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<C2> DIFFERENTIATION Answers - Worksheet A
1 a ¥ =2+6 b ¥ =gx+2 c Y32 12 d ¥ =18x—3¢
dx dx dx dx
2X+6=0 8x+2=0 3-12=0 18x— 3¢ =0
x=-3 x=-1 X =4 3x(6-x)=0

XxX=+2 x=0,6
e ¥=32 10x+3 f ¥ =1-o0x2 g y=x-3¢+3x-9 h ¥ =1y7% _>
dx dx dx
3¢—10x+3=0 —ox7= Y=3-6x+3  Ix*-2=0
(Bx-1)(x-3)=0 »=9 - 6x+3=0 Xt=4
=1,3 X=%3 3(x-1)*=0 x=4i
x=1
2  a f'(X)=4x+2 b f’(x) =6x—6x c F/(X)=9¢-1
. 4x+2>0 s BX—6X>0 L9 -1>0
x> -1 6x(1-x) >0 Xz 1
0<x<1 x< -3 and x> 1

d f/(x)=3¢+12x-15 e f(x)=x>— 12 + 36x f f/(x)=2-8x7

53+ 12x-1520 f/(X) = 3x° — 24x + 36 5 2-8x°20
3x+5)(x-1)=0 53¢ -24x+36=0 >4
x<-5and x>1 3(x-—2)(x-6)=0 X<-2 and x>2

Xx<2 and x=>6

3 a f/(x)=3¢+4x b f’(x)=27-3¢ c f()=2¢-x—-4x+2
5 3¢ +4x<0 s 27-3¢<0 f/(X) =6x°—2x—4
X(3x+4) <0 X¥>9 s B —2x-4<0
-2 <x<0 Xx<-3 and x>3 2(3x+2)(x—1)<0
-2 <x<1

4 a (x+1)factor ... f(-1)=0
s -1+k+3=0
k=-2

b f/(X) =3¢ -4x

53¢ —4x>0

X(3x-4)=0
x<0 and x> 3
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C2 DIFFERENTIATION Answers - Worksheet A page 2|
5 Y —ox+2 b ¥ =10x-4 ¥ -32_3
dx dx dx
SP: 2x+2=0 SP: 10x—4=0 SP: 3x*-3=0
x=-1 =2 X¥=1
(-1,-1) (%, %) x=t1
(-1,6), (1,2
Y =12 + 6x e ¥-o_g Y -3 _18x-21
dx dx dx
SP 12¢ +6x=0 SP: 2-8x?%=0 SP: 3¢ —18x—-21=0
6x(2x+1)=0 X=4 3x+H(x-7)=0
xz—%,o X=+2 x=-1,7
Y - _x?_gx h ¥ =3¢ _6 A )
dx dx dx
SP: —x2-8x=0 SP: 3t —6=0 SP: 6x 7 —2=0
xX=-1 X =2 X3 =3
X= -3 x=4 X= %
6 Y — 4o b ¥ =32¢_3 Y — 32+ 18x
dx dx dx
SP: 4-2x=0 SP: 3¢ -3=0 SP: 3¢ +18x=0
X=2 X=1 3X(x+6)=0
d’y _ > — 4 _
—3 =- x=+1 Xx=-6,0
dx
d’y
(2,9): max 2 =6Xx =6x+18
X
d’y _ d dy -
(-1,2 F__& max (-6, 100): —18, max
X
2
1,-2): &Y =6, min (0, -8): d_32’=18, min
dx? dx

Y —32_12x—36
dx

SP: 3¢ -12x-36=0
3(x+2)(x-6)=0

X=-2,6

&Y —gx—12
dx?

(-2, 55): d & =-24, max

(6, 201) =24, min

e ¥ —a¢_16x
dx

SP: 43— 16x=0
4x(x*-4)=0
x=0,%£2

&Y _ 19216

dx?

2

(=2, -18): ﬂ = 32, min

©0,-2): & y——16, max

(2, 18) =32, min
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C2 DIFFERENTIATION Answers - Worksheet A page 3|
Y o—q- 3 h ¥ =_g+14x-6x y=1x*+8x7?
dx dx
SP. 1-3x:=0 SP. -8+ 14x-6xX°=0 (;_"i =x—16x7°
x?=1 —2(3x—4)(x-1)=0  SP. x-16x°=0
x=9 x=1, 4 X'=16
2 3
9y =3y = 14— 12x x=142
X
2 2
(9, -9): d—XZ: 1 min (1, O) =2, min %:1+48x‘4
) dzy_ . dPy _
(3, 2—17). v —2, max (-2, 4): vl 4, min
d?y _
(2,4 d—xé’—4, min
7 Y = o 3¢ b ¥ =3¢+6x+3 RN
dx dx dx
SP: 2x-3%=0 SP: 3¢ +6x+3=0 SP. 4x%=0
X(2-3x)=0 3(x+1)°=0 x=0
2
x=0, 2 x=-1 &Y = 12¢
dx’
2 2 2
9Y —2_6x Y —6x+6 0,-2: D=0
dx dx? dx
2
0,0): 4= 2 min (-1, -1): _y=o X | <0 0 >0
dx dx?
d’y _ dy
(2, %) oo = 2 max X | <-1 -1 >-1 | - 9
Yl + o 4+ = (0,-2): min
dx
- (-1, -1): paoint of inflexion
Y = 12+ 12x- 3% e ¥ =ox_16x? Y = a¢ + 120
dx dx dx
SP. —12+12x-3¥=0 SP: 2x-16x72=0 SP: 43+ 12X =0
-3(x-2)*=0 =8 4C(x+3)=0
X=2 X=2 x=-3,0
2 2 2
9Y - 12-6x Y = 2+323 9Y = 12¢ + 24x
dx’ dx dx’
2 2
2 -4 D=0 (2, 12): &Y =6, min (=3, —29): —y=36, min
dx dx
X | <2 2 2 0.-1): o
dy 0o - X | —3<x<0 0 >0
dx
= (2, -4): point of inflexion % + 0 +

= (0, -1): point of inflexion
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8 Y = 3¢ + 6x Y_1-x? Y =3¢ 6x+3
dx dx dx
SP: 3x*+6x=0 SP: 1-x72=0 SP: 3x*-6x+3=0
3X(x+2)=0 X¥=1 3(x-1)2=0
x=-2,0 x=x1 x=1
2 2
d_Z:6x+6 d—;/ZZX_3 dZ_GX 6
dx dx dx
2
(-2, 4): dy——6,max (-1,-2): Y= 2 max (1,0);%:0
X
2
(0,0):d—¥=6,min 1, 2): d—z 2, min X | <1 1 »>1
dx dx
yA yA % + 0 +
2,4 V -~ (1, 0): point of inflexion
/\ 12 Ya
0l x ) %
(_11_2)
/| o
/(1,0) X
¥ -3 oxi Y -3 +8x-3 y=x'—8¢+12
dx dx
SP3-2x% =0 SP. 3¢ +8x—3=0 3§—4x3 16x
X7 =3 (3x—1)(x+3)=0 SP: 43— 16x=0
X=3 x=-3, 3 Ix(x+2)(x—2)=0
2 3 2
¥:X—z d_xg:6X+8 x=-2,0,2
a4 _ay. Py _ o 3 3-d2— 0 =12x°- 16
(5, —3) 7—§,mm (—,1)y——1,max =12x" -1
2 2
Va (1, -5l4): d_V:1o, min (=2, -4): Mzsz, min
X
dy__
(313 y 4 (0, 12): 16, max
. _dy_ -
> 2,-4): =2 =32
ol . X 2, )dx2 32, min
(6!_5)
» yA
0] X
(0, 12)
(3, -5%) /\
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<C2> DIFFERENTIATION

Answers - Worksheet B

1 a

volume = 2x°h = 4000
. h= 200
. - X2
A =23+ 2(2xh) + 2(xh)

= 2% + 6xh

2000

=2 + 12000
X

d_’: = 4x — 12 000X 2
SP:  4x—12000x2=0

x> = 3000

x = ¥/3000
min A = 1250 (3sf)
&A — 4+ 24000x°
when x = {3000, d—'s‘ =

dx

d—A >0 .. minimum
dx®

SA. =2¢+4x =k
A = k= 23
- k—2x2

<
I

%

N

o
I
o

Nlw  Nlw N
>

. maximum V when |

2 a SA.=

2nr? + 2nrh = 30 000

-, rh= 15000 — 7ur?

h= 15000

-r

mr

V =mnr’h

= ré( ==

2,15000
mr

=

=15000r — nr®

SP:

= 14.4 (35)

d_\r’ = 15000 — 3nr2

15000 - 3nr’=0

2= 5000

T

r= @ [ =39.9 (350)]

max volume = 399 000 cm? (3sf)

div

Y = 6

dr?

whenr = /@, ﬂ =-752
T dr?

div

_<0

dr?

. maximum

=X .. prismisacube
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<C2> DIFFERENTIATION

Answers - Worksheet C

f/(x) = 6x° + 10x

6x° + 10x> 0
2X(3x+5)>0
x< -2 and x>0

2
9Y >0 .. minimum
dx

% = 83— 2412 + 16t

when t = 0.25,

% = 2.625 cm per second

c SP. 8t*-24t2+16t=0

8t(t—1)(t-2)=0
t=0,1,2
from graph, max whent=1
. max height =3 cm

2 a Y=32_2x+2
dx

a(1,-2),grad=3
Ly+2=3(x-1)
3XxX-y-5=0
b SPwhen 3x¥*-2x+2=0
b?—4ac=4-24=-20
b?—4ac<0 .. norea roots
.. ho stationary points

4 ay=0= x(x+3)?=0
x=-3,0
. (=3,0), (0,0

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

decreasingwhen 3x*+ 12x+9<0
3(x+3)(x+1) <0
. —=3<x<-1

c Ya

(=3,0)

\ 4

(-1.-4)

6 a ;ﬂ = 3¢ + Bkx — 9K

X

stationary when 3x* + 6kx— 9k’ =0
= X+ 2kx— 3k* =0

b (x+3k)(x—-k)=0
x = -3k, k
whenx =k, y=1k +3k®- 9K* = -5k*
. stationary at (k, —5k%)
¢ when x=-3k,
y =27k + 27K + 27k = 27K
o (3K, 27K
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C2 DIFFERENTIATION Answers - Worksheet C  page 2 |
7 V = 1x*sin60° x| 8 a f'(x)=3+8+k
= 1% x g =250 for 2 SPs, f ’(x) = 0 has 2 distinct roots
1000 . 1000+/3 2
Ll = —_— — >
I N F =2 b*-4ac>0
A =(2><§x2)+3x| 64— 12k>0
:£x2+(3x>< 10002‘/5) k<1
2 3X
:g(xhz;'fo) b S 3@+8-3=0
‘;_’: = @(ZX—zooox) (3x— 1)(x+3)=0
s B (2x — 2000x ) = 0 x=-3,1
2
x = 1000 5 (=3,19) and (%, &
x=10
min A= 150./3
2
&A= 3 5+ 4000x%)
dx 2
2
whenx=10, 2 = 33
X
2
d—f‘ >0 .. minimum
dx
9 Xt —4+3x% =0 10 a f(-1)=-1-3+4=0

x— 4xt +3=0
(X —1)(x*-3)=0
x%=1,3
x=19
- (1,0) and (9, 0)
dy _ 1,73 &
—X—%x 3x
SP: ix® -3x%=0
X 2(x=3)=0
x=3
= - 3 =
y—\/é 4+[
. (3, 243 - 4)

s (x+ 1) isafactor

b X — 4X+ 4
X+1) X -3¢+ Ox + 4
XX+ X
— 4 + 0Ox
— A — 4
IX + 4
4x + 4
s f() = (x+ )¢ — 4x + 4)
f() = (x+ )(x - 2)°
4 c (2,0),as(x— 2) isarepeated factor

of f(x) so x-axisisatangent at (2, 0)
d f’(x)=3x-6x

SP. 3¢-6x=0
X(x-2)=0
x=0,2

. (O, 4) is other turning point
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<C2> DIFFERENTIATION

1

Answers - Worksheet D

a f’(xX)=24+6x- 3¢
b 24+6x—3¢>0

¥ —2x—8<0
x+2)(x—-4)<0

-2<x<4

a f/(x)=2x-16x2
b SP: 2x-16x2=0
=8
X=2
. (2,12)

f(x) =2+ 32x°
f”(2)=6
f”(x)>0 .. minimum

a 2X-— x% =0

x(2 - x%)zo
x=0 or x% =2 = X=4
= (0,0) and (4, 0)

dx
1
P 2-3xt =0
1
3 — 4
X2—§
— 16
X="7g
d’y _ 3.3 _1. Py _ o
ﬁ‘_ZXZ'Whe”X‘?v@‘_E
2
% <0 .. maximum
X
c yT

© Solomon Press

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

Y — 332+ 2ax— 24
dx

spap . Y=o
dx

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

aea=(2x 3r’0)+ 1r’(30) =25
L 31r°0=25 6=
P=2r+(2xr@)+r(30)=2r+5r0
=2r+5r(£)=2r+ ?
r

P _ o 52
dr

SP. 2-50r?=0
r’=25
r=5
min P =20
2
% =100r2, whenr =5,
P
dr?
Y -3¢ 3
dx
SP: 3¢-3=0
=1
Xx=x1
- (-1,3) and (1,-1)

ap
dr?

=08

>0 .. mnimum

PQ*=2"+4=20

. PQ=+20 = 25
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C2 DIFFERENTIATION Answers - Worksheet D  page 2 |
7 a 2x-5+2=0 8 a y
X «—r
2 -5x+2=0
(2x-1)(x-2)=0 W
x=3,2 I z
b f'(x)=2-2x2
s 2-2x2=0 %
X¥=1
x=x1 2Xx+z2=25
c y 4 2X + 2y = 40
2.,0) \ ﬂz, 0) R - length and width (25 — 2x) and (20 — x)
@] \(1 ~1) X b volume = x(25 - 2x)(20 — x)
' = x(500 — 65x + 2x°)
(-1, -9) = 2% — 65% + 500
/\ c ‘jj_\x’=6x2—130x+5oo
SP:  6x°—130x+500=0
2(3x—-50)(x-5)=0
x=52
2x<25 . x<125
x=5
d max volume = 1125 cm®
Q = 12x - 130
dx
when x =5, Q =-70
dx
Q <0 .. maximum
dx
9 a %=9+6x—3x2 10 a f(-1)=15
SP: 9+6x-3X=0 . —4+a+12+b=15
-3(x+1)(x-3)=0 a+b=7 (1)
x=-1,3 b f(2)=42
s (-1,-3) and (3, 29) s 32+4a-24+b=42
2
b 9 —6-6x da+b=34 (2)
2
(-1, -3): % =12 . minimum @-(@1) 3a=27
X
2
(3, 29): d—é’ =-12 .. maximum wa=9 b=-2

dx
¢ -3<k<?29
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f(x) = 4% + 9 — 12x — 2

f/(x) = 12 + 18x — 12

SP. 12X*+18x—-12=0
2¢+3x-2=0
(2x-1)(x+2)=0
X=-2, 3

. (-2,26)and (4, -2
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