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Instructions for Candidates
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3. Logarithmic Tables and graph papers will be supplied on demand.
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1. (a) A finance company has offices located in every division, every district and
every taluka in a certain state. Assume that there are 5 divisions, 20 districts

and 100 talukas in the state. Each office has one head clerk, one cashier,
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one clerk and one peon. A divisional office has, in addition, one office
superintendent, 2 clerks, one typist and one peon. A district office has,

in addition, one clerk and one peon. The basic weekly salaries are as

follows :
Office superintendent Rs. 8,000 Head clerk Rs. 5,000
Cashier Rs. 3,500 Clerk Rs. 3,000
Typist Rs. 3,000 Peon Rs. 2,000

Using matrix notation, find

() The number of posts of each type in all the offices taken
‘together.

(i) The total basic weekly salary of each type of office.
(i) The total basic weekly salary bill of all the offices taken together.
OR

Sahil invested Rs. 80,000 in three bonds on January 1 last year. The bonds
are: 7% Bond A; 8% Bond B and 10% Bond C. The interest on the bonds
1s payable yearly. At the end of the year Sahil received an income of Rs. 6,800
on these. Further, it was found that the in;:ome from bond C was Rs. 800
short of the combined income from the bonds A and B. You are required to
determine the amount invested by him in each type of bond, using matrix

algebra. (6)

An economy produces only two commodities X and Y. The two commodities
serve as intermediate input in each other’s production. To produce a unit of
X, 0.2 unit of X and 0.6 unit of Y are needed. Similarly, to produce a unit
of Y, 0.4 unit of X and 0.3 unit of Y are needed. 3 and 5 labour days are

required to produce a unit of X and a unit of Y respectively. The wage rate
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is Rs. 200 per labour day. If the final demand of X increases by 150 units
and that of Y decreases by 120 units, find : '

() Change in the gross output of each of the two commodities.
(i) Change in the labour requirement.

(iti) Change in the value added in two producing sectors.
OR

A firm has three service departments S, S, and S,, and two production
departments P, and P.. The direct cost of each department and the percentage
of the total cost of each service department allocated to various departments

are as given below :

Percentage Allocation of Total Cost

Department Direct Cost of the Department
S, S, S,

S, Rs. 18,600 0 30 10
S, Rs. 102,600 20 ‘ 0 10
S, Rs. 36,000 10 10 0
P, Rs. 220,000 40 30 30
P, Rs. 180,000 30 30 50

Total 100 100 100

Using matrix algebra, determine the total cost for each service department;
allocate service department costs to the production departments and
find the total cost (direct plus allocated) of each production department.
Verify that the sum of the service department costs allocated to the
production departments is equal to the direct costs of the service

departments. (6)
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(c) What is a redundant constraint in the context of linear programming ?
Would the solution to an LPP be affected favourably if such a constraint

is dropped ?
OR

In using simplex method, how would you identify (i) multiple optimal solutions,

and (i1) degenerate solution ? 3)
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S, S, S,

S, 18,600 & 0 30 10

S, 102,600 20 0 10

S, 36,000 = 10 10 0

P, 220,000 = 40 30 30

P, 180,000 & 30 30 50
1K 100 100 100
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Explain (i) unbounded solution, and (ii) infeasibility in the context of linear

programming problems. Show these with the help of rough sketches.
OR

Write dual to the following linear programming problem :
Maximize Z =3x, + 4x, + 7x,

Subject to

xl+x2+2x3310

4x|—x2—x3215

xl+x2+x3=7

X,X.,x,. 20 (5)
OR

(Note: This option is available only to visually impaired candidates.)

What are the components of a linear programming problem ? Explain Also

explain what is meant by non-negativity condition.
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(b) The following is the initial tableau for a linear programming problem:

X x2 S Sz A A2 b,

2 1 0 0 1 0 12

1 0 1 0 0 0 4

0 2 0 -1 0 1 6
5 8 6 0 0 M M

Required: Write the original LPP and obtain the optimal solution using simplex
method.

OR

Given the following information :

Resource Profit per
Product
Raw material (kg) Fabrication hours Packaging hours unit (Rs)
6 4 2 20
Q 8 2 6 40
R 4 4 4 30
Resource 120 80 160
availability

(i) Formulate and solve the above as a linear programming problem.

(1) What is the optimal product-mix ? What is the total maximum

profit ?
(ii)) What are the shadow prices of the resources ?
(iv) Which of the products is not being produced and why ?

(v) Write dual to the above LPP and obtain the optimal values of the dual
variables. (10)

PTO.
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X X2 Sy Sz A A; b,

2 1 0 0 1 0 12

1 0 1 0 0 0 4

0 2 0 -1 0 1 6
g 8 6 0 0 M M
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3. (a) Using calculus, show that |E | = AR/ (AR — MR) and verify this for the
demand function X = 150 - 3P.

OR

For a linear demand function, show using calculus that price elasticity of
demand increases with increase in price and decreases with increase in

quantity. &)

(b) A machine costs Rs. 10,000. The total cost of operating for first t years is
given by Rs. (10t*+ 100t). If salvage value of the machine after t years is
Rs. (7840 — 50t?), find its most economic life and the corresponding per

year total cost.

PTO.
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OR

The products transformation function of a product is given by
y = (42 - 5x)/(10 - x), (x < 10) representing that y units of product B are
available when firm produces x units of product A. If the price of A is twice
the price of B, find number of units of both the products to maximize

total revenue. (5)

The marginal revenue function of a product is

MR =10 ™% (1———X—)
400 /"

' 1
Show that the corresponding demand function is X = 400 ln(-ng. (Note: In
stands for natural log)

OR

The elasticity of total cost is E;. = 5x/(2(5x+9)). Find the corresponding

total and average cost function, if the fixed cost is Rs. 18. (%)

(%) dvaeE = W w1 e ke B [E.| = AR/ (AR —MR) 3R T G

X=150-3P & o 3 qefiw dfw |
reqdl

Heer A worT & g, oo w1 wE w wella A R Wi 9 @ o,
o ¥ gfe & 9 97 I 2 ol e A gfe D W v W 2

(|) v Tl A O 10000 T 1 T ¢ AN B R R FE GO A0

(10 + 100t) T 10 Wt Bt 2 1 t 7§ & A FHT A AW T (7840- 5012) ®
21 TEH TR S e Wt w3k aedt wiy of Gw ana T 9 |
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T IeATE T IAE TR Gel y = (42 — 5x)/(10 — x); BRI WIS &Yl &, (x < 10)
frrefia @ 2 6 S B &t Y g S Bt © W W ITe A @ X gfet
1 I A R AR A A HE, B AR A A @D A o
Ffiean & & fog O SwEl @t gfel @ dem A e |
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MR =10 e ™¥*® (1—i)
400

mﬁaaﬁﬁv%mwﬁwx=4oom(%)
(A : In WPl T A FawT 2)

AT

Hl AR @ AT E = 5x/(2(5x+9)) FAEd w R saw AW w0
Fifog afe fer o 18 = 21

The joint demand functions of two products are X, =2P*°P}* and .

X, =3P"'P;** where X, and X, are units of each of the products when their

market prices are Rs. P, and Rs. P, per unit respectively. Find the four
price elasticities of demand at the prices Rs. P, and Rs. P, and state
their relationships. Using these find percentage change in quantity
demanded of both products when (i) P, increases by 2% (ii) P, decreases
by 2%.

OR

PT.O.
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A monopolist charges different prices in two markets whose demand functions
are X, = 21-0.1 P, and X, = 50-0.4 P, where P and P, are prices
charged in the two markets, when X, and X, units are demanded. If the
variable cost is Rs 10 per unit and the fixed cost is Rs. 2000, find the
prices and the quantities which maximise his profit. Also show that the
monopolist charges .l}.iéher price in the market which has lower price elasticity

of demand and vice-versa. (5)

A monopolist’s demand function is X = 210 — 3P, where P and X
are the price and quantity demanded. If the average cost function is
AC(X) =X + 6 + 10/X, find consumers’ surplus at the price and quantity

which monopolist will like to fix.
OR

The annual sales of a company is Rs. 100,000 at present and is expected to
increase continuously at the rate of 10% p.a. Find the cumulative sales of

first 10 years and sales of the 10" year. (5)

The marginal cost function of a product is MC(X) = 2X + 5. Find the
corresponding total and average cost functions when total cost of 5 units is

Rs. 86. Also find the level of output where per unit cost is minimum and the

minimized cost.
OR

Using calculus show that total cost function TC(X)=a(X-5)+bis an
increasing function and changes from concavity to convexity with a point of

inflexion. Also find fixed cost and give a rough sketch. (5)



544

(=)

13

A I & I WA GAT X, = 2P, P ARk X, =3P%7P° R X, ek X,
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aar

T T @ AR e T agw wwa @ R | we X, =21-0.1
P, ¥ X,=50-0.4P, &l P, 3k P, i € W & WA A o WM B 9 X,
AR X, g &t T B 2 1 afe aRest an 10 © Wi g ? 3k Rer @ 2000
T 2 1 D A B AR w & forg A ik s it A S | ar
A weffia F fr e 38 Tor F Iw i da @ R @t @i S
w2 AR T IAc W |

T THIER &1 |1 weT X = 210 — 3P Rad P sk X w1 e iR A
¥ 1 ot Mad AR FET AC(X) = X + 6 + 10/X, A 39 e 3 A1 W ITer
o T R S TR T e R |

rAar

TH FEN F aiE R 3@ TE 100,000 € 2 3R zEE 10% 99 af N w9
AR SN & SE 2 | WoE 10 961 @t a9 faelh R Ted ad @ ot I
HT

T IAE F A AN BT MC(X) = 2X + 5, FTe0 Tt IR e AN Her
w1 7 AR o 5 I N [ A 86 T 2 | AT & IEA B ®R B A
e il R ® 9l gfie e Ea 2 3@k e g 2
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The difference between interest @ 8% p.a. compounded quarterly and

compounded semi-annually for two years is Rs. 360. Find the principal.
OR

Mohit deposited Rs. 1,00,000 in a bank for 3 years offering interest rate of
6% compounded half- yearly during first year, at the rate of 12% compounded
quarterly during second year and at 10% compounded continuously during

third year. Find his balance after 3 years. (Given: e%!° = 1.1052). (5)

Ramesh wants to make an investment of Rs. 5,00,000 for six years. He has
two alternatives. First alternative provides him a return of 8% compounded
annually and the second alternative provides him a return of 7.5% compounded

semi-annually. Which investment should he select ?
OR

A loan of Rs. 30,000 due 6 years from now is instead to be paid off by
three payments: Rs. 5,000 now, Rs. 15,000 in 3 years and a final payment
of Rs. 4,750 at the end of n years. If the interest is 6% compounded annually,

find the value of n. (5)

Prakash sells his old car for Rs. 2,00,000 to buy a new one costing
Rs. 3,58,000. He pays Rs. X cash and balance by payments of Rs. 7,000
at the end of each month for 18 months. If the rate of interest is 9%

compounded monthly, find X. [Given: (1.0075) !¢ = 0.8741566]
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A house is sold for Rs. 5,00,000 down and 10 semi-annual payments
of Rs. 50,000 each, the first.due 3 years hence. Find the cash price
of the house if money is wor.th 20% compounded semi-annually. [Given:
(1.10)" = 0.6209 and (1.10) ¥ ,=_'O.2394] (5)

(=) @ ad & R awafe w0 & R 8% wie of ot o & =rw i srfafifers & ¥ =

360 B | AU FG HIY |
Jrerar

ART T 3 o @ fow & §F F 1,00,000 & T FAR N qF efaiuE w9 A
ThafE 6% T WA AW TE T A, 12% Twafe s e g aw + 3k 10%
Thgfg =W AR AR T§ F Im 1 A af a1 3§ @ fea afyr e ?
(feam T 2 &9 =1.1052)

(@) < 6 af = frw 5,00,000 & Fraw N wEdl 2 1 IED T@ QX e €1 wean

fawer I wwgle affE 8% wiiwd o 2 ok gE e 3¢ whgfe snfaris
T A 7.5% wiawe a1 2 1 39 e Fw =t g9 =@feg 7

3rAdr

s A 6 af ¥ 2@ 30,000 WY W T G fFEA A gHA FE D awd
5000% f, 15000 & @7 &l ¥ 3 o FEEAL 4750 T H x TN D FAAQ
B W A T 2 1 AR Tl e w9 A 39 A R R 6% B QA x B AT W
R |

T S [/E FR 200,000 € X 39 20 2 WfF 3,58,000 T O A T FR
@l gD 1 98 X € A3 2 A ¢ IR v @@ 7000 T aqen e A 18 HEA
¥ vd® WE @ Ad A a1 2 1 g Tohafe WRE 9% TR R B A X T HilT |
(fear wrr 2 : (1.0075)'¢ = 0.8741566)
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T WRM 5,00,000 T FE A R 50,000 & @ efariier 10 e F srermd @ wwR
whwn@%&rm%ﬁqaﬁm%ﬂ%lwﬁwﬁmm
ThgfE T H 20% = ¥ W TR B R B A FH F Jehg a0 T AR |
[fear 7 22 (1.10) * = 0.6209 3R (1.10) ¥ = 0.2394]

(1000)
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