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Instructions for Candidates

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. Simple calculator is allowed.

5. Answers may be written either in English or in Hindi; same medium must be used
throughout the paper.
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(@) Fill in the blanks with “if”, “only if”, or “if and only if” :

@ 4x+3211.cneenns x>
(i) Function fis one-to-one ....... Function fis strictly increasing in its

domain
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(iii)) ¢ €D is a maximum point for a function f ........ fx)< f(e), forall
xebD
(iv) x<4 .. x} < 16

(b) Determine the domain on which the equation y® = x defines y as a function
of x.

(¢) Find the solution set for the following inequalities :

M 2>x-4
X
1
(i) V¥+d+——=—=2V3-x .29

OR

(a) Suppose that P and Q are propositions. Prove that if 2= ( is true, then

not = not P .
(by If x>xy >y, deduce that x>y > 0.
(c) Solve the equation |7x—5/=0 for x.

(d) Find the domain and range of the function;

(x2 -—4\
y:lanz +4J

(2,2,2,2)

(%) ‘W', ‘Re AR’ s ‘Al sk i aR’ & g Rew @Al @ off Sk

(@) 4x+3211-..... x21

(i) ceD %o f & ol Ry & e
S fe) B xeD = g
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(@) wr FPrefag o fF wltee p°=x ¥ y @ AT @ x ® T A GRS F@
g1

(w1) Feafafte semmaist @ gite o= 9o T=a & @l AIG Y |

(1) é>x—4
x

1
(i) x+4+ —3 2
3adr
(F) 1 &6 P 3R Qv 2, e A pog AR @A adl 9= & P
(@) o x> fxy>y @ v SR & x> p>0
() weaw y o1 WE T 9w e -

—ln(xz ~4)
- sz +4J

(a) Find the equation of the line that is tangent to the circle x* + y* = 25 at the
point (3, 4) on the circle.

(b) Trace the graph of y = 5—(x — 1)? from the graph of y = x%.
(¢) For what values of x does the following limit exist ?

x+x"

lim
o 1+ x"

Draw a graph that plots the value of the limit against these values of x.
(4,5,6)
OR

(a) Draw the graph of : |x]+[y|=10

(b} Find all possible integer roots of the equation :

2x3 + 92+ 12x + 4 =0

PTO.
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(¢) Calculate the limits of :

o x'—4x*+3
0 lrl_r,]]l 3IxP—x-2

. 2 x
(i) lim *¢ (6,4,5)

(ﬁ)i@maﬁmﬁmﬁqsﬁqﬁ x*+yr=25 ﬁﬁg (3,4)‘1??13?3’7(??[%!
@) y=x’ BWEI y=5-(x-1)’ & W& =N W ARrC |
(1) Fefkifas x & G o= & foo S R 2

x+x"

Li_,IEHx"
T UH & ARG g, A & e & a7 9o x @ 49 D FEr ) gy 2
JF2Udl
() [ +)y]=10 & wrs = srfem A
(@) W & o i T @ T SR
26 +9x% +12x+4 =0

(1) g Fremfare

L x4 43
LR —"

@) lm ¥ %e”

X——c0

3. (a) Determine a polynomial whose roots are 4, 1, and 5.

Y{t
(b) Let y(t) be the real income at time t with y(f)= }%, where Y(¢) represents
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(©)

(d)

(a)

(b)

(c)

(d)

-3

the nominal income at time ¢ and P(f) represents the price level at time 1.
How is the proportional rate of growth of real income related to the
proportional rate of growth of nominal income ?

For what value(s) of x does the function f{x) attain maximum and/or minimum
value(s) if :

F(x) = =237 +4x)(x -4 (x - 5)"

If y=In(1+x), x>-1,show using mathematical induction that :

d"y
dxﬂ

=(=D)" (=D +x)" (2,3,5,5)
OR

Examine the discontinuity (or discontinuities) of the function :

2x% +3x+1
X)=————
/) 3x% —dx+1

Is the discontinuity (or discontinuities) removable ?

Let P = f(Q) denote the inverse demand function for a product, where £ is
the price and Q is the quantity demanded of the product. Further, let the
revenue function R(Q) be given by R(Q) = @f(Q). Show that

R'(Q)=f(Q)[l+%], where ‘n:—f%QSI% represents the (own) price

elasticity of demand.

If x¥ =" and the equation defines y implicitly as a function of x, prove

that & = 0%
i (+inx)?

Find the vertical and horizontal asymptotes, if any, for the following functions :

. _3-4x
(l) f(x) - xz +]
(i) &D=735 (4,3,4,4)

PTO.
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(%) wgu P, foma wea 4, 1, @1 -5, 2 |

(@) w=n (t)-—%Wtwmﬁmm%WY(r)wrwﬁﬁﬁmaﬁmﬁh

wE B T P() Wt W T TR F vl w8 | e veR arafee |
It gfe = wiftw s i sl g ® 3 a9y w e @ )

(@) x & T el B g e f(x) ST T <A T W e 8 Al
7= (- 2x2 +4x)(x - 4)’ (x=5)*
(7) AR y=In(l+x), x>—1 7 TR R [/ & @ w@ g

dﬂ‘
C&"

= (=" (m-Di+x)"
Sdl
(®) Frfafem vo & JEaadr/FEaaasl @ T DY,

2% +3x+1

J()= 3x% —4x+1

A FEAA / FEGAAG X A Ehel 8 7 e F (6 F graan @ A ?

(@) aR p= f(Q) v o & Wioelw AW we o vefiia e 8 wel P 8 T
O ¥ ) [ F 1WA SWW ReA R(Q) R 2; st R(Q) = OF (@) T TR R

R’(Q)=f(Q)[1+—%],

. IREi(%)
wet, N= f(Q) 0 HHT A" H TI B

(M) AR X =™ qu TR K y, x F G WG o 2, A IR

Q_ Inx
dr  (1+Inx)
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() Frfife werl o AR wd SR sl s @R, o’ ¥ @

() f()=222
x°+1
(i) 8= =

4. (a) Suppose demand (q) is given by ¢q(p)=100+4p-0.5p%, p>4, and demand
is to be approximated by a linear function. If p =8, what is the linear
approximation that you would use ? Sketch a graph of both g(p) and its

linear approximation. Where, on the graph, do you see the best fit ?

(b) Letf be a continuous function on [0, 1]. Show that if —1< f(x) <1 for all

x €[0,1], then there exists a 'c €[0,1] such that [f(c)f =c.
{c) Examine for concavity/convexity the function :
f(x)= Lo
30 3
Also find the point(s) of inflection, if any. (5,4,5)

OR

(a) Test for convergence :

n
Un+1)

(i) the series Z

n=I

aa I
(ii) the sequence s, =—

L]

(b) Verify that for the curve y=px’+gx+r (p,q,r €R; p#0), the chord
joining the points for which x = a and x = & is parallel to the tangent at the

1
point x=5(a+b)‘

PTO.
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(¢) Let f(x)=x*+3, x20. Does this function have an inverse ? Sketch both

f(x) and its inverse (if it exists). Show both curves in one graph.

(d) Sketch a graph of y= 2%

by examining its first-order and second-

order derivatives. (4,4,4,2)

(=) W AW (g) Feaffaa e g G w2

g(p)=100+4p-05p2, p=4, T W, T e FU FTAR Hl TE 2 AR
p=82 @ a9 fra Whg afeeT it waw BT 1 g(p) TN THR @AW AT
I UE B TN T W | AT G T RS Fest w4 |

(@) W f& sfower [0, 1] % /o wag we ¢ | el R AR -1< f(x) <1 v
xe[0,]] & R 2 A = ¢ <l0,1] HeE ? Rd fow [f(of =c.
(1) Frafofes woa & sacar @ ITET 1 T8 Fifa
f(x) = %xﬁ —%xd +10
af7 wRad (3l A @) Ry 7@ Ak
terat
(%) s = wta Ao

n

(i) 3 2 2n+1)

n=1

(i) s 5,

@) 7% y=px’ +qx+r (p,g,r €R; p=0) B o wiw Ao fn & Yan 2 Hgadd

x=a TN x=b W Wz ¥ 9w W@ fHyg x=—;-(a+b)thﬁhar%m
21
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()} A f(x)=x%+3, x>0, T T FeA AW o @l &1 G f(x) U
R oA wo (3 2 @) = Tw I e i ) 3R R @ o T
B I

X

¢ +2e T FFEET F |

(v) wuw v & 7 S @ A9 o 5§ e y =

Attempt any three :

(a) Find all the local maxima and/or minima of the function f(x)= x*=3x, x eR-
Does the function have any global extreme point(s) ? Why or why not ?
(b) Suppose that the population of deer on an island is modeled by the function :

|
L+ Ae*’

Pl = L,A>0;a<0

Show that the function has no stationary points. Also show that the curve
representing this function has a point of inflection, and indicate its shape.

(¢) A monopolist faces the demand curve ¢ = p™?, g> 0. The cost function is
¢(g) = g*. What restriction(s) must be placed on B for a profit-maximizing
solution to exist ? Given the restriction(s) on [3, what is the profit-maximizing

output ?

(d) Suppose that a function f(x) is convex. What restrictions on the parameters
“a” and “b” will guarantee that g(x) = af(x) + b is also convex if;

(1) fis twice continuously differentiable
(i) fis continuous but not differentiable everywhere.

Explain your answer. (5,5,5)

i = & I AR

(F) w1 f(x)=x"-3x, xR D W wria sl /< fy fafe
HE A W9w Jifdehed g W & 7 i @ w w8

(@) s o =it sEEn tE dv w Felifas v aw el 9@ o @

PTO.
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(a)

(b)

10

PO = L,A>0; <0

at '’

L+ Ade

T9id fr we @ =8 e g T} ) 9w <f w9l R wer g wefdi ww Ak
aRad fig @1 weflia wXan 2 T @ Fla 3 w0

v W AT g =p P g>0 B TF AW e o(g)=4° B B W
et = Sfw Rl sfeRddiie @19 HSE © | A TR IR
27

7 we f(x) Ia« 21 Wil a qw b @ e w fely @ R owe
g(x) =af(x) + b st Ia=t a1 AR
(i) we f(x) 2 9R Fad FaEew @

(i) o f(x) 999 B W HaHe 81 3 | AR BT |

Calculate :

(i) O(L), where Q'(L)=61" and Q(0)=0

2
d’ _p
i)y — | e " du
@ —J
X
Suppose the behavior of the tiger population, post introduction of the Save
the Tiger Campaign, is governed by the difference equation :
I’ =ax‘_l+24, x():S;

where x,_denotes the population of tigers at time t. Find the number of
tigers in the equilibrium-state and sketch a (rough) graph of x, for

(i) a = 0.2, and
(i) a = -0.2.

Classify the time path obtained in each case as convergent/divergent and
oscillatory/non-oscillatory. 4,4

OR
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(a)

(b)

11

Find the area of the region between the curve y=2x—x°, 0<x<3 and the

X-axis.
Suppose the supply and demand curves for potatoes are, respectively, given
by :

Q,=-4+2F_, and

de =6- Prs

where @ and Q, represent the quantity supplied and quantity demanded of
potatoes at time t, and P, represents price in period t.

(1} Using the equilibrium condition 0, = O , write down the equation that
represents the time path of price.

(i) Find the steady-state price.

(iif) Suppose the initial price is p, = 4. Illustrate graphically the time path
of price. Is the time path convergent or divergent ?

(Note : The steady-state price is the same as the price at which the demand
curve intersects the supply curve) (4,4)

() Ta IR

(i) W), st Q(L)=6L" T Q(0)=0

2
d% _»
(i) — j; e™ du

(@) < st A B are WA A S THEET 1 IEER R S el @ R

franrem @ x, =ax_ +24, x,=5, W x,t @ W D A wwEEn w
safii o 2 | Tger W T A A A wen W R v x @ R T
&1 e AR 5 (i) a= 0.2, 90 (i) @ =—0.2 9Rawer, sfw@or qun IwaEwT
% Wl ¥ T T w g e |

HAar

(F) % y=2x-x°, 0<x<3 W x-30 B LA OF N JA%Be T DAY |

PTO.
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(@) 1 A A I e W wor e @
er =_4+2E-I' =

Qu =61,

WE QW O, t € R e W IR A T w AR N e w1 2w
P, t W W A A €

(i) waeT = e A B §Y O W e S e wwa aw
Wl w1

(i) fer e @i Femfow |

(iif) wrn SRR Fr p, =4 3 T FME THT T Y @A B e A |
T T TA GG AR FEGT ©

(e Fqfm = a8 & S e i wE o w @ wRes g F B 2 )

(3500)****



