Chapter 13 Solution

1. '

= (3)(cos x) + (3x)(—sin x)

(M1) for product rule

= 3(cos X — xsin x) A2
3)
2
=3 coss—”—s—ﬂsinB—” (M1) for substitution
2 2 2
3r
=3/ 0-——(-1
)
9z
2
The gradient of the normal
-1
= (M1) for negative reciprocal
£ 37
)
= _2 Al N3
or
[6]
f'(x)
= (—e7)(cos x) + (e *)(—sin x) (M1) for product rule
=—e " (Cos X +Sin x) A2
f'(2r)
=—e"(cos 27 +Sin 27) (M1) for substitution
— _e727z'
The gradient of the normal
= -1 (M1) for negative reciprocal
f'(2r)
=e*” Al N3
[6]

SE Production Limited



f'(x)
= (2x)(=sin(x%))
= —2xsin(x?)
f'(a) =—2a
—2asin(a’) =—2a
sin(a®) =1

, T br

a’==, =,
2

9'(x)

= (2x)(In x)+(x2)(%j
=2xInx+Xx
=X(2Inx+1)
g'(a)=3a
a(2lna+1)=3a
2lna+1=3

Ina=1
a=e

R
= E 4/ (Rejected), ...
. v
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(M1) for chain rule

Al
(A1) for correct equation

(M1) for valid approach

(M1) for solving equation

Al N3
[6]

(M1) for product rule

Al
(A1) for correct equation
(M1) for valid approach

(M1) for valid approach
Al N3

[6]



1. @)
(b)
2 (a)
(b)
3 @)
(b)
4 (a)
(b)

f'(x) =-5e>
f"(x) = 25>
f @ (x) =-125¢ >

O (x) = (-5)"e ™

f’'(x) =—cosx
f"(x) =sinx

f @ (x) = cos x
f ) (x) =—sinx

f eV (x) = (=)™ sinx

g'(x) =nx""

g”"(x) =n(n-1x"?

g® () =n(n-1)(n-2)x"*

9 (x) =n(n-1)(n-2)(n-3)x"*

12) () — n! n-12
g 7 (x) —(n—k)!x

a2 Nl n-12
n(n-)(n-2)(n—-3)---(n—-11)x _—(n—k)!x

n(n-H(n-2)(n-3)---(n-1)(n-12)!  n!

(n—12)! ~ (n—k)!
nt _ nl
(n—12)! (n—k)!
k=12

g'(x) =nx"
g"(x) =—nx?
g®(x) =2nx*
g“(x) =-6nx*

g% (x) = (kHnx™*

(D)™ D)(B)---(36)nx " = (k)nx
(36DHnx* = (kHnx ¥

.. k=36
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Al
Al
Al

A2

A2

A3

A2

Al

(A1)

Al

A2

Al
(A1)
Al

N1
N1
N1

N2

N2

N3

N2

N1

N2

N1

[3]
[2]

[2]
[3]

[2]

[3]

[2]

[3]



1.

(@)

(b)

(©)

£'(x)
_ (x* =5x+4)(-2) — (-2x)(2x —5)

(x* —5x+4)?
_ —2x* +10x—8—(—4x® +10x)
- (X* —5x +4)?
2x* -8
(x* =5x +4)?
2(x* —4)
(x* =5x+4)?

f'(x)=0

2(x*-4)
(X2 —5x+4)?
x*—4=0
(x+2)(x-2)=0
Xx+2=0o0r x—2=0
Xx=-2 or Xx=2 (Rejected)
f(=2)
_ 2(-2)
T (=2)2-5(-2)+4

2
Thus, the coordinates of B are [—2, 5}

The line y =k does not meet the graph of f
below its minimum point and above its maximum

point.

;E<k<2
9
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M1A2

(M1)(A1) for expansion

Al
AG NO
[6]
(M1) for setting equation
Al
(A1) for correct value
(M1)A1 for substitution
A2 N4
[7]
(R1) for correct argument
A2 N3
[3]



(a)

(b)

(©)

f'(x)

(X% +3x)(6) — (6x + 24)(2x +3)
- (x* +3x)?

6x° +18x — (12x* + 66X + 72)
- (x* +3x)°

—6Xx° —48x—72
- (x* +3x)?

6(x* +8x+12)
(2 +3x)°

f'(x)=0
6(x* +8x+12)
(x> +3x)>
X*+8x+12=0
(x+6)(x+2)=0
X+6=0o0r x+2=0
X =-6 (Rejected) or x=-2
f(=2)
_ 6(-2)+24
(-2 +3(-2)
=6
Thus, the coordinates of B are (-2, —6).

The line y =k meets the graph of f below its
maximum point and above its minimum point.

..k <—6 and kz-%
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M1A2

(M1)(A1) for expansion

Al

AG NO
[6]

(M1) for setting equation

Al

(A1) for correct value

(M1)AL for substitution

A2 N4

[7]
(R1) for correct argument
A2 N3

3]



@  f(x

={3)osl=(5)IE),,
(%)
5fn(3)

()  f/(x)=0

X=0 (Rejected) or x=2
f(2)

cos(’z(Z)J

2

:i+2:1
-1

Thus, the coordinates of Q are (2,1).

(c)  Theline y =Kk meets the graph of f attwo

distinct points below its maximum point and above

its minimum point.
~k<land k>3
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M1A2

(M1)(A1) for expansion

AG NO

[5]

(M1) for setting equation

Al

(A1) for setting equation

(M1)AL for substitution
A2 N4
[7]
(R1) for correct argument
A2 N3
[3]



(a)

(b)

(©)

f'(x)

G R G G

2
(sin (ZX—ED
3
O—2C0$[2X—ﬂ)
B 3
sin2(2x—”j
3
2COS(2X—EJ
3
sinz(ZX—”j
3
f'(x)=0
ZCOS(ZX—;:)
=0
sinz(ZX—EJ
3
cos(Zx—zj =0
3
T VA

x=—2 (Rejected) or X = >z
12 12

i

_ 51 3
sin 2(”)—”
12 3
1,
1
=-2

)
Thus, the coordinates of Q are [é —2).

4
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M1A2

(M1)(A1) for expansion

AG NO
[5]
(M1) for setting equation
Al
(A1) for correct value
(M1)AL for substitution
A2 N4
[7]
Al N1
[1]



1.

@ h@
=f(9(2)
=)
=10

(o)  h()
=f'(9(M)-9'(")
=1'(M)-9'()
=©8)(2)
=16

(b)  h(6)
_f'(6)g(6)-f(6)g'(6)
(9(6))°
_(=2)(6)-B)(=5)
62

1
36
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(A1) for valid approach

Al N2

(M1) for chain rule

(A1) for substitution
Al N2

(A1) for valid approach

Al N2

(M1) for quotient rule

(A1) for substitution

Al N2

[2]

[3]

[2]

[3]



f'(x)

= 7(—sin zX)
=—zsin X
9'(x)

1
:(3x—2j(3)

3
3x-2

h'(2)

= f'Mg@)+ f@)g'(D)

= (—zsin z(1)) In(3(2) —2) + (cos 71(1))(

=(0)(©0)+(-DB)
-3

f'(x)

=2x-0

=2X

9'(x)

=(e")(2)

— 2e2x

h'(2)

_f'®9(2)-1(29'(2)
(9(2))*

_ (2(2)(e*?) - (2* =3)(2e*™)

(82(2) )2

_ (@Y -M)(2e*)

e

2¢e*
==
_2

e4

3
3(1) -2
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(A1) for chain rule

(A1) for correct expression

(M1) for product rule

A2

Al N3
[6]

(A1) for valid approach

(Al) for correct expression

(M1) for quotient rule

A2

Al N3
[6]



1.

f'(x)
=5(1+2x%)*(4x)
= 20x(1+2x%)*
The (r +1) th term

4\ .
ZZOX[[JT‘ r(2x2)fJ
(4] ry2r+l
=20 2' X
r

S2r+1=7
2r=6

r=3

The term in x’

:20 4 23X2(3)+1
3

= 640x’

f'(x)

=8(4x® -7)" (12x%)
=96x°(4x* -7)’
The (r+1)th term

=96x° ([U (@) (—7)r]

7
— 96[rj47r (_7)r X2373I’
5.23-3r=11
—3r=-12
r=4
The term in x*

— 96 [7] 47—4 (_7)4 X23—3(4)
4

=516311040x™
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A2

M1

R1

(A1) for correct value

(A1) for correct expansion

Al N3

[7]
A2
M1
R1
(A1) for correct value
(A1) for correct expansion
Al N3

[7]

10



9'(x)

=5(x* +2x)*(2x+2)

=10(X+2)(x* +2x)* A2
4 2\ 4 2 0 4 2\ 3 2 1

[O](X) (2x) +(J(X) (2x)
4 4

=10(x+1) +(2](X2)2(2X)2+[3J(X2)1(2X)3 M1
4 2\ 0 2 4

+( 4j(X) (2x)

_10(xs 1| Q@+ @0 } AL

+(B)(x*)(4x*) + (4)(x*)(8x°) + (D) (16x")

=10(x +1)(x® +8x" +24x° +32x° +16x") Al

The term in x°

= (10((1)(32) + (1)(24))) x° M1

=560x° Al N3

[7]

g'(x)
el

X X
:4(2+i2j 2X—1j A2

X X

3 J 1Y (3 (1Y}

) [o]m) & *(J‘ZX) )

:4[2+7j 3 1) (3 1Y .
+(2j(2X) (—;j +(3J(2X) (—;j
(1)(8x3)(1)+(3)(4x2){—1j

1 X
+(3>(2x)(—2]+(1)(1)(——3j
X X
:4(2+i2j 8x3—12x+§—i3j Al
X X X

The term in x~°

= (4D +@)e)))x~ M1

=16x"° Al N3

[7]
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1.

(a)
(b)

(©)

f'(x)=—3x—2-e*?

f'(x)=0

X=-4.421713 and x =-0.763463

X=-4.42 and x=-0.763

For correct shape

For approximately passing through (0, —2)
For approximate range —7.1 to 4.3

Al N1

[1]
(M1) for valid approach
A2 N3

[3]
Al
Al
Al N3

[3]

o

v
=

jo2s]
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(a)
(b)

(©)

(a)
(b)
(©)

f'(x) =cos x—sin x Al N1
[1]
f'(x)=0 (M1) for valid approach
x=0.7853982 and x =3.9269908
x=0.785 and x=23.93 A2 N3
3]
For correct shape Al
For approximately passing through (0, 1) Al
For approximate range —1.4 to 1.2 Al N3
3]
7
A
2
4
/ -
O \\ / 5
\h//
2
f'(x) =e” cos(e”) Al N1
[1]
(2.23,-3.29) A2 N2
[2]
For correct shape Al
For approximately passing through (0, 0.5) Al
For approximate range —3.3 t0 6.4 Al N3
3]
J.‘
A
8
)\
\ »X
-2 0] \ 2
\
4
13
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(@) f'(x)=—-e*sin(e™) Al N1

[1]
(b) (-1.59,4.81) A2 N2
[2]
(c) For correct shape Al
For approximately passing through (0, —0.8) Al
For approximate range —4 to 4.8 Al N3
[3]
y
y N
6

=~

o0
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(b)

(©)

(d)

f(-2)=29

a(—2)3 + b(—2)2 +8b(-2)+a=29
—8a+4b-16b+a=29
—7a-12b =29

7a+12b=-29

f'(x)

=3ax® + 2bx+8b
f'(-2)=0

3a(—2)* +2b(-2)+8b =0
12a+4b=0

3a+b=0

3a+b=0
a=1,b=-3

{7a +12b=-29

f'(x)=0

3(1)x* +2(-3)x+8(-3) =0

3x* —6x—24=0

x> —2x-8=0

(x+2)(x—-4)=0

X =-2 (Rejected) or x=4

f(4)

= (D@)* +(-3)(4)* +8(-3)(4) +1
=-79

Thus, the coordinates are (4, —79).

SE Production Limited

(M1) for valid approach
Al

AG NO

[2]
A2
(M1) for valid approach
(A1) for substitution
Al N3

[5]
(M1) for solving the system
A2 N3

3]
(M1) for setting equation
Al
A2 N3

[4]

15



(a)

(b)

(©)

(d)

f (=5) = 350
a(~5)% +b(~5) +b = 350
_125a-5b+b =350
_125a—4b =350
125a+ 4b = —350

f'(x)
=3ax’+b
f'(-5)=0
3a(=5)2+b=0
75a+b=0

75a+b=0
a=2, b=-150

{125& +4bh =-350

f'(x)=0

3(2)x* -150=0
6x°—150=0

x*-25=0
(x+5)(x-5)=0

x=-5 (Rejected) or x=5
f(5)

=2(5)* + (-150)(5) —150
=—650

Thus, the coordinates are (5, —650).
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(M1) for valid approach
Al

AG NO
[2]

A2
(M1) for valid approach

(A1) for substitution

Al N3

[5]
(M1) for solving the system
A2 N3

3]
(M1) for setting equation
Al
A2 N3

[4]
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(a)

(b)

(©

(d)

g(In5) =-225+1261In5

ae?"™ 4 be® +126In5=-225+126In5

ae"® +pe'" =225
25a+5h=-225
S5a+b=-45

0'(x) = 2ae* +be* +126
g"(x) = 4ae” +be*
g"(In5)=0

4ae2(|n5) + be|n5 — 0
4aeln25 +be|n5 =0
4a(25)+b(B)=0
20a+b=0

Valid method for solving system of two equations

5a+b=-45
20a+b=0
a=3, b=-60

g'(x)=0

2(3)e2X —60e* +126=0
6e* —60e* +126 =0
e?* —10e* +21=0
e*-3)(e*-7)=0
e*=3ore =7
x=In3 or x=In7

The horizontal distance
=In7-In3

y
=In—-
3

SE Production Limited

(M1) for valid approach

Al
(A1) for correct equation

AG NO
[3]
A2
Al
(M1) for valid approach
(A1) for substitution
Al N3
[6]

(M1) for solving the system

A2 N3
3]
(M1) for setting equation
Al
(M1) for valid approach
Al N2
[4]
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(a)

(b)

(©)

(d)

g[ln Ej = —%HOOInE
2 4 2

2InE nE
ae( 2]+be| 2 41002 =87 110010 L2
2 4 2
215
ael 4 +be| 2 :_@
4
225a+§b+@:0
4 2 4

225a+30b+675=0

g'(x) = 2ae* +be* +100
g"(x) = 4ae” +be*

15
"[In=>1]=0
g( 2)

Ing InE
4ae 4 +be 2 =0

22 () o
4 2

30a+b=0

Valid method for solving system of two equations

{225a +30b+675=0

30a+b=0
a=1,b=-30
g'(x)=0

2(1)e** —30e* +100=0
e?* —15e* +50=0
(e*-5)(e*-10)=0
e*=5o0re =10
x=In5 or x=1In10
g9"(In5)

— 4e2|n5 _306|n5

=-50

<0

g"(In10)

— 4e2|n10 _30e|n10

=100

>0

.. g attains its local maximum at x=1In5.

g(In5)
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(M1) for valid approach

Al

(A1) for correct equation

AG NO
3]
A2
Al
(M1) for valid approach
(A1) for substitution
Al N3
[6]

(M1) for solving the system

A2 N3
[3]

(M1) for setting equation

Al

(M1) for valid approach

(A1) for correct result
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=g _30e™ +100(In5)
=-125+100In5
Thus, the coordinates are (In5, -125+1001In5).
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A2

N3

[6]
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