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Attempt any nine questions : (9%x10=90)

1. (a) Find the equation of the tangent line to the graph
of (x? + y?)® = 8x%y? at the point (-1, 1).
(b) Estimate the maximum error when approximating

f(x) = /x with a second order Taylor polynomial
about x = 4 in the interval [4,4.2]. (5+5)

(F) s (x2 + y?)* = 8x%2 W fig (-1,1) = fom
W F FHE A Hiog)

(@) 3wt [4,4.2] % x = 4 & R ¥ fodfa o 2o Ague
d AT f(x) = [x D e a9 & forg siftemew
M = T w

2. (a) Consider the function f(x) = 3%, prove that for all

real numbers x, x,

3’(' +3x2 2 3X| +X2 ]
2 2

(b) Is the statement “3x — 7 as x — 17 true? Using
the £ definition of limits, justify your answer.
(5+35)
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(@) few @ wew f(x) = x> +cx + 1 ¥ 39 o @ fow
¢ & faft w=l & fog waria SfRaws &t fonfe
LR

10. (a) Determine values of x in domain where H(x) =
(x2=1)e@*) is strictly increasing and strictly
decreasing.

(b) The Government revenue R(t) and government
spending G(t), both as functions of time ‘t’ in

years, are given by :
R(t) = 100t — t* and G(t) = 50t + 10

(i) Find the rate of change of the budget
surplus B(t) = R(t) — G(t) with respect to
time ‘t’.

(i) Determine the positive value of ‘t’ for
which the proportional rate of change of

the budget surplus equals the proportional
rate of change of Government spending.

(5+5)

() ¥ &3 ¥ x & 9 G Sfow @ H(x) =
(x2 - 1)e® fAftem w7 & sgar 2 3 fFftes w« 3
edr 21
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9.

(=) afe FEEm A ¥ @9 & @9 9ot ¥ g B & 2
WA, A WL AL, D AT E, WA,
A, t, t, & " A SwEen @ gfg W T il

(@) afe W@ P g (2,-1) ¥ o ? 3N @A T
-5 31 Zad W Q fig (-2, 3) AR (4, -3) A TEE
2, A W@ P AR Q & FME A Hw AR TR
whesed fig R &t 319 o @& S & w7
e o fiig (3, 4) | ToRE 2 W W@ T D GHER
2

(a) Let a, b, m and n be fixed numbers, where a<b
and m and n are positive. Define the function g
for all x by g(x) = (b — x)™ (x — a)". For the
equation g'(x) = 0, find a solution x, that lies
between a and b.

(b) Given the function f(x) = x> + ¢x + 1, identify the
local extrema of this function for different values
of ¢ (5+5)

(%) ¥ T a, b, m 3R n foriw &, W& a<b 3R
m 3R n YIS 2l g(x) = (b —x)™ (x — a)" 81
o x @ U wew g w ot Fifoe s
g'(x)=0%ﬁf’2mm'ﬂﬂﬁﬂ!xnﬁﬁ?asﬂ'{
b & & A fum 2
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(%) Consider the function W& f(x) = 3*, W f&EER
Fifoe i g #ifore 5 ot awafes &t x|, x,

* fag, 3% 3% s 35t
A 2
(@) =1 & “3x o7, x> 1 ® ®W A g9 87 &
AAMA N GRS F T FA GY F I F R
o)

(a) Suppose that a function f(x) is convex. Show the

restrictions on parameters “a” and “b” that will
guarantee that g(x) = af(x) + b is also convex

even if f is not differentiable.
(b) Solve the following equation for x (5+5)

I + 2 log,(x +1) = 2log,x

(%) w9 wifoie & v wem f(x) 39 Wed 21 e
“g” aﬂt“b“ﬁuﬁﬁum’k’aﬂuﬂgﬁﬁaﬁﬁﬁ?
g(x) = af(x) + b ¥ I° B B, ¥ B  FaTHAA
T BN
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(@) x & foy Feafifas sfwol = ga Fikm

1 +2log(x+1) = 2log,x

4. Let a and b be numbers, with 0 <a < b < 1. Define

the function f by
f(x) = b* — a* for x € [0, ).

(i) Does the extreme value theorem guarantee the
existence of maximum and minimum for this

function?

(i) Find the value of x that minimizes f(x) on this

interval and find the minimum value.

(iii) Show that this function has a single stationary

point x* at which

(iv) Without calculating the value of x*, show that

the function attains a maximum at x* by signing

the first derivative around it. (10)
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(b) What value of the constant ¢ allows the function

e *Jl1+cx to be approximated around x =0 by a

horizontal straight line? (5+5)

(ai)ﬁm'ﬁAsﬁtB%wmmaﬂmaﬁx%
& = & v FefaRes waw 9qq #@ -

Ax — B, ifts =1
f(x) ={2x2+34x+B, if—-1<x<1
4, ifx>1

(@) fooiew ¢ &1 FF-ar w9 dfaw N T T e
e *Jl+cx ® x=0 & daeT Ban?

8. (a) If population A is growing exponentially over the
time and A,, A, are the values at Time ‘t,’ and
‘t,” respectively, then find the growth rate of
population in terms of /B A Y

(b) A line P passes through the point (2, —1) and has
a slope of —5. A second line Q passes through the
points (-2, 3) and (4, -3). Find the equations for
the lines P and Q. Find their point of intersection
R. Determine the equation of the line S that
passes through the point (3, 4) and is parallel to
line Q. | (5+5)

2l £ B
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() & fRam @™ o= n(x) = ax® + bx + ¢, WEl A Wifog & a IR b v@mm &, @ 0 <a<b<1.
x = y¥eqe 2, fome Fefefem qduronst = x € [0, 0) & faW f(x) = b* — a* BR Wt { & gfeafe
R s @ R wan fFar s 2 #Fifom
(i) 9 x = 0 B0 2, N W FOHE B B (i) N TH A TG T He & (o Siftremes e e

# e &t WE I 27
(i) & weR qUIE: HEE B

(i) 9 T W f(x) F FAGH FE q x H AT 7

(iii) fereraw @9 FPeYe T = x* > 0 W o= Y ST S — Y-

B 21
TR R B ) (i) = wom ¥ TF TAY fr @ v fer fig x* 2 R
Se TR kL feri a,
¢ ® A W B wfEd @ smEmEar 27 ol bY* In(a)
' 55 (ZJ “ifn)
(@) p & e a & fore Feafofas semer oof 2t 27
3p—4 (iv) x* & % 3 ToEn By B a8 <Eie f 9w e
>4-p : ;
p+2 W e B aad (WEfFT) 37 gE v e x

w1 AfETw I W & 8l

7. (a) Determine all values of the constants A and B so

that the following function is continuous for all 5. (a) Let f(x) be a continuous function on [0,1]. Show
values of x : that if —1 < f(x) < 1 for all x € [0,1], then there
exists a ¢ € [0,1] such that [f(¢c)]*> = c.
Ax — B, ifx<-1 .
fx) = {sz +3Ax+ B, if-1<x<1 (b) A student chooses the number of hours x = 0 to
4, if x>1 attend tuition. The cost of x hours of tuition is

c(x), where c is a differentiable convex function.

B0




2101

(%)

(@)

6

She wishes to maximize (x) = g[n(x)] — c(x), where
n(x) is her probability of passing when she attends
x hours of tuition. Assume that «t is a differentiable
concave function, and g is an increaéing,

differentiable and concave function.

(i) Write down the first order condition for an

interior solution x* > 0 of this problem.

(ii) Is the interior solution necessarily solving

the maximization problem? Why or why not.

(5+5)

w9 Afe & f(x), [0,1] W 9ad %= 21 98 T
fralR -1 <f(x)<1@f xe[0,1] & fow 2, &
T8 W ¢ e [0,1] Ba1 2 SR & [f(c)]> = c.

TF D TYIE W @ g x > 0 W & wem @
fory T 31 cgEE @ x WY A A o(x) B, W
¢ TF Faweria IO WO 21 98 AfUEad (x) =
g[n(x)] — c(x) e A 8, Wl 98 x "l @ forw
T Wl 8 W IS I B F /e w(x) Bl
w7 Y & 1 TF Sawea sEaed weE 8 3R g
T dgdl g, AaEheHd AR Hadae WA Bl
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(i) 38 v & Jaks @maH x* >0 & fog yam
wa @ fafy fofa

(i) T aRs wwmaw Fffea w0 ¥ AT
T HOBA w27 T A 4 AL

6. (a) A quadratic profit function m(x) = ax? + bx + c,
where x = output, is used to reflect the following

assumptions :
(i) When x = 0, profits are negative.
(ii) The profit function is strictly concave.

(iii) The maximum profits occur at output level

= x* > (.

What restrictions need to be placed on values of
the constants a, b and ¢ to fulfil the above-

mentioned assumptions?

(b) For what values of p is the following inequality
satisfied?

>4-p (5+5)
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