SADLER MATHEMATICS

METHODS UNIT 3
WORKED SOLUTIONS

Chapter 2 Applications of differentiation

Exercise 2A

Question 1

f4
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Question 2

y = x> -12x+40
vy =2x-12
dx

Stationary points occur when x = 0.
2x-12=0
X=6
When x = 6,
y =6°-12(6)+40
=4
.. A stationary point exists at (6, 4).
d?y

dx?

d’y

Given —
X

>0, (6, 4) is a minimum point.

Question 3
y =5+8x—x?

ﬂ=8—2x=0
dx

Xx=4
When x =4,
y =5+8(4) - 4°
=21
There is a stationary point at (4, 21).
2

d’y

Given —
X

<0, (4, 22) is a maximum point.
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Question 4
y=x>-9x

ﬂ:3x2—9:0
dx

3(x2-3)=0
x?-3=0

X=++/3

When x = /3,
y=(~/3)°-9(/3)
=—6(~/3)
When x = —\/5 ,
y =643
Two stationary points exist at (\/§, —6\@) and (—\@, 6\@).

2
d Z/ = 6X
dx
When x =+/3,
d?y
7= 63 >0
(\/§,—6\/§) IS a minimum point.

When x = —\/§,
d’y
7= —643<0

(—\/§, 6\/5) IS a maximum point.
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Question 5
y =x>—9x* —21x+60

ﬂ:3x2—18x—21:0
dx
x> —6x—7=0
(x-7)(x+1) =0
x=-17

When x = -1,
y = (-1)® -9(-1)* - 21(-1) + 60
=71
When x =7,
y=7°-9(7)* - 21(7) + 60
=-185
There are two stationary points at (-1, 71) and (7,-185).

When x = -1,
d’y
e =6(-1)-18<0

- (-1, 71) is a maximum point.

When x =7,
d?y
dx?

.. (7,-185) is a minimum point.

=6(7)-18>0
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Question 6
y=(x-1)*"+2

ﬂ=4(x—1)3x1
dx
0=4(x-1)°
0=(x-1)°
x=1

When x =1,
y=01-1)"+2
=2
There is a stationary point at (1, 2).
2
%=4x3x (x-1)°
=12(x-1)?
atx=1
d?y

dx?

As f'(1)=0andf"(1) =0, we need to use the sign test.

0.9 1 1.1

X
Y0004 0 0.004
ax

(1, 2) is a minimum turning point
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Question 7
y=X+4(x+3)"
Y 14 (C)@)(x+3)°
dx
I S
(x+3)°
4
(x+3)?
4=(x+3)°
+2=X+3
x=-5-1

When x = -5,
4
(-5+3)

y=-5+

=7
When x = -1,
4

=-1+
y (-1+3)

=1
Stationary points exist at (-5,—7) and (-1, 1).

d’y 8

dx?>  (x+3)°

When x = -5,
d?y __ 8 0
dx*  (-5+3)°

- (-5,—7) is a maximum point.

When x = -1,
2
d<y _ 8 .
dx*  (-1+3)°
- (=1, 2) is a minimum point.

0
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Question 8

3)
y=X+—
X

ﬂ_i_izo
dx x>

When x = —\E
_[ +T
N

When x = \/§
5
y=+/5 +E
=25
Stationary points exist at (—\/5,—2\/5) and (\/g, 2\/5).
d’y _10
dx*  x°
When x = —/5,
M 10
d¢ ()
(—\/_,—2\/_) is a maximum point.

When x—\/§,
dy_ 10
dx? (\/_)3
(\/5, 2[) IS @ minimum point.
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Question 9
y=(2x-1)°+1
ﬂ =5(2x-1)"x 2
dx

0=10(2x-1)*
0=(2x-1)*
0=2x-1

X==
2

Whenx:i,
2
1

=(2| = |-1)°+1
y-3)-»

=1

: : . 1

Stationary point exists at (E’ 1).
d’y
dx?

=80(2x —1)°

10x 4 x (2X—1)3>< 2

Whenx:l,

d’y

2
dx? =0

As f'(0.5)=0andf"(0.5) =0, we need to use the sign test.

x 04 0.5 0.6
L0016 0 0.016
ax

(0.5, 1) is a point of horizontal inflection
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Question 10

J y=2' =9 + 15x + 74

0,74)

/ (5,49)

Inflection

(=2,0)

Question 11

a When x =0, y=30
.. y-intercept at (0, 30).

b For x — oo, the x* will dominate.
As X — o0, Y — oo (faster than x does).
As X — —0, Y — —oo (faster than x does).

c g—y:3x2—12x—15:0

X
x*—4x-5=0
(x=5)(x+1)=0

Xx=-15

When x=-1, y=38

x=5 y=-70

.. Turning points at (-1, 38) and (5,-70).

2
97 _6x-12
dx
When x = -1,
d’y
=6(-1)-12<0
dx? D

.. (-1, 38) is a maximum point.

When x =5,
d’y
dx?

.. (5,-70) is a minimum point.

=6(5)-12>0
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2
9 _x-12-0
dx

X=2
When x=2, y=-16
- (2,-16)
Asf'(2)#0, f"(2)=0
. (2,-16) is a point of inflection.

Question 12
y=x"-4x>+1

a Whenx=0, y=1
.. y-intercept at (0O, 1).

b For x — +oo, the x* will dominate.
As X — o, y — oo (faster than x does).
AS X — —o0, Y —> oo (faster than x — —o0).

c ﬂ:4x3—12x2:0

dx
4x*(x-3)=0
x=0,3
Whenx=0, y=1
Xx=3, y=-26

.. Stationary points at (0, 1) and (3,-26).

© Cengage Learning Australia Pty Ltd 2019 10



2
d_z/ =12x* — 24x
dx
When x=0

2

9% _ 1200y - 24(0) = 0

dx

As f'(0) =0 and f "(0) = 0 we need to use the sign test.

x —0.1 0 0.1
ﬂ 252 0 0.016
ax
(0, 1) is a point of horizontal inflection
When x =3
2
9% 123 ~24(3) >0
dx
(3, =26) is a minimum turning point
2
d  9Y_10¢ 2ax-0
dx
12x(x—-2)=0
x=0, 2
Whenx =2, y=-15
d?y
(0,1 and (2,-15) have —-=0.
dx
Ly 4 y
¥ =2 4 + 1
\ f
Horizontal f
inflection |
- “I' I I |II
™
(2,-15
lil'||:|-:'l.'l'l:rl'| ‘l‘l'
(3,-26)
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Question 13
y=(x-3)°0Bx+7)

Y _ (x=3)>x3+(3x+7)x3(x—3)°
dx
=3(x—3)°[(x—=3)+(Bx+7)]
=3(x—3)*(4x+4)
=3(x—3)* x 4(x+1)
=12(x—3)*(x+1)

Stationary points: vy =0
dx

12(x-3)*(x+1) =0
x=-1 3
When x =-1, y =-256
x=3,y=0
d’y
X2
=12(x-3)[(x—3) +2(x+1)]
=12(x-3)(3x-1)
When x = -1,
d’y

X2

12[ (x=3) <1+ (x+1)x 2(x—3) |

12(-4)(-4)>0

. (-1,-256) is a minimum point.

When x =3,

d’y

dx?
f'(3)and f "(3)=0

.. Need to use sign test.

=12(0)(8) =0

0.468 0 0.492

(3, 0) is a point of horizontal inflection.
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A ((x-3)3-(3-x+T))
dx

12:x5-60-x2+36.x+108

simplify (ans)
12+ (x+1)+(x-3) 2
1]
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Question 14

As X — 40, f'(X) > +o0.
As X = —0, f'(X) > —oo0.

As (f ZEJ is a local maximum, we need to investigate the behaviour of the curve when x > 4.

5
f(5)=1=
) 2
) . 5
a Maximum value is 2—.
27
b f(6)=4

. Maximum value 0< x<6is 4.

Question 15

f'(x) =3x*-12
f"(x)=6x=0
x=0

a f(0)=0%*-12(0) =0 — (0,0)

b (0, 0) is a point of inflection but not a horizontal inflection.
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Question 16

f'(x) = 24x* - 4x°
f"(x)=48x—-12x* =0
12x(4-x)=0
x=0,4

a f(0)=0 —(0, 0)
f (4) =256 — (4, 256)

b (0, 0) is a point of horizontal inflection.
(4, 256) is a point of inflection (not horizontal).

s

o B

Question 17

f'(x) =4x°
f"(x)=12x*=0
x*=0
x=0

. f(0)=0*=0-(0,0)

b (0,0) is a minimum point
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Question 18

f'(x)=3x*-3
f"(x) =6x
6a=0
a=0
f'(0)=-2—(0,-2)

x  -01 0 0.1
Lo 297 3 —2.97
ax

(0,—2) is a point of inflection but not horizontal inflection.
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Exercise 2B

Question 1

P=2a°+3a-7
d—P:6a2+3
da

Question 2

Y =p-5p°+2p°

EY—=1—10p+6p2
dp

Question 3

Q=(2t-1y
4Q oo 1o,
o= H2-D 2

=6(2t - 1)

Question 4

_3x-2

2x+5
dA  (2x+5)x3—-(3x—-2)x 2
dx (2x +5)?

_ 6x+15-6x+4

~ (2x+5)?

19

 (2x+5)?

Question 5
P =(29-5)(39* +1)
dP )
- (29-5)x6g+2(3q° +1)
q

=129*-30q+6q° +2
=189° —30q +2
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Question 6

a

V = (1+0.5t)°

d—\t/ =3(1+0.5t)2x 0.5

Whent =2,
d—V = 3(1+l)2 x 0.5
dt

=6 cm?®/sec

When t =6,
OI—V=3(1+3)2 <0.5
dt
=24 cm?®/sec
When t =10,
OI—V=3(1+5)2 x0.5
dt

=54 cm®/sec

Question 7

a

N =500-5t* +10t°

aN =30t? —10t
dt

i Whent =1,
dN
— =30()* -10(1
m @ @
=20 insects / day

ii When t =5,
dN
— =30(5)*-10(5
m (5)°-10(5)
=700 insects / day

i When t =10,

(jTT =30(10)? —10(10)

=2900 insects / day
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Question 8

a Whent =1,
h=5(1+2)
=15m

ﬁ:5+20t

dt
Whent=1,
dh
—=5+20(1
m @
=25m/s

b When t =5,
h =25(1+10)
=275m

When t =5,

dh

—=5+20(5

m ®)
=105m/s

c When t = 20,
h =100(1+40)

=4100m

When t = 20,

9h 5. 20(20)
dt

=405m/s
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Question 9

a

N =5(2t +1)°
Whent =0,
N =5(2(0) +1)°
=5
Whent =5,
N =5(2(5) +1)°
=5(11)°
= 6655
dN

—=5x3(2t +1 2><2
o (2t+1)
=30(2t +1)* bacteria / hour

i Whent =2,
dN

— =30(5)?
5 = 300)

= 750 bacteria / hour

i When t =5,
dN
o 30(11)°
= 3630 bacteria / hour
i When t =10,
dN
il 30(21)°

=13 230 bacteria / hour
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Question 10

800

a R =15000 — 5000~/w —
w+1

Graph R and find the x-intercept.

x-intercept =8.9

.. After 9 weeks.
b SR 5000, Loz 2% ;
dw 2 (w+1)
_—2500 800
T (wely
Atw=1

dR _ 2500 800
dw 1 (1+1)?

=-$2300/ week
Atw=3,
dR -2500 800
w3 (@)
=-1393
=-$1400/ week
Atw=8§,
dR -2500 800
w8 O
=-874
=-$900/ week
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_ _ w800
M v1=15000-5000+v¥x i

[Jw2:0
[Ows3:0
Ow4:0
[ J¥5:0
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=15000-5000-(x)"~(1/2)-800/(

¥c=8.9033239 yc=0
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Exercise 2C

Question 1

a +5m/s—+10m/s
.. positive acceleration (positive direction, increasing).

b +5m/s—+10m/s
.". positive acceleration (positive direction, increasing).

C +10m/s—>+5m/s
.. negative acceleration (positive direction, slowing).

d -5m/s—>-10m/s
.. negative acceleration (negative direction, increasing).

e -10m/s—>-5m/s
.. positive acceleration (negative direction, slowing).

f -10m/s—>+5m/s
.". positive acceleration (changing direction from negative to positive)

Question 2
a X = 5t + 6t
:%:10t+6
dt
Whent =2,
dx
—=10(2)+6
™ (2)
=26m/s
dv

b a=—=10m/s?
dt
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Question 3

1
a X =—(2t+1)®
10( )

v:%:ix3(2t+l)2x2
dt 10
=0.6(2t +1)°
Whent =2,
v=0.6(5)°

=15m/s

b a=ﬂ=1.2(2t+1)x2
dt
=2.4(2t+1)
Whent =2,
dv
—=2406
o ®)

=12m/s’

Question 4

V:2t+3
t+1
dv 2(t+1)—(2t+3)
dat (t+D)?
_2t+2-2t-3
O (t+1)?
1
C(t+1)?
Whent =4,
dv = -1
dt (4+1)
=-0.04 m/s®
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diff ( (2-x+3) F (x+1),x,1,4)

-0.04
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Question 5

v=(2t-1)°
dV 4
a=—=5(2t-1)"x2
m (2t-1)
=10(2t-1)*
Whent=1.5,
dv
—=10(2(1.5)-1*
o (2L.5)-1

=160 m/s?

Question 6

a x=2t>+4
dx
V=—=
dt
a:ﬂzlzt
dt
Whent =2,
a=24m/s’

6t>

b X=Tt
v=%:7
dt
a:ﬂzo
dt
Whent =3,
a=0m/s?

c x=27(2t+1)"
v 704122
dt
— B4(2t+1)7
a=3Y 1082t 417 2
dt
216
(2t +1)°

Whent =1,
216
B
=8m/s’
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1

X = (2t +1)2

1
v= Loy 2o
at 2
1

=(2t+1) 2

3
a:ﬂz—%(zul) 2,2

1

J(@2t+1)°

When t = 4,

_ 1 m/s?
27
x=(9-2t)"*
dx
V=— =4(9-2t)%x (-2
ot ( ) < (=2)
=-8(9-2t)°
dv ,
a=—=-8x3(9-2t)" x (-2
™ ( )" x(=2)
= 48(9 - 2t)?

When t =4,
a=48(9-8)>
=48 m/s?
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f X = 2t(1+5t)°

V:% =2t><3(1+5t)2><5+(1+5t)3x2

= 2(1+5t)°[15t + (1+5t)]
= 2(1+5t)*(20t +1)

a:i—‘t’: 2(L+5t)% x 20+ (20t +1) x 2x 2(1+5t) x 5

= 40(1+5t)* + 20(20t +1)(1+5t)
=20 +50)[(2(1+5t) + (20t +1)]
=20(1+5t)(3+30t)
Whent=0.4
a=20x3x15
=900 m/s?

Question 7

a X=t>-11t+3
v=2t-11
Att=0,

v=-11m/s

b a=2m/s?

c 2t-11=5
2t =16
t=8

d 2t-11=-5
2t=6
t=3
-.Speed of 5att =3, 8.
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Question 8

3

X:27t+3t2—%—90

v=27+6t—£
3
=27 +96t -t*
a=6-2t
6-2t=0
t=3
Whent =3.
Xx=81+27-9-90
=9m
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Exercise 2D

Question 1

P = 25x? +5000x — x°
dP

— =50x+5000-23x?
dx

Max profit when aw =0.
dx

By CP,
50x +5000—3x* =0
100

X=—-——-50
3

Disregarding x <0,x =50

d*P

dx?

at x =50,

50-6(50) =-250

. Xx="50is a maximum point.

Max profit = 25(50)° +5000(50) —50°
=$187 500.

=50+6x

© Cengage Learning Australia Pty Ltd 2019

27



Question 2

P =10 000x — x* + 275x* —10°
dpP

— =10 000—3x?+550x =0
dx

X:200,—@
3

Disregarding x <0, x =200
d*P
X2

When x = 200,

d’pP
v —6(200) +550
=—650
= Maximum point at x = 200.

=—-6x+550

Maximum profit of $4 000 000 occurs when 200 items are made.

Question 3

3
p= —X?+20x2 +2100X — 25000

d—P:—x2 +40x+2100=0
dx
x=-30, 70

Disregarding x <0,x =70

When x =70,
d?p
2 =-2(70)+40
=-100

The point x = 70 is a maximum point.
. When x =70, P =$105 666.67.
=$106 000 (nearest $1000)
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Question 4

Average weight, w = (600 -15N)
Total weight, T = (600—-15N)N

= 600N —15N*?
S—L=600—30N =0
N =20
2
gNTZ =30
3;—1;< 0, N =20is a maximum.
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Question 5

a Volume = (25-2x)(40 — 2x)x X
dv

— =12x*-260x+1000=0
X

X =5, 16g
3

It is not possible to form a box when x :16§ - X=b.

dv =24x-260

X2
When x =5,

dV
v 24(5)—260
=-140
X =5 is a maximum point

Max volume occurs when x =5 cm.
Max volume = (25-10)(40-10) x5
= 2250 cm?®

bV =(33-2x)(40-2X)x X

A 1o 292¢+1320=0
dx
X =06, 18E
3

It is not possible to form a box when x :182 .. X=0.

dv =24Xx—-292

X2
When x =6,

2
9V _ 24(6)-292

X2

=-148

d
c.as

— < 0,when x =6, maximum volume = 3528 cm®.
X
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Question 6

C =0.025x* + 2x+1000, x>0
Average cost = cost + number of items

AC =0.025x +2 +@
X
9AC =0.025- 10?0 =0
dx X
x* = 40000
x =200
x>0..x=200
d*’AC 2000
dx? X3
When x =200
d’AC 2000
— 5 =570
dx 200
d’C . . .
As —>0, x=200Is a minimum point.
X

Minimum average cost
=0.025(200) + 2+ﬂ
(200)

=$12
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Question 7

Xx Xx ¥y =1000 cm?®
x*y =1000
1000

XZ

SA=2x +4xy
1000
X2
, 4000
+—
X
dSA 4000
JR— 4X ——2 =
dx X
By ClassPad x =10.
d?SA 8000
=4+
dx X
2
When x :10,d—SzA= 4+@
dx 10
=12

=2X2 + 4X x

= 2X

0

d?SA : - :
As o >0 when x =10, x =10 is a minimum point.
1000 1000
x> 100
- All dimensions are 10 cm.

10
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Question 8

Profit;
A:$5600
B:$200

Items produced:
XA + (400—x*)B

Profit:
P =5600x +200(400 — x*)
=5600x + 80000 — 200x>

d—P =5600-400x=0
dx
x=14
2
dXI: =-400
d?p

When x =14,—-<0
dx

. P is a maximum.
P =5600(14) + 200(400 —14%)
=$119200
.. Max of $119 200 when there are 14 As and 204 Bs.
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Question 9

2nr +y =120
y =120 2nr

V = nrzy
= nr®(120 - 27r)
=120nr? — 2m%r?

v = 240nr —6m°r> =0
dr

By ClassPad r=0, 40

T

40
—>r=—
i

d 2\2/ = 2401 —12m°r
r

When r :ﬂ,

T

dz! = 2401 —127° x @
r TT

=240 —480n
=-240x

Whenr = ﬂ it is a maximum point.
T

y =120 2x(2%)
Y
_ 40
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Question 10

xy = 8000
8000
y=—"+—
X

Cost =16x+16y +16Yy + 24x
=40x+32y
=40x+32 (—SOOOJ

X
= 40x + 256000x "

256000

XZ

0

C'(x) =40~
256000

X2
40x* = 256000
x> = 6400
x =80
= x=80
8000
© 80
=100

40 =

. Cost = 40(80) + 32(100)
= $6400

Check for minimum,
d’C 256 000
= >

0 v
dx? x3
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Question 11

_15x

64+ X2
dP  —(15x?—960)
dx  (x°+64)7
By ClassPad x = -8, 8
X>0=>x=8
d’P  30x*-5760x
dx> (< +64)°

When x =8,
d’P  -15
dx* 1024
.. Maximum value occurs when x =8.

<0

15(8)

P= .

64+8
_120
128

or 0.9375.

Question 12

P =18t(t* + 5t +100)

dP  18(100-t?)

dt (2 +5t+100)2
18(100—t%) =0

t=+10

Ast>0,t=10

d?P  —36(300t —t* +500)

dt>  (t?+5t+100)°

When t =10,
2

d I: =-0.00576
t

.t =101s a maximum.

P =18(10)(100+50+100)"
=0.72
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Question 13

C =(x+10)?
3
Average Cost = (x+10)°
d AC  Xxx3(x+10)* —(x+10)*x1
dx X2
(x+10)%(3x — (x+10))
(x+10)*(2x—-10)
0= (x+10)*(2x-10)
x=5,-10

X=5(x>0)

When x =5
3
Average cost = %

=$675

d’AC _ x*(6x* +60x) — (2x° +30x* —1000)

dx? x*
24x* +60x° — 2x® —30x2 +1000
24x* +58x° —30x? +1000
2
At x =5, dif:36>o
dx

.. Cost is a minimum.
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Question 14

N
After t hours, A is (25—60t) km away from B's initial posi N
B is 80t km North of its initial position. 80 km/h N \d
They are \/(25—60t) +80t> km apart. \
1 \

_ _ 2\2 60 km/h Y
d =(625-3000t +10 000t“) 1 8~ 25km— -~ A
(:j—(: =%(625—3000t +10 000t?) 2 x (—3000 + 20 000t)
dd —(1500—-100 00t)
E = T = O

(625—3000t +10 000t?)2
~1500+10 000t =0
100t =15
15
100
t =0.15 hour

=9 mins.

t

Separation distance:: \/ 625 —3000(0.15) +10000(0.15)?
=20 km.
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Question 15

Pp=2X+y=Yy=p-2X +p is a fixed value ie a constant

ey
2

1
A==xyxh
> y

_EX IOV p-2x)°
2P ZX)\/X =)

By Classpad
dA _ p*-3px

dx \/p(4x-p)

Solving A =0
dx

p>-3px=0
P

X=—= p=3X
3 p

The base must have the same length as congruent sides.
The triangle must be equilateral to maximise area.
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Exercise 2E

Question 1

f(x)=x*+4x
f'(x)=2x+4
dx =0.02
dy dy
5% dx

dy

oY ~ —x OX
y dx

= (2>< 4+4)>< 0.02
~0.24
An approximate increase of 0.24.

f (4.02) - f (4) =32.2404-32
= 0.2404

Question 2

f (x) = 2x* —5x

oY ~ —x OX
y dx

~(4x3-5)x0.01
~0.07
An approximate increase of 0.07

f(3.01) - f (3)=3.0702-3
=0.0702
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Question 3

y=x>+4

W3
dx
ox=0.05

Sy _dy
ox dx

dy
oY =~ —x OX
y dx
z3><12><0,05
~0.15

An approximate increase of 0.15.

Question 4

~ (6% (5)° —4)x0.01
~1.46

An approximate increase of 1.46.
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Question 5
y=t>+3t* -6t +4

Y 32616
dx

5x =0.01
oy _dy
8 dx
d
oy ~ d—ix OX
~ (3(2)? +6(2) - 6) = 0.01
~0.18

An approximate increase of 0.18.

Question 6
y=(t+1)"

dy - -1
o D=y
ox=0.1

oy _dy

x  dx

dy
oy = &x OX
o
T4+
~-0.004

0.1

An approximate decrease of 0.004.
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Question 7

N |-

y =t
dy 1 1
dt 2
dt=1
oy _dy
8t dt

dy
Syzax&

1
2(5)
=0.1

1

An approximate increase of 0.1.

Question 8

_ BXx 08X
T3
_ bXxx dx
T 3xxx
~2x0.05
~10%

An approximate increase of 10%.
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Question 9

y=t’

W _ g
dt

St 0.02
t

An approximate increase of 6%.

Question 10

A=nr?

~ 27'C><10>< 0.1

~ 21 cm?

An approximate increase of 2r cm?.
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Question 11

A=nr?

120 = nr?

/120

r=.[—
Y

=6.180 cm (3 dp)
—=27r
dr
dA=1
oA _dA
or dr
or dr
oA dA
SerXBA

dA

S ST

2mx 6.180

~0.026 cm

An approximate increase of 0.026 cm.

Question 12

C =n’-45n* +800n +1000

OI—(::3n2—90n +800
dn
on=1
ac _dc
on dn
5C ~ 3C
dn

x ONn

~ 3(20)? —90(20) + 800
~$200

An approximate increase of $200.
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Question 13

R =25x —0.01x?
d_R: 25-0.02x
dx
ox=1
R _dR
ox  dx
OR =~ d—Rx OX
dx
~ (25-0.02x 200) x1

~$21

An approximate increase of $21.

Question 14
SA = 4nr?
dS—A =8nr
dr
or=-0.01
3SA _ dsA
or dr
5sA~ ISR s
dr
~8nx10x (—0.01)
~—-0.8%

An approximate decrease of 0.8n cm?.
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Question 15

A=kw®
dA =k x0.4W *°
dw

W _0.02
W

SA_dA
W dw

5A~ 9A
aw

x OW

SA_0A W
A dW A
k X 04W 06 X SW
T
0.04x 8W
szAX\NO.G

~0.04x 2V
W

~0.4x0.02
~0.008

An approximate increase of 0.8%.

Question 16

SA = 4nr?
dSA
o
or=0.1
0SA dSA
5 dr

dSA

dr

~8nx2.5x0.1

~ 21 cm?

8nr

OSA =~ x Or

An approximate increase of 2m cm?.
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Question 17

3

P = 20x? — 4000 —
12

d—P:4OX—X—2
dx 4
ox=1
oP dP
ox  dx

dP

OP =~ —x &X
dx

2
~ (40(100) - 10; J 1

~ $1500

An approximate increase of $1500.

Question 18
V =—nr?
3
2887 = 2
3
r3_§x288
4
r=6
Ve O 1
dr dv A4nr
oV =5
v _dv
or dr
or _dr
oV  dv
sr~3" . sv
dv
~ 1 5 X oV
dnr
z%xS
47T><6
~0.011cm

. For spheres of volume 288n+5 cm?®, you need radii of 6+0.011 cm.

© Cengage Learning Australia Pty Ltd 2019



Question 19

V =nr?h
:TCI’2><0.05
=0.05xr?
N oqmrdr 10
dr dav.  mr
oV =1
v _dv
or dr
o _dr
oV  dVv
sr~ 3" v
dv
~ 10 x1
TC X 20
1
~—m
21
~0.159 m
~16cm

An approximate increase of 16 cm.

Question 20

V=1
dv

— =3
dl

ol=0.4 (Subtract 2 mm from each end)
v _av
ol I

dl

~3x10°x0.4
~120 cm?®

Approximately 120 cm? required.
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Question 21

T=2TC><\/I_
Jo
ar 2z 1
d g
_ T
NN
__T
Jg
6|-'=o.06
3T _dT
Sl dl
8T~d—Tx8I
dl
8T _dT 8l
T dl T
\/_Xal 23‘[
~Ttx8|x\/a
\/7 2n\ﬁ
]
27 |
~1. 006
2
~0.03

An approximate increase of 3%.
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Miscellaneous exercise two

Question 1

a

\/§=\/Z><\/§
=22

@ZJEX\/E
=42

\/%=\/2_5x\/§
=52

\/sz/gx\/i
=32

\/%+3\/§=\/EX\/§+3\/§
=72 +3V2
=104/2

V200 /72 =100 /2 /36 <2
~10v2-642
=42

4 N2 a2
22272
=242

2
5ﬁ—$=5ﬁ—ﬁ
=42

20 20~/2
ﬁ—\/ﬁzm—\/axﬁ

=10v2-82
=242
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Question 2

y = Xx°x°
dy _
o

=2x* +3x*

=5x*

X3 x 2X + X2 x 3x°

Question 3

dy X x7x°—x"x2x
dx x*
X =2x°

Question 4

20x

Question 5

5

Question 6

2

Question 7

6x% —6X

Question 8

15x> +14x -6

Question 9

0
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Question 10

(2X—1)><3+(3X+2)><2
=6Xx—-3+6x+4
=12x+1

Question 11

3x%(2) + (2x —1) x 6
=6x%+12%> — 6X
=18x% —6x

Question 12

2(2x+5)x 2
=4(2x+5)
=8x+20

Question 13

7(2x-1)° x 2
=14(2x-1)°

Question 14

(2x=3)x5-(5x+1)x 2
(2x—3)*
_ 10x-15-10x-2
T (2x-3)?
17
(2x-3)?
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Question 15

(3x* —1) x5— (5x +1) x 6X
(3x* -1)?
_ 15x* —5-30x* - 6X
(3x* -1)?
_ —15x*—6x-5
(3x* —1)?
—(15%* +6X +
_ —(15X* +6x+5)
(3x* —1)?
X% +6X +
__(15 24+ 6Xx+5)
(3x* —1)?

Question 16

X 15243
dt

2
4 _ 30t
dt
Whent =3,

2
9% _30.3
dt

-90

Question 17

%=6t+£
dt t?
d’x . 4
a2
Whent =2,
d’x . 4
a2
=55
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Question 18

X 5ot 4+3) < 2
dt
=10(2t +3)*
2
X 10,42t +3)x 2
dt

2

=80(2t +3)°
Whent=1,

d?x
——=80(2(1) +3)®
o (2D +3)

2 =

=10 000

Question 19

L
%=3t2 +40t—1x500t 2
dt 2

=3t2+40t—2—5l0
tE
2
d—;( =6t +40+%
dt 2
t2
When t = 25,

d?x 125
F: 6(25)+40+—3

252
=191
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Question 20

A=3x%(25-2x)°
dA

=3[-10x?(25-2%)" + 2x(25—2x)°]
=3[2x(25—2Xx)*(-5x + (25— 2x))]
=6X(25-2X)" (-7x+ 25)
=6X(25-2%)"(25-7x)

9A o
dx

.. Stationary points exist at x =0, % 12.5

d2A
dx?

= —6(84x2 — 600X + 625)(2X — 25%°)

2
atx:O,d—'?>0
dx

. At x =0 a minimum point exists.

25 d’A

atx=—, —<0
7 dx

SAtX = - a maximum point exists.

2
¢’A_,

XZ

atx=12.5,

ol 3[X? x 5(25 - 2X)* (=2) + (25— 2X)° x 2X]
X

By ClassPad

.. We need to use the sign test as f '(12.5) =0 and f "(12.5) =0.

X 12.4 12.5 12.6
ﬂ —ve 0 —ve
ax

- Atx=12.5, a point of horizontal inflection exists.
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Question 21

y=(Xx-1)(x*—x-5)

dy 2

&:(x—l)(Zx—l)jt(x —Xx=5)x1
=2x* —3X+1+Xx*—x-5
=3x*—4x-4

When x =1,

ﬂ=3(—1)2 -4(-1)-4

dx
=3

.. Tangent is of the formy = 3x +c.

Using (-1, 6)

6=3(-1)+c

c=9

S y=3x+9

Question 22

2

a
3

= 200q? -
175

2
d_R = 400q _3i
dq 2
When q =50,

2
IR _ 400(50)— 200"
dq 2

=16 250

b When g =100,

2
R _ 400(100) - 3(100)
dq 2

=25 000
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Question 23

X*+2
x—1
dy  (x—1)(2x)—(x*+2)x1
dx (x—1)2
22X -2x—x -2
(x-1)°
- x2-2x-2
o (x=1

a y=

b Yo
dx

By ClassPad, x =1—+/3,1++/3
When x =1—+/3, y:2—2\/§
When x =1++/3, y:2+2\/§
~. Stationary points at (1—+/3,2—2+/3) and (+/3+1, 2+ 2/3)

c (1—\@,2—2\@) IS @ maximum point.

& Edit Zoom Analysis ¢ 5
(/3+1, 2+24/3) is a minimum point. EBEEEEE 4 4
1"
14
12
10
a8
&
4
2
= [4] 2 4
-6
-8
-10
EED
Deg  Real Lo
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Question 24

39=a(3)*+b = 9a+b=39 — Equation 1
c=a(-2)’+b = 4da+b=c — Equation2
y—-30x+7=0

y=30x-7

m =30

ﬂ = 2ax
dx

When x =3, d—y=30
dx

30=2a(3)
6a =30
a=>5
Using Equation 1,
9a+b=39
9(5)+b=39
45+b =39
b=-6
Using Equation 2,
da+b=c
4(5)-6=c
c=14

Equation of curve y =5x* —6
d_y =10x
dx

At B(=2, 14),
dy

£ =106-2)

=-20
.. Equation of tangent y = -20x +c.
Using (-2, 14)
14 =-20(-2) +c
14=40+c
c=-26
.. Equation of tangent y = —20x — 26.
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Question 25

.. Approximate decrease in y by 2%.
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Question 26

Question 27

See answer in text book.

61
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