Chapter 16 Solution
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The area of R
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(A1) for correct equation

Al

(M1) for substitution

Al

(M1) for valid approach

Al N3
[6]
(A1) for correct equation
Al
(M1) for substitution
Al
(M1) for valid approach
Al N3
[6]



1.

(a)

(b)

(©)

(d)

f (=x)
— (7 +a)

1.2
== (x*+a
L +a)

=f(x)

f'(x)
= % (2x+0)

£7(x)

1
= 5(1)

f"(x) does not change sign for -6<x<6.
Thus, there is no point of inflexion.

The area of the shaded region
= [ £ (9dx
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Al
(M1) for substitution
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(a)

(b)

f(—=x)
a(-x)*

C(=x)*+1
_aX3

T X+l

= ()

f'(x)=0

ax*(3—x*) _

(x* +1)°

ax*(3—x")=0
X*(\3+x*)(¥3-x") =0
X2 (\f3 + x2)(3% + x)(B% ~—x)=0

1

x>=0,3*+x=00r3*-x=0

x=0 (Rejected), x=-3% or x=3*
1

f(~3%)
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4

Thus, the coordinates of the maximum point and

the minimum point are Sz,ja and

-34,——a|.
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(M1) for setting equation
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(d)

The area of the shaded region
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(A1) for definite integral

A2
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(M1) for substitution
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A2 N2
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(a)

(b)

(©)
(d)

g(x)
= f(x—3)

=(x=3)*+9(x—3)* +15(x—-3) + 7

M1

=X>—9x* + 27X — 27 +9(X* —6X+9) +15x—45+7 A2

=x3—9x* + 27X —27+9x*> —54x+81+15x—45+7

=x>-12x+16

g'(x)
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=6X

g"(x)=0
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x=0
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x>0

x|~ | o

+

g"(x) changes itssignat x=0.

Thus, the coordinates of the point of inflexion of

g(x) are (0,16).
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(M1) for setting equation
(M1) for substitution
(M1) for valid approach
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(A1) for definite integral
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(M1) for substitution
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[4]



(€)

(@)

(b)

(©)

81.75 A2 N2
[2]
9(x)
= f(x+2)
=-2(x+2)® +12(x+2)* —18(x+2) M1
=—2(x*+6X° +12x+8) +12(x* + 4x+4) —18x—36 A2
=-2x% —12x* — 24X —16+12x* + 48X + 48—18x —36
=-2x*+6x—4 AG NO
[3]
9'(x)
=-2(3x*)+6(1) -0 Al
=—6X*+6
9"(x)
=-6(2x)+0 Al
=-12x
g"(x)=0 (M1) for setting equation
-12x=0
x=0
9(0)
=-2(0)°+6(0)—-4 (M1) for substitution
=—4
X Xx<0 | x=0 | x>0
9"(x) | + 0 —
g"(x) changes its signat x=0. (M1) for valid approach
Thus, the coordinates of the point of inflexion of
g(x) are (0,—4). Al N3
[6]
The area of the shaded region
— j°2 g(x)dx (A1) for definite integral
= J._OZ (2x* —6x +4)dx
r 0
= 2£1x4J—6(£x2j+4x Al
L 4 2 -2
r 0
N +4x}
L2 2
= %(O)4 —-3(0)* + 4(0))—[%(—2)4 —3(-2)? +4(—2)) (M1) for substitution
=(0-0+0)—(8-12-8)
=12 Al N3
[4]
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(i)

(i)

(iii)

(iv)
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(M1) for valid approach
Al N2

(M1) for valid approach

Al
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(M1) for setting equation
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(M1) for substitution
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(b)

(i)

(i)

(iii)

f'(x) =2x

- f'(@)=2a
f(a)=a’

The gradient of [PQ]
=f'(a)

_f@®@-0
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2a=
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(M1) for valid approach
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(M1) for substitution
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(M1) for setting equation
Al
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(M1) for substitution
Al N2
[8]
M1A1
A2
(M1) for substitution
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[6]
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(a)

(b)

[

0 'K =1x7

f'(h) =

2J_

f(h) = hE
The equation of [AB]:
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M1
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M1

M1

AG NO

(M1) for setting equation

(M1) for valid approach
Al N3
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M1A1
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M1
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(@)

(b)

(i) f'(x) =3x
f'(h) =3nh?
f(h)=h
The equation of [AB]:

=——Xx+C
Y 3h?

(i) =y
oL
h-b  3n’
-3h°=h-b
b=3n°+h

The required area

_ (=@ +2h))(0 —n) + (—j: f (X)dx)
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M1

Al

M1A1l

M1

Al

AG NO

(M1) for setting equation

(M1) for valid approach
Al N3
[9]

M1Al
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M1

Al
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1.

@ For approximately correct shape

Al
For correct x -intercept at 0.7 Al
For approximately correct endpoints Al N3
3]
‘1
2
—
_—
yd g
v >/
O
2
(b) The total distance travelled
= I:|v(t)|dt (M2) for valid approach
= I05|In(t +0.3)|dt (A1) for correct formula
=4.877655148
=4.88m Al N3
[4]
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(@)

(b)

For approximately correct shape Al
For approximately correct X -intercepts between 0
and 1 and between 3 and 4 Al
For approximately correct endpoints and maximum
point Al N3
[3]
[4
y 3
T 7\
/[ N\
19 / \ 5
|
3
v(t)
= ja(t)dt (M1) for valid approach
= j (—(t—2)? +1.9)dt
= I(—t2 +4t—2.1)dt (A1) for correct formula
:—1t3+4[1t2j—2.1t+c Al
3 2
1 3 2
:_ét +2t°-2.1t+C
v(0)=0 (M1) for substitution
0 :—%(O)3 +2(0)* -2.1(0)+C
C=0
Y :—%f’ +2t7 -2.1t Al N3
[5]
SE Production Limited 14



(a)

(b)

v(t)
= I a(t)dt (M1) for valid approach
] 22t it
t°+1
Let u=t*+1
du_ o
dt
du = 2tdt
1
=|=du Al
u
=Inu+C Al
=In(t* +1)+C
v(0)=0
0=In(0*+1)+C (M1) for substitution
C=0
s v=In(t? +1) Al N3
_ [5]
For approximately correct shape Al
For approximately correct endpoints Al N2
[2]
5
y N
4
_~
e -
yd
/ g
5 >
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(a)

(b)

s(t)
= I v(t)dt (M1) for valid approach

= I 2t cos(t?)dt

Let u =sin(t?)

du
— = 2tcos(t?
o (t°)

du = 2t cos(t*)dt

= J.du Al
=u+C Al
=sin(t?)+C
s(0) =1
1=sin(0*)+C (M1) for substitution
c=1
s.s=sin(t?)+1 Al N3
[5]
For approximately correct shape Al
For approximately correct x -intercept between 2
and 3 Al
For approximately correct endpoints and maximum
points Al N3
[3]

[FS)

SE Production Limited 16



1. @ The initial velocity

=v(0) (M1) for valid approach
=—(0-4)°
=64ms™ Al N2
[2]
(b) v(t) =-27 R1
—(t-4)°=-27
t—4=3 (AL) for correct approach
t=7 Al N2
3]
(© The total distance travelled
= Io7|v(t)|dt (M1) for valid approach
= m—(t —4)°|dt (A1) for correct formula
=84.24999949
=84.2m Al N3
3]
d aft)
=V'(t) M1
=-3(t—4)*(1) A2
= -3(t—4)? AG NO
3]
(e) v(t) <0 and a(t) <0
t>4and t=4 R2
~t>4 A2 N2
[4]
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(a)

(b)

(©)

(d)

(€)

s(t)
= j v(t)dt
- I (—2t° +12t* — 24t +16)dt

=-2 1t4 +12 1t3 —24 1t2 +16t+C
4 3 2
:—%t4+4t3—12t2+16t+C

0= —% (0)* +4(0)* -12(0)* +16(0) + C
C=0
S.S= —%t“ +4t° —12t* +16t

The displacement
=5(3.3)

_ _% (3.3)" +4(3.3)° —12(3.3) +16(3.3)
657195 m

The total distance travelled
33

= [ v|dt
3.3

- jo \—2t3 +12t2 — 24t +16|dt

=90.428049981
=9.43m

a(t)

=V'(t)

=-2(3t*) +12(2t) - 24(1) + 0
=—6t° +24t - 24

=—6(t> -4t +4)

=—6(t—2)°

v(t)>0 and a(t) <0

t<2and t#2
St<?2

SE Production Limited

(M1) for valid approach

Al

(M1) for substitution

Al

(M1) for valid approach

Al

(M1) for valid approach

(Al) for correct formula

Al

M1
A2

M1
AG

R2
A2

N2

N2

N3

NO

N2

[4]

[2]

[3]

[4]

[4]
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(a)

(b)

(©)

(d)

s(t)
= j v(t)dt
= I 7 cos rtdt

Let u=sinxt

du
— = cosxt
dt

du = z cos ztdt

=sinzt+C
s(0) =1
1=sin0+C
c=1
S.s=sinzt+1

s(t)=0

sinzt+1=0

sinzt=-1

mt =3—7T or zt =7—ﬂ
2 2

t=2ort=1
2 2

a(t)

=V'(t)

= 7r(—sin zt)(x)

=—z?sinxt

a(t)>0

—z%sinzt >0

sinzt <0

m<nat<2r or 3r<nat<4r
I<t<2or3<t<4

5

SE Production Limited

(M1) for valid approach

Al
Al
(M1) for substitution
Al N3
[5]
R1
(AL) for correct formula
A2 N3
[4]
M1
A2
R1
Al
Al N4
[6]
Al N1
[1]
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(a)

(b)

(©)

v(t)

= j a(t)dt

= j (t —2)(4t? — 25t +38)dt
= j (4t° — 33t +88t — 76)dt

=4 1t4 -33 1t3j+88(1t2 —76t+C
4 3 2

t* —11t° + 44t> - 76t +C
48 =0* —11(0)* + 44(0)* — 76(0) + C
C=48
s(t)
= j v(t)dt
= j (t* —11t° + 44t — 76t + 48)dt

L qa[ e )vaa( e )o76[ e | v ast4D
5 4 3 2

zlts_%t 444 382448t 4D

5
=—(0) ——(0) ( )° —38(0)* +48(0) + D

D= 0
s(t)——t5—l—lt4 M5 _agt2 4 agt
5 4 3

s(t)<0 and a(t) <0
t>1.0780361 and
(t<2or2.6096118 <t < 3.6403882)

..1.0780361<t <2 or 2.6096118 <t < 3.6403882

1.08<t<2 or 261<t<3.64
Q) 3
(i) 2

SE Production Limited

M1

A2

M1

M1

A2

M1

AG

R2

A2

Al

A2

NO

N2

N1

N2

[8]

[4]

[3]

20



1. @)

(b)

(©

0] X =1.2950976 and x=5.1674957
x=1.30 and x=5.17

(i) A
5.1674957

= (f () —g(x))dx

1.2950976
5.1674957

= (=0.5x% +3x — 2 — 27> dx

1.2950976

=5.366549025
=5.37

f'(x)=9'(x)

—0.5(2x) +3(1) -0 = 2 ***(-0.5)
X+ 3 — _ei).SX
e * —x+3=0
X =3.2017227
x=3.20

j: 9'(x)dx = 2(e™* —1)

g(a)—-g(0)=2(e™ -1)
2e70.53 _ 2e4)5(0) — 2e4 _ 2
200 _2=2e"-2
2% =2¢"

—0.5a=-4

a=8

SE Production Limited

A2 N2

(M1) for valid approach

A2
Al N3
[6]
(M1) for setting equation
A2
(AL) for correct equation
Al N4
[5]
R1
(M1) for substitution
Al
Al N3
[4]
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(a)

(b)

(©)

f(x)=9(x)
0.1x2 —0.24x+0.174 =sin[% xj

0.1x2 —0.24x +0.174 —sin (% xj —0

Xx=0.173017 or x=3.3467439

A
3.3467439 f d
ooy (90) = F(X))dx
3.3467439
(s n( j—(0.1x2—0.24x+0.174))dx
0.173017
=1.909710794
=1.91
f'(x)>g'(x)

T V4
0.1(2x)—-0.24(1)+0 > (COS(Z XD[Z]

O.2x—0.24—£cos(£ x] >0
4\ 4

X >1.8035377
-1.80<x<4

7 £(xax _ 8

125
8
f(2)-f(a)=—
(0.1(2)* - o.24(2) +0.174)
~(0.12* ~0.242+0.174) = >
125

~0.08-0.1a% +0.24a = >
125

0.1a®>-0.24a+0.144=0
a=1.2

SE Production Limited

(M1) for setting equation

(A2) for correct values

(M1) for valid approach

Al
Al N4
[6]
(M1) for setting inequality
A2
(A1) for correct inequality
Al N4
[5]
R1
(M1) for substitution
Al
Al N3
[4]
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(a)

(b)

f(x)=9(x)
x3—11x2+38x—40=§x—2

x3—11x2+%x—38=0

x=1.8871981, x=3.7657564 or x =5.3470455

A

3.7657564

= () —g(x))dx

 Jissr1081

+J~5.3470455 (g (X) _ f (X))dx

3.7657564
J~3.7657564

1.8871981

3.7657564

3

=2.784974546 +1.758993035
=4.543967581
=454

I,f f'(x)h(x)dx =16 - LG f OOh'(X)dx
[ #00n(dx+ [ £ ()R (x)dx =16
| 26 (F'0Oh(X) + f (O'(x))dx =16

| ° 4 £ (x)h(x))dx =16
2 dx

jf K'(x)dx =16
k(6)—k(2) =16

f (6)h(6)— f (2)h(2) =16
(8)(h(6)) - (0)(h(2)) =16
8h(6) =16

h(6) = 2

SE Production Limited

((x3 —11x* +38x—40) —[% X— ZD dx

+Is.3470455((g X — 2)_ (X3 —11x% +38x —40)jdx

(M1) for setting equation

(A3) for correct values

M1Al

Al N6
[8]
(M1) for setting equation

(M1) for valid approach

R1
(M1) for valid approach
(A1) for substitution

Al N4
[6]
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(a)

(b)

FO)=9(x)

—0.5x® +4x* —-8.5x+5=2-0.5x

—0.5x3+4x*>-8x+3=0

X =0.4858631, x =2.4280067 or x =5.0861302

A

2.4280067

= (9(x) = T (x))dx

0.4858631

5.0861302 f d
+.|.2.4280067 ( (X) N g (X)) X
_ J~2.4280067

0.4858631
J-5.0861302

2.4280067

=2.215507111+5.119788446
= 7.335295557
=7.34

["N(F () £(xdx =10
f% (h( f (x)))dx =10

["k(0dx=10
K(4)—k() =10

h(f (4))—h(f (1)) =10
h(3)—h(0) =10
h(3)-7=10

h(3) =17

SE Production Limited

((2—0.5x) — (—0.5x° + 4x* —8.5x + 5))dx

((<0.5x® + 4x* —8.5x +5) — (2 0.5x))dx

(M1) for setting equation

(A3) for correct values

(M1) for valid approach

A2

Al N6
[8]
M1A1l
R1
(M1) for valid approach
Al
(A1) for correct equation
Al N4
[7]
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