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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 six questions in all.

3. All questions are compulsory.

4. Use of simple calculator is allowed.

5. All parts of a question should be answered together.

6. Answers may be written either in English or in Hindi; but the same medium should
be used throughout the paper.
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1. Answer any two of the following : (2x4=8)

(a) (i) Solve for y when
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(i) Find the domain and range of the function f(x) = -1

(x=1)"

(b) () Is x <-3 a necessary condition for x(x+4)>07?
(i) Given sets A, B, C, prove or disprove :
A\(B\C) = (A\B)\C
(c) () Is the function f: R — R defined by f(x) = (x — 2)? + 3 one-to-one ?
Why or why not ? Find the range of the function.
(i) For what values of x does the equation |y| = x define y as a function
of x ? Graph the relation ly] = x.
e ¥ 3 59 2 @ 3w AR
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(ii) W £(x) = [x-1

(x-1) H1 8 (domain) T IR (range) T T |
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(@) () | x<-3, x(x + 4) > 0 Y TF NEED T © ?

(i) Rv 1w d= @A A, B, C, 3g FfoRea =t e afw o wow
- g iR
A\(B\C)=(A\B)\C

@ G=f:Ro>R A f(;<) = (x—2)? + 3 g R B THE-A-TH
(one-to-one) 87 N W T AH ? TW wOF T WE A T |

(i) x @& T aF 3G TS |y| = x, y A x ® T&F G D &9 § GRAf
T R W |y| = x T ARE K |
(4x4=16)

2. Answer any four of the following :

(a) Compute the following limits :

@) lim log, x)*

o 1 log, x
lim ——8s*
® = log, (x—8)

(b) (i) Suppose f and g are differentiable functions of x. Express El f(g(x))
in terms of El f(u) and El (u) (where u = g(x) and El denotes

Elasticity).

(i) Does the series Zm 1(2+§') converge 7 Why or why not ?
= n

PT.O.
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d
(c) Use the fact that . (3x*+x2-4x)=12x*+2x -4 to show that

the equation 12x*+2x -4 =0 has at least one solution in the interval
(0,1).

(d) (i) Find the linear approximation to f(x)=x¥+2Jx. Use it to

approximate the value of £(16.01), when the approximation is done
around x = 16.

d
(i) Find EXZ if y = f(g(x)), given f'(x)=3x+4 and g(x) = x? _ 1.

-1
(e) Iff (x) = (x ) prove that f(x) has an inverse function. If g(x) is the inverse

(x+1)

(1
of f(x), compute g (5)

Fefoiee ¥ ¥ el aR. @ 3w AR
(%) FefoRe dFmll = 7 i -

() lim (log, x)*

@ (T R fag x D smwadia wag ) El f(g(x)) 1 El f(u) &

El(u) & & ¥ =g <R (Wt u = g(x) @ El o =t Frefig
@ ) |
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3
n

(i) =Ty z:=l(2+ )“ IP@RT (converge) Bt € ? & & w4

el 7

(1) wu %(3x“+x244x)= 12x3+ 2x — 4 to &I WEEal ¥ ey fF whawo

12X} +2x -4 =0 & <0 (0,1) ¥ TA-I-FA Th & 2 |

@) @ f(x)=x7+2Jx. = @ wEweT W@ ARC ) W wEEa
£(16.01) o1 gf~ERe A T R, W6l @ HeT x = 16 & FW-TE
forar w2 '

(i) AR y = f(g(x)), f'(x)=3x+4 T g(x) = x* - 1 @A % T R |

(x-1)  frg #ifke f& f(x) @1 9™ ®e= (inverse function)

(¥) o £(x) = )

fagam 21 A g(x), f(x)muﬁahww%a}g'(éjaﬁmaﬁml

3. Answer any three of the following : (3x5=15)

(a) Graph the function :

2/3 n
f(x) _ {x X<le

'x+1 x>1

Find the point(s) of discontinuity. Comment on the nature of discontinuity.

PTO.
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(b) Find vertical and horizontal asymptotes, if any, for the following
functions :

@) f(x) = x2

. x> +2x-3
W 1) = 5

(c) Show that f(x) = 20x — e** has exactly one root.

(d) Show, using implicit differentiation that any tangent line at a point P to a

circle with centre O (0, 0) is perpendicular to radius OP.

e ¥ ¥ Bl 9 @ S SR

(F) =l oo =1 s =Y :

FHA (discontinuity) ® g @ R swar N Wl w o
Hif |

(@) F=faRes weml & sk (vertical) T &R (horizontal) IFeafifat
(asymptotes) FId Fikwg, afe =g 2

@ f(x)=x2~*

. x*+2x-3
W) = o

(7) wige & f(x) = 20x — e W OF & W T
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(9) W& s@& AT (implicit differentiation) 3t wew@a A <uizw & &% O (0,0)

A TE g9 & R g P W wd Y@, A (radius) OP & weaq o
21

4. Answer any three of the following : .- (3x5=15)

(a) A psychologist measures a child’s capability to learn and remember by the

function :

ln(t+1)
t+1

L(t) =

where t is the child’s age in years, for 0<t<5.
(i) At what age does a child have the greatest learning capability ?

(i) Find the proportionate rate of growth of L(t).
(i) Is the proportionate rate of growth of L(t) positive for 0<t<5 ?

(b) Suppose that a project has an immediate cost of Rs. 10 crores. It
involves running costs of Rs. 1 crore per year in perpetuity, beginning
at the end of a one-year construction period. At the end of this year, annual

gross revenue from the project of Rs. 1.5 crores per year is generated in

perpetuity.
(1) Is the project profitable if the interest rate is 8% per year ?

(ii) For what range of (non-negative) interest rates is the net present value

positive ?

(c) Consider the function defined for all xeR by f(x)=¢€"'~-x.

PT.O.
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(i) Determine the sign of f'(x).

(i) Show that f(x) >0 forall xeR.
(iii) Draw the graph of f(x) and show that f(x) — 2 has exactly one solution.

(d) Find constants A, B, C and D such that the graph of
f(x) =3x*+ Ax3+Bx*+ Cx +D
will have horizontal tangents at (2, -3) and (0, 7).

frfofea ¥ 4 BF 99 & S fsw:

(F) v& FamE Rl o= @ S T ar T @ o o Rt we
T A 2

-2

el t, o= ot Jg ? (I H), T 0<t<5.

() T N G N erra JEaw e s F B R 7

(i) L(t) =t swguiasw gf¢ R (proportionate rate of growth) T FRAT |
(i) =W L(t) 3 ol gfe | 0<t<5 3 oA B 7

(@) 7= @ik & v ol 9t aeFe @ (immediate cost) 10 &8 € 21
T YEIOH @R (running costs) Wad 1 w3 ® ¥ W f& - safy
(T ad) @ 30 A TR B W 9§ Wt @R M W D s R
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mé&nqﬁa\m%waﬁgawaﬁﬁﬁqm,aaéaﬁaam
@I |

() o = W 8% ¥ A = wRAEr wmeEE 2 7

(i) IS | &H AW D B s (srRwE) Y Faw o W= (net
present value) €I BRT ?

(W) & xeR G f(x)=e"'-x T wRMNT Bo | Fraw I |
@O f'(x) =1 e FufRe i

(i) w fF @ xeR ¥ £(x)>0 2,
(ii}) f(x) 1 IRE Y T AW B f(x) -2 T ST v wq 2
(7) W Remiat A, B, C W& D & w7 7@ 20w B wor

f(x) =3x*+Ax*+Bx2+ Cx + D

® % W (2,-3) UG (0,7) ® dfowr wst @ (horizontal tangents) & 1

5. Answer any three of the following : (3x5=15)

(@) Iff(x) = x**(6 —x)'%, find the intervals in which the function is increasing

and/or decreasing.

(b) A single input, x, is used to produce output y and the production function
is y = x'3, x > 0. The cost function C(y) = 10g(y), where x = g(y) is the
inverse of the production function. Show that the production function is

strictly concave and the cost function is strictly convex.

PTO.
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(c) For what values of ¢ does the polynomial P(x) = x* + c¢x® + x2 have :
() Two inflection points ?
(ii) No inflection point ?

In case’(i), does the curve change from concave to convex or convex to

concave ?

(d) Given the function f(x) = (x* + x)?3, do global extreme points exist in
[-2, 3]. If yes, find them.

fffae & ¥ fedl 9 & s A

(®) AR f(x) = x23(6 — x)'3, A I a0 A Fiw oF a8 wemr TEHT T /A
TEAT T |

(@) v N (input) x & IJWNI I y & W g HA1 T ? A IewreA
W y = x" 2 x > 0. 9@ W C(y) = 10g(y) &, W&l x = g(y) e
w1 AR wed 81 eaise R SR oM weda: S|ad ® (strictly

concave) WU R WelH @&Td: Iw (strictly convex) ® 1
(ﬂ)c%ﬁ?ﬂ‘ﬂﬁ%@i@?P(x)=x‘+cx3+x2%'
0 F Ak fag a7
(i) T Az fag a8 aw ?
fafd (i) ¥ wOT & o% J@aw A I« Ba T W I@G ¥ IEAA 7

() W f(x) = (x2 + x)** & MWaw =@ Bg =70 [-2,3] § RAgmw ¥7 aR
B @ IR T SR
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6.

11

Answer all the questions : (2x3=6)

(a)

(b)

Find the common area between x <3-y? and x>-1.

OR

A function F is defined for all T > 0 as follows :
K T
F(T)=— Je ™ dx
M=%

Evaluate the integral and prove that F(T) takes values in the interval
(0, K).

A bank account gives an annual interest rate of 5% compounded monthly. If
you invest Rs. 1000 initially and add Rs. 10 every month, write a difference
equation which describes how the amount changes from month to month.
The amount after n months is denoted by q_. Solve the difference equation
and comment on the time path. Is it convergent/divergent and oscillatory/

non-oscillatory ?
OR

The population of an island is currently 50,000. It is declining at 1% per
annum. However, there is net immigration of 5,000 persons each year. Write
the difference equation for the population after t years and solve it. Find the
steady state equilibrium and depict how the solution converges to/diverges

away from the equilibrium state.

aft v & I AR

(F) TR x<3-y* T x>-1 B A (common) &F A HT |

Aar

PTO.



7918
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TE e F @ @ T>0 3g A wer fonfym fear wman 2

F(T) == |e™dx

~ R
© Camanmy =]

W TEET o AW A e 9 g i fF F(T) & w0 s (0, K)
¥ g

(ﬁ)w%mé%aﬁmﬁmaﬁ%ﬁ%ﬂmaﬁ%mw-@g

War 21 3R HW AR ¥ 1000 ®© @ fFRw @ 9 99w 10 ® 9 W
T, @ W I F WHA-W-WE qRaaT | i aen R @ g
n AE H AE T W q A IWA AR T F@ IR TGO H A A
T g ™ | Ruelt 2w a5 wm-v el W e qur Qe
? ;IR 7

AUl

TF GO W wEEEn sl 50,000 B W8 WREW 1% N R A T oA @
21 g wRad 5,000 =f@ @1 9 immigration & W 1 t AW @
e FEEN oY R T ey aur 3@ s AR | T srEen anraen
o FR 9 <aisy % fre TR 95 & araEen @ AR AfERa S 2/
A A R ARG B 2

(3900)
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