Unit 1.3

Differentiation 1
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Outcome 2 - Differentiation

‘Diffefentiate functions involving sums, products, quotients and composites of the
elementary functions, x” n ¢ Q, sinx, cosx, tanx, e* and Inx.

- Differentiation from First Principles

An approxnnatlon for the gradient of the tangent AC to the Y A
curve at A can be found by taking a second point B, on the
curve and calculating the gradient of the chord AB instead.

Bl(x+h),f(x+h)]

If A is the point [x, f(x)] and the other point B is taken as .
[x+h, f(x+h)] where IAl is small and A can be positive or Alx.fx)
negative, we can calculate the gradient of the chord AB. -

SEh) - Ax) _ fx+h) - A) >~
(x+A)~x i

mag =

map tends to a limit as h tends to zero.

This limit is denoted by f“(x) , the derivative of /{x) and gives the gradient of the
the tangent AC to the curve y = f(x) at A.

. fix) = %m& flat hi —/f (x) This is known as Differentiation from First Principles.
-

Example
Find the derivative of x2 from first principles.

o) =x2,  flx+h)=(x+h)P = x>+ 2xh + K

2 2 2
_ x+2xh+ h°) - x
f(x)= Lim St ) = 1) = Lim ( ) - = Lim(2x + k) = 2x
h—0 h h—0 h k-0

Exercise 1

Differentiate the following functions from First Principles :-

1. (@) f(x)=x3 (b) flx) =x2 + 2x (¢) f(x)=3x2+4x-5

Further examples can be found in the following resources.

The Complete A level Maths (Orlando Gough)
Page 52-53 Exercise 1.3:1 Question 5.

Understanding Pure Mathematics (A.J.Sadler/D.W.S. Thornmg)
Page 258 Exercise 10A Question 3.
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Standard derivatives
AN I
e nx"!

(ax+ b)" an(ax+b)"™"
| sinx cosx
cosx —sinx |
sin(ax + b) acos(ax + b)
t.:os(ax + b) —asin{ax + b)

All of the above were covered for the Higher course.

Exercise 2
Differentiate the following functions with respect to x -
32 ' 2 4
1. flx} = x- x*+5x-6 2. fx) =3x"+7—-—
X
1 3 1
3 flx) = Jx + = 4 fx) = x* —x2 +x 2
Vx
1 1 Vo X
5. S =%-% 6. Sl =17+
x x X x
!
7 f(x) = (4x + 5 8. flx)=(2x* - 3]
3 4
9 flx) = - 10, f(x) = T
(4 - ) (x3 + 3x)3
11 f(x) = cos’x 12 f(x) = +/sinx

Further examples can be found in the following resources.

The Complete A level Maths (Orlando Gough)
Page 54 Exercise 1.3:2 Questions 1,2,3. and Page 160 Exercise 3.4:3 Question 3.

Understanding Pure Mathematics (A.J.Sadler/D.W.S.Thorning)
Page 261 Exercise 10B Questions 1 - 37 and Page 370 Exercise 15F Questions 1-32(only sin/cos)

New Trigonometric functions :-

secantf(secd) = C—Olgb- , cosecantB(cosec) = ﬁ cotangentf(cotf) = ﬁ-é

page 12



©TeeJay Publishers 2000 Maths Support

Avanced Higher

Differentiate a Simple Composite function using the Chain Rule

. The Chain rule (An alternative form if not already met) . :
If y is afunction of 1, and u is a function of x , then, if y is now regarded as a function of x

dy _ dy  du
de  du dx

5
Example Differentiate y = (xz + 3x — 5)

. cef 2 4

Either = ="5(x" +3x - 5) (2x + 3)

Or Let u = x*+3x—35 then y=u5 and u = x> +3x-=5

@ = 5u* du = 2x + 3
du
then & -dlxﬂ = 5u*(2x +3) = S(x2 +3x—5)4(2x +3)
dx du  dx ‘

This method could be adopted in more complicated functions, but otherwise use the original method
of differentiating the outer function and multiplying by the derivative of the inner function.

Exercise 3
Differentiate the following functions using the Chain Rule as above :-

l. y=(x2+4x—5)3 2. y=+x+5

3. y=(1+2«/})4 4. 'y_—_#

o-7)

Further éxamples can be found in the following resources.
The Complete A level Maths (Orlando Gough)

Page 64 Exercise 1.3:6 Questions 2.

Understanding Pure Mathematics (A.J.Sadlet/D.W.S. Thorning)

Page 319 Exercise 13A Questions 1 - 20.

page 13
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Differentiate a Product

The Product Rule :- Used to differentiate a product of two functions.
If u and v are functions of x, ie. u(x) and v(x) then :-

o= xS + )]

d:
4 ) = v, v
dx . dx dx
.Examples
1. Y = XCOSx Put H=ux and v = cosx
du dv i
— = — = —simx
dx dx ‘
dy . .
—= = —xsiny + CoSY = cOSY - xsiny
dx
2. y = x%sin3x Put u = x* and v = sin3x
du = 2x L4 = 3cos3x
dx dx
@

= 3x%cos3x + 2xsin3x
dx

Exercise 4

Differentiate the following functions using the Product rule as above -

L y=x"(x-3) 2. y=x(2x+3)
3. Y = xf(x - 6) 4, y = Jx(x - 3)°
5. y={x+1(x-1)" 6. y =xJ(x - 1)
7.y = xsinx 8. y= x’sinx

9 y = sinchcosx 10. Yy = sin2xcos5x

Further examples can be found in the following resources.

The Complete A level Maths (Orlando Gough)

Page 67 Exercise 1.3:7 Questions 1(i), (ii), (iii), (iv), (v) and
Page 160 Exercise 3.4:3 Question 5(1), (i), (iii).

. Understanding Pure Mathematics (AJ.Sadler/D.W.S. Thorning)
Page 330 Exercise 13E Questions 1 = 13;
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Differentiate a guotient

The Quotient Rule :- Used to differentiate a rational function.
If « and v are functions of x, ie. u(x) and v(x) then

d d .
d liu(x):l _ V(X)E[H(X)] - u(x) E [v(x)]

dx | v(x) W)
o du dv
d (g) T T Ve
dx \v B y?
Examples
1. y=§;i Put u = x> — 1 and v = x* + 1
ﬂ = 2x ﬂ = 2x
dx dx
vo= (xz + 1)2
dy  _ 23‘(*“52 + 1) - 2-"(12 - 1) _ 25+ 2x - 2x° + 2x _ 4x
dx | (x2 + 1)2 (x2 + 1)2 (x2 + 1)2
t
2. y = ﬁ Put u = 2x and v=(xz+1)E
du = 2. v = l(Jc?‘ + 1)_%><2x
dx dx 2
v o= (x2 + I)
. 1
dy 27+ 1)% - 2%(x® 4 1)"% o+ (@ 1) - ] 2
e =+ ) ) () BT

Exercise 5

Differentiate the following functions using the Quotient rule as above :-
2

X 4 - x
l. = 2. =
’ x+3 . 7 x?
_ 4 4 B 2x%
7 (- xy ' T3
1-2x) x+1
5. y=(___§__)_ 6 y=(_2_)_
X x

Further examples can be found in the following resources.

The Complete A level Maths (Orlando Gough)

Page 67 Exercise 1.3:7 Questions 1(vi), (vii), (viii), 8. and
Page 160 Exercise 3.4:3 Questions 5(iv), (v).

Understanding Pure Mathematics (A.J.Sadler/D.W.S. Thorning)
Page 330 Exercise 13E Questions 14 - 24.
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‘Derivatives of New Functions

The derivatives of y = tanx, y = cosecx, y =cotx, y=e* and y =Inx

l. y = tanx = S Put 4 = sinx and v = cosx
COosx .
- du dv .
== = cosx — = —simx
dx dx
v = cos’x
dy _ cosx xcosx — sinx X(-sinx)  cos’x + sin’x _ 1 sec’y
dx cos® x cos® x cos’x
1 -l
2 y = cosecx = — = (sinx)
sinx
.d_y = — (sinx)—z X COSx = -— c.ogx = - —1— X E—gsi = — cosecx cotx
dx sin“x sinx  sinx
1 -1
3. y = secx = —— = (cosx)
cosx -
dy -2 . sinx 1 sinx
— = —(cosx)”" X ~-sinx = - = X = secx tanx
dx Cos“x €cOsx  Ccosx
1 -
4. y = cotx = —— = (tanx)
tanx
d - 1 2
2 =~ (tanx)? x sec’x = — —— x sec’x = — 22 & 12 = — ,12 = — cosec’x
dx tan“x sin“x  cos‘x sin“x
5. The following result can be obtained.
£ y=e , o G+ h) = f(x)
f(x) =Lim
dy . ox h—0 h
then P e*th &% A )
R Al e
d - -
o () < @
dx = e* Lim = ¢
h=0 A
d
6. It follows that we can now find E—(loge x)
x
If y=Inx=log,x then x =¢’ (by definition)
and so ax _ e’ |
dy '
therefore i)i = L
dx &
4 _1
dx x
or — (log,x) = L
x



Advanced Higher

' ©TeeJay Publishers 2000 Maths Support

Examples
1. y = tan2x 2, .y = tan’x
@ _ 2secl2x Y 2tanx.secix
dx
3. y = 3cosecZx 4. y = 2sec3x
dy dy
— = 3 X —2cosec2xcot2x — = 2 X 3sec3xtan3x
dx : dx
= —Hcosec2xcotlx = 6sec3xtan3x
5. y = cot’x gl = 3cot’x x —cosec’x = — 3cot’xcosec’ x
x .
6. y = e
' a
Z{- = 3™ from y=¢" where u = 3x
ﬂ = f{.‘f =3
ax dx
LS Y AN P
dx dr  dx
d (&Y — frrer,S@)
In general . (e ) = f'{x)e
7 y = In3x
d 1 1
?;—C=3x-3§-=-; from y = Inu where u = 3x
d_1 i _
gru u dx
V)
l:lxﬁ:lx?,:_xB:_];
ax du  dx u 3x x
In general L3 {ln[f (x)]} = f'(x) x L
dx fx)
8. y = e’é2 0. y = esinx
2 ,
L 2xe” 2] = cosxe™™
dx
10. y = x% ‘ Put u=x and v = ¥
du dv
= =2 2 = 9
) - X e
Ey = 2x%e* + 2x¢®* = 2xe*(x + 1) (The Product Rule)
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11 y=E£
X
d X ——=1Inx x1
P 2

Exercise 6

Maths Support

Put u = Inx and y=x
du _ 1 & _
dx X dx
V2 — xl
il (The Quotient Rule)
x . .

Differentiate using the Chain, Product and Quotient Rules as above :-

l.- y = tan"2x
3. vy = secxtanx
5.  y = In(3x + 2)
7 =

Y x+2
.y =n({FFY)
1. ‘y=1n(1+x)

l—-x

C 2. y =
4, V=
6. Ay=
8 y =
10. y =
12. y =

— 2cosectx
xzcotx

(x +2)e

e +e*

Further examples can be found in the following resources.

The Complete A level Maths (Orlando Gough)

Page 105 Exercise 2.5:2 Questions 5, 6 and Page 108 Exercise 2.5:4 Questions 8, 10
Page 160 Exercise 3.4:3 Questions 10,11,13 and 16.

Understanding Pure Mathematics (A.J.Sadler/D.W.S.Thorning)

Page 370 Exercise 15F Questions 1-34(cosec/sec/cot only) and
Page 480 Exercise 19A Questions 1-15 and Page 487 Exercise 19B Questions 1-15, 17- 20.
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Higher Derivatives

i = 2x + 3
dx
Here — is defined as a function of x and so can be differentiated with respect to x.
J :
le. — (j@} = 2
dx \dx
. d’ ' . - R .
4 (ﬂ) is'usually written as —-—f— , f*(x) or y” and is called the 2d derivative of y with
dx \ dx dx
respect to x.
This process can be repeated to get the 3rd, 4th , ------ , nth derivative which are written as
dj_}’ d-ly duy .

w & P

Motion in a straight line

Take the x-axis to be the straight line along which the motion takes place.
The displacement is defined as the distance from the origin in time ¢ and is denoted by x(f).

| { -
0 x() x

Velocity is defined as the rate of change of displacement with respect to time and
is denoted by v{t).

ie.v(r) = 'C%(x(t)) or simply v = %

Acceleration is defined as the rate of change of velocity with respect to time and
is denoted by a(f).

ie.a(t) = 4 (v(t)) orsimply a = —

dt dt E;

b ()
dr*

If this has a positive value, it is called acceleration and if negative it is called a deceleration.

Another notation used is

* *0
x - displacement x - velocity X — acceleration
* - d’x
 =— X = 5
ar dt

page 19
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Examples

1.

Exercise 7

1.

A car is travelling along a straight road. ‘ ,
The distance, x (metres), travelled int seconds,is x = 10t — 5¢

Find its veloc1ty when t = 0-5 Secs.

x = 10t - 512

dx = 10 — 10¢
dr

at t = 05, v=10-5 = 5mis.

A car is travelling along a straight road.
Its velocity, v (metres per second), intseconds,is v = 10 + 6% — ¢

3

Find the acceleration when t = 3 secs.

v = 10 + 62 = F

a = Lid = 12t — 3¢
dt :

att = 3,a = 36 — 27 = 9m/s2

A car is travelling along a straight road. :
Its distance, x (metres), travelled in t seconds, is x = 5 + 27 + £

Find the velocity and acceleration when t = 3 secs.

x =5+ 2t+4
dx 2
V=Z't_=2 +3t°, att = 3, v=2 + 27 = 29m/is
dzx 2
az—dt—2=6t,att=3,a=18m/s

A body moves in a straight line and the motion is such that x, the number of metres from a
fixed point after ¢ secs, is given by

x=3-4t+ 1
(a) How far is the body from the fixed point at the start ?
(b) What is its position after 4 seconds ?

(©) What is its velocity after 3 seconds ?
(d) What is the initial acceleration ?

If x = 453 32 = 2t — 1, where x is in metres and ¢ in seconds, find
(2)  The velocity at the end of the 3™ and 4™ seconds.

(b) The acceleration at the end of the 3™ and 4™ seconds.

(c) The average velocity during the 4" second,

(d)  The average acceleration during the 4% second.

page 20
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3. A motor bike starts from rest and its displacement x m after ¢ secs is given by:-

x=lpelp
6 4

Calculate the initial acceleration and the acceleration at the end of the 2nd second.

4. A body is moving in a straight line, so that after ¢ seconds its displacement
x metres from a fixed point O, is given by

x =97+ 312 - 83,

(a) Find the initial displacement, velocity and acceleration of the body.

(b) Find the time at which the body is instantaneously at rest.

5. A body moves along a straight line so that after ¢ seconds its displacement
from a fixed point O on the line is x metres.

If x = 3123 - 1), find:—~

(a) the initial velocity and acceleration.

(b) the velocity and acceleration after 3 seconds.

Further examples can be found in the following resources.
The Complete A level Maths (Orlando Gough)

Page 370 Exercise 7.1:1.

Understanding Pure Mathematics (A.J .Sadler/D.W.S.Thorning)

Page 312 Exercise 12D.
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Using the Second Derivafive to determine the nature of Stationary Points

Consider the function Now consider the function defined by
f(x) = 2x* — 9x* + 12x fi(x) = 6x* —18x + 12
f(x) = 6x% —18x + 12 f"(x) = 12x — 18
For St. values f’{x) = 0 For St. values f7(x) =0
6x* —18x +12 =0 12x - 18 =0
'6(x2'— 3x +2) =0 - x=2
2
3
6(x —I}{x —2)=0 y=-3
x=lorx =2 )
y = 5 y = 4 . .
Therefore f(x) = 2x* — 9x* + 12x Therefore f(x) = 6x* — 18x + 12 hasa
3
has stationary points at (1,5) and(2,4). stattonary point at 8— - 5)
Nature o Nature
3
x < 1 = < 2 - x <- 5 -
x=-1 -0 + "+ + + . 12x— 18 — 0 +
X-2 - - - - 0 + ffxy - 0 +
fix) + 0 - - 0 + F(x) > ) 4
SO N N
o . . .. 3 3
ie.  Maximum T. Pt. at (1,5) ie.  Minimum T. Pt. at (-2—, - -2—)

Minimum T. Pt. at (2,4)

Now compare the graphs of f(x).and f’(x)
y

t

f(x)

(1,5
(2.4

I N2 > x
(3/2,-3/2) :

£(x)

The gradient of f(x) = 2x* — 9x* + 12x is given by f’(x).
The gradient of f*(x) = 6x> — 18x + 12 is given by f”(x).
At the maximum turning point (1,5) , f*(x) = negative. ie f”(1) =— ve.

At the minimum turping point (2,4) , f"(x) = positive. ie £7(2) = +ve.

page 22
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In general
If, at x = q,
(1) f"(a)=+ve,then f{x) has a minimum stationary value.
(2) f"(a)=-ve,then s{x) has 2 maximum stationary value,
(3) f(a)=0, then f(x) has a possible point of inflexion , but use a table of signs to check.
At a point of inflexion , it can be shown that f’(x) =0, a necessary but not sufficient condition.
Forexample;  f(x) = x* => f'(x) = 4x°
For S.V.f(x) = 0 ie. 4x’ =0 =>x =0ie. St. Ptat(0,0)
Now f"(x) =12x* and f”(0) =0 - apossible point of inflexion.
But consider the sign of f'(x) atx=0

x <- 0 >
flxy - 0 + ie. (0,0) is 2 minimum T.Pt.

‘ Examples

L. Sketch the graph of the function f(x) = (x + 2)(x — 1)

F(x) = (x = 1)* + 2(x + 2)(x — 1) (using the product rule)
For S.V. f'(x) = 0

(x —1F +2(x + 2)(x = ) =0

(x —1f(x = 1)+ 2x + 4] =0

3(x ~D(x+1) =0 (or 3x2 = 3=0)
le.x ==l and x =1

Stationary points at (~1,4) and (1,0)
f"{x) = 6x [the 2nd derivative]
f7(~1} = negative i.e. (~1,4) is a Maximum Turning point.

f7(=1) = positive ie.(1,0) isa Minimum Turning point.

When f(x)=0,(x +2}x —1)’=0=>x =-2 andx = 1.
Curve crosses the x -axis at (-2,0) and (1,0)

When x =0, f(0}=2 ie.y=2

Curve crosses the y -axis at (0,2)

1y P

(0,2)

A 4

(~2107 (L0) X
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2. Find the coordinates and nature of the stationary point on the curve
f(x) =% — 8linx
) =3 -2
X
For S.V. f(x) =0
3x% — 81 =0
X
32 —81=0=>x>=27=>x=3, y=27-81In3
Fx) = 6x + 31
X

f”(3) = +ve ie. (3, 27 ~81In 3) is a Minimum Turning point.

3. Find the coordinates and nature of the stationary point on the curve
f(x) =e" —4x
ffx)=¢" -4

For S.V. f(x) =0
' ~4d=0=¢c"=4=x=Ind,y =4~41n4

f”(x) — e.l.‘ |
f7(in4) = +ve ie.(In4,4 -4 1n4)is a Min. Turning point.

Exercise §
Use the second derivative to find the stationary values and their nature for the
following functions. '
1. y=x—Inx : 2. y = xlnx

3. y =xe ¥ 4. y=%sin6 +sin28

Further examples can be found:-in the following resources.
The Complete A level Maths (Orlando Gough)

Page 61 Exercise 1.3:5. Questions 3,10(i) and Page 105 Exercise 2.5:2 Question 8 and
Page 108 Exercise 2.5:4 Question 15

Understanding Pure Mathematics (A.J .Sadler/D.W.S.Thorning)

Page 268 Exercise 10D Questions 9 - 14 and Page 480 Exercise 19A Questions 31,32,33.
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" Optimisation Problems:

Example :
1. . Anisosceles triangle is inscribed in a circle of radius r.

Show that the area of the triangle is
A = r’sin(l + cos6)
where 8 is the angle between the equal sides.

Find the maximum possible area of the triangle.

. x .
From sinf = = => x=rsind and cosf = 2 =>y = rcosf
r r

The base is 2rsin@ and the height is r + rcos8

Area= % 2rsinB(r + rcosf) = risinf(l + cosd)

A(B) = r’sinB(1 + cos8) = r’sin6 + r’sinfeosd = risind + —;-rzsinze

A’(B) = r*cos@ + r’cos26

For S.V. A"(8) =0

r’cos8 + r’cos26 =0

r2(200328 + cosf — 1) =0 =>r’(2cosf — I)(cosf +1) = 0

c059=~;~ and cosf = —] => 8=§—or6=7t (but 8 # &)

vae=§

A"(0) = —r’sinf ~ 2r%in28

A”(E) = —rZsin r_ 2r%sin —ZE = —vele amaximumS.V.at § = i
3 3 3 3

The maximum area is

Exercise 9

1. Four squares each of side s cm are cut from the corners of a metal square of side 16 cm.
The metal is then bent to make an open topped tray of volume, V cm3.

(a)  Prove that V =453 — 6452 + 2565.

{(b) Find the vﬁlue of s which makes the volume a maximum.
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2. A sector of a circle with radius r cm has an area of 16 cm?.

(a) Show that the perimeter P cm of the sector is given by -

P(r)= 2(r+%)

L) Find the minimum value of P.

3. A cylindrical tank has a radius of r metres and a height of h metres.
The sum of the radius and the height is 2 metres.
(a)  Prove that the volume, in m?, is given by
V=rri2-r
(b) Find the maximum volume. A

4, ABCD is a kite which has AC as its axis of symmetry.
Angle BAD is right angled and BC and DC are 20 cm.

B D
(a) Show that the area of triangle BCD -
is given by the expression 200 sin28

and find an expression for BDZ

(b)  Use this expression for BD? to show
that the area of triangle BAD is given by

the expression 200 — 200 cos26 and ‘ 20
hence show that the area of the kite
is given by the expression

A(B) = 200(1 — cos26 + sin26) c

(c) Find the value of 8 which makes the area
a maximum and find this maximurn area.

Further examples can be found in the following resources.

The Complete A level Maths (Orlando Gough)

Examples can be found throughout most differentiation sections of trigonometric,exponential
and logarithmic functions.

Understanding Pure Mathematics (A.J.Sadler/D.W.S.Thorning)
Page 268 Exercise 10D Questions 21 - 25.
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Answers
Exercise 1 Page 11
1. 3x? 2. 2x+2 3. 6x+4
Exercise 2 Page 12
1
= 1
L3 —2c+5 2 6x+—o 3 L1y %xz— N
* 2x2  2x? 2x2  2x2
1 _ 3
5. “33 + 34 6. — +_-23- x2 7. 20(4x +5)° 8 i
. * 2.1?-2- (2,\'.'4 - 3)5
2
9. .iq_ 10. _M 11. —3sinxcos’x  12. 2c0§x‘.
(4 - x2)5 (x3 +3x)5 st
Exercise 3 Page 13
: : 32 4t + 247) 3
L (6x +12)(x* + 4x —5) 2. . 3, s 4, ——
2, +5) x (4 - 22)2
Exercise 4 Page 14
' 3(x — 4) (x =3P (7x - 3)
1. 2x(x —3)2x -3 2. Bx+3)2x+3)P 3. Y
( )( ) ( X )( ) 2\/x—:€ 21/;

5. 2(x + 1)Bx + D(x - 1) 6.
9. cos2x 10.
Exercise 5 Fage 15
x% + 6x
T 2.
{x +3) |
2
5. =20 “fx_) 6.
X
Exercise 6 Page 18
1. 6tan*2xsec®2x 2.
4, x(2cotx - xcoseczx) 5.
(x + 1)* g
(x +2)° .
2
10. e (1 - 4x2) 11.

X (71x — 6)
24x — 1

2c082xc085x — 3sinZ2xsinSx

7. sinx + xcosx 8.  x(2sinx + xcosx)

2x(x — 4)

x—8 42x + 1)
3 3. T a4 ]
: (- -2
_Bx+4) |
2x3\/x +1
8cosec*xcotx 3. secx(tanzx + seczx)
3 6. —(x+ 1)k
3x + 2 '
x(2inx — 1) x
— 9. —
(Inx) x+1
2 12. 4
I—x" (e" + e"‘)
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Exercise 7 Page 20 - 21

1. (@ 3m ® 3m C(©)  2mss d)  2m/s?
2. (a) 88 m/s, 166 m/s (b) 66 m/s2, 90 m/s?

(c) 127 m/s (d) 78 m/s?
3. (a) 1/5 m/s2 (b)  2Vo mys2

4, (@ 0,9 m/s, 6 m/s? (b) 3 secs

5. (a) Om/s, 18 m/s2(b)  -27m/s, —36 m/s2

Exercise 8 Page 24

L. Min at (1, 1) 2. Min at (I/g, 1g) 3. Max at (1,1/g)

4. Maxat ("3,3V3/), P of I at (%, 0), Min at (5%/3,-3¥3/4)

Exercise 9 Page 25 - 26

1. (a)  Proof by s=8%3cm

2. (a) Proof (b) P=16cm

3. (@  Proof (b) V=321 cm3
4. (a) Proof (b) Proof

©)  6=3Mg, A=200(1+2)
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Past Paper Questions

2001

ecx‘:l Ir

id
Differentiate with respectto x g(x)= , O x{f—zu.

2002
Given that f(x) = \Ee"’, x =0, obtain and simplify f(x).
2003

Given f(x)=x{l+x)"", obtain f(x)and simplify your answer,

2004

—— Frg .
Given f(x)=cos” xe ;= <F<,obtain fi(x)and evaluate f *(%)

Pl

005

——

11

{a) Given f(x)=x"tan2x,where 0 <x < %, obtain f(x).

-

{b) For y =-I-f-£~, where x = -1, determine ﬂ}_{ in simplified form.
l4+x dx

2006

Differentiate, simplifying vour answer: 1+3Inq; , where x> 0.
X

2007
Obtain the derivative of the function f(x)=exp(sin2x).

2009

Given f(x)={(x+1){x~2)*, obtain the values of x for which F{)=0.

{2 marks)

{4 marks)

{3 marks)

(3,1 marks}

{3 marks}

{3 marks}

{3 marks)

{3 marks)

{3 marks)



2010

Differentiate the following functions

(a) f(x)=¢"sinx’. {3 marks)
3

b E _ - ] i
(b) g{x) Tt (3 marks)
2011
Given f(x)=sinxcos’ x,obtain f(x). {3 marks)
2012

Ix+1 .

[a) Given f(x) =il obtain f'(x). {3 marks)
{b) Let g(x)=cos” xexp(tanx). Obtain an expression for g (x) and simplify your answer. {4 marks)
2013
Differentiate f(x) =™ sin” x. {3 marks)
2014

. xF -1 . .
Given f(x)=— L obtain f'(x) and simplify your answer. (3 marks)

X +.
2015
Sx+1 dy T, .
{a} For v =-o¢~2~«-£, find Md}u Express your answer as a single, simplified fraction. (3 marks)
X+

{b) Given f(x)=e™sin’3x, obtain f'{x). {3 marks)



