<C2> DIFFERENTIATION

Answers - Worksheet A

1 a Y-o2+s6 b ¥ =ge+2 ¢ Y32 12 d ¥ =18y -3¢
dx dx dx dx
2x+6=0 8x+2=0 3x'-12=0 18x —3x* =0
x=-3 =-1 =4 3x(6 —x)=0
x=x2 x=0,6
e L=3-10x+3 f L=1-97 g oy=r-3+3x-9h L=1xt 2
37— 10x+3=0 1-9x2=0 %=3x2—6x+3 1xH 2220
Gr-Dx-3)=0 =9 3 —6r+3=0 x =4
_ _ 2 __ _
x=1,3 x=%3 3x—1)=0 x= 1L
x=1

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

> -1
X = 2

d f'(x)=3x"+12x-15
s+ 12— 1520
3x+5)x—-1)=20

x<-5and x=>1

3 a f/(x)=3x"+4x
o3 +4x<0
x(3x+4)<0

-4 <x<0

b f’(x)=6x—6x
so6x—6x2 20
6x(1 -x)=0

0<x<1

e flx)=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
x¥*>9
x<-3 and x=>3

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

so=1+k+3=0
k=-2

b f’(x)=3x—4x

so3xP—4x >0

x(3x—-4)=0
x<0 and x> 3
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¢ f/(x)=9%" -1

L9 =120
251
x29
_1 1
X< —3 andxz3

f f'(x)=2-8"
L 2-8x7%20
>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
-2 <x<1
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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
(_1a 6)9 (1’2)
Y =122 + 6x e ¥ on_gy? Y 32 _18x—21
dx dx dx
SP: 12x*+6x=0 SP: 2-8x7=0 SP: 3x*—18x—21=0
6x(2x+1)=0 x'=4 3x+ Dx-7)=0
x=-3,0 x=%2 x=-1,7
( ;a 4) (O 2) (_2a _5)’ (2»11) (_1722)7 (7, _234)
d_y:—xz—Sx h d—y=3x%—6 d_y:6x3_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
(_%a 3) (4,_8) (21_7a 52_;)
6 Y—g_ oy b ¥ =3¢-3 Y =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
‘;x—fz— x=%1 x=-6,0
2 2
(2, 9): max 3}6—)2; = 6x jx—); =6x+18
(-1,2): LY = _6, max (=6, 100): d—y=—18 max
dxz i 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%

d2
(=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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Y12 12v—342
dx

SP: —12+12x-3x*=0

-3(x-2)"=0
x=2

2

jx_f =12-6x

d2
(2, —4): KZ: 0

x|<2 2 >2

dy

dx

0 —

- (2, —4): point of inflexion

Y - 8+ 14x - 6
dx
SP: -8+ 14x—6x*=0

2@Bx-4)x-1)=0

Y =32+ 6x+3
dx

SP: 3x*+6x+3=0
3x+1)Y°=0
x=-1

d*y

? :6x+6

d2
(-1,-1): Kf=0

x | <1 -1 >-1

dy

dx

+ 0 +

- (=1, —=1): point of inflexion

Y —ox—16x7
dx

SP: 2x—16x2=0
X =8
x=2

2
i_{ =2+32°

d? .
(2, 12): KZ: 6, min
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= (0, =2): min

Y =4 + 124
dx

SP: 4x’+12x*=0
4°(x+3)=0
x=-3,0

2
jx_f = 1222 + 24x
2
(=3, -28): jx—fz 36, min

d2
(0, -1): KZZO

X | 3<x<0 0 >0
Y + 0+
dx

= (0, —1): point of inflexion
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Y =332+ 6x Yoy Y =32 6x+3
dx dx dx
SP: 3x*+6x=0 SP: 1-x72=0 SP: 3x*—6x+3=0
3x(x+2)=0 =1 3x-1*=0
x=-2,0 x=%1 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): 372:0
(0,0):;—{=6,min (1,2) dy 2, min x |<1 1 >1
d
v v Ey + 0 +
(-2,4) V = (1, 0): point of inflexion
/\ (1,2) Va

A 4

0 (0,00 x 0
(—1,—2)
/| :
/ (1, 0)

S0\ 4

Y —3_ 9y e ¥ =3248x-3 f oy=x'—8i+12
dx dx
SP: 3—2x7% =0 SP: 35 +8x—3=0 %=4x3—16x
Xi=3 Gx-1D(x+3)=0 SP: 4x* —16x=0
x=4 x=-3,1 dx(x +2)(x—-2)=0
2 3 2
dy _ 97 —6x+8 x=-2,0,2
dx?
&y ; o
(4, -%): e 2L, min (-3, 13) —10, max = 12x° - 16
1 14 dy d’y i
Va (3, =533): K_ 10, min (-2, -4): —2:32’ min
iy 7t (0, 12) 16, max
~ > @2, -4): l_{:sz, min
X
(%s _%)
Y a
(0, 12)

\
Q
~~
W=
[
i
N[,
N

WA
\/0\/)6

(=2,-4) 2,-4)

© Solomon Press



<C2> DIFFERENTIATION Answers - Worksheet B

d min 4 = 1250 (3sf)
2

e Y4 — 442400007
dx

when x = /3000, 94 4

2
d_A>()

> .. minimum

a SA.=2"+4xl=k
L Axl =k -2
= k—2x2

i

= bl
|
(ST o
=

[

XI\) Bl s

|
=
o
I
S

o~
NES — o

=
Il

. maximum V' when/=x ..

=12

.. maximum

prism is a cube
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1 a volume = 2x*4 = 4000 2 a S.A.=2mw"+2wh = 30000
o =200 . mrh = 15000 — 1
X
b A =23+ 2(2xh) + 2(xh) p=1300 _,
r
=2x> + 6xh vV =mh
=26+ (6x x 25) = (220
y'a
= 0x? + 12000 =15000r — 0
X
c % =4x—12000x* b Y =15000 - 3m2
r
SP:  4x—12000x2=0 SP:  15000-3m7=0
x*=3000 =200
T
x= 33000 = 14.4 (3sf) 2000 1=39.9 (3s)]
T

max volume = 399 000 cm’ (3sf)
v _
— =-6nr
dr

5000 d
when r = y— =
T dr

=752

2
d_<o
dr?

.. maximum
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a

b

I
dx
2
d—J; =1y +8&7
b SP: 1xT —d4x7=0
-2, 3 _
Ix(x* =8)=
=8
x=4
s 4,3
2
when x =4, d—JZ} = %
2
jx_)z’ >0 .. minimum
a Y=g/ 247+ 161
dr
b whent=0.25,
% = 2.625 cm per second

C

f£(x) = 6x° + 10x

6x>+10x >0
2x(3x+5)=0
x < —% and x>0

SP: 87 —-24F +16:=0
8t(t—1)(t—-2)=0

t=0,1,2

from graph, max when ¢ =1

. max height =3 cm

2 a Y3212
dx

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

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

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

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

C Y a

(_3: O)

\ 4

(=1,-4)

6 a Y=3716k-9
dx
stationary when 3x” + 6kx — 9k* =0
= X +2kx-3K=0

b (x+3k)(x-k)=0
x=-3k k
whenx =4k, y=Fk + 3k’ - 9k’ =5k
. stationary at (k, —5k°)
¢ when x =-3k,
y==27I+ 27K + 27k’ = 27k’
o (3K, 276
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V = 1x’sin 60°x 1 8 a f/(x)=3x"+8x+k
= 1¥% % % =250 for 2 SPs, f’(x) = 0 has 2 distinct roots
1000 10003 2
1= or — 22 o b —4ac>
l N or - b ac>0
A4 =2x £x2)+3xl 64 — 12k >0
_ 3 2 1000:/3 16
+ < 16
2 (3 X 3x? ) k 3
=f( +w) b SP: 3’+8—-3=0
% f (2x — 2000x ) Gx—1)(x+3)=0
SP: g(Zx—ZOOOx_2)=O x=-3,1
3 _
x*=1000 5 (-3,19) and (1, &
x=10
min 4 = 150\/5
2
‘;x—f = g(z +4000x7)
2
when x = 10, d—f =33
dx
2
d—f >(0 .. minimum
X =44 35 =0 10 a f(-1)=-1-3+4=0
x—4x2 +3=0 s (x+1)is a factor
(2= D(x=3) =0 b 2 4+ 4
x =13 x+1)x =37 + Oox + 4
x=1,9 P+ o2
" (1,0)and (9, 0) —4x* + Ox
%:%x_% _%x_% —4x2— 4x
1 \ 4x + 4
SP: Ix -3x2=0 4 + 4
Ly i(x-3)=0 o ) = (6 + (P — 4x +4)
x=3 fx) = (x + 1)(x — 2)
y= V3 -4+ % =23 -4 ¢ (2,0),as (x—2)is arepeated factor
N ER 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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1 a f/(x)=24+6x— 34 2 a (=2,30) = 30=-8+4a+48+h
b 24+6x—3x>>0 S da+b+10=0
X —2x—8<0 b %=3x2+2ax—24
(x+2)(x—4)<0 SPatP .. %=o
2<x<4 — 12-4q-24=0
a=-3,b=2

¢ 3 -6x—24=0
3x+2)(x—-4)=0
x=-2(atP)or4
other SP (4, —78)

3 a f/(x)=2x-16x7" 4 a area=(2x 170)+17(360)=25
b SP: 2x—16x7=0 n 320 =25 6="12
»
x’=8 b P=2r+Q2xr0)+r(30)=2r+5r0
x=2 =2+ 52y =2r+ 2
r r
o (2,12) ¢ 9 502
.
£7(x)=2+32x7 SP: 2-50/2=0
£7(2)=6 =25
f”(x)>0 .. minimum r=>5
d min P=20
2 2
e 4P =100/, whenr=5, 9L =03
dr dr
2
d—f >(0 .. minimum
dr
5 a 2x—x =0 6 a Y-37-3
dx
x2-x)=0 SP: 3x’-3=0
x=0 or x%=2:x=4 =1
. (0,0) and (4,0) x==1
d 1
b Ey =2-3x o (=1,3) and (1,-1)
. 3 A2, a2
SP: 2-3x7=0 b PO’=2"+4=20
xt =4 . PO=~20 = 245
2 1 2
d—i):—%x_f, whenx=%,jx—f=—%
d*y

.
|
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a 2x-5+2=0 8 a v
x «—>
2= 5x+2=0 Y
2x—1)(x=2)=0
x=1,2 z
b f'(x)=2-2x"
f 2—=2x7%=0 Y
=1
x==x1 2x+z=25
c y A 2x +2y=40
7, 0) \ (2,0) = .. 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 — 62— 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 _
TF = 120-130
2
when x =5, (;x—z =-70
2
jx—z/ <0 .. maximum
a %=9+6x—3x2 10 a f(-1)=15
SP: 9+6x—3x"=0 o—4+a+12+4b=15
“3x+DHx-3)=0 atb=7 (1)
x=-1,3 b f(2)=42
. (=1,-3) and (3,29) s 32+4da-24+b=42
2
b &2 =6-6x da+b=34 ()
dx
2
(=1, -3): i_{ — 12 .. minimum Q) -(1) 3a=27
2
(3,29): ¥ =_12 . maximum ca=9, b=-2
dx
¢ 3<k<29 ¢ flx)=4x’+9x"—12x-2

£/(x) = 12x" + 18x — 12

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

x=-2, 5

5 (=2,26) and (4, —31)
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