MH 12 MATHS & STAT. (COMMERCE) Question and Solutions

| Time Allowed :3 Hours | Maximum Marks :80 | Total Questions :6 |

General Instructions

Read the following instructions very carefully and strictly follow them:
1. All questions are compulsory.

There are six questions divided into two sections.

Write answers of Section-I and Section-II in the same answer book.

Use of logarithmic tables is allowed. Use of calculator is not allowed.

A S

For L.P.P. and Time Series, graph paper is not necessary. Only rough sketch of
graph is expected.

6. Start answer to each question on a new page.

7. For each objective type of question (i.e. Q.1 and Q.4), only the first attempt will
be considered for evaluation.




SECTION - I

Q. 1.
(i) If p: He is intelligent, ¢: He is strong. Then, symbolic form of statement It is

wrong that he is intelligent or strong” is:
(A) ~pV ~gq

(B) ~(pAq)
(C) ~(pVa)
(D) pv ~¢q

Correct Answer: (C) ~ (pVq)

Solution: Step 1: Identify the individual logical statements, which are p: ”He is intelligent”
and ¢: "He is strong”.

Step 2: Translate the phrase "he is intelligent or strong”. The logical operator for "or” is
disjunction (V). Thus, this phrase becomes p V g.

Step 3: Translate the negation "It is wrong that...”. This corresponds to the negation
operator (~) applied to the entire statement that follows.

Step 4: Combine the parts. Applying the negation to the expression from Step 2 gives

~(pVa).

9 Quick Tip

When translating from English to symbolic logic, pay close attention to phrases that
indicate grouping. "It is wrong that...” negates the entire clause that follows, requiring
parentheses around the expression being negated.

(ii) The value of [ (z + %)3 dz is equal to:
(A) (x—l— %%)4—%0

(B) & + 25 +3logx — 22—1—0

C) & —1—3‘” +3logz + & + ¢

(D) (ac—x D3 +e

4 2
Correct Answer: (B) & + 32 + 3logz — 515 + ¢

Solution: Step 1: Expand the integrand using the binomial theorem
(a+b)3 = a®+ 3a%b + 3ab® + b3.

($+i)3:$3+3(1’2) <i> +3(x )(;2) + (§>3:x3+3x+g+x_3

Step 2: Integrate the expanded expression term by term using the power rule.

4 2 —2
3
/(w3+3$+3$_1+x_3)dx:%+%+3log|x|+x—2+c



Step 3: Simplify the final expression.

:1:4+33:2+31 1 L
— 4 — 0gT — 5 +¢
1 2 BT T o2

9 Quick Tip

For integrals of polynomials or rational functions raised to a small integer power, it is
often easiest to expand the expression algebraically first. This simplifies the problem to
integrating a sum of power functions.

(iii) The value of the definite integral f2 \er\/idm is:
(A)

NN NSNS

(B)
(C)
(D)

[\ol[e)

Correct Answer: (B)

Solution: Step 1: Let [ = f2 fﬁcidx Use the property f f(x)dz = f; fla+b—z)dx.
Here, a =2,b="7,s0 a4+ b= 9.
Step 2: Apply the property by replacing  with 9 — x.
[—/7 VI —=x dr — Vo=
2 VI—2++/9—(9—12) V9 —x+\/_

Step 3: Add the original and transformed integrals.

VErViE, [
\/_+\/T$ 2

Step 4: Evaluate the simple integral.

21 = 1dx

9 Quick Tip
Recognize the special form f; de Integrals of this type evaluate to —a.
Here, % = %

(iv) The area of the region bounded by the curve y = 2?2 and the line y = 4 is:
(A) % sq. units



(D) 64 sq. units
Correct Answer: (A) 3—32 Sq. units

Solution: Step 1: Find the points of intersection by setting the equations equal:

2? =4 = x = £2. These are the limits of integration.

Step 2: Set up the definite integral for the area. The area is the integral of the upper curve
minus the lower curve. Here, y = 4 is the upper curve and y = 22 is the lower curve.

A= /_22(4 — 2?)dx

Step 3: Use the property of even functions to simplify the integral. Since 4 — 22 is an even
function, [ f(z)dx =2 [ f(z)dz.

2
A:2/ (4 — 2?)dx
0

Step 4: Evaluate the integral.

e a0 () -

9 Quick Tip

When finding the area between curves, always sketch the graphs to identify the upper
and lower functions and the region of integration. Utilizing symmetry for even or odd
functions can simplify the calculation.

2 2
(v) The order and degree of the differential equation (%) + (%) =a” are

,,,,,,,, respectively.

Correct Answer: (C) 2, 2

Solution: Step 1: Determine the order of the differential equation. The order is the order of
the highest derivative present. The highest derivative is %, which is the second derivative.
Therefore, the order is 2.

Step 2: Determine the degree of the differential equation. The degree is the highest power of
the highest-order derivative, after the equation has been cleared of radicals and fractions with



respect to its derivatives. The equation is already a polynomial in its derivatives. The
2
highest-order derivative is g 5, and its power is 2. Therefore, the degree is 2.

9 Quick Tip

- Order: Look for the highest derivative (e.g., v/, ¥”, ¥"). - Degree: Look for the ex-
ponent of the highest derivative. Ensure the equation is a polynomial in its derivatives
before determining the degree.

(vi) The integrating factor of the differential equation Z_g: + 4= x3 — 3 is:
(A) logx

(B) e”
(©) 7
(D)
Correct Answer: (D) z

Solution: Step 1: Identify the form of the differential equation. The equation is in the

. d

linear form ¢ 4+ P(x)y = Q(x).

Step 2: Identify the function P(x). By comparing the given equation to the standard form,
we find that P(z) = .

Step 3: Calculate the integrating factor (I.F.) using the formula L.F. = el P(@)dz
LF. = ¢l =
Step 4: Evaluate the integral and simplify.
LF. = =4

9 Quick Tip

The integrating factor for a first-order linear differential equation 3’ + P(z)y = Q(x) is
always el P@)dr The key is to correctly identify the P(x) term, which is the coefficient

of the y term.

(B) State whether the following statements are true or false (1 mark each):

(i) If A is a matrix and K is a constant, then (KA)" = KAT.
Correct Answer: True

Solution: Step 1: Recall the properties of the transpose of a matrix. One of the
fundamental properties is that for any scalar k and any matrix A, the transpose of their
product is the scalar multiplied by the transpose of the matrix.



Step 2: Applying this property, we have (K A)T = K(A”). The statement is therefore
correct.

Q Quick Tip

A scalar can be factored out of a transpose operation. This is different from the trans-
pose of a product of two matrices, where the order is reversed: (AB)T = BT AT,

(ii) The value of [logzdr =zlogx + x + c.
Correct Answer: False

Solution: Step 1: Use integration by parts, where fudv = uv — f vdu. Let u = logx and
dv = dx.

Step 2: Differentiate u and integrate dv. We get du = %dz and v = x.

Step 3: Substitute these into the integration by parts formula:

1
/1ogxdx:(1ogx)(x)—/x(—> dx:xlogx—/ldx:xlogx—x—l—c.
T

The given statement has a positive sign before the x, so it is false.

9 Quick Tip

The integral of logx is a standard result that is frequently used. It’s helpful to remem-
ber it: [logzdr = zlogx — z +c.

(iii) The differential equation obtained by eliminating arbitrary constants from

2
br + ay = ab is %:O.

Correct Answer: True

Solution: Step 1: Differentiate the given equation bx 4+ ay = ab with respect to x.

dy
b+a— =0

dx
Step 2: This first derivative shows that % = —g, which is a constant value since a and b are
constants.
Step 3: Differentiate the result from Step 1 again with respect to x. The derivative of a
constant (b) is zero, and the derivative of a constant times a function (a%) is the constant
times the derivative of the function.

d%y d%y



The statement is true.

Q Quick Tip

To form a differential equation from a relation with n arbitrary constants, you gener-
ally need to differentiate the relation n times and then eliminate the constants from the
resulting equations.

(C) Fill in the following blanks (1 mark each):

(i) The average revenue R, is 50 and elasticity of demand 7 is 5, the marginal
revenue Ry is ______.

Correct Answer: 40

Solution: Step 1: Recall the formula that relates marginal revenue (Rjy), average revenue
(R4), and the elasticity of demand (7).

1
- (1-1)
n

Step 2: Substitute the given values R4 = 50 and n = 5 into the formula.

1

4
RM:50(5):10><4:40

Step 3: Simplify the expression.

9 Quick Tip

This formula is a key application of derivatives in economics. It helps businesses un-
derstand how a change in price will affect their total revenue, based on how sensitive
demand is to price changes.

(ii)fer(%—#)da:: ,,,,,, +c

xT
Correct Answer: %

Solution: Step 1: Identify the integral’s form. It matches the special property

[ e*[f(z) + f'(x)]de = e” f(x) + c.
Step 2: Let f(z) = 1. Find its derivative, f'(x).

d
= %(aj_l) = —1-27%=—-=

72

(@)



Step 3: Confirm that the integrand matches the form e*[f(z) + f'(z)].

1 1
(3= %) =l + )
The form is correct. Therefore, the integral is e* f(z) + c.
Step 4: Substitute back f(z) = 1 to get the final answer.

Tz

1 1 *
/ex(———Q)dxze——i-c
r x T

9 Quick Tip

When you see an integral involving e* multiplied by a sum or difference of functions,
always check if it fits the form [ e®[f(x) + f'(x)]dz. Recognizing this pattern saves a
lot of time compared to using integration by parts.

(iii) If f'(z) = 2> + 5 and f(0) = —1 then f(z) = ______.
Correct Answer: %3 +5r—1

Solution: Step 1: Find the general form of f(z) by integrating f’(z) with respect to z.
1'3
f(z) :/(x2+5)da:: §+5x+0

where C' is the constant of integration.
Step 2: Use the given initial condition, f(0) = —1, to find the value of C'.

=-1
Step 3: Substitute the value of C' back into the expression for f(x).
3

f(:c)z%—l—&%—l

Q Quick Tip

This type of problem is called an initial value problem. The process is always the
same: integrate to find the general solution with a constant C, then use the given point
(the initial value) to solve for C' and find the particular solution.

Q. 2.



(A) Attempt any TWO of the following questions (3 marks each):

(i) Write the converse, inverse and contrapositive of the statement ”If a triangle
is equilateral then it is equiangular”.

Solution: Let p be the statement ”a triangle is equilateral” and ¢ be the statement ”it is
equiangular”. The given statement is in the form p — ¢.

Step 1: Converse (¢ — p)) The converse is formed by swapping the hypothesis and the
conclusion. Statement: ”If a triangle is equiangular then it is equilateral.”

Step 2: Inverse (~ p —~ ¢)) The inverse is formed by negating both the hypothesis and
the conclusion. Statement: ”If a triangle is not equilateral then it is not equiangular.”
Step 3: Contrapositive (~ ¢ —~ p)) The contrapositive is formed by negating and
swapping the hypothesis and the conclusion. Statement: "If a triangle is not equiangular
then it is not equilateral.”

9 Quick Tip

Remember the transformations for a statement ”If p, then q”: - Converse: ”If q, then
p.” (Swap) - Inverse: "If not p, then not q.” (Negate) - Contrapositive: ”If not q,
then not p.” (Swap and Negate) A statement is always logically equivalent to its con-
trapositive.

0 1 =2 |z—1

-2 3 y+1 :{ﬂ

(ii) Find x, y, z if [
-1 1 1 2z

51 0
111

Solution: Step 1: Multiply the first two matrices.

0 1 =2 {

[5 1 O] 1 _9 3 _
2x3

(0+1—-0) @—2+0)@40+3+m}:{13 —q
111 IR

O0+1-1) (1—-2+1) (=2+3+1) 00 2
3x3

Step 2: Multiply the resulting matrix by the column vector.
{1 3 —7} zli _[1($—1)—|—3(y—|—1)—7(2z)]_[x—1+3y+3—14z]_[x+3y—14z—|—
2x3

00 2 O(z—1)+0(y+1)+2(22) 4z 4z
22 3x1

Step 3: Set the resulting matrix equal to the right-hand side and solve the system of
equations.
r+3y—14z+2 |2
Tl
From the second row: 42 =1 — 2 = %l. From the first row:
r+3y—14242=2 = x+ 3y — 14z = 0. Substitute z = %1:
:L’—|—3y—14(%1) =0 = x+3y—%:0 — x+3y= % The problem does not yield a
unique solution for x and y. The solution is z = i and any x, y that satisfy = + 3y = %

9



9 Quick Tip

When multiplying matrices, always check that the inner dimensions match (e.g., m x n
times n X p). The resulting matrix will have the outer dimensions (m X p). Proceed
with multiplication step-by-step to avoid errors.

(iii) Evaluate: [ mdx

Solution: Step 1: Multiply the numerator and denominator by z° to prepare for a
substitution.

5
xr
- d
/x6(x6 0

Step 2: Let u = 28, Then du = 62°dz, which implies z°dz = %“.

Step 3: Substitute u and du into the integral.

Step 4: Use partial fraction decomposition for the integrand.

fu=0,1=A Ifu=-1,1=-B = B=-1. So, —— =

1 A

u(u+ 1) u+u+1

= 1= A(u+1)+ Bu

1

u+1-

2=

» u(ut1)

Step 5: Integrate the resulting expression.

1 1 1 1
6/(—— )du:g(ln|u\—ln|u—l—1|)+0

v u+1
Step 6: Simplify using logarithm properties and substitute back u = z5.
1 26
-1 C=-In|——|+C
6nu+l‘+ 6nx6+1‘+

9 Quick Tip

For integrals involving a term like x(z™ + k), the substitution v = z™ is often effective
after multiplying the numerator and denominator by 2"~ 1.

(B) Attempt any TWO of the following questions (4 marks each):

(i) Solve the following equations by the method of inversion: 2z —y + z =1,
r+2y+32=8,3r+y—4z=1.

10




Solution: The system can be written in matrix form AX = B, where:

2 -1 1 z 1
A=1{1 2 3|, X=|y|, B=|8
3 1 —4 2 1

The solution is X = A~ B.
Step 1: Find the determinant of A.

1Al =2(—8—3) — (=1)(=4—9) +1(1 —6) = 2(—11) + 1(=13) = 5 = —22 — 13 — 5 = —40

Step 2: Find the adjugate of A. The matrix of cofactors is:

—11 13 =5
C=|-3 —-11 =5
-5 =5 5

The adjugate is the transpose of the cofactor matrix:

-1 -3 -5
adj(A)=CcT=1|13 —11 -5
-5 =5 5
Step 3: Find the inverse of A.
1 1 -1 -3 -5
A7t = —padi(4) = 0| B 15
4] -5 =5 5
Step 4: Calculate X = A~ B.
1 —11 -3 =5| |1 1 —11( ) —3(8) —5(1)
X=——113 =11 =5| |8 =—— | 13(1) — 11(8) — 5(1)
40 40
-5 =5 5 1 —5(1) — 5(8) 4+ 5(1)
1 —11-24-5 1 —40 1
X:_E 13—-88—5 =-0 —80| = |2
—5—40+5 —40 1

Thus, x =1,y =2,z = 1.

9 Quick Tip

The matrix inversion method is procedural. Be careful with arithmetic, especially with
negative signs when calculating the determinant and cofactors. Always check your final
answer by plugging it back into the original equations.

(ii) Find MPC, MPS, APC and APS, if the expenditure FE. of a person with
income I is given as E. = (0.0003)I% + (0.075)I; when I = 1000.

11



Solution: Given the consumption function C' = E,. = 0.00031% + 0.075] and I = 1000.
Step 1: Calculate Consumption (C) and Savings (S).

C' = 0.0003(1000)2 + 0.075(1000) = 0.0003(1000000) + 75 = 300 + 75 = 375

S = Income — Consumption = I — C' = 1000 — 375 = 625
Step 2: Calculate Average Propensities (APC and APS).

C 375
APC=—= =
¢ I~ 1000 =037
S 625
APS=— = = 0.62
> I~ 1000 =002

Step 3: Calculate Marginal Propensities (MPC and MPS). First, find the derivative
of the consumption function with respect to income.

ac d
7 = (000031 +0.0751) = 0.00061 +0.075

Now, evaluate MPC at I = 1000.

MPC =

MPC = 0.0006(1000) 4+ 0.075 = 0.6 + 0.075 = 0.675

MPS=1-MPC=1-0.675=0.325
Final Answer: APC = 0.375, APS = 0.625, MPC = 0.675, MPS = 0.325.

9 Quick Tip

Remember the key relationships: ‘APC + APS = 1 and ‘MPC + MPS = 1°. ’Aver-
age’ refers to the overall ratio (C/I), while 'Marginal’ refers to the instantaneous rate of
change (dC/dI).

(iii) Evaluate: fl $2+6x+5
Solution: Step 1: Factor the denominator and set up the partial fraction decomposition.

2462 +5=(x+1)(x+5)
1 _ A B
(x+1D(z+5) z+1 z+5

Multiplying by the denominator gives 1 = A(x +5) + B(z + 1).

Step 2: Solve for A and B. If z = —1, then 1 = A(4) = A= %1. If x = —5, then
1=B(-4) = B=-1.

Step 3: Rewrite the integral with the partial fractions.

2 2
1
/ A4 1A d:czl/ Lo dx
1 \z+1 245 4 )1 \z+1 x+5

12




Step 4: Integrate and evaluate the definite integral.

1 1
1[ln|x—|—1| —In|z+5[)F = 1 {ln -

|
[mf) -3 (2
“i(n(7) () =i (T5) =)

2+1

’—ln

9 Quick Tip

P(z)

For rational functions Wi), if the denominator Q(x) can be factored into linear terms,

partial fraction decomposition is the standard method to simplify the integrand into a
sum of simpler fractions.

Q. 3.
(A) Attempt any TWO of the following questions (3 marks each):

(i) Find % if y = 2% + a”.

Solution: This function is a sum of two parts. We will differentiate each part separately. Let
dy

u=2x"and v=a",s0y =u-+v. Then%:g—;+g—;.
Step 1: Differentiate u = x”. This requires logarithmic differentiation.
Inu=In(z") =zlnz

Differentiating both sides with respect to x:

1d 1
Eé =(1)(Inz)+ = (E) =nzr+1
du .
yri u(l+Inz)=2"(1+Inx)
x
Step 2: Differentiate v = a”. This is a standard derivative of an exponential function.
d
é =a"Ilna
Step 3: Combine the results.
d d d
ﬁ = £+£ =2°(1+1Inz)+a’lna

9 Quick Tip

When differentiating a function of the form f(x)9 (#)  always use logarithmic differentia-
tion. Do not confuse it with the power rule (™) or the exponential rule (a®).

13



(ii) Find the area of the region bounded by the parabola y? = 25r and the line
r = 9.

Solution: Step 1: Visualize the region. The parabola y? = 25z opens to the right with
its vertex at the origin. The line z = 5 is a vertical line. The region is bounded on the left by
the y-axis (z = 0) and on the right by = 5. The region is symmetric about the x-axis.

Step 2: Set up the integral. We can find the area of the top half and double it. From

y? = 25z, the upper half is y = v/252 = 5\/z. The limits of integration are from z = 0 to

T =9D.

5 5
Area = 2/ SvVx dr = 10/ 22 dy
0 0
Step 3: Evaluate the integral. Using the power rule for integration:

5
3/2 5
Area =10 |5 | — 10 |2232
3/2 37,
0

_ ?[53/2 _ 03/2] _ ?(5\/5) _ 10(;\/5

B

The area is 10% square units.

9 Quick Tip

For regions bounded by curves that are functions of x, use vertical strips (dz). The

area is f;(yupper — Yiower) dz. Utilizing symmetry can often simplify the calculation.

(iii) Find the differential equation by eliminating arbitrary constants from the
relation y = Ae3* + Be 37,

Solution: Since there are two arbitrary constants (A and B), we need to differentiate the
relation twice.
Step 1: Differentiate with respect to z.

d
é = 3463 — 3B ... (1)
Step 2: Differentiate again with respect to x.
d*y 3 -3
Step 3: Eliminate the constants. Factor out 9 from the right side of equation (2):
d2
ﬁ — 9(A€3$ + Be—3$)

14



Notice that the expression in the parentheses is the original expression for y.

d%y

&z =

2
The required differential equation is % — 9y = 0.

9 Quick Tip

The order of the resulting differential equation is equal to the number of independent
arbitrary constants in the original relation. Differentiate that many times and then use
algebra to eliminate the constants.

(B) Attempt any ONE of the following questions (4 marks each):
(i) Using the truth table, verify pV (¢ A7) = (pVq) A(pVr).

Solution: We construct a truth table to evaluate both sides of the equivalence.
gAT | pVI(gAT) [ pVg | pVr | (pVgA(pVr)

RN NN N WIS
MR AT TS AR

T E T ATl

ol Sl R I

I I RS RS RS R

CECESRE NSy

HHMEHHHH 4
HEHHEHHEHHH

Since the truth values in the columns for pV (¢ Ar) and (p V q) A (p V r) are identical for all
possible truth values of p, ¢, and r, the given equivalence (the distributive law) is verified.

9 Quick Tip

When constructing a truth table for n variables, there will be 2" rows. Be systematic
in listing all possible combinations of T and F to ensure you don’t miss any cases.

.o 42
(ii) If = = li—tﬁ, y=3 (h—;), then show that g—z = —Z—;.
Solution: This is a parametric differentiation problem. We will find fl—@t’ and Cc% first.
Step 1: Find Ccll—f Using the quotient rule:
dv  (4)(1+¢%) — (46)(2t)  4+4t2 — 82 4(1—1?)

dt (1+12)2 (1 412)2 (1+12)2

15



Step 2: Find %. Yy = 31:_%';2. Using the quotient rule:

dy  (—6t)(1+1t2) — (3 —3t%)(2t)  —6t — 6> — 6t + 6t —12t

dt (1+12)2 B (1+12)2 (1+12)2

Step 3: Find j—i

dy dy/dt  —12t/(1+t%)* 12t —3t

dr — drjdt — 401 —2)/Q+2)2  41—-12) 1-+£
Step 4: Evaluate the right-hand side.

C9r 9w 36/t 36t -3t
4y 4(3+h) 12(1 — #2)/(1 4 t2) 12(1—2) 1-—¢2

Since g—z and —i—i both simplify to the same expression in terms of ¢, we have shown that

dy _ 9z
de — 4y
@ Quick Tip

For parametric differentiation, the key formula is g—z = %‘ After finding the deriva-
tive in terms of the parameter ¢, you may need to substitute the original expressions
for x and y to show equivalence.

(C) Attempt any ONE of the following questions (Activity) (4 marks each):

(i) Divide the number 84 into two parts such that the product of one part and
square of the other is maximum.

Solution: Let one part be x then the other part will be 84 — . Let the product be P(x). We
can define the function as P(z) = 2?(84 — ).

f(z) = 84x% — x3
f/(z) = 168z — 322

For extreme values f’(z) = 0.
168z — 32* = 0

3x(56 —x) =0
r=00R z =56

Now, f”(z) =168 — 6z. If x = 0, f”(0) = 168 — 6(0) = 168 > 0. function attains minimum at
r=0. If x =56, f(56) = 168 — 336 = —168 < 0. function attains maximum at = = 56.
Two parts of 84 are 56 and 28.

16



9 Quick Tip

To find the maximum or minimum of a function, find the first derivative and set it to
zero to find critical points. Then use the second derivative test to determine whether
each point is a maximum (f” < 0) or a minimum (f” > 0).

(ii) Solve the following differential equation (22 — y2?)dy + (y* + xy?)dx = 0.
Solution: Separating the variables, the given equation can be written as:

2?(1 — y)dy + y*(1 + 2)dr = 0

1-— 1+2x
2ydy+
Y

de =0
2 W

1 1 1 1
(o3t (a3 =0

1 1
vy 2dy — —dy +z 2de+ =dx =0
Y X

1 1
/y_Qdy—/—dy+/x_2dx+/—dsz
Y x
-1 ~1

y—l—logy+x—1+10gx:c

Integrating we get,

1 1
—— ——+4logz —logy=c
y

1 1
logas—logy:;+§+c

is the required solution.

Q Quick Tip

For first-order differential equations, always check if the variables can be separated.
This method transforms the equation into two separate integrals, which are often easier
to solve.

SECTION - II

Q. 4. (A) Select and write the correct answer of the following multiple choice
type of questions (1 mark each) :

(i) An agent who gives guarantee to his principal that the party will pay the sale
price of goods is called —

17



(a) Auctioneer

(b) Del credere agent
(c) Factor

(d) Broker

Correct Answer: (b)

Solution: A Del credere agent is a type of mercantile agent who, for an extra commission
(called a del credere commission), guarantees the solvency of the third party and the
performance of the contract. In the context of a sale, this means they guarantee that the
buyer will pay for the goods. If the buyer fails to pay, the del credere agent is liable to pay
the amount to the principal.

9 Quick Tip

Think of ”Del credere” as "extra credit” or ”extra credibility.” The agent gets extra
pay for taking on the extra risk of guaranteeing the payment.

(ii) In an ordinary annuity, payments or receipts occur at
(a) Beginning of each period

(b) End of each period

(c¢) Mid of each period

(d) Quarterly basis

Correct Answer: (b)

Solution: An annuity is a series of equal payments made at regular intervals. The key
distinction between different types of annuities is the timing of the payments. In an ordinary
annuity (or annuity immediate), the payments are made at the end of each payment period.
In contrast, an annuity due has payments at the beginning of each period.

9 Quick Tip

Remember: ”Ordinary” is what’s most common or standard. Most loan payments (like
for a car or mortgage) are due at the end of the month, making them ordinary annu-
ities. ” Annuity Due” is for payments made in advance (like rent).

(iii) Moving averages are useful in identifying
(a) Seasonal component

(b) Irregular component

(c) Trend component

(d) Cyclical component

18



Correct Answer: (c)

Solution: The moving average method is a time series analysis technique used to smooth out
short-term fluctuations and highlight longer-term trends. By averaging the data points over a
specific period, the method reduces the impact of random, irregular variations and seasonal
effects. This makes the underlying trend component of the series much easier to see.

9 Quick Tip

Think of a moving average as ”"blurring” a noisy picture. The blur removes the sharp,
random ”pixels” (fluctuations) so you can see the main shape (the trend) more clearly.

Correct Answer: (a)

Solution: The question asks for the Dorbish-Bowley Price Index, Py (D — B), given
Laspeyres’ Price Index, Py;(L), and Paasche’s Price Index, Pyi(P). The formula for the
Dorbish-Bowley index is the arithmetic mean of the Laspeyres and Paasche indices:

P()1 (L) + P01 (P)

Py1(D — B) = 5
Given:
e Py1(L) =190
o Pyi(P) =40
Substitute the values into the formula:
Pou(D — B) = 90—;40 _ 120 65

Therefore, the Dorbish-Bowley Price Index is 65.

9 Quick Tip

Remember the three main ”averaged” index numbers:

e Dorbish-Bowley: Arithmetic Mean of L & P.
e Fisher: Geometric Mean of L & P (VL x P).

e Marshall-Edgeworth: Uses the sum of base and current year quantities.
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(v) The objective of an assignment problem is to assign
(a) Number of jobs to equal number of persons at maximum cost
(b) Number of jobs to equal number of persons at minimum cost
(¢) Only to maximize the cost

(d) Only to minimize the cost

Correct Answer: (b)

Solution: An assignment problem is a special type of linear programming problem. Its
primary objective is to assign a set of resources (e.g., persons, machines) to a set of tasks
(e.g., jobs) on a one-to-one basis. The goal is to find the assignment that optimizes a given
objective function, which is most commonly to minimize the total cost or time. While
maximization problems (e.g., maximizing profit) also exist, the standard and most
fundamental objective is minimization. Option (b) is the most complete and accurate
description of the standard assignment problem.

Q Quick Tip

Think of the classic assignment problem: ”Assign n workers to n jobs to minimize the
total cost.” This core idea helps distinguish it from other optimization problems.

(vi) The expected value of the sum of two numbers obtained when two fair dice
are rolled is _____.

(a) 5

(b) 6
(c) 7
(d) 8

Correct Answer: (c)

Solution: Let X7 be the outcome of the first die and X5 be the outcome of the second die.
We want to find the expected value of the sum, E(X; + X2). By the linearity of expectation,
E(Xl + X2) = E(Xl) + E(XQ)

First, find the expected value of a single fair die roll. The possible outcomes are {1, 2, 3, 4, 5,
6}, each with a probability of 1/6. The expected value F(X7) is:

B(X1) = Y- Plr) = 12) +2(2) +3(2) +4(5) +5(7) +6(7)

1+2+3+4+5+6 21
6 6

Since the second die is also fair, its expected value is the same: F(X3) = 3.5. Now, the
expected value of the sum is:

3.5

E(Xy) =

E(Xl + XQ) = E(Xl) -+ E(Xg) =35435=7
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9 Quick Tip

The expected value of a single die roll is 3.5. For n dice, the expected sum is just n x
3.5. Also, note that 7 is the most probable outcome when rolling two dice.

noindent Q. 4. (B) State whether the following statements are true or false (1
mark each) :

(i) If by, + byy = 1.30 and r = 0.75 then the given data is inconsistent.
Correct Answer: True

Solution: One of the properties of regression coefficients (b, and bs,) and the correlation
coefficient (r) is that the arithmetic mean of the regression coefficients must be greater than
or equal to the correlation coefficient.

PP > )

Let’s check this condition with the given data:
® byy + by = 1.30
e r=0.75

The arithmetic mean of the regression coefficients is:

1.30
— =0.65
2

Comparing this to the correlation coefficient:
0.65 > 0.75

This statement is false. Since the condition is violated, the given data is inconsistent.
Therefore, the original statement is True.

9 Quick Tip

For regression and correlation coefficients to be consistent, two key rules must hold: 1.
Both regression coefficients must have the same sign as the correlation coefficient. 2.
The correlation coefficient cannot be greater than the average of the regression coeffi-
clents.

(ii) Cyclic variation can occur several times in a year.
Correct Answer: False

Solution: In time series analysis, variations are categorized based on their duration.
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e Seasonal variations are short-term fluctuations that occur regularly within a period of
one year or less (e.g., higher sales of ice cream in summer).

e Cyclic variations are long-term oscillations that occur over a period of more than
one year (e.g., business cycles of boom and recession).

The statement describes seasonal variation, not cyclic variation. Therefore, the statement is
False.

9 Quick Tip

Remember the time frames: Seasonal is Short-term (within a year). Cyclic is for
longer Cycles (more than a year).

(iii) Cost of living index number is used in calculating purchasing power of money.

Correct Answer: True

Solution: The Cost of Living Index Number (also known as the Consumer Price Index or
CPI) measures the change in the general price level of goods and services that a household
consumes. The purchasing power of money is the value of a currency in terms of the goods it
can buy. It is inversely proportional to the price level. The formula to calculate it is:

1

Purchasing P £ M _ x 100
urehasing rower of MOney = =75 of Living Index Number

Since the index is a direct component of the calculation, the statement is True.

Q@ Quick Tip

Think of it this way: if the Cost of Living Index goes up (inflation), your money’s Pur-
chasing Power goes down because you can buy less with the same amount. They are

inversely related.

Q. 4. (C) Fill in the following blanks (1 mark each) :

(i) The amount paid to the holder of the bill after deducting banker’s discount is
known as _______.

Correct Answer: Cash value of the bill (or Net Proceeds)

Solution: When a bank discounts a bill of exchange, it calculates the interest on the face
value of the bill for the unexpired period. This interest is called the Banker’s Discount (B.D.).
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The bank deducts this amount from the face value and pays the remaining amount to the
holder. This net amount received by the holder is known as the Cash Value (C.V.) or the
proceeds of the bill.

9 Quick Tip

The formula is: Cash Value = Face Value - Banker’s Discount. The Banker’s
Discount is the bank’s fee for giving you the money early.

(ii) The simplest method of measuring trend of time series is _______.
Correct Answer: Graphical method (or Freehand method)

Solution: There are several methods for measuring the trend in a time series, including the
method of moving averages, the method of least squares, and the graphical method. The
graphical or freehand method is the simplest as it involves plotting the time series data
on a graph and then drawing a smooth, freehand curve or a straight line through the points
that seems to best fit the overall trend, without requiring complex calculations.

@ Quick Tip

”Simplest” in statistics often means the least mathematical or computational. Drawing
a line by eye is far simpler than calculating averages or regression lines.

(iii) Quantity index number by weighted aggregate method is given by _______.

Correct Answer: =2 x 100, where w are the weights. Most commonly, IDLITINETII)
> dow 2 qopo

Solution: A weighted aggregate quantity index number measures the change in the quantity
of a group of items over time, with each item’s quantity being weighted by its importance
(usually its price). The general formula is % x 100, where ¢ is the current year quantity,
qo is the base year quantity, and w is the weight. The most common form is Laspeyres’

Quantity Index, which uses base year prices (pg) as weights:

> q1P0
QOl L) = x 100
() >~ qopo

Q Quick Tip

>~ (current)

> (base)
are quantities (¢ and qp). The weights (prices) are the constant part. Laspeyres uses

base-year weights (pg), while Paasche uses current-year weights (p1).

For any index, remember x 100. For a quantity index, the changing variables
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Q. 5. (A) Attempt any TWO of the following questions (3 marks each) :

(i) Compute the appropriate regression equation for the following data :

X123 4] 5
Y |5[7|/9|11]|13

X is the independent variable and Y is the dependent variable.

Solution: Since X is the independent variable and Y is the dependent variable, we need to
find the regression equation of Y on X, which is given by Y. = a + b,; X. We first prepare a
table to calculate the necessary sums:

X Y X? XY
1 5 1 5
2 7 4 14
3 9 9 27
4 11 16 44
5 13 25 65
S X =153 Y =45 X?=55|> XY =155

Here, n = 5. First, we find the means:

_ X 1
n

_ Y 4
n 5

Next, we calculate the regression coefficient b,:

y XY - (CX)(XY) _ 5(155) — (15)(45) _ 775675 _ 100 _
TN X2 (N X)2 T 5(5) —(15)2  275—225 50

Now, we calculate the constant a:
a:Y—byxX:9—(2)(3):9—6:3

The appropriate regression equation is Y = 3 + 2.X.

9 Quick Tip

The formula for by, is central to finding the regression line. A good way to check your
calculation is to see if the line passes through the point of means, (X,Y). Here, if X =
3, Y =3+ 2(3) =9, which matches our mean Y.

(ii) A company makes concrete bricks made up of cement and sand. The weight
of a concrete brick has to be at least 5 kg. Cement costs INR 20 per kg and sand
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costs INR 6 per kg. Strength consideration dictate that a concrete brick should
contain minimum 4 kg of cement and not more than 2 kg of sand. Formulate the
L.P.P. for the cost to be minimum.

Solution: Step 1: Define the variables. Let z be the weight of cement in kg. Let y be
the weight of sand in kg.

Step 2: Formulate the objective function. The objective is to minimize the cost of the
brick. The cost function (Z2) is:

Minimize Z = 20z + 6y
Step 3: Formulate the constraints. The constraints are based on the conditions given:

1. Total weight constraint: The total weight must be at least 5 kg.

r+y>5
2. Cement constraint: The brick must contain a minimum of 4 kg of cement.
T >4
3. Sand constraint: The brick must contain not more than 2 kg of sand.
y<2
4. Non-negativity constraints: The amount of cement and sand cannot be negative.

r>0,y>0

The complete L.P.P. formulation is: Minimize Z = 20x + 6y Subject to the constraints:
r+y>95

>4

z,y >0

9 Quick Tip

When formulating an L.P.P., always follow three steps: 1. Identify the decision vari-
ables (what you can control, e.g., kg of cement/sand). 2. Write the objective function
(what you want to maximize or minimize, e.g., cost). 3. List all the constraints (the
rules and limitations).

(iii) Find the mean of number of heads in three tosses of a fair coin.

Solution: This is an example of a binomial distribution. Let X be the random variable
representing the number of heads.
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e The number of trials (tosses), n = 3.
e The probability of success (getting a head) in a single trial, p = %

The mean, or expected value E(X), of a binomial distribution is given by the formula
E(X) = np. Substituting the values:
1

E(X):3><§:1.5
The mean number of heads in three tosses of a fair coin is 1.5.
Alternatively, we can list the sample space and calculate the mean directly: The possible
outcomes are: HHH, HHT, HTH, THH, HTT, THT, TTH, TTT. Number of heads (X) can
be 0, 1, 2, or 3. P(X=0) [TTT] = 1/8 P(X=1) [HTT, THT, TTH] = 3/8 P(X=2) [HHT,
HTH, THH] = 3/8 P(X=3) [HHH| = 1/8 The mean is E(X) =Y z - P(X = z):

1 3 3 1
E(X)= - 1x = 2 X — z
(X)= (0% )+ (1% )+ @x )+ Bx )
12
E(X):%:§=l-5

9 Quick Tip

For any binomial experiment (a fixed number of independent trials with two out-
comes), the mean is simply the number of trials times the probability of success. It’s
a quick and powerful shortcut.

Q. 5. (B) Attempt any TWO of the following questions (4 marks each) :

(i) Obtain the trend value for the following data using 4-yearly centered moving
averages :

Years | 1976 | 1977 | 1978 | 1979 | 1980 | 1981 | 1982 | 1983 | 1984 | 1985
Index 0 2 3 3 2 4 5 6 7 10

Solution:
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Year | Index | 4-Yearly Moving Total | 2-Period Total (Centered) | Trend Value (Centered
1976 0 3

1977 2 10

1978 3 19 18 2.25
1979 3 14 22 2.75
1980 2 17 26 3.25
1981 4 99 31 3.875
1982 D 98 39 4.875
1983 6 50 6.25
1984 7

1985 10

The trend values are: 2.25, 2.75, 3.25, 3.875, 4.875, and 6.25 for the years 1978 to 1983,
respectively.

9 Quick Tip

The key to centered moving averages for an even period (like 4 years) is the two-step
centering process. First, find the moving totals and place them *between* the years.
Second, add adjacent pairs of these totals to center them *on* a year. Finally, divide
by the total number of data points used (4 x 2 = 8).

(ii) Find the sequence that minimizes the total elapsed time to complete the
following jobs in the order AB. Find the total elapsed time and idle time for
machine B :

Jobs I |II | |IV ]|V | VI| VII
Machine A | 7 |16 19| 10| 14 | 15 5
Machine B |12 |14 | 14 | 10 | 16 | 5 7

Solution: We use Johnson’s algorithm to find the optimal sequence.
1. The minimum processing time is 5, for Job VI on Machine B and Job VII on Machine A.
2. Job VII goes first, Job VI goes last. Sequence: [VII, _, ., ., , _ VI].

3. The next smallest time is 7 for Job I on Machine A. It goes next. Sequence: [VIL, I, _, _
-, -, VIJ.

4. The next smallest is 10 for Job IV on both machines. We schedule it from Machine A’s
side. Sequence: [VIL, I, IV, _, _, _ VI].

5. The next smallest is 14 for V on A, and II and III on B. We schedule V from A’s side, and
IT and III from B’s side. Let’s place II before III. Sequence: [VII, I, IV, V| _ III, II, VI].
The order of IIT and II at the end does not matter for the total time but we will use one.
Let’s use smallest job time on A for tie break: B(II)=14, B(III)=14 -; tie -; A(II)=16,
A(III)=19. So II is better. Schedule II after III. Sequence: [VII, I, IV, V| III, II, VI].
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The optimal sequence is VII -1 -1V - V - III - II - VL.
Calculation of Elapsed and Idle Time:

Job | Machine A | Machine B
In Out In Out
VII | 0 5 5 12

I 5 12 12 24
IV | 12 22 24 34

V | 22 36 36 52
IIT | 36 55 55 69

II |55 71 71 85
VI | 71 86 86 91

Total Elapsed Time = 91 hours. Idle Time for Machine B = (Initial wait) + (Time
between jobs)

Idle Time = 5+ (36 — 34) + (55 — 52) + (71 — 69) + (86 — 85) = 5+ 2+ 3+ 2+ 1 = 13 hours.

@ Quick Tip

Johnson’s rule is simple: find the smallest time in the table. If it’s on the first ma-
chine, schedule that job as early as possible. If it’s on the second machine, schedule
it as late as possible. Cross off the job and repeat.

(iii) Five cards are drawn successively with replacement from a well shuffled deck
of 52 cards. Find the probability that : (a) all the five cards are spades (b) only 3
cards are spades.

Solution: This is a binomial probability problem.

e Number of trials, n = 5.

e Probability of success (drawing a spade), p = é—g = zll'

e Probability of failure (not drawing a spade), ¢ =1 —p = %.
The binomial probability formula is P(X = z) ="Cy - p* - ¢" 7.
(a) All the five cards are spades: Here, x = 5.

1\° /3\°7° 1 /3\" 1
oo (1) (2) -1 (2 =
P(X =5)="Cs (4) (4) b T2 (4) 1024

(b) Only 3 cards are spades: Here, z = 3.

s ) (2)”

5! Hhx4
503 _ _ X _

- - =10
31—3)  2x1
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2
1 3 1 9 90 45
PX=3V=10-[—-).(2) =10. .2 = _ =2
(X=3)=10 (64> (4) 061716~ 1024~ 512

9 Quick Tip

Anytime you see a fixed number of independent trials (”"with replacement” is a key
hint) with a constant probability of success, think ”binomial distribution.” The formula
nCz - p* - ¢" " will be your tool.

Q. 6. (A) Attempt any TWO of the following questions (3 marks each) :

(i) A house valued at INR 8,00,000 is insured at 75% of its value. If the rate of
premium is 0.80%, find the premium paid by the owner of the house. If agent’s
commission is 9% of the premium, find agent’s commission.

Solution: Step 1: Calculate the insured value of the house. The house is valued at
INR 8,00,000 and is insured for 75% of its value.

Insured Value = 8, 00,000 x 75% = 8,00, 000 x 170—50 — INR 6,00, 000

Step 2: Calculate the premium paid. The rate of premium is 0.80% of the insured value.

0.80
Premium = 6, 00,000 x 0.80% = 6, 00,000 x To0 = 6,000 x 0.8 = INR 4, 800

Step 3: Calculate the agent’s commission. The agent’s commission is 9% of the
premium.

9
Agent’s Commission = 4, 800 x 9% = 4,800 x 100 = 48 x 9 = INR 432

So, the premium paid is INR 4,800 and the agent’s commission is INR 432.

¢ Quick Tip

Insurance calculations follow a clear sequence: 1. Find the Policy Value (the amount
insured). 2. Calculate the Premium based on that value. 3. Calculate the Commis-
sion based on the premium. Always base each calculation on the result of the previous
step.

(ii) Solve the following L.P.P. by graphical method. Maximize : z = 4x + 6y
Subject to : 3z +2y <12, x+y >4, z,y >0

Solution: Step 1: Convert inequalities to equations and find points. For
3z + 2y =12:
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o Ifz=0,2y=12 = y = 6. Point is (0, 6).
o Ify=0,3x=12 = z =4. Point is (4, 0).

The region 3x + 2y < 12 is on the origin side of this line.
For x +y = 4:

o If =0, y=4. Point is (0, 4).
e If y=0, x =4. Point is (4, 0).

The region = + y > 4 is on the non-origin side of this line.

Step 2: Graph the lines and find the feasible region. The feasible region is the area
bounded by the lines that satisfies all constraints, including x > 0 and y > 0. The corner
points of the feasible region are:

e A =(0,4)
e B=(4,0)
e C=(0,0)

The intersection point of x +y = 4 and 3z + 2y = 12 is not needed as it lies outside the region
defined by the combination of inequalities. The feasible region is the triangle formed by
points A, B, and C. Step 3: Evaluate the objective function at the corner points. We
evaluate Z = 4z + 6y at each vertex:

o At A0, 4): Z = 4(0) + 6(4) = 24
o At B(4, 0): Z = 4(4) + 6(0)
e At C(0,6): Z=4(0)+6(6)

16

36

Step 4: Determine the maximum value. The maximum value of Z is 36, which occurs at
the point (0, 6). So, the optimal solution is x = 0, y = 6, with a maximum value of Z = 36.

9 Quick Tip

The optimal solution for an L.P.P. always occurs at one of the corner points (vertices)
of the feasible region. Once you’ve graphed the region, just test all the vertices in the
objective function to find the maximum or minimum.

(iii) Defects on plywood sheet occur at random with the average of one defect per
50 sq.ft. Find the probability that such a sheet has : (a) no defect (b) at least one
defect (use e~! = 0.3678)

Solution: This is an example of a Poisson distribution, which is used for modeling the
number of events occurring in a fixed interval of time or space. The average number of defects
(M) per 50 sq.ft. is given as 1. So, the mean of the distribution is m = 1. The Poisson

e "m”

!

probability formula is P(X =z) =

30



(a) Probability of no defect: Here, we need to find P(X = 0).

—1 1 0
P(X=0)=¢ o(' )
Since 19 =1 and 0! = 1:
P(X=0)=¢!

Given e~ = 0.3678, the probability of no defect is 0.3678.
(b) Probability of at least one defect: ” At least one defect” means X > 1. The easiest
way to calculate this is by using the complement rule:

P(X>1)=1—-P(X =0)
We already calculated P(X = 0) in part (a).
P(X >1)=1-0.3678 = 0.6322

The probability of at least one defect is 0.6322.

Q Quick Tip

For Poisson problems, remember that ”at least one” is almost always calculated as 71
minus the probability of zero.” It saves you from having to calculate an infinite series
of probabilities (P(1) + P(2) + ...).

Q. 6. (B) Attempt any ONE of the following questions (4 marks each) :

(i) The equations of two regression lines are 10z — 4y = 80 and 10y — 92 = —40. Find
(a) z and gy (b) by, and b,y (c) r (d) If Var(Y) = 36, obtain var (X).

Solution: (a) Find z and y: The two regression lines intersect at the point of means (z, 7).
We solve the two equations simultaneously. 1) 10z — 4y = 80 — 5x — 2y = 40 2)
10y — 9z = =40 = —9z + 10y = —40 Multiply equation (1) by 5: 25z — 10y = 200. Add
this to equation (2):

(252 — 10y) + (=92 + 10y) = 200 — 40

16x =160 = z =10
Substitute £ = 10 into bz — 2y = 40:

5(10) — 2y =40 = 50 — 2y =40 = 2y =10 = §=5

So, z =10 and y = 5.

(b) Find by, and by,: Assume the first line is Y on X: 102 — 80 = 4y = y = 2z —20. So,
bys = 14—0 = 2.5. Assume the second line is X on Y: 10y +40 =92 — x = %Oy + %. So,
bey = %. Let’s check the condition |r| < 1, which means by, - by < 1. 2.5 X % = % ~ 2.78.

This is greater than 1, so our assumption is wrong.
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Let’s switch the assumptions. Line of Y on X:

10y — 9z = —40 => 10y =9z —40 = y = ‘5z — 4. So, by, = 15 = 0.9. Line of X on Y:
102 — 4y =80 = 10z =4y + 80 = x = -5y + 8. So, by = 15 = 0.4. Check:

byz - bzy = 0.9 x 0.4 = 0.36. This is < 1, so the assumption is correct. by, = 0.9 and by, = 0.4.
(c) Find r: The correlation coefficient r is the geometric mean of the regression coefficients.

r = /by - by = V0.36 = 0.6

Since both by, and b, are positive, r is also positive. So, r = 0.6.
(d) Find Var(X): We know that by, = r7*. The variance is the square of the standard
deviation (o?).

b2 — 720_5 — 2 Var(Y')
e o2 Var(X)
36
0.9% = (0'6)2\/ar(X)
36
0.81 = 0'36var(X)
Var(X) = 0'3(?.; = - 102.é916 =10

The variance of X is 16.

9 Quick Tip

When identifying regression lines, calculate both possibilities for by, and bs,. The cor-
rect assignment is the one where their product is less than or equal to 1.

(ii) Find x if the cost of living index is 150 :

Group | Food | Clothing | Fuel and electricity | House Rent | Miscellaneous
I 180 120 300 100 160
\)\% 4 5 6 X 3

Solution: The Cost of Living Index Number (CLI) is calculated using the formula for the
weighted aggregate method:
I
oL = =W

w
Where I represents the price index for each groi and W represents the weight. Given:
e CLI = 150
We first calculate Y IW and > W from the table.
e > IW = (180 x 4) + (120 x 5) + (300 x 6) + (100 x x) + (160 x 3)

Z IW = 720 4 600 + 1800 + 100z + 480 = 3600 + 100z
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Y W=44+54+6+2+3=18+=x
Now, substitute these into the CLI formula:

3600 + 100z

150 =
184z

Multiply both sides by (18 + z):
150(18 + z) = 3600 + 100z
2700 + 150z = 3600 4+ 100x

Rearrange the terms to solve for x:

150z — 100z = 3600 — 2700

50z = 900
900
=—=18
750
The value of x is 18.
9 Quick Tip
This is essentially a weighted average problem. The formula Average = Z(Vgﬁzggght)

is fundamental. Just plug in the knowns and solve the resulting linear equation for the
unknown weight.

Q. 6. (C) Attempt any ONE of the following questions (Activity) (4 marks each) :

(i) A bill of INR 18,000 was discounted for INR 17,568 at a bank on 25th October
2017. If the rate of interest was 12% p.a. what is the legal due date?

Solution : Given SD = 18,000; CV= 17,568
r=12% p.a.

Now, BD = SD - CV
— 18,000 — 17, 568
= INR 432
Also BD = SBxnxr

100 18,000 12
439 — , X n X
100
432 % 100
"7 18,000 x 12
1 1
n = E years = E x 365 = 73 days

The period for which the discount is deducted is 73 days, which is counted from the date of
discounting i.e. 25th October 2017 :
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October | November | December | January | Total
6 30 31 6 73

The nominal due date is 6th January 2018. Hence legal due date is 9th January 2018.

9 Quick Tip

The "legal due date” is found by adding 3 grace days to the "nominal due date”. Al-
ways remember this final step after calculating the period.

(ii) Solve the following assignment problem for minimization :

I II IIT IV V
18 24 19 20 23
19 21 20 18 22
22 23 20 21 23
20 18 21 19 19
18 22 23 22 21

TU W N M=

Solution : Step-I: Row Reduction Subtract the smallest element of each row from every
element of that row.

06 1 25
1 320 4
23013
20311
045 4 3

Step-11: Column Reduction Subtract the smallest element of each column from every
element of that column. (Smallest element in column V is 1).

06 1 2 4
13203
23 01 2
20310
045 4 2

Step-III: Cover zeros with minimum lines Draw the minimum number of lines to cover

all zeros.
| | 061 2 4
| | 1320 3
| | 2 3 01 2
- 2 0 3 10
| | 0 45 4 2

Here minimum number of lines (4) j order of matrix (5).
Step-IV & V: Improve the matrix until optimal After two iterations of improving the
matrix by subtracting the smallest uncovered element and adding to intersections, we get an
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optimal matrix where 5 lines are required to cover all zeros. Final Reduced Matrix:

041 2 2
11201
21010
405 30
02540

Now minimum number of lines = order of matrix. The optimal assignment can be made.
Optimal solution is
1—=1

21V
3—1III
4 — 11
5=V
Minimum value = 18 + 18 + 20 + 18 + 21 = 95

9 Quick Tip

The Hungarian method is iterative. You repeat the line-covering and matrix-improving
steps until the minimum number of lines needed to cover all zeros is equal to the size of
the matrix. At that point, you can find the unique assignment.
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