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Instructions for Candidates

1.  Write your Roll No. on the top immediately on receipt

of this question paper.
2. There are 6 questions in all.
3. All parts of a question must be answered together.
4. Use of scicn_tific calculator is allowed.

5. Answers may be written either in English or Hindi;
but the same medium should be used throughout the
paper.
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Attempt any five of the following: (5x15= 75)
(a) A student is preparing for exams in 2 subjects, A

and B. She estimates the grades G obtained ineach
subject as a function of time T as:

Gy = 20 + 20T,

Gp = —80+3,/Ty

How should she allocate her time if she wishes to

o GatGp :
maximise her average gradeAT, given that she

11

Rs. 480. Rice needs 1 labourer/day and wheat

needs 2 labourers/day. There are 36 labourers
available. The profit on rice is Rs. 100/acre and
on wheat is Rs. 120/acre. Using Linear
Programming,find the number of acres on which
the farmer should sow each crop to maximise

profit.

(b) Find the present and future value of a constant

stream of income of Rs.10,000 per year, over the
next 10 years assuming an interest rate of r=5%

annually, compounded continuously. (8+7)
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a1 f(x, y) o @@ €9 (functional form) 39 &R " has 60 hours to study?What is .the value of the
feifta <A o wom Rma fer @ (stationary ‘ Lagrange multiplier, and what is its interpretation?

point) (0,0) W Fr=fefas e
(b) What is the equation of the tangent plane of the

(i) @& sfderaE (strict maximum.) function z = f'(x,y) at (x,,2,)? Prove that if the
function is linearly homogeneous, then all tangent
(i) @& A (strict minimum.) planes to the surface of this function pass through
the origin. (8+7)

(i) S (saddle) g e wE f(x,0) w1 @
siftreTW 2 R wed f(0,y) & 6ed g 2l (%) v st Q& fawal, A sk B, @t ufer =t Ja® ==
W B 9 T v A W S G A S w

(iv) w8t fig o wewr f(x,0) S f0y) I ¥ T % e & w0 A P e 2e

fawfeg &g (inflection points) B &1

(@) 1000 fEwor ot W@ @ Wew W Sifaw WA @ @w s0 YL ¢ _

e B #1000 fowor Wi o wEe e #tad Ga =20 +20/T,

4 fEvoll =t swenat =l SR R (difference equation) Gy = —80 + 3 m

fofd st 2@ sa SRR Rer staeen wgert (steady

state equilibrium) AT Tl TAMEY F Taent ferar

(stability) 3i &1 (convergence) W fewadit &S a® %ﬁ% W o o= T s ® e oo W #
o a5 st she A L ) siftrne e et
2, W I o wE e yeR sefd e =ifde?
GO Ui (Lagrange multiplier) & A @ 2 3l
THE RAT (interpretation) 4T B7

6. (a) A farmer has 20 acres of land on which he grows
rice and wheat. The cost per acre for rice and
wheat is Rs. 30 and Rs. 20. He has a budget of

P T.Q.
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(@) weT z = f(xy) at (x,9,2,) & wEEn 9ol (tangent - 5. “ (a) Using polynomials of the form
plane) &1 wdiawur = 87 g <ife & af? wem F(x,y) = ax® + bx* + ¢y? + dy*, determine the
- value(s) of a,b,c,d and hence the functional form

Waw w7 A woeq (linearly homogeneous) 2, A
THel @ |aE @ Ul SRRl O 99 g A BrE TeRd
B

of f(x,y)such that the function that has the
following at its stationary point (0,0):

(i) A strict maximum.

2. (a) Let F(x,y) be defined on R% Show that if F is (i) A strict minimum.
linearly homogeneous, then the slopes of the
levelcurves are equal along any ray y = cx. (il A saddle point where the function f(x,0) has
a strict maximum and f(0,y) has a strict

(b) Given the following system of equations: HHOOTR.

(iv) A saddle point where the function f(x,0) and

& f(0,y) both have inflection points.
3x%z + 6wy?—2z+1 =0 g . )

y (b) On a grassland with 1000 deer, the survival rate

Xz — 4; —3w—-—2z=0 is 50%, and 1000 deer migrate each year. Write
the difference equation of the deer population at

t years and solve it. Find the steady state

Taking w as the exogenous variable,check if the equilibrium and comment on its stability and

implicit function theorem applies and evaluate

convergence.
z—jandg—z at (x,y,z,w)=(1,2,-1,0) and (x,y,z,w) (10+5)
(1L 22y (7+8) (®) B fGry) = ax® +bxt +cy® + dy* T T TG W
‘2 Lt § -

ITET F Y, a, b, ¢, d = A e fE st
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(i) t= % & &1 F U9 W Gl 9w G
e =ifern

(i) foee 5 awt ¥ Uz o wel o siEw g faad
A7

(@) v wF Ty weeET @ & A o §E 21 umst &

vfcifes qvo e i S & | A sramae dves weay
et & I 7, 1 3R 2, o wie Rreamm Pt
AT H quE T 8-

1 F2 6 40
2 12 24 20

F?CTE——WFI?HA tﬁﬁzﬁr—raB uNE aed C

WAE qYE qed i gHaH SEIEl A: 216, B: 72,
C: 200 ) I2E 1 3R 2 9 G wHE 40 TR IR
80 T 21 vw Waw wnfiw @wear  (Linear
Programming problem) ¥fia ISRy st ~awem Seras
G WeE Ew @ fele T W ae Iee 1 s 2
& ATH AN A9 A e e
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w(%) wT AR Flxy) & RZ2. R afenfe fear wr &1

gy & afd F Weawa: @R (linearly homogeneous)
& A T T (levelcurves) =t &e (slopes) Tt
W oo y=cx & sERw @ B #)

(@) Feflaa wiemo worr & T 2

3x%z + 6wy? -2z +1 =0

xz—4§——3w—z=0

w ! afgsiia W (exxogenous variable) & & ¥ A
7Y, wirar difo foF o saffes b w9 (implicit

function theorem) #F] Bfem B, 3R g—z—and% at

(%,y,2:w)=(1,2,-1,0) 3R (x,y,z,w) :(1,% 12, —2)..
. NS |
(7+8)

(a) Find the solution to the following differential

equation: tx + 2x(t) = t? —t + 1, where x(1) = %

P.T.Q.
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(b) The output of a good is x* y, where x,y are the (ii) Over the 5 years, what was the average

. o1 '
amount of inputs and a>1 is a parameter.A firm smbies 50 St o the Tiee?

wants tomaximise output subject to meeting the

constraint 2x+y=12.Solve the firm's problem and

. b) A firm is engaged in animal breeding. The animals
get the optimal output. How does the maximum ©) £as &

. are to be given nutrition supplements everyday.
output change as the parameter a varies? (8+7) There are g‘cwo products,1 ar?cll) 2, which cl;itaiyn

(%) ffaRa siaw wiie (differential equation) <1 B the three required nutrients per kg in the following
: way:
A R ek + 20e(t) = t2 — ¢+ 1, W& x(1) =
23
Product Nutrient A Nutrient B Nutrient C
1 7 6 0
2 12 A 20

(@) ol asg =1 APeUT x7y B, WET x, y IAGE & A
2 3 a>1 U GWlcT 1 U WA W1l (constraint)

The minimum requirement of each nutrient is A:

2xty=12 7 G FHH & v SMITYE I JHfErchert : : . 216, B: 72, C: 200. The price of products 1 and 2
HET OES 81 WH S TEE W G SaRy 3R is Rs. 40 and Rs. 80, respectively. Set up a Linear
il S Y ) HeE R[EeT g & 99 ® Programming problem and find the least cost
SferRe Seqe hE WER SEe 27 combination of products1&2 to be given to provide

the minimum nutritional requirement. (7+8)

4. (a) Starting with a singlé fruit, fruits are growing on

() T Wl ¥ TE wedh, R 9 W FeefaiEe e ®
th'aaa%r%

a tree at the rate of:

() = —2t% + 10t + 100, for t € [0, 5] years.
/(&) = —2t% + 10t + 100, for t € [0,5] years.
(i) Determine the total number of fruits on the-

tree as a function of t.

P.T.0.




