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<C2> DIFFERENTIATION

Answers - Worksheet A

1 a Y=o+ b ¥ =ge+2 ¢ Yo32-12 d ¥ —18x-3¢
dx dx dx dx
2x+6=0 8x+2=0 3 -12=0 18x —3x* =0
x=-3 =-1 =4 3x(6 —x)=0
x=x2 x=0,6
e =3l 10x+3 f Y =197 g y=x'=3¢+3x-9 b L =1x" -2
32— 10x+3=0 1-9x2=0 %=3x2—6x+3 1xH 2220
Gr-Dx-3)=0 =9 3 —6x+3=0 2t =4
_ _ 2 _ _
x=1,3 x=%3 3x—1=0 x=i
x=1

2 a f'(x)=4x+2
L Ax+220

> 1
X==3

d f'(x)=3x"+12x-15

3+ 12x— 1520

3x+5)x—-1)=20

x<-5and x>1

3 a f/(x)=3x"+4x
s 3+ 4x <0
x(3x+4)<0

-4 <x<0

b f’(x)=6x—6x
oo bx—6x7 20
6x(1 -x)=0

0<x<1

e f(x)=x"—12x"+36x
£/(x) = 3x" — 24x + 36
o3P —24x+36>0

3x—2)(x—6)=0
x<2 and x=>6

b f’(x)=27-3x"
s 27-3x*<0
¥*>9
x<-3 and x=>3

4 a (x+1)factor .. f(-1)=0

=1+ k+3=0
k=-2
b f’(x)=3x"—4x
53 —4x >0
x(3x—4)=0
x<0 and x> 3

© Solomon Press

¢ f/(x)=9%"—1

L9 =120
251
x29
_1 1
X< -3 andxz3

f f'(x)=2-8"
L 2-8x720
>4
x<-2 and x=>2

¢ fx)=2x—x"—4x+2
f/(x)=6x"—2x — 4

6t —2x—4<0
23x+2)(x—-1)<0
—% <x<1
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‘CZ DIFFERENTIATION Answers - Worksheet A page 2
5 Y —ox+2 b ¥ =10x—4 Y —32_3
dx dx dx
SP: 2x+2=0 SP: 10x—4=0 SP: 3x*—=3=0
x=-1 x=3 =1
=1,-1) 2,1 x=%1
(_1> 6)9 (1’2)
Y 1222 + 6x e ¥ on_gy? Y 32 18y 21
dx dx dx
SP: 12x*+6x=0 SP: 2-8x7=0 SP: 3x*—18x—21=0
6x(2x+1)=0 x'=4 3x+D)x-7)=0
x=-3,0 x=%2 x=-1,7
( ;7 4) (0 2) (_27 _5)’ (2911) (_1922)9 (77 _234)
d_y:—xz—Sx h d—y=3x%—6 d_y:6x73 -2
dx dx dx
SP: —x*—8x=0 SP: 3x —6=0 SP: 6x° —2=0
x3=—% Xt =2 x5 =
x=-1 x=4 x= 5
(_%7 3) (4,_8) (21_7a 52_;)
6 Y—g_ oy b ¥ =3¢-3 Yo 3 4 18x
dx dx dx
SP: 4—2x=0 SP: 3x*=3=0 SP: 3x*+ 18x=0
x=2 =1 3x(x+6)=0
2
jx_i):_ x:il x:_630
2 2
(2, 9): max 3}6—)2; =6x jx—); =6x+18
(-1,2): ¥ = _6, max (=6, 100): d—y=—18 max
dxz 4 b} . P}
2
(1,-2) jx{:@mm (0, -8): dy—18,min
Y 32 _12x—36 e ¥ -4 _16x Y g _gy?
dx dx
SP: 3x*—12x-36=0 SP: 4x’ —16x=0 SP: 9—4x7=0
3(x+2)(x—-6)=0 4x(x*—4)=0 P=4
x=-2,6 x=0,%+2 x==%2
2 2
F=6x-12 jx_§=1zx2_16 jx_f_gx%

dz
(=2, 55): K{ =24, max

2
(6, -201): jx_f — 24, min

(-2, —18) =32, min
0, -2): dy— —16, max

2, -18): gz 32, min
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(-2,-12): d—y = 27, max

(2, 12): jx_f=27, min
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LR h ¥ =8+ 14x— 6 i y=1x 48y
g . X o X — Ox 1 y=3x X
SP: 1-3x2 =0 SP: -8+ 14x—6x"=0 % =x—16x7
Xi=1 2@x—4)(x-1)=0  SP: x—16x>=0
x=9 x=1,4% x'=16
2 3
jx_f:%xﬁ 3}6_{—14 12x x=%2
2 2 2
(9, -9): ‘;x—§= & min (1, 0): jx—f=2, min ‘;x—2= 1 +48x7
2 2
(%, 5) d—J;=—2, max (-2, 4): jx—);=4, min
d2
2, 4): Kf =4, min
7 a Y-oop-3y b ¥ =3+6x+3 ¢ oy
dx dx dx
SP: 2x—3x*=0 SP: 3x*+6x+3=0 SP: 4x’ =0
x(2-3x)=0 3x+1)Y°=0 x=0
2
x=0, 2 x=-1 3}(—2=12x2
d’y _ d’y _ Ly
d? . d?
(0, 0): K{:2,mm (-1, -1): Kf=0 x | <0 0 >0
2
(2, 2y Y- 5 max x| <-1 -1 >-1 Ll 0o+
3 27 de dx
Yol o+ 0 4 < (0, =2): min
dx
- (=1, =1): point of inflexion
dy _ 2 dy _ -2 dy _ .3 2
d = =-12+12x-3x e — =2x—16x f = =4x"+12x
dx dx dx
SP: 12+ 12x—3x*=0 SP: 2x—16x°=0 SP: 4x’+ 12x° =0
—3(x—-2)=0 X =8 4°(x+3)=0
x=2 x=2 x=-3,0
2 2 2
jx_lez—éx jx—{=2+32x*3 jx—f=12x2+24x
2 2 2
2, —4): ‘;x—{ =0 @, 12): ‘;x—{ ~ 6, min (=3, -28): jx—{ = 36, min
2
x | <2 2 >2 (0,—1):3)6—{:0
% 0o - x | 3<x<0 0 >0
- (2, —4): point of inflexion % + 0 +

= (0, —1): point of inflexion
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8 =327 + 6x Y opx? =352 6x+3
dx dx dx
SP: 3x*+6x=0 SP: 1-x2=0 SP: 3x*—6x+3=0
3x(x+2)=0 =1 3x—1=0
x=-2,0 x==x1 x=
2 2 2
dy_6x+6 d_J2}=2x_3 d—J;:6X—6
dx? dx dx
2
(=2, 4): dy— —6, max (-1, -2): dy:—z max (1, 0): 37‘0
(0,0):jx—f=6,min (1,2) jx_{zz min x | <1 1 >1
dy

/ olo0,00 x

1
2 =3
X 2
= 4
X=9
dy _ 3
—= =X
2
4 4y 4y _ 27
(5, -3) 7= % ,min
YV A
o x
4 4
(3.-3)

A 4

Y o324 8x-3
dx
SP: 3x*+8x—3=0

BGx—-DEx+3)=0
x=-3, 3

2

Y ex+8

dx?

(=3, 13) ~10, max

1 _514 d_y_lo
(3 27 )’ a2 min

A
3,13) 7

\
Q
~~
W=
[
W
S
e
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+ 0 +

= (1, 0): point of inflexion

YA

0

/ (1,0)

y=x'-8x+12

=V

Y — 4~ 16x
dx

SP: 4%’ —16x=0
4x(x+2)(x—-2)=0

x=-2,0,2

2

=124 -16
2

(=2, —4): d_{: 32, min
(0, 12) ~16, max
2, —4): d_yzsz min

s dx2 s

Y a

M
VERYA

(=2,-4) 2,-4)
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Answers - Worksheet B

a volume = 2x*4 = 4000
. j= 2000

2
X

b A =2x*+2Q2xh) + 2(xh)

=2x> + 6xh

= 2% +(6x><M)

12000

X

=4x — 12 000x7>

=2’ +

IS

4x — 12000x> =0
x* =3000

SP:

x= 33000 = 14.4 3sf)

d min 4 = 1250 (3sf)
2

e Y4 _ 440400057
dx

dA

when x = 3/3000, =12

2
d_A>()

> .. minimum

a SA.=2"+4xl=k
CAxl =k -2
= k—2x2

ENES

T

= bl
|

oo e =
=

><N PN

|
=
o
I
S

|~
NN =~

=
Il

j= Kok =§kxix\/§
4,k k
=k |0 = |k
6 Nk 6

. maximum V' when/=x ..

. maximum

prism is a cube

© Solomon Press

S.A. =2’ + 27rh = 30 000
. rh= 15000 — v

j— 15000 _
r
V =1h
o (15000 I,
r
=15 000r — 7

Y = 15000 - 32

r

SP: 15000 -3m?=0
> 5000
2o
T
2000 1 =39.9 (3sf)]
T

max volume = 399 000 cm’ (3sf)
v

> = —61r
dr
2
when = _[2000 , d—l; =-752
T dr
v .
— <0 .. maximum
dr
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<C2> DIFFERENTIATION

1

Answers - Worksheet C

a f’(x)=6x"+10x

b 6x*+10x>0
2x(3x+5)=0
x < —% and x>0

2 &g
dx 2
2
d—J; =—Ix?+ 8x~°
b SP: Ix? —4x?=0
Ix7(x* ~8)=0
X' =8
x=4
s (4,3)
2
when x =4, d—Jz} =<
2
jx_)z’ >0 .. minimum
a Y =88 247+ 161
dr
b whent=0.25,
% = 2.625 cm per second

¢ SP: 87 -247+16t=0
8t(t—1)(t—2)=0
t=0,1,2

from graph, max when ¢ =1

. max height =3 cm

a ¥ o32 242
dx

at(1,-2), grad=3
Ly+2=3(x-1)
3x-y-5=0
SP when 3x* —2x +2=0
b —4ac=4-24=-20
b* —4ac <0 .. no real roots
. 1o stationary points

y=0 = x(x+3)’=0
x=-3,0
(_3a 0)9 (0’ 0)

f/(x)=3x"+12x+9

decreasing when 3x*+ 12x+9<0
3x+3)x+1)<0
o —3<x<-1

Y a

(_39 O)

\ 4

(=1,-4)

a =32+ 6k - 9K
dx

stationary when 3x” + 6kx — 9k* =0
= X +2kx-3kK=0

(x+3k)(x-k)=0

x=-3k k

whenx =4k, y=£k + 3k’ - 9k’ = -5k
. stationary at (k, —5k°)

when x = -3k,

y==27k+ 27K + 27k’ = 27k’

o (3K, 27K

© Solomon Press
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7 a V =1xsin60°x/ 8 a f/(x)=3x"+8x+k
= 1¥% % % =250 for 2 SPs, f’(x) = 0 has 2 distinct roots
., 1000 __ 100043 L2
.I_WOrST ..b—4aC>O
b 4 =(2x£x2)+3xl 64 — 12k >0
_ 3 2 10003 16
+ _—
2 (3 % 3x? ) k< 3
=f( +M) b SP: 3P+8x—-3=0
c % f (2x — 2000x72) Gx—1)(x+3)=0
SP: g (2x —2000x3) =0 x=-3,1
x*=1000 5 (=3,19) and (1, &
x=10

d min 4= 1503
2
e 4 - g(z +4000x7)

de
2
when x = 10, d—f =33
dx
2
d—f >0 .. minimum
9 a x' —4+3x=0 10 a f(-1)=-1-3+4=0
x—4x2 +3=0 . (x+1)is a factor
(2= D(x=2) =0 b 2 4+ 4
x> =13 x+1)x3—3x2+ Ox + 4
x=1,9 R
= (1,0) and (9, 0) -4 + Ox
p o1, 3,2 — 4x" — 4x
o 2 2 _—
1 \ 4x + 4
SP: Ix2 -3x?=0 4x + 4
- - . - 2
1x?(x=-3)=0 LA =+ DET -4+ 4)
x=3 f(x) = (x + 1)(x — 2)
y= V3 -4+ % =23 -4 ¢ (2,0),as (x—2)is arepeated factor
* (3, 23 -4) of f(x) so x-axis is a tangent at (2, 0)

d f'(x)=3x"—6x
SP: 3%’ -6x=0
3x(x—2)=0
x=0,2
*. (0, 4) is other turning point
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<C2> DIFFERENTIATION

Answers - Worksheet D

1 a f'(x)=24+6x—3x 2
b 24+6x-3x">0

¥ —2x—8<0
x+2)x—-4)<0

—-2<x<4

f/(x)=2x—16x7" 4
b SP: 2x—16x%=0
©=8
x=2
o (2, 12)

£7(x)=2+32x7
£7(2)=6
f”(x)>0 .. minimum

Ol

2x— x> =0 6

x2-x)=0
x=0or x’ =2 = x=4
= (0,0) and (4, 0)

.
|

© Solomon Press

(-2,30) = 30=-8+4a+48 +b
~ 4a+b+10=0

Y =3x* + 2ax — 24
dx

spatr - ¥ =0
dx

= 12-4a-24=0
a=-3,b=2
3’ —6x-24=0
3x+2)(x—-4)=0
x=-2(atP)or4
other SP (4, -78)

area=(2x 1/70)+ 1/360)=25

. 25 _ 10

. 3r70=25 0= >
P=2r+(2xr@)+r(30)=2r+5r6

=2+ 52y =2r+ 2
r r

P — 50,
r
SP: 2-50/2=0
=25
r=>5
min P =20
2 2
P 100, whenr=5, 9L =038
dr dr
[

o2 .. minimum
B

o323
dx

SP: 3x’-3=0

=1
x=*x1

< (=1,3) and (1,-1)
PQ*=2"+4=20

. PO=1/20 = 2.5
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7  a 2x-5+2-=0 8§ a y
x “«—>
2= 5x+2=0 Y
Q2x—-1)(x—-2)=0
x=1,2 z
b f'(x)=2-2x"
f2-2=0 Y
=1
x==x1 2x+z=25
c y A 2x +2y =40
7, 0) \ (2,0) R .. length and width (25 — 2x) and (20 — x)
0 ?{ ) X b volume = x(25 — 2x)(20 — x)
’ =x(500 — 65x + 2x%)
(-1, -9) =2x’ — 65x* + 500x
/\ ¢ Y — 67— 130x + 500
dx

SP:  6x*— 130x +500=0
2(3x — 50)(x —5)=0

x=52
2x<25 .x<12.5
x=5
d max volume = 1125 cm’
v _
5 =120-130
2
when x =5, (;x—z =-70
2
jx—z/ <0 .. maximum
9 a %=9+6x—3x2 10 a f(-1)=15
SP: 9+6x—3x"=0 o—4+a+12+b=15
“3x+DHx-3)=0 at+tb=7 (1)
x=-1,3 b f(2)=42
<. (=1,-3) and (3,29) s 32+4a-24+b=42
2
b Y =6-6x da+b=34 ()
dx
2
(-1, -3): i_{ =12 .. minimum @) -() 3a=27
2
(3,29): &X' =_12 . maximum ca=9, b=-2
dx
¢ 3<k<29 ¢ flx)=4x’+9x’—12x-2

£/(x)=12x" + 18x — 12

SP:  12x*+18x—12=0
2xF+3x-2=0
Qx—-1)(x+2)=0

x=-2, 5

5 (=2,26) and (4, —31)
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