is increasing compared to the

previous value.

* A negative sign is assigned if the value is decreasing compared to the

previous value.

* An equal sign (=) is assigned if there is no change.

2. Concurrent Deviations:

e |f the signs of deviations for both variables (X and Y) are the same, it is called

a concurrent deviation.

® For example, if both variables increase or decrease simultaneously, their

deviations are concurrent.

Formula:

Where:
¢ ¢ Number of concurrent deviations (when signs match for X and Y).
* m: Total number of pairs of deviations (m = n — 1).

e 7n: Total number of observations.
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How to Use:
1. Count Concurrent Deviations:

® Check the direction of change for each observation pair and count the

instances where X and Y have the same direction (both increase or decrease).

* Assign c as the count of such concurrent deviations.

2. Substitute Values:
¢ Calculatem =n — 1.
* Substitute ¢ and m into the formula.
3. Interpret Sign:
¢ If 2¢c — m is positive, the sign of r4 is positive.
¢ |f 2¢ — m is negative, the sign of .4 is negative.
Interpretation:

* 7.4 = l: Perfect positive correlation (both variables consistently change in the

same direction).

* 7.4 = —1: Perfect negative correlation (one variable increases while the other

decreases).
* 7.4 = 0: No correlation between the variables.

Note:

® This method is less precise compared to Pearson's or Spearman'’s correlation
coefficients.

* [t is mostly used for quick or preliminary analysis where only the direction of

change matters.
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Q) If the concurrent coefficient is "\}"g and the sum of deviations is 6 for n pairs of

data, what is the value of n?

Q) Find the coefficient of concurrent deviations for the data given:

 Year 2015 | 2016 207 2018 ‘ 2019
Demand 60 65 55 60 70
Supply 50 55 50 50 60

(a) 0.447

(b) 0.500

(c) 0.400
(d) 0.600

‘ 2020
65

60

Q) The number of concurrent deviations for the 10 pairs of observations is 4. Find the

coefficient of concurrent deviation.

—

(@ —3
(b) 3
(c)0
(d) 0.5

Probable Error (PE):

® Definition: It is used to determine the limits of the correlation coefficient.

e Formula:
)
PE = 0.6745 L ")
Jn
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Where:

e 7: Correlation coefficient
e 7n: Number of observations

e Properties:

e PEis never negative.

e |fr < PF, there is no significant correlation.

Standard Error (SE):

* Definition: It provides an extended range for the probable error.

* Formula:
SE = 1.5PE
Significant Value of 7:
¢ 7 issaid to be significant if:
r>6x PE

Coefficient of Determination (r2):

¢ Definition: Represents the proportion of explained variation in the dependent

variable.

e Value: The square of the correlation coefficient, r2.
Coefficient of Non-Determination:

* Definition: Represents the unexplained variation.

e Formula:

1— 72
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Q) Given that ¥ = 0.4 and n = 81, determine the units for the population evaluation

coefficient.

(a) (0.33, 0.466)
(b) (0.367, 0.433)
(c) (0.337, 0.463)
(d) (0.373, 0.427)

: o (0 -
Q) Find the probable error if 7 = war and n = 36.

(a) 0.6745
(b) 0.067

(c) 0.5287
(d

) None

500

Q) A relationship r? = 1 — 200

is not possible.

(a) True
(b) False
(c) Both
(d) None

Q) The coefficient of determination is defined by the formula:

2 __ 1 __ unexplained variance
@r*=1 total variance

2 __ explained variance
(b) r* = total variance

(c) Both (a) and (b)
(d) None

Q) If r = 0.6, then the coefficient of non-determination will be:

(a) 0.40
(b) -0.60
(c) 0.36
(d) 0.64
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Q) If r = 0.6, then the coefficient of determination is:

(a) 0.4

(b) -0.6
(c) 0.36
(d) 0.64

Regression Analysis

* Purpose: To find a linear relationship between two variables using the least
squares method. This helps predict the value of one variable based on the value

of another.
Regression Line of y on :

 Formula:y =a+by, =

* Use: To determine the probable value of ¥ when x is known.

* Explanation:
e Comparable to the equation of a straight line: y = mx + ¢.
. bym is the slope (rate of change of ¢ with respect to ).
* ais the y-intercept.

* Calculation of by,

by = P

sy _nyzy— (C2)(Xy)
Sz n> z2— (> z)?

® 7: Correlation coefficient.

® S84, 8y Standard deviations of £ and y.

* Note: The slope of the x-axis is zero.
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Regression Line of x on y:
* Formulaz =a+byy -y
e Use: To determine the probable value of £ when ¥ is known.
* Explanation:

e by is the slope (rate of change of  with respect to ).

* Calculation of byy:

b .Sz ey — ()X y)
Yy ndy? - (y)

Key Notes:
1. Regression lines represent the line of best fit.

2. Regression coefficients (by, and by,):

* They are derived from the correlation coefficient ().

* The regression coefficients are proportional to 7 and the ratio of standard

deviations.
3 by 1 by = r2, which shows the relationship between both regression

coefficients and the correlation coefficient.

Properties of Regression Coefficients:
1. Effect of Origin and Scale:

* Regression coefficients remain unchanged when the origin is shifted

(additive constant).

* Regression coefficients change when the scale (multiplicative constant) is

altered.
* If transformations u = *3% and v = ¥=° are applied:
d
buv = ‘E_’b
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Finding Regression Line of 3 on z:

* When regression coefficients bym, bmy, and means I, Y are given:

® The regression equation of y on Z is:

(¥ —Y) = bya(z — T)
® This is useful when we want to predict y based on the values of z.
Relationship Between Regression Coefficients and Correlation
Coefficient:

1. Carrelation Coefficient as the Geometric Mean:

* The correlation coefficient (7) is the geometric mean (GM) of the two
regression coefficients bxy and by:,:
r = :l: bmy . bym

2. Sign of r:
e 7 is positive (+) if both b,y and b, are positive.
7 is negative (—) if both by, and by, are negative.

Key Notes:

1. Regression coefficients indicate the slope or the rate of change of one variable

with respect to another.

2. The correlation coefficient measures the strength and direction of the linear

relationship between two variables.

3. While regression coefficients are directional (dependent on which variable is
independent or dependent), the correlation coefficient is symmetrical and

remains the same regardless of the choice of  or y.
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Finding 7 When Regression Lines Are Given

Procedure:
1. Assumption:
* Assume one regression line represents y on &, givenby y = a + by, -

 Assume the other regression line represents & on y, given by £ = a + by - y.

2. Determine Regression Coefficients:
e Compute by, and b, from the respective regression equations.
3. Calculate Correlation Coefficient 7:

e Use the formula:
T s ‘\/bmy e byg:

4. Verify Assumptions:

e If r lies within the valid range [—1, 1], the assumptions are correct.

¢ |f not, reverse the assumptions:

e Swap by, = Ei_y and by = 3:,:

Point of Intersection of Regression Lines

® The point where the regression lines intersect represents the mean values of  and ¥:

(z,7)

QA by Nithin R Krishnan
507



E‘ BPI\/U PQ CA Foundation Paper 3 - Statistics

ACADEMY

Value of r Based on the Angle Between Regression Lines
1. Orthogonal Regression Lines (90°):
e If the angle between regression lines is 90°, 7 = 0, indicating no correlation.

2. Coincident or Identical Regression Lines:

¢ |f the regression lines overlap (angle is 0°), 7 = =1, indicating perfect positive or negative

correlation.
Key Notes:

1. The relationship between r and the slopes b,,, b,, depends on their product.

2. 7 = ( represents no linear relationship, while 7 = =1 represents a perfect linear relationship.

3. Intersection points of regression lines provide insights into central tendencies of the data.

Q: The two regression equations are:
2z +3y+18=0
z+2y—25=0

Find the value of y if z = 9.

(a) -8
b)
c) -12
(d)

—_
(8¢}

o

Q: Which of the following regression equations represent the regression line of Y on
X
Te+2y+15=0,2c+5y+10=0

@T7z+2y+15=0
®2z+5y+10=0
(c) Both (a) and (b)

(d) None of these
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Q: The two regression lines are 7x — 3y — 18 =0 and 4z — y

values of by, and by,

a)
b)
C) —
d) None of these.

?

i~
@ ol

'M’—‘ -Mr—t

(
(
(
(

— 11 = 0. Find the

Q: of the regression coefficients is greater than the correlation coefficient

(a) Combined mean
(b) Harmonic mean
(c) Geometric mean

(d) Arithmetic mean

Q: If the two lines of regression are
z+2y—5=0and2z+ 3y — 8 =0,

The regression line of y on Z is

@zx+2y—5=0

(b) 2z + 3y —8 =10
(c) Any of the two lines
(d) None of the two lines

Q: Regression coefficients are

(a) dependent on the change of origin and of scale.
(b) independent of both change of origin and of scale.
(c) dependent on the change of origin but not of scale.

(d) independent of the change of origin but not of scale.
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Q: For a bivariate data, two lines of regression are

40z — 18y = 214 and 8z — 10y + 66 = 0, then find the values of z and y.

(@) 17 and 13
(b) 13 and 17
(c) 19 and -17
(d) -13 and 17

Q: Out of the following, which one affects the regression coefficient?

(a) Change of origin only
(b) Change of scale only
(c) Change of scale & origin both

(d) Neither change of origin nor change of scale

Q: For a bivariate data, the lines of regression of Y on X, and of X on Y are

respectively
2.5Y — X = 35and 10X — Y = 70, then the correlation coefficient 7 is equal to:

(@) 0.2
(b) -0.2
() 0.5
(d) -0.5

Q: If one of the regression coefficients is unity, the other must be unity.

(a) more than, more than
(b) less than, less than
(c) more than, less than

(d) positive, negative
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Q: If the regression lines are 8 — 10y + 66 = 0 and 402 — 18y = 214, the

correlation coefficient between 'x' and 'y’ is:

(a) 1
(b) 0.6
() -0.6
(d) -1

Q: If 2 variables are uncorrelated, their regression lines are:

(a) Parallel

(b) Perpendicular

(c) Coincident

(d) Inclined at 45 degrees.

Q: If y = 18z + 5 is the regression line of  on x, the value of b, is

Q: Two variables x and y are related according to 4 + 3y = 7. Then & and y are:

(a) Positively correlated.
(b) Negatively correlated.
(c) Correlation is zero.

(d) None of these.
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Q: If the mean of & and y variables is 20 and 40 respectively and the regression

coefficient of ¥ on x is 1.608, then the regression line of y on & is:

(a)y = 1.608x + 7.84
b))y = 1.5 +4.84
(o y = 1.608z + 4.84
(d)y = 1.56x + 7.84

Q: Two regression lines for a bivariate data are:
2z —5y+6=0and bz —4y+ 3 = 0.
Then the coefficient of correlation should be:
(a) —_25@

(b) 2

24/2
() =57

(d) Y2

Q: If the mean of the two variables 'x" and 'y’ are 3 and 1 respectively, then the

equation of the two regression lines are :

@brx+Ty—22=0, 6x+2y—20=0
b)br+Ty—22=0, 6xr+2y+20=0
@©bx+T7y+22=0, 6x+2y—20=0
d)bx+Ty+22=0, 6x+2y+20=0
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Q: Two regression equations are as follows:
Regression equation of z on y: bz — y = 22
Regression equation of y on x: 64 — 45y = 24
What will be the mean of & and ¥y?

@E=87=0
(b)Z =6,7 =6
©Z=6,5=8
(d)z=8,5=38

Q: The two lines of regression become identical when

Q: The two regression lines passing through

(a) Represent means
(b) Represent S.Ds
(0) (@) and (b)

(d) None of these.

Q: Out of the following, the one which affects the regression coefficient is

(a) Change of origin only
(b) Change of scale only
(c) Change of scale and origin both
(d

) Neither change in origin nor change of scale
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Q: If the Regression coefficient ('ry,;) of y on x is greater than unity, then the other

Regression coefficient (7,) of xony is:

(a) Less than one
(b) Greater than one
(c) Equal to one

(d) Equal to zero
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Chapter 18: Index Numbers

Index numbers are statistical tools used to compare the price, quantity, or value of a

commaodity over two different time periods (Base year and Current year).

Key Features of Index Numbers
e Expressed in Percentages: Index numbers represent changes as percentages.

¢ Use of Averages:

* Arithmetic Mean (AM)

* Geometric Mean (GM)

* GM is considered the best average for constructing index numbers.
Relatives:

¢ One of the simplest forms of an index number is a price relative.

s A price relative is the ratio of the price of a commodity in a given period to its

price in another (base) period.

Price Relative Formula:

Price Relative = &
Py

* To express it as a percentage, it is multiplied by 100:

By
Price Relative = (—) x 100
Py

Methods for Constructing Index
Numbers

Index numbers can be constructed using two main methods:

1) Simple Index Numbers Method

* Simple Aggregative Price Index

* Simple Relative Price Index
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2) Weighted Index Numbers Method

¢ Laspeyres’ Index (L)
e Paasche’s Index (P)
¢ Bowley’s Index (B)
* Fisher's Index (F)

e Marshall’s Index (M)

Simple Aggregative Price Index (SAPI)

Epl)
SAPI = x 100
(E Py

where:
e P, = Current Year Price

e P, = Base Year Price

Simple Relative Price Index (SRPI)

)
SRPI — % « 100

where:

¢ N = Number of Commodities

Important Note:
* SAPI is unit-dependent, meaning its values depend on the units of measurement.

* SRPI is unit-independent, making it a more standardized measure.
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Q) The simple index number for the current year using the simple aggregative

method for the following data is

Commodity | Base Year Price (P) | Current Year Price (P))
Wheat 80 | 100
Rice | 100 150
Gram 120 | 250
Pulses | 200 300
(a) 200
(b) 150
(c) 240
(d) 160

Weighted Index Numbers

s  Weight refers to quantity.

® \Weighted index numbers consider the importance of different commodities by

assigning them weights.

Types of Weighted Index Numbers

1. Laspeyres’ Index (L)

hm (%) x 100

where:
e P, = Current year price
e P, = Base year price

* o = Base year quantity
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2. Paasche’s Index (P)

P= (%;—) x 100

where:

® @, = Current year quantity

Note:

If prices or quantities change in the same ratio, then Laspeyres’ Index will be equal

to Paasche’s Index.

3. Bowley’s Index (B)

* Itis the Arithmetic Mean (AM) of Laspeyres’ and Paasche’s Index.

L+-P
2

B:

4. Fisher’s Index (F)

® |tis the Geometric Mean (GM) of Laspeyres’ and Paasche’s Index.

=+/Lx P

* Alternatively, it can be written as:

_(ZPa)  E(Pa)\F
P (S * Sn) <

¢ Fisher’s Index is considered an Ideal Index Number.

5. Marshall’s Index (M)

_ (X Plgo+a))

¢ Marshall’s Index is a good approximation to Fisher’s Index.
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Q) Fisher’s Index is based on:-

(a) Arithmetic Mean of Laspeyre and Paasche
(b) Geometric Mean of Laspeyre and Paasche
(c) Harmonic Mean of Laspeyre and Paasche

(d) Median of Laspeyre and Paasche.

Q) In Passche’s index, weights are based on:
(@) Current year quantities

(b) Base year quantities

(c) Weighted average prices

(d) None of these

Q) In Laspeyre's Index Number, ___ are used as weights?

(a) Base year price
(b) Current year price
(c) Base year quantities

(d) Current year quantities

Q) In the data group Bowley's and Laspeyre's index number is as follows.
Bowley's index number = 150, Laspeyre's index number = 180, then Paasche's index

number is

(a) 120

(b) 30

(c) 165

(d) None of these

Q) Find the Paasche's index number for prices from the following data taking 1970 as

the base year.

Commodity 1970 Price 1970 Quantity 1975 Price 1975 Quantity
A 1 6 3 5
B 3 5 8 5
C & 8 10 6
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(a) 261.36
(b) 265.48
(c) 274.32
(d) 282

Q) If Laspeyre's index number is 90 and Paasche’s index number is 160, then Fisher's
index number will

(a) 144
(b) 120
(c) 125
(d) None of these

Q) Wholesale Price Index (WPI) is given by:

(a) Marshall-Edgeworth Index
(b) Laspeyre's Index

(c) Paasche's Index

(d) None of the above

Q) Fisher's Ideal Index is obtained by:

(a) Arithmetic Mean of Laspeyre's & Paasche's index
(b) Geometric Mean of Laspeyre's & Paasche's index
(c) Sum of Laspeyre's & Paasche's index

(d) None of the above

QIf Y PyQo = 116, > PQ, = 140,
Y PiQo =97 PQ =117,

then Fisher's ideal index number is

a) 184
) 83.59
c) 119.66

(
(b
(
(d) 120
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Q) Bowley’s index = 150, Laspeyer’s index = 180, then Paasche’s index =
(a) 120

(b) 30

(c) 165

(d) None of these

Q) The weighted aggregative price index turnover for 2001 with 2000 as the base year

using Fisher's Index Number is:

Commodity = Price (In ¥) 2000  Price (In ¥) 2001 | Quantities 2000 = Quantities 2001

A 10 12 20 22
B 8 8 16 18
C 5 6 10 11
D 4 4 7 8

(a) 12.26

(b) 112.25

(©) 112.32

(d) 126.01

Consumer Price Index (CPI)

® The Consumer Price Index (CPI) is also known as the Cost of Living Index.

* |t measures the average change in prices paid by urban consumers for a market

basket of consumer goods and services over time.
* The CPlis a key economic indicator used to track inflation.
Purpose of CPI:
e The primary purpose of the CPI is to track changes in the cost of living.

* |t helps to estimate the inflation rate, which represents the general rise in prices
over time.
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Formula for CPI:

_2UIxW)
CPI = =y

where:
¢ | = Group index

¢ W = Weight (importance of the item in the market basket)

Deflated Value:

Current Price
Current CPI

Deflated Value =

e Deflation of value occurs when retailers and service providers reduce costs by:

¢ Selling smaller packages
* Providing smaller portions

e Offering less quantity for the same price while maintaining the same sticker

price.

Q) Consumer price index is commonly known as

(@) Chain Based index
(b) Ideal index
(c) Wholesale price index

(d) Cost of living index

Q) Monthly salary of an employee was T 10,000 in the year 2000 and it was increased
to ¥ 20,000 in year 2013 while the consumer price Index No. is 240 in year 2013 with
the base year 2000. What should be his salary in comparison of consumer price index

in the year 2013?

(a) ¥ 20,000
(b) X 16,000
(c) ¥ 24,000
(d) None of the above
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Q) The index number for the year 2012 taking 2011 as the base year from the data

given below by using the simple average of the price relative method is:

Commodity A B C D E
Price in 2011 115 108 95 80 90

Price in 2012 125 117 108 95 95

(@) 112
(b) 117
(c) 120
(d) 111

Splicing of Index Numbers

¢ Splicing is the process of constructing one continuous series from two different

index number series using a common base.

s [t is useful when a new commodity is added to the existing list of commodities.

Q) Which of the following statements is true?

(a) Paasche's Index Number is based on base year quantity

(b) Fisher's Index Number satisfies the circular test

(c) Arithmetic Mean is the most appropriate average for constructing the Index
Number

(d) Splicing means constructing one continuous series from two different indices on

the basis of a common base.

Shifted Price Index

Original Price Index ) < 100

Shifted Price Index =
bited Brwe Tudes (P'rice Index of the year to which it has to be shi fted

= The purpose of shifting a price index is to recalibrate it to a different base year.
e This adjustment is necessary when:
® The original base year becomes outdated.

* Comparison is required across different index series with different base

years.

QA by Nithin R Krishnan

523



al"l\/u PQ CA Foundation Paper 3 - Statistics

AEADEMY

Chain Index Number (CIN)

orn =

Link Relative of Current Year X CIN of Previous Y ear
100

A Chain Index is different from a fixed-base index.

It links each period to the preceding one, rather than a fixed base period.

Link Relative is the price relative, meaning the ratio of the price in the current

year to the price in the previous year.

Purchasing Power of Money

1
Price Index Number

Purchasing Power of Money =

Refers to the quantity of goods and services that can be bought with a unit of

currency.
When prices increase (inflation) — Purchasing power falls.

When prices decrease (deflation) — Purchasing power rises.

Q) Purchasing power of money is

(a) Reciprocal of price index number

(b) Equal to price index number

(c) Unequal to price index number
(d) None of these

Real Wages

Current Y ear Wages
Current Year CPI

Real Wages = ( ) x Base Year CPI

Real wages are adjusted for inflation, reflecting the actual purchasing power of
wages.
The formula accounts for the impact of inflation to compare nominal wages with

base-year wages.
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Percentage Increase in Real Wages

1 I in Pric
Percentage Increase in Real Wages = [1 — ( + /o Tuorense in. Sirive )] x 100

1 + % Increase in Wages

* Percentage Increase in Price = Rate of inflation.
* Percentage Increase in Wages = Nominal increase in wages.

s This formula determines how much real wages have increased after adjusting for

inflation.

Note:

* The percentage increase in real wages will always be less than the difference
between the percentage increase in wages and the percentage increase in

price.

Q) The index number of prices at a place in the year 2008 is 225 with 2004 as the base
year. Then there is:

(a) Average 125% increase in prices.
(b) Average 225% increase in prices.
(c) Average 100% increase in prices.

(d) None of the above.

Q) In the year 2005, the wholesale price index number is 286 with 1995 as the base

year. How much have the prices increased in 2005 in comparison to 1995?

(a) 286%
(b) 386%
(c) 86%

(d) 186%
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Q) If with an increase of 10% in prices, the rise in wages is 20%, then the real wage has

increased by:

(@) 20%

(b) 10%

(c) Less than 10%
(d) More than 10%

Q) Consumer price index number for the year 1977, was 313, with 1960 as the base
year, and was 100 for the year 1960. The average monthly wages in 1977 of the
workers into factory be X 160, their real wages is:

(a) ¥48.40
(b)X51.12
(c) ¥40.30
(d) None of the above

Tests of Adequacy (Tests of Consistency)

Index numbers must satisfy certain mathematical tests to be considered consistent and reliable.
1) Unit Test

¢ An index number passes the unit test if it is independent of the units of measurement.

e Changing units (e.g., from kilograms to pounds or from dollars to euros) should not affect the

index number.

¢ The Simple Aggregative Price Index does not satisfy the Unit Test because it is dependent on the

units of the items being priced.

2) Time Reversal Test (TRT)

e This test checks whether an index number remains consistent when the time order is reversed.

* Condition for satisfying TRT:

Py x Py =1

® Fisher's Index and Marshall’s Index satisfy the Time Reversal Test.
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3) Factor Reversal Test (FRT)

¢ This test checks whether the value index can be obtained by multiplying the price index and the

quantity index.

¢ Condition for satisfying FRT:
Poi X Qo1 = Vi
where:
e Py = Price Index (ratio of prices in year 1 to year 0).
¢ Qo1 = Quantity Index (ratio of quantities in year 1 to year 0).
¢ V{1 = Value Index.

* Mathematically:
P
v E( 1*!11)

D)

* Only Fisher's Index satisfies the Factor Reversal Test.

4) Circular Test

¢ This test ensures consistency over multiple time periods.

e Condition for satisfying Circular Test:

Py X Pig X Poy =1
® Fisher's Index fails to satisfy the Circular Test.
¢ The test is satisfied by:
¢ The Simple Geometric Mean of Price Relatives.
¢ The Weighted Aggregative Index with Fixed Weights.

e The Circular Test is an extension of the Time Reversal Test (TRT).

*  While TRT deals with the reversal of two periods, the Circular Test ensures consistency across

multiple periods in a cycle.
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Q) Fisher's Ideal Index does not satisfy:
(a) Time Reversal Test

(b) Factor Reversal Test

(c) Unit Test

(d) Circular Test

Q) Py1Qo1 = ZPl_gl which of the following tests satisfies the above?

a) Time Reversal Test
b) Factor Reversal Test
¢) Circular Test

(
(
(
(d) None of these

Q) Time reversal & factor reversal are:

(a) Quantity Index
(b) Ideal Index
(c) Price Index

(d) Test of Consistency

Q) The number of test of Adequacy is:
(a) 2
(b) 5

(©) 3
(d)4
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Finding Current Year Salary & Dearness Allowance (DA)

If the Base Year Salary, Base Year CPI, and Current Year CPI are given, the Current Year Salary is

calculated as:

Base Year Salary x Current Year CPI
Base Year CPI

Current Year Salary = (
Dearness Allowance (DA) Calculation:
DA = Current Year Salary — Base Year Salary

Note: If the Base Year CPI is not given, it is taken as 100.

Q) Net monthly salary of an employee was 33,000. The consumer price index number
in 1985 is 250 with 1980 as the base year. If he has to be rightly compensated, then

the additional dearness allowance to be paid to the employee is:

(a) 34,000
(b) T4,800
() 5,500
(d) T4,500

Q) In the year 2010 the monthly salary of a clerk was X 24,000. The consumer price
index was 140 in the year 2010, which rises to 224 in the year 2016. If he has to be
rightly compensated, what additional monthly salary should be paid to him?

(a) ¥ 14,400
(b) X 38,400

(c) ¥ 7,200

(d) None of these

Q) The monthly income of an employee was X 8,000 in 2014. The consumer price
index number was 160 in 2014, which rose to 200 in 2017. If he has to be rightly

compensated, the additional dearness allowance to be paid to him in 2017 would be:

(a) ¥ 2,400
(b) ¥ 2,750
(c) 2,500
(d) None of these
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