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Chapter review

e
dt

x= I4e°‘5’ dr=8¢""+ 4

When t=0,x=0
0=8+4A=>4=-8
x=8e"Y —8=8(e" —1)

1 a v

b a=ﬂ=2e°‘5’
dt
Whent=1In9
a:260.51n9 :2eln3 :2><3:6

The acceleration of P when 7 =1n 9 is 6ms >

2 a a =ﬂ —20te ™"
dr

v=[20re"dt=-10e"" + 4

Whent=0,v=28
8=—10+A4=> A=18
v=18-10e"

b Ast—wm,e’ —0andv—18
The limiting velocity of P is 18 ms™'

_dv_ 18

3 a=—>= =18(2t+3)
4T ey A
v=J.18(2t+3)’3dt=ﬁ(2t+3)’2+A=A—%
—2x2 2(2¢+3)
Whent=0,v=0
0=A4- 0 :>A:l
2x 3 2
1 9
Vo
2 2(2t+3)
When v=0.48
04g=1___° —= ? —=0.02
2 2(2t+3)°  2(2t+3)

9

So (2t+3)* = =225=2t+3=*15=t=60rt=-9
2x0.02

As t > 0, the solutionis =6
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4 a=ﬂ= 100 2=100(2t+5)’2
dt  (2t+5)
1
v=j100(2t+5)*2dt=ﬂ(zt+5)*+A=A—i
2x—1 2t+5
Whent=0,v=0
0=A—%:>A:10
v=10- >0
2t+5
b v= oo
dt 2t+5

x={|10- 0 )t =106-25In(2t+5)+ B
2t+5

Whent=0,x=0
0=-25In5+ B= B=25In5
x=10¢-25In(2¢+5)+25In5

When =10

2
x=100-25In25+25In5= 100—25111?5 =100-25In5=59.8m (3 s.f)

The distance moved by the car in the first 10 seconds of its motion is (100

dv ) 1
a=—=C¢C0S t=—+—Ccos2t
dt 2 2

v:j l+lc0s2t dt:lt+lsin2t+A
2 2 2 4
Whent=0,v=0
0=0+0+4=4=0
1 1
v=—t+—sin2¢
2 4
Whenz‘=7t,v=£+lsin2n=E+O=Em§1
2 4 2 2
1 1. 1 1
x=_[vdt=_[—t+—sm2tdt=—t2——cos2t+B
2 4 4 8
Whent=0,x=0

0=0—l+B:>B=l
8 8

1 1
v=—t"—=cos2t+—
4 8

T cosE+1 +1=L(TC2+8)H’1 as required.
4 64 8 2 8 64 8 64

—25In5)m.
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6 a When t=2.5,v=5t2
dv
a=—=t
dt
So when ¢ =2.5,a = 2.5, i.e. the acceleration of P is 2.5ms ™ in the direction of x-increasing
b When t=5,v=8¢e""

d
a=" = _ge*

dt
So when t =5,a=-8¢ ", i.e. the acceleration of P is 8¢ ' ms™ in the direction of x-decreasing
The distance of P from O when ¢ = 6 is given by

4] 6 £ ' 6
_(*Lla 4 g | L _Qudt

x_jo ! dt+LSe dt {6} +[—8e l

0
:6—64—8<3’2+8:§—86’2

The distance of P from O when t = e is (ﬁ— Sesz =17.6m (3 s.f))

dv 2¢+3 1
7 a a=—-= =2+
dt  t+1 t+1

v={adt=2t+In(r+1)+ 4
Whent=0,v=0

0=0+4=4=0
So v=2¢t+In(t+1)

b x=[vdr=[2¢+In(t+1)ds
Integrate In(z + 1) using integration by parts
[in(r+1)ds = [1n(e+ D dr = n(r +1)~ [——ds
t+1

=t1n(t+1)—j(1—ijdt=t1n(t+1)—t+1n(t+1)+c
t+1
=(t+D)In(z+1)-t+C

Sox=£+({+DIn(t+1)—t+C
When t=0, x=0

0=0+0-0+C=C=0

So x=t+(t+D)In(t+1)—¢
When ¢t =2

x=4+3In3-2=(2+3In3)m
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t
8 a Solving 18— 3 =0 gives

2
18=%:>t2=90:>t=i«/%=13«/ﬁ

AsT>0,T=3/10s

b For 0 <t <5, the curve y=3¢"—14¢+8 is a parabola with a positive #* coefficient
Whent=35,y="75-70+ 8 =13, so the curve connects (0, 8) and (5, 13)

2
3t* —14¢+8 = (3t —2)(t —4), so the curve cuts the x-axis at (5,0) and (4,0)

r : : :
For 5<¢ < T, the curve y=18—— is a parabola with a negative #* coefficient
5
From part a, it connects (5, 13) and (3\/5 ,0)
velocity &

134---mmmmmmmmmemeee

0 U 5 310 time
3

¢ The graph has a minimum point where %(312 —14t+8)=0
t

6t—14:0:t:%

. .. dv .
The acceleration is positive for i >0, so the solution is % <t<5

© Pearson Education Ltd 2019. Copying permitted for purchasing institution only. This material is not copyright free.



INTERNATIONAL A LEVEL

Mechanics 3 Solution Bank

8 d The total distance travelled is given by

2

j(3t2 —14t+8) de+

0

j(3t2 —14t+8) dr

3

310 pe
j(3t 141 +8) dr+j 18- |dr

4

£ -7 +8t} [3—7t2+8t]

+

3 E 3410
[t ~ 77 +8t] {ISt—E}

5

=(
(23 j ‘( 16—2—3) (-10—-(-16))

[ M( O‘?)J

_68 500 162 o s o o5 245

27 27 27
1290 — 1475
=59.2

9 a v=(r-4)(3r-8)

v=3#-20r+32

a=% _61-20
d

b Distance travelled

zj(3t2—20t+32) dt +
0

u\m'-—.w

= [ﬁ —10£ + 32t]§ +

512640 256 |5, 896
27 9 3 27

[ -100 +32¢],

896 5
= b4 —

27 27
_on1

27

(3t —20z+32) dt
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10a

x=[vde = [ (36 =200 +32) dt

x=1 -10 +32t+c

Att=0,x=0,s0¢=0

x =1 —10¢* +32¢

x:t(t2—10t+32)

If £ —10¢+32 =0 has a solution, then 'b*> —4ac' >0.
However,

b*—4ac=100-4x1x32=-28<0

So #* —10¢ + 32 = O'has no solutions.
Therefore P never returns to O.

a=3t-4
2

v=j(3t—4) dt=3%—4t+c

When t=0, v=2,s0oc=2 %ln(g):—k)(

2
y=3L 4142
2

2

Solving 3%—4”2 )

3t —-8t+4=0
(3t—2)(r-2)=0

2
t=—ort=2
3

Distance travelled

3,2
=j(3i—4t+2J dr +

o\ 2

I 3
= ——2t2+2t} +

2

0

2 2 4 2
ji—4t+2 dif+ [ ELpYe Y P
i\ 2 2\ 2

{2—2# +2tI +{§—2t2 +2tI
2Y : ; 2) :
L) oyt
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lvz—.|.6)cfzdx— + A4
o) _
lvz :A_E
2 X
Atx=3,v=4
%xl6:A—2:>A:10
lvz=10—E
X
v =20—2
X

At x=0,v=_8
32=-"0-0+4= A4=32

lv2 =32—3x—1x2

2 8

When v=0

0:32—3)6—1)62
8

x*+24x-256=0
(x+32)(x-8)=0
As x>0

x=8
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13 azl—szl—s)f2
x4

2
d(l zj 15
—| =V |=—x
dx\ 2 4
? J.l—sx’zdxz—l—sx’IJrA
4 4
2 A_l_s
2 4x
At x=5v=-6
18:161—1—5:>A:18§:E
20 4 4

1, 75 15 15 1
V=TT 5 =
2 4 4x 4 X
When v=0

1
2
1

\%
\%

1, _ x?
>V —I(3—x)dx—3x—7+A

v' =B+6x—x", where B=24
At x=0,v=4
16=B+0-0=B=16

Vv =16+6x—x*

b vV =16+6x—x>=25-9+6x—x
=25—-(x-3)°
As (x—-3)> >0,V <25

The greatest value of v is 5.
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205 2 3
15a a=i lv2 _X0G-x) 5 x
dr\ 2 2 2 2
2 3 3 4
lvzzj XX g2 XXy
2 2 2 6 8
3 4
v2=5i—x—+B, where B=2A4
3 4
At x=10,v=0
03000 10000 . . _ 2500
3 4 3
, 5% x* 2500
Vo= -——+
3 4 3

b When =0, x=0

e =2500:>v=(4_r)ﬂ=(i)50*6
NG 3
The speed of P when =0 is 503\/5 ms~.

163 a:i(lsz: 20
dx\ 2 Sx+2

V2 =j 20 dx=4In(5x+2)+ A4
Sx+2

v’ =8In(5x+2)+ B, where B=24
At x=0,v=3
9=8In2+B=B=9-8In2

1
2

W =81n(5x+2)—81n2+9=81n(5x2+2J+9

At x=12
v =8In31+9=36.471...
v=,/36.471... =6.039...

The speed of Pat x = 121is 6.04 ms™! (3 s.f).

b When v=5

25:8ln(5x2+2j+9

ln(5x+2j: 25-9 _,

2 8
5x+2
=e
2

2er -2

=2.56 (3sf.)

X =

© Pearson Education Ltd 2019. Copying permitted for purchasing institution only. This material is not copyright free.



INTERNATIONAL A LEVEL

Mechanics 3 Solution Bank
17a a:i(lsz:4+lx
2 2

v :8x+x7+B, where B=24

At x=0,v=3
9=0+0+B=B=9
2
V¥ =8x+—+9
2
At x=4
V' =32+849=49=v=7

The speed of Pat x =4 is 7ms .

b a:i[1v2j=—4—lx
dx\ 2 2

2
X

lv2 =C—-4x——
2 4

2

v? =D—8x—%, where D =2C

At x=4,v=7
49=D-32-8= D =89
2
V=89 —8x—
2

Whenv=0
X +16x=178 = x* +16x + 64 =242

(x+8)’ =242 = x=11y2-8, asx > 0
x=7.56 (3 sf.)
d

18a a=—(1v2j=4x+6
dx\ 2

%vz =2x" +6x+ 4
v’ =4x* +12x+ B, where B=24
At x=0,v=3
9=0+0+B=58=9
Vi =4x" +12x+9=(2x +3)’
As v is increasing as x increases

v=2x+3
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18b v:%:2x+3
dt

Separating the variable and integrating

1
~[2x+3dx:'[ldt

%ln(2x+3)=t+C
In(2x+3)=2t+2C

2x+3=¢""¢ = De*, where D = e*¢
When t =0, x=0
3=De’ = D=3
2x+3=3e"

3
=—(e" -1
x 2( )

Challenge

32500
2

Initial velocity = 32500kmh™" = kms™' =9.0278kms™!

dv c
a=y—= ——2

dx X
Separating the variables and integrating
J.vdv = —J.cx’2 dx

lv2 =cx'+4
2

When x = 6370, v=9.028

l><81.5008= x10°+ 4
2 6370
A=40.7504 — 62.7943 = —22.0439
Whenv=0
cx ' =-A4
c 4

x10° =1.81456 x10* =18145.6

T4 220439
So distance above the Earth’s surface = 18145.6 —6370=11776km (5 s.f.)
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