Chapter 14 Solution

1.

J'(x)
=(cos3x)(3)
=3cos3x

The slope of L
= f'(7)
=3cos3rx

=-3

The equation of L :
y=-3x+b
0=-3(mr)+b
b=3r

S y=-3x+37
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Al

(M1) for valid approach

(A1) for correct value

(M1) for valid approach
(A1) for substitution

Al N3

[6]
Al
(M1) for valid approach

(A1) for correct value

(M1) for valid approach

(A1) for substitution

Al N3
[6]



f'(x)
=()(3)
=3e™
The slope of L
= f'(k)
— 3e3k
sy =3e¥*x—2e*
e® =3e%k —2e*
3e* =3e%k
k=1

£'(x)

A

1
T 2x
The slope of L
-1
f!(eZk)

2e2k
— _2e2k
Sy =—2e%x+(2+2e*)
k =—2e% () + (2+2e*)
k =—2e" +2+ 2™
k=2
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Al

(M1) for valid approach
(A1) for correct value
(M1) for valid approach
(A1) for substitution

Al N3
[6]

Al

(M1) for valid approach

(A1) for correct value
(M1) for valid approach

(A1) for substitution

Al N3
[6]



1.

(a)

(b)

(©

(d)

f(-5)

= (-5)° +6(-5)? —~15(-5)
= —125+150+75

=100

f(0)

= 0° +6(0)° —15(0)

=0

f'(x)

= 3x% +6(2x) —15(1)
=3x* +12x-15
f'(x)<0

3x* +12x-15<0
x> +4x-5<0
(x+5)(x-1) <0
—-5<x<1

f"(x)
=3(2x)+12(1) -0
=6x+12
f"(x)=0
6x+12=0
6x=-12

X=-2

f(=2)

=(-2)° +6(-2)* —15(-2)
=-8+24+30
=46

X X<—2

X=-2

X>-2

700 | -

0

+

f"(x) changes its sign at x =-2.
Thus, the coordinates of the point of inflexion on
the graph of f are (-2, 46) for x>-5.

For concave downward on the left of (-2, 46) and

concave upward on the right of (-2, 46)

For passing through (-5,100) and (0, 0)

For decreasing behavior in —-5<x<1

SE Production Limited

(M1) for substitution
Al N2
Al N1
[3]
Al
R1

(M1) for setting inequality

Al N1
[4]

Al

(M1) for setting equation

Al

(M1) for substitution

Al

(M1) for valid approach

AG NO
[6]

Al

Al

Al N3

[3]



(@)

(b)

(=5, 100) y

(=2, 46)
0 > X
(1,-8)
f(0)
=1+9(0) +3(0)* - (0)° (M1) for substitution
=1+0+0-0
=1 Al N2
f(3)
=1+9(3)+3(3)° - (3)°
=1+27+27-27
=28 Al N1
[3]
f'(x)
=0+9(1) +3(2x) —3x* Al
=9+6x—-3%°
f'(x)>0 R1
9+6x-3x*>0 (M1) for setting inequality
3x*—6x-9<0
x*—2x-3<0
(x+)(x-3)<0
—1<x<3 Al N1

SE Production Limited

[4]



(©)

(d)

f"(x)
=0+6(2)—3(2x)

Al

=6-6X
f"(x)=0
6-6x=0 (M1) for setting equation
6 =6X
x=1 Al
f @)
=1+9(1) +3(1)* - ()° (M1) for substitution
=1+9+3-1
=12 Al
X x<1l | x=1 Xx>1
f"(x) + 0 -

f"(x) changes its sign at x=1.

(M1) for valid approach

Thus, the coordinates of the point of inflexion on

the graph of f are (1,12) for x<3. AG NO
[6]
For concave upward on the left of (1,12) and
concave downward on the right of (1,12) Al
For passing through (0,1) and (3, 28) Al
For increasing behavior in —1<x<3 Al N3
[3]
‘},‘
4 (3, 28)
(1,12)
(0,1)
/ » X
S0
(=1,-4)
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(a)

(b)

(©)

(d)

(€)

F'()
=(e™)(-2k9)

— _2kxe ™
f ”(X)

= (=2K)(e™") + (—2kx)(e™ )(~2kx)
= —2ke™ (1- 2kx?)

f"(-1)=0
—2ke ¥V (1-2k(-1)?) =0
—2ke ™ (1-2k) =0

1-2k =0
1=2k

Thus, the coordinates of the point of inflexion on

the graph of f are (—1, i] for x<0.

N

f'(x)>0

W
_z(lj xe 2 0
2

e
-xe 2 >0
—x>0

Xx<0

SE Production Limited

(M1) for substitution

Al N2
[2]
Al
Al N1
A2
Al N1
[5]

(M1) for setting equation

Al N2

[2]
M1
AG NO

[1]
R1

(M1) for setting inequality

R1
AG NO

[3]



(f)

(@)

(b)

For concave upward on the left of (—1, ij and
Je
concave downward on the right of (—1, ij Al
Je
For passing through (0,1) Al
For increasing behavior in x <0 Al N3

[3]

f(x)=0
ke
(x+1)?

kx=0
x=0 Al N2

0 (M1) for setting equation

[2]
f'(x)
_ (x+D)° (k) — (k) (2)(x+1) A2
(x+1)*
k(X +1) -2k
T (x+?
—kx+k

C(x+1)°
~ kx=k
C(x+1)°
_k(x=1)
©(x+2)°
f"(x)
B k[ (x+D°M) - (x-DE)(x+1)* |
- (x+1)°
_ k[(x+D) - (x-1)(3)]

(x+1)*

 k(-2x+4)
C(x+D*
_ —2k(x-2)

=———" Al N1
(x+1)

Al N1

A2

[6]
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(©)

(d)

(€)

f(l)=-1
k —
@+)®
k=—4
k=4

£7(x) =0
—2(4)(x=2) _ 0

(x+1)*
x—2=0
X=2
f(2)
_ 42
T2+

8

9

X X< 2 X=2 X>2

"0 | =+ 0 -

f"(x) changes itssignat x=2.
Thus, the coordinates of the point of inflexion on

the graph of f are (2, —gj for x>-1.

For concave upward on the left of (2, —gj and

concave downward on the right of (2, —%J
For passing through (0, 0)

For increasing behavior in —1< x <1 and
increasing behavior in x>1

SE Production Limited

(M1) for setting equation

Al N2
[2]

(M1) for setting equation

Al

(M1) for substitution

Al

(M1) for valid approach

AG NO
[5]
Al
Al
Al N3
[3]



1.

(@)

(b)

(©)

(d)

P
1

:%(4)(4)sin 0+%(4)(4)Sin9
=16sino

Attempt to find P'(0)
P'(6#) =16cosé

= (0B)(OC)sin ¢9+%(OA)(OC)sin(7z—¢9)

P'(0)=0
16cosfé =0
coséd=0
==
2
By the first derivative test,
0 |o<Z|o=2)0>Z
2 2
P | + 0 -

Thus, P attains its maximum at @ = %

The maximum value of P
:165inZ
2

=16

6=0and O=rx

SE Production Limited

M1A2

M1
AG NO
[4]

(M1) for valid approach
(M1) for setting equation

Al N3
M1A1l
R1 NO

[6]
(M1) for substitution
Al N2

[2]
A2 N2

[2]



@ P

= (10)* — (2(10cos #))(2(10sin &)) M1A2
=100 —400sin & cos &
=100 —200(2sin &8 cos H) M1
=1007 —200sin 26
=100(7 —2sin 26) AG NO
[4]
(b)  Attempt to find P'(0)
P'(6)
=100(0—2(cos 26)(2)) (M1) for valid approach
=—400cos 26
P'(6)=0 (M1) for setting equation
—400c0s26 =0
cos260=0
20="
2
0= % Al N3
By the first derivative test, M1A1l
o |0<Z|0=2)0>2
4 4
P'(0) — 0 +
Thus, P attains its minimum at € = —. R1 NO
[6]
(©) The minimum value of P
:100(7[— 2sin 2(%)} (M1) for substitution
=100(7-2) Al N2
[2]
d  ©=0and 9:% A2 N2
[2]
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(a)

(b)

(©)

(d)

QM) =0

t°—12t* +36t =0
t(t* —12t+36)=0
t(t—6)* =0
t=0and t=6

Attempt to find Q'(t)
Q'(t)

=3t* —12(2t) +36(1)
=3t? — 24t +36
Q'(t)=0
3t?—24t+36=0
3(t* -8t +12) =0
3(t-2)(t—6)=0

(M1) for setting equation

(M1) for factorization
Al N3
[3]

(M1) for valid approach

(M1) for setting equation

t=2o0rt=06 Al N3
By the first derivative test, M1A1
t t<2 | t=2 | 2<t<6 | t=6 | t>6
Q'(t) + 0 - 0 +
Thus, Q attains its local maximumat t=2. R1 NO

Q(0)=0 and Q(6)=0

Thus, the minimum value of Q is 0.

-20

SE Production Limited

[6]
(M1) for valid approach

Al N2
[2]

[2]

A2 N2

11



(a)

(b)

(©)

(d)

P(12)

= —12° +9(12)> - 24(12) + 720
=12(~144+108 - 24+ 60)
=12(0)

=0

Thus, the t-intercept of P is 12.

Attempt to find P’(t)
P'(t)

=-3t* +9(2t) - 24(1) + 0
=-3t* +18t - 24
P'(t)=0

3t +18t-24=0
—3(t*-6t+8)=0
=3(t-2)(t-4)=0

M1
M1

AG  NO
[2]

(M1) for valid approach

(M1) for setting equation

t=2ort=4 Al N3
By the first derivative test, M1A1
t t<?2 t=2 | 2<t<4 | t=4 | t>4

Q'(t) - 0 + 0 _

Thus, Q attains its local minimum at t =2. R1 NO
[6]

P(0)
=—0°+9(0)* - 24(0)+720 M1

=720
P(4)=704 and P(12)=0
Thus, the maximum value of P

720

SE Production Limited

is 720.

(M1) for valid approach
Al N2
[3]

[2]

A2 N2

12



1.

(a)
(b)

(@)
(b)

(a)

(b)

39.8 cm

The particle first changes direction at 3.7435483 s.

s'(t)

= (=3t?)(cost) + (—t*)(—sint) + 6cost
=t*sint + (6 —3t?) cost

The acceleration at 3.7435483 s

— 5"(3.7435483)

=-68.94404

=-68.9 cms™

1.52 cm

The particle first goes back to O at 1.3932491 s.
s'(t)

= cost—[(4)(cost) + (4t)(—sint)]
=4tsint—3cost

The acceleration at 1.3932491 s
=5"(13932491)

=7.8742361
=7.87 cms™

v(t)

—5'(t)

=1+ (cos(e"))(e")
=1+¢e' cos(e')

The particle changes direction for the 4th time at
2.3891023 s.

The acceleration at 2.3891023 s

=V'(2.3891023)

=117.38686
=117 cms™

SE Production Limited

A2 N2

[2]
(M1)(A1) for correct value

(A1) for differentiation

(M1) for valid approach

Al N2
[5]

A2 N2

[2]
(M1)(A1) for correct value

(Al) for differentiation

(M1) for valid approach
Al N2
[5]

(Al) for differentiation

Al N2
[2]

(M1)(AZ1) for correct value

(M1) for valid approach

Al N2
[5]

13



(@)

(b)

The particle changes direction for the 1st time and

the 3rd time at 2.0318977 s and 7.9806638 s
respectively.

The amount of time
=7.9806638—2.0318977

=5.9487661

=5.95s

The particle is at the maximum distance from O
at 11.0854 s.

s'(t)

=[ @) +(t*)(—e") |-[(sint) + (t)(cost)]
=2te ' —t%e™ —sint—tcost

The acceleration at 11.0854 s

=5"(11.0854)

=-11.21888
=-11.2cms™

SE Production Limited

(M1)(A1L) for correct values
(M1) for valid approach

Al N2
[4]

(A1) for correct value

(A1) for differentiation

(M1) for valid approach

Al N2
[4]

14



1. @)

(b)

(©)

(b)

(©)

n(0)

= 300e°%©
=300(1)
=300

n'(6)
=450.70671
=451

n’(k) >1000
300(e%%*)(0.28) >1000
g028k @
21
k > 8.8462089
Thus, the least value of k is 9.

V (10)
=10+4/100-102
=10(0)
=0
V(D)
=9.8493705
=9.85
V'(k) <30
1
(k)(\/loo —k?)+ (1)[—] (-2k) <30
2»\/100— k2
k+/100 — k? —L<3o
J100—K?
k»\/100—k2 —L—so <0
\/100— k2
k < 3.2024653

Thus, the greatest value of k is 3.

SE Production Limited

(A1) for substitution

Al N2

[2]
(M1) for valid approach
Al N2

[2]
Al
M1
(A1) for correct value
Al N2

[4]
(A1) for substitution
Al N2

[2]
(M1) for valid approach
Al N2

[2]
Al
M1
(A1) for correct value
Al N2

[4]
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(a)

(b)

(@)

(b)

p(5)

= 250sin(2(5) +3.9) + 750
—993.0018753

=993

p'(t)=0
250cos(2t +3.9)(2) +0=0
500cos(2t +3.9) =0

t =0.4061945
The value of n
= (0.4061945)(31)

=12.5920295
=13

w(13)

=145¢0s(0.5(13) —5.2) +1020

=1058.78733
=1059

w(t)

=145(-sin(0.5t —5.2))(0.5) + 0

= —72.5sin(0.5t —5.2)

w'(t) attains its maximum for the first time when

t =7.2584079.
The value of n

= (7.2584079)(30)
=217.752237
=218

SE Production Limited

(A1) for correct approach
(A1) for substitution

Al N3
[3]
Al
M1
(M1) for substitution
Al N2
[4]

(A1) for correct approach
(A1) for substitution

Al N3
[3]

Al

(A1) for correct value

(M1) for substitution

Al N2
[4]

16



1. @ For approximately correct shape Al
For approximately correct maximum and minimum
points Al
For approximately correct x -intercepts between 1
and 2 and between 4 and 5 Al
For approximately correct endpoints Al N4
[4]
§
y 3
4
//\
N\ y
o~— \ 7
\
\
\ /
\/
8
(b) ()
=3s'(t) (M1) for differentiation
= (—1)(cost) + (—t)(-sint) (M) for product rule
=—cost+tsint
The minimum velocity
=-5.100127
=-5.10ms™ Al N2
[3]

SE Production Limited



(@)

(b)

For approximately correct shape

Al

For approximately correct maximum point Al
For approximately correct X -intercept between 2
and 3 Al
For approximately correct endpoints Al N4
[4]
"
A
2
N >
O \\ 6
\
—10

a(t)
—V'(t)

= (2)(cost) + (21)(-sint) [ﬁj

= 2cosﬁ—ﬁsinﬁ

1

The maximum acceleration

=2ms?

SE Production Limited

(M1) for differentiation

(M1) for product rule

Al N2
[3]

18



(@)

(b)

For approximately correct shape Al
For approximately correct maximum and minimum
points Al
For correct x -intercepts at 0, 5 and 10 A2 N4
[4]
1
y
6
N\
//
O 0
/
5
6
The acceleration of the particle is zero when its
velocity reaches its maximum or minimum. (M1) for valid approach
t=2.1132472 or t =7.8867528
t=211s or t=7.89s A2 N2
[3]

SE Production Limited
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(a)

(b)

a(t)
=V'(t)

:1[1t3—2t2]
dt\ 3

1 .2
=2 () -2(2)

(M1) for differentiation

(A1) for correct approach

=t* -4t Al N2
_ [3]
For approximately correct shape Al
For approximately correct minimum point Al
For correct x -intercept at 0 and 4 Al
For approximately correct endpoint at 5 Al N4
[4]
4
A
6
O Ll ]
N\ /
6

SE Production Limited
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