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1. This paper has EIGHT questions.
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Question 1
Differentiate with respectto x :
() 3x* —5Jx +1 ;

2x+7 -.
x*+1

(b)

(©) logm(l + cos’ x) ;

(d) sin” x+cos”' x ;

1

(e) (1 +x* )—5 cosh™ x .

Question 2

(a) A curve has parametric equations

x =5cosf
y =3siné ,

where € isthe parameter and 0<6 <27 .

2
Find EX_ and §_y intermsof 6.

dx dx?
(b) Find 5 when
dx

@ y=x"+2°,
(i) x> —4y* -2x-8y-7=0 .

You need not simplify your answers.

(2 marks)

(2 marks)

(3 marks)

(3 marks)

(3 marks)

(6 marks)

(4 marks)
(3 marks)



Question 3

(a) Evaluate the limit

_ ,8in2x
lim}j-_-zx—e . (4 marks)

x—0 x2

rove from first principles that
(b) Prove from first principles th
. d log,, e
(i) —og,,x)=—"—, x>0 . (5 marks)
dx™ 0 X

(Hint: You may use the definition foreas e= lim(l + l)

n—r® - n

—tim(l+A) )

h=>0
d
i) —le*j=¢e* . 4 marks
(i) —(e")=e (4 marks)
2 3 r

(Hint: you may use the exponential theorem e* =1+ x+ o + I +...+ ECT +... forall
! ! v

real values of x .)

Question 4
(a) If A+B+C=180°, show that

sin(2.4)+sin(2B)+ sin(z C)
sind+sinB+sinC

= 8sin£sin£sin—c— . (7 marks)
2 2 2

(Hint: You may use the identities

xX+y X—=y

sinx +siny = 2sin cos~—2——— ,

+y . x—
X ysmx2y s

_’i*"_ycos% ’

sinx —sin y = 2cos
COSX+cosy = 2cos

JH_ysin—~—x“y

COsx—cosy =—2sin ,
sin(180°—6) =siné ,

cos(180° — §)=~cosé ,

sin(90°— @) =cosé ,

cos(90° - @) =sind ,

sin(26) = 2sinfcosh .)

(b) Find, in radians, the general solution of the equation sin(2x)+ cos(2x)+1 =0 .
(6 marks)



Question 5

(a) The functions f (x) and g(x) are defined on the domain [~— 1 1] as follows:
flx)=sinx ;

g(x)=cos?x .
(i) Ineach function state the largest possible range of the function. (4 marks)

(i) Sketch separately the graphs of the curves y = f (x) and y= g(x). (4 marks)

(b) Let F(x)=(x—-1f -3 for xe [1, w) . Sketch its graph.
Find the inverse of F (x) and state its largest possible domain. (5 marks)

Question 6

(@If y= (ax + b)‘p , where a and p are positive integers, b is a constant, find the
general formula for the nth derivative of y with respectto x. (3 marks)

5x% +10x +10
(Bx+7)(x+4)

(b) Express in partial fractions. (6 marks)

4 2
(c) Hence, of otherwise, find the derivative d [ 5x” +10x +10 J

“ANBx+7)x+ 4)

You need not simplify your answer. (4 marks)

Question 7

) 2 2
(a) Find the equation of the tangent to the ellipse, ;—5 + 2;—— =1 at the point [—3-, —3’—;/—-5—] .

(5 marks)

(b) Aright circular cone has base radius x units and height # units. As x and 4 are
1
varied, its curved surface area, S=7x x(x2 + hz) 2 ynits? , s kept constant. Show that its

volume, V = %7: x’h units®, is a maximum when A = V2x . (8 marks)



Question 8

(a) Find the Maclaurin series of cosx in ascending powers of x, up to and including the
term in x°. (5 marks)

" (r)
(Hint: Maclaurin’s series for f(x) is f(x)= f(0)+ f'(0)x + —ZE(‘sz +.. +L—‘~(—Q—)-x’ +...)
! r!

(b) For any positive integer n, the Legendre polynomial of the first kind, P, (x) is defined

by P(x)= L & [(xz—l)n} for xe[-1,1].

n2" dx"
() Find P(x) , B(x) and B(x) . (3 marks)
@) If w=—'1§;(x2—1)’,showthat (1-x2)%“+2nxw=o —c) (2 marks)
n.

(iii) Using Leibnitz’ rule, show that y =P, (x) satisfies the differential equation

d’ d
(1——x2)—(—i~—x%}~—2xa—xj—)—+n(n+l)y =0 . (3 marks)

(Hint: Leibnitz’ rule: For any functions u and v whose derivatives up to the nth order exist,
(uv)(")z,, Cou(")v(°)+n Clu("‘l)v(l) +, Czu(”“z)v(z) +.+, Cru("")v(’) + o, C"u(o)v(") , Where

!
.Cr = (‘“ﬂv ,u® =u v =y andu®, v are the rth derivatives of u and v,
n—r)lrl

respectively, for r=1,2,3,..,n .)



Short Table of Derivatives of y = f(u) with respectto x,where u is a function of x

Functions, y= f(u)

Derivative of y with respectto x

y=c, where ¢ is a constant. Yo
dx
y =cu,where c isa constant. ii—J—}—zcd—u
dx dx
. dy -1 du
=yu”?, where is a constant. —= e
y=u p 1 dx dr
R Y _du &
dx dx dx
y=uy gX_ ﬂ—i- .C.I_L._l_
dx dx dx
due dv
u YV — Y ——
y=-; 9__)1 dx  dx
dx v
y = f(u),where u isa functionof x d—yzm-é—tf,the chain rule
dx du dx
dy 1 du
=lo u, a>0. e =—l10g e—
y=log,  u g, .
dy du
— ll’ >O _za!llo a_
y=a, a dx g. dx
d
y=¢" —y=e"§£
dx dx
y=u’ Sd—X=vu”‘1—(—iﬁ+uvlog,‘,u—(-l—y—
dx dx dx
. dy du
y=sinu —— =COoSU—
dx dx
y=cosu .c.b_i:_-..smud_u
dx dx
y=tanu EiX:seczu—qE
dx dx
y=cotu Y = —coseczuili
dx dx
y=secu iy‘=secu’£a1nu£1—u—
dx dx
y=cosecu fi)_{ = —COSecu cotu—q-bi
dx dx
- 1 du
y=sin &
| _Cbi— -1 _d_u_
y=cC0s u dx mdx
y=tan"u d__1 d

dx  1+u° dx




Functions, y= f(u)

Derivative of y with respectto x

y=cot™u A
de  1+u’ dx
¥ 1 du
y=8€ec u dx 1uIJu—2ji dx
dy 1 du
—_ -1 s T it ettt mmmie
y=cosec u dx ‘ui\/;[?: dx
y=sinhu d—y=coshud—u
y=coshu gZ:sinhuii-zi
dx dx
y=tanhu Y. sechzuilﬁ
dx
y =cothu g)—=—cosech2u§£
dx
y=sechu d—y=—sec:hu’(anhr,¢£l-Li
dx dx
y =cosechu Y_ —cosech ucothu du
dx dx
y =sinhu Y__L
dx  1+4* dx
y=cosh™u L &
dx uz—-l dx
y=tanh™ u gz= I du
de  1-u" dx
y=coth™u __1 d
dx  1-u® dx
y =sech™u Y1
dx uyl-y? dx
dy 1 du

y =cosech™u

- END -






