Differentiation

9.1 Differentiating sinx and cosx
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a 6cosx —-Jcos3x ¢ Ecos.'ix

d —-4sindx e -30sin6x f Lsin7x
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a 4dcosx+3sinx b cost—4sinx—%cos%x
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h(%) =4 g ”2; h'(x) = 3 cosx +4sinx + x; h'(%’) = %ﬂ

Then use the formula y - h(7) = b'(5) (x - 5) to find the
equation of the tangent.
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=lim
h=0 h

= Iim( (—cosz = 1) cosx — (%)sinx)

h—0

=lim

Since %l — 0 and S—'—E—h — 1 the expression inside the

limit tends to (0 x cosx — 1 x sin x)

. .. cos(x+h) —cosx
So hm—(# —sinx
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Hence the derivative of cosx is —sin x.

9.2 Differentiating exponentials and logarithms

1 a -18e™ b 10e* + 7~
¢ -3 d 28— 2e™
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Rearrange y — 3e = —ﬁ(x — 1) to obtain
x+Be-2)y-9¢+6e—-1=0
dy 1
7 =1,y= %d— FIng+2In4=In8
Rearrange y — 5 = (In8) (x - %) to obtain
v-(ln8)>~+~ 1ln8
8 & f(x)= 94 30 = (B)r 4 30 = 304 36 = 2(3%)
b f(x)= 2(36-* x 6 xIn3) = (41n3)(3 x 3%) = (4 In 3) (3*)
9.3 The chain rule
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Simplify y + 3 5\/_( 3 ) to obtain

12y—’%0\/—x—257c\/._+9_0

2m\ dy __ 1

4 ( V3, ) *dx ~ ~ 8cosdy
Slmpllfyy—-? =—4(x+V3 \f_) to obtain 4x + y +4V3 -

9 @BIn2)x+y+8In2-2=0

9.4 The preduct rule
1 a (4-5xP-15x(4-5x)?
b 9x*(2x - 1P +36x*(2x - 1)
c i—?(bx - %(6,\' — 7
16x (2% — 4) * — 144x* (2x* — 4) 1
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—6 cosdx cos2x + 12 sin4x sin2x
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4e**In (cos3x) + 3e**tan3x

4 a 2xe*(x*-2x2-3x+3)
12e¥ cos 2x — 8¢**sin 2x — 3e¥sin x — ¥ cos x

1

¢ 2xIndx+x— %cosix + %(ln4x) sin%x

5 a -e*cos3x-3e>sin3x
6 a Lo 32-5xp(-1002+16)
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n=2,a=-100,b=0and c=16
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7 a f(x)=c¢*(@sinx+cosx)=0
¢ #0,504sinx+cosx=0=tanx=—
(T _ 2n ¢/(TT — 42
b £(3) =ef(3) =4
Therefore the gladlent of the normal is ———
(\ = —) to obtain
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Simplify y — & =
x+4é”y—4c‘"‘——-0

8 g—i sin2x + 2(x — m) cos2x
Atx=3% y-Zana ¥ _ 4

Simphfyy—%: —l(v—34—”) toobtainx+y=m

3

=0

b 4x*In(sinx) + x‘cotx



9.5 The quotient rule

) 6x(6 — 5x)
L T b B- 5y
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2 a
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6 e (4x2-22x +5)
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8 a f(x)==2eccosx si:kx— e cos’x

f'(x) = 0 = —2e*cosx sinx — e cos’x = 0
Therefore 2cos x sinx + cos’x =0

Solve to obtain cosx =0 or tanx = —%

b A:x=-1.57; B: x=-0.46; C: x=1.57; D: x = 2.68

9.6 Differentiating trigonometric functions

1 a 4secddx b —1l4cosed2x
¢ —Scot'xcosex d —6tanxsecx
2 a —6cosecbxcotbx b —20secSx tanSx
c —%(cosecx):cotx d -24sec4xtandx
3 a 2xtan3x+3x’sed3x
(x?+ 1) secx tan xex* — 2xe°
(2 + 1y
-2cotx
d - e~*cotdx —4e*cosedx
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cot'x
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(s 7 SRR S ¢ e
u-l,dx—O,v—smA,dx COS X
d_y= sinxxO'— Ixcosx _ _ _1 , cosx _ . cecrcotx
dx sin® x sinx  sinx
6 a Use the chain rule to find f’ (x)=_2Le°22xand then

cot2x
use trigonometric identities to obtain f "(x) = -4 cosec 4x
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9.7 Parametric differentiation

37 i &+ dret
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2 a sinz b yzg,\wﬂ
2 2
3 a -(3’—;4) b 2x+5p+61=0
4 a 4cot20 b (1,4)and (1, -4)
5 a -4cosH b y=2x-7
6 y=2x+28
cosec’ t
7 a 2 sec2t tan2¢

b m=- g, simplify y + 2V3 = —g(x+4)
to obtain xV3 + 3y +10¥3 =0

= 23y 30T
8 a y=-Fx+ig

Rearrange parametric equation for x to 7 = =

Then y =

X

+1

1 (x+17 x242x+1

9.8 Implicit differentiation
1 B

daan_adesn. doaso
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=x‘x2y%+3x22

=2x%y % + 3x3yt

4x? 6x — 10xy
2 a8 3y? b 5x? -8y
e 2xy d 4y
10y + 3p* — x? 3(x-5)
e sin x § perte”
2siny cosy xer—=ge*
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4 a —‘2y = 4.,\’2 b ?
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y
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4x + 37
sin2x =
7 a iy b x+2y=0
. B
8 x+y+ 7= 0
9.9 Using second derivatives
1 a —c¥cos2x—2¢*sin2x b e*(4sin2x-3cos2x)
2 a 16+48¢e*

b 16 = 0 and 48¢* = 0 for all values of x, hence f(x) is

convex for all values of x.

3 a —-4cos2x
b —75‘ =x= —%‘ and g
4 a f(x)=Qx-1F+10x(2x -1y
f(x) =202x - 1P (6x - 1)
b £(3)=20x0°x2=0
1 2\?
(1) =20x (-2)' x0=0
¢ "(0.1)=4.096>0 {'(0.2)=-0.864 < 0

sSxs

e

As there is a sign change, this confirms there is a point of

inflection at x = %

1+(x':l)2_(x+ 1IP+x27 2x2+2x+1



8
5,\3

a f'(x)=(Q2x-5¢+8x(2x -5y
£'(x) = 16(2x - 58 + 48x(2x — 5)?
b (1) =0and £'(0.95) = -15.376 < 0 and
£(1.05) = 13.456 > 0
So there is a point of inflection at x = 1
7 055sx<%

8 x=<-3-V3 and-3+V3<x<0

\V
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9.10 Rates of change
1 a 8x b 24
2 Sm—-4
4wf‘ w2 )
3¢
S =&
4 a 4nr b 127
dpP _
5 a T kP
b The value of the constant k would be negative, or
ar _ _
de ~ e
6 Y__p\T
7 a £4083 69 b Decreasing by £482.25 per year
8 a Substitute r = (4—‘1)5 into V= i7rr3 and simplify.

dav _ S,dVQ_Vd5'1§ Y
b is=a\w ds ™ ds ‘j;”“!;

Problem solving: Set A
B a %—4»( 20x%+28x + 6

d7

dx?

&y :

b F7=12x*-40x+28=4(x-)(3x~7)

Forl =x
dzy
dx?

=24xInx*+40x = 8x(3 Inx? + 5)

= 12x* - 40x + 28

3, x—-1=0and3x-7=0

= ( and the curve is concave.

dz)
d ‘)
When x > 0, 8x > 0. So solve 3 Inx?+ 5 = 0,to get x = e~

3 .
); = () when x = e and the curve is convex.

Hence a

G a= %
Problem solving: Set B

B a 2x+y-1

e b y=-—x+2

S a (x+1)>+(y-3)*=4; centre (-1, 3) and radius 2

T Sw
66

y=3+y3 ory=3—‘f?:,thcrcforcy=3+‘/§atB
¢ 3+2V3
G y=x+%andy=x—%”

b 2sint-1=0=¢==%



