INTERNATIONAL A LEVEL

Mechanics 2 Solution Bank @ Pearson
Review Exercise 1
1 a
D E
c B
A F
Let A be the origin and let AF lie on the positive x-axis.
X 1 0
16| _|=8 +8
¥y 2 5
X 1 8
y) 16156
B 0.5
135
So the centre of mass lies 0.5 cm from 4B and 3.5 cm from AF
b

tanl9:E
3.5

0=8.1301...
~8.13° (3 s.f)
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2
B [
A D

Let A be the origin and let AD lie on the positive x-axis.

The centre of mass of the lamina is at the point (2, 3)

Then the y-coordinate of the centre of mass of successive laminas would be;
3,9,15, ...

Let n be the number of laminas that can be placed on top of each other.
Whenn=1

tan10=0.176... <§

Therefore the lamina will not topple.

number of laminas that can be placed on top of each other.
Whenn=2
2

tan10=10.176... <§

Therefore the lamina will not topple.
Whenn =3

tan10=0.176... >£
15

Therefore the lamina will topple.

a

'y

.y =

2.8

Z 3

I Y o

L= .=

wm SA g4

1.5m

\ A
Ground

From A to the greatest height, taking upwards as positive:
v=0, a=-9.8, s=256, u="?

v =u’ +2as

0% =u’ +2x(-9.8)x25.6

u’ =2x9.8x25.6=501.76
u=+/501.76 = 22.4, as required.
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3 b u=224, s=-15, a=-98, t=T

S :ut+%at2
~1.5=22.4T +1(=9.8)T"
49T*-224T-15=0

- 224+ )(-22.4) —4x4.9%-15

2x4.9
=4.637...=4.64 (3 s.f)

FN

i’a ms™
0.6g N

Find the speed of the ball as it reaches the ground:
u=224, s=-1.5, a=-9.8, v="?

Vi =u’ +2as =22.4° +2x(-9.8)x(-1.5)=531.16

Find the deceleration as the ball sinks into the ground:
u’ =531.16, v=0, s=0.025, a=2?

Vi =u’+2as = 0° =531.16+2xax0.025
a=-33:0=-10623.2

F =ma

0.6g—F =0.6x(—10623.2)
F=0.6g+0.6x10623.2=6380 (3 s.f)

v(ms™),

the \
0 Z.NG t(s)
227 :

e Consider air resistance during motion under gravity.
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4 a

uy:O, ay=9.8ms_2,sy=0.8m

. 1 .
Using s = ut +5at2 gives:

0.8:(0)t+%(9.8)t2

49t* =0.8
22
=g
7
t=10.404 s (3 s.f)
u,=2ms"', a, =0, tz# s

Using s = ut+%at2 gives:
2
goo 2], L) 22
7 2 7
2
=—"m
7
t=0.808 m (3 s.f.)

Let the horizontal distance travelled be x.
By Pythagoras’ theorem:

x =40 -20°
=203 m
sy:20m, ay=9.8ms_2,uy:O,

Using s :ut+%at2 gives:
20:(0)1%(9.8);2

20:(0)t+%(9.8)t2

1072
t=—"s
7

,_10V2
7

,a,=0,s. =203

1062) 1, (1042
SN

u, = 746 ms™
u,=17.1ms"' (3 s.f)

The ball as a projectile has negligible size and is subject to negligible air resistance.

Free fall acceleration remains constant during flight of ball.
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6 a

u, =150sin10 m s, a,=-9.8ms 2 v, =0

Using v=u+at gives:
0=150sin10—-9.8¢
t=2.657...

=2.66s(3s.f)

u,=150cos10 ms™', ax=0,1=2.657... s

. 1 .
Using s = ut +Eat2 gives:

s =(150c0s10)(2.657...) +%(O)(2.657...)2
=392.625...
=393 m (3 5.f)

u,=3u,a,=-9.8ms > 5=-12m,1=3s

. 1 .
Using s = ut +Eat2 gives:

—12=3u(3)+%(—9.8)(3)2

-12 :3u(3)+%(—9.8)(3)2
9u =32.1
107
u=07
30
u=3.57ms" (3s.f)
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. 1 .
Using s = ut +Eat2 gives:

s[5 006)
a8

5
k=85.6m
107

U, == m,a,=-9.8ms 2, s,=-30m

Using v’ =u’ +2as gives:

s _(107Y e
v, _(mj”( 9.8)(—30)

vy2 =702.49
v, =126.5045....
v, =-26.5045....
In the x-direction, vy = 41—258 8
28.5333...
2 >
26.5045...
A 4
o
26.5045..
tand =——
28.5333...
0 =42.8889...
=42.9° (3 s.f)

8 a u =usina,a,=-g,5=0
. 1 .
Using s=ut+5at2 gives:

. 1
0=usm0¢t—5gt2

t_2usina

g

as required.
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_ 2usina
g

8 b u =ucosa,a =0,s=R,

. 1 .
Using s = ut +Eat2 gives:

2u sina]

g

B u’ cosasina
g

B 2u’ sin2«a

g

R:ucosa(

as required

u’ sin 2«

8
d_R 3 2u’ cos2a
da g

¢ R=

The maximum range occurs when ™ =0
a

2u’ cos2a
g
2 =90°
a =45" as required
2 2
d R:2L and R:—u sin 2a
5¢ g
2u’ _ u’sin2a
5g g

0

sin2a = E
5

200 =23.5781...or 2a =180-23.781...=156.4218...

So a=11.8°0or a=78.2°(3s.f)
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9 a=5-2¢
v=jadz=j(5—2t)dr

=5t-t*+C

Whent=0, v=6
6=0-0+C=C=6

Hence

v=6+5t—1t

When P is at rest

0=6+5t—-t

1’ =5t—6=(t—-6)t+1)=0
r=6,—1

t>0

S t=6

Pisatrestatr=6s
10 v =6¢-2¢

a Maximum value of velocity occurs when a = 0
d
a="=6-4
dt

Maximum velocity occurs at ¢ =

2

v=9- 2.2
2 2
The maximum velocity is 4.5 ms™".

S

N | W
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10b When P returnsto O, s =0

11

s=jvdt=j6t—2t2dt
s:3t2—£t3+c
3

Att=0,5s=0s0c=0

0:12(3—gzj
3

t=0or zt:3
3

P returns to O after 4.5 s.
v=3t" -8t +5

When the particle is at rest, v=10
0=3t"-8¢+5

0:3(z2 —§t+§j
3 3
{35
3 3

(or by using quadratic equation formula)

Pisatrestat1sand g S.

a=ﬂ=i(3t2—8t+5)
dr dt

a=6t—8

1=4

a=(6x4)-8

After 4 s, the acceleration of P is 16 ms 2.

Distance travelled in third second =,

3 3
s, = [vde=[36 -8+5de
2 2

sy =1 -4+ St}z

S, = [27—36+15]—[8—16+10]

5, =6-2

The distance travelled in the third second is 4 m.
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12a v=6/-2:2,t>0
0= 6 3ms>
de
3
b v=6t—2t
3
S=J.(6t—212]dt
5
=3t2—it5+c
5

When 7= 0, s = 0, therefore:
5

0=3(0)’ —%(o)z +c

c=0

5
s =3t —itzm
5

13a r:(lf +2t]i+(lt2 —ljj
3 2

dl‘ 2 . . -1
yv=—=\¢t"+2)i+tjms
b When¢t=35s

& ((5) +2)i+(5)]

dt
=(27i+5j)
dr

AN

=27.459
=27.5ms"' (3s.f)
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dr 5 . .

13¢ Ez(t +2)1+t]
a:gzzti+j
When¢t=2s
d’r . .
?—414-]

4

14 a

b

d’r
=4 +17

=+/17 ms™

dr?

tant9:l
4

6 =14.036...

=14.0° (3 s.f)
14.0° below the horizontal

r=(47+1)i+(2 -3)j
v:£:8ti+4tj
dt
Whent=3s
&L _5(3)i+4(9);
=24i+12jms”

2

r . . - ..
a=—-= (81 +4 ]) m s~ therefore the acceleration is constant.

dr*
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15 v=—24+3!j

1
v =—26i+312]

1
s=.|.[—2ti+3t2det
3
=—t’i+2t2j+c
When ¢ =0, s = 2j

2j:—(0)2i+2(0)%j+c

c=2j
3
s:—t2i+(2t2+2]j
Whent=4s
3
s:—(4)2i+(2(4)2 +2jj
= —16i +18j
18 &
16
Is| = \/(~16)" +18
=2J/145 m

16a v=[ade=[(26 -3¢ )i-4(2+1)j dr

Vz(tz—%t4ji—4(t2+t)j+c
t=0=v=_3i+j) ms”'
3i+j=0i—-4(0)j+c

c=3i+]

= v:(ﬂ 3 +3ji—(4t2 +4t-1)j
4
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16 b If P is moving in the direction of i, the coefficient of j in the velocity vector is 0.
0=41>+4r-1
[ TAE16-(4x4x(-1)
8
,_1E\2
2

The negative solution can be ignored as it is outside the range over which the equation applies.

V2-1

2

P is moving in the direction of i after [ j $(0.207 s to 3 s.f).

17a v=|ad: = [(-4d-2j)ds

v==201-2tj+c
=0 =>v=8ims
8i=0i—0j+c
c=38i

=v=2(4-1)i-2j

1

b When the windsurfer is moving due south, the coefficient of i in the velocity vector is 0.

0=2(4—t2)
t*=4
t=+2

The negative solution can be ignored as it is before the time the windsurfer starts to move.
When 1 =2, v=-2x2j=-4j
The windsurfer is moving due south after 2 s.

wa sm()-snf s )i
s e
2(8+2)=12+42

16+21=12+44

24=4
A =2 asrequired.

b 10k=-15+4
k=11
10
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19 (2+x+y)M(2J:2M[2J+xM£1j+yM[3J
4 5 3 1
4+2x+2y 4+x+3y
[8+4x+4yj:(10+3x+yJ
442x+2y=4+x+3y=>x-y=0=>x=y (1)
8+4x+4y=104+3x+y=>x+3y=2 2)
Substituting (1) into (2) gives:

x+3x=2
1

X=—

2
Therefore:

1
2
J=0.1(2J+0.2(2]+0.3(4J
-1 5 2
¥) 1 (02+04+12
[yj_ﬁ(—oul.m%j
1 (18
_R[l.sj
3
{2.5]

Therefore the centre of mass lies at:
(3i+2.5j)m

3 6 0 2
21a (3+k)M|  |=2M| |+M| |+kM
c 0 4 -2
9+3k | (12+2k
3c+ck) \ 4—2k
9+3k=12+2k
k=3 asrequired

20 0.6(

<l =l

b 3¢c+3c=-2

1
c=—=

3
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22a

&

k

A 20cm

s

«— Hom—»
D C
Let D be the origin and let DC lie on the positive x-axis.

(200 9@@} = 200(150) - 97{9

x) 1 2000-54rx
¥) 200-97\1000—457

_(10.658...
- 5

Therefore the centre of mass lies 10.7 cm from AD.

¥

tan @

T 10.658...
0=25.132..

= 25° (to the nearest degree)
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A Ra B
||
6 (_:" Xea—dg C
[ ]
E D

Let E be the origin and ED be the positive x-axis.

_ 28a

2o X 2 4a 2
60a”| _|=48a 3 +12a 3
Y a 3a

x) 1 304a
y) 60(180a
76

a
=|15
3a

Therefore G lies %a from AE

GX=28a— 7—6(1
15

44 .
=—a as required.
15

b Taking moments about the point of suspension gives:

Mx%a:/lMx%z

P
15
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24
B 2] C
21
y D

Let A be the origin and let AD lie on the positive x-axis.

X / 0 0 21 21
20M| _ [=10M| |+M +2M +3M +4M
y / 0 21/ 2/ 0
X 1 24]
y) 20{201
m Ly
_1=15
Y I
a The distance of the centre of mass from 4B is él

b The distance of the centre of mass from BC is /.

tan @ =

i
4
5
3
4

60 =51.340...
=51° (to the nearest degree)
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25a
3a

> i
F 1

2a
w
D
8
x a Ea
Saz(_J:6a2 -a’ >
Y a —a
3
1,
y) 5|16,
3
19
—a
_|15
16
—a
15

The centre of mass lies %a from AD.

b Since 4B is horizontal
Taking moments about the point of suspension gives:

2 15
7 3
R =—m
30 2
7
m=—
45
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26a

Let the point B be the origin and let AB lie on the positive y-axis

o s oue
-5l
H

Therefore the centre of mass lies 6 cm from B.

tan @ = E
24
0=226109...

=22.6°(to 1 d.p.)
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27 a
4 B‘
10cm
L
D 10cm (:.'r

Let 4 be the origin and let AB lie on the positive x-axis.

_ 5
5

100-2 72| * =100 > =22 o

2 y -5 2 _z

RY/4

o

Therefore the centre of mass lies 6.86 cm below 4B.

3.1390...

tan@ =

0 =32.1209...
=32.1° (to 1 d.p.)
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28a
shnd‘i 9 Bm
2a
2m
D Sa C

Let D be the origin and let DC lie on the x-axis.

X 2.5a 0 Sa Sa
10m| _|=3m +4m +m +2m

y a 2a 2a 0
X)) 1(225a
) 10 13a

_(2.25a

| 1.34

Therefore the centre of mass lies 2.25a from 4D as required.

b The centre of mass lies 0.7a from AB.

0.25a
6 =70.346...=70° (to the nearest degree)

d Taking moments about O gives:
Px2a=10mgx(2.5a—X)
P 10mg x(2.5a—2.25a)
- 2a

5 :
= ng as required

2
e Magnitude of force = \/(IOmg)z +(% mgj

5J65
- N

N
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29a
" B C{6m)
‘i-i - » - D (2m)

Let 4 be the origin and let AD be the positive x-axis.

T

i Therefore the centre of mass lies %a from A4B.

ii Therefore the centre of mass lies éa from AD.

2
ga
tan @ = 5
~a
2
0=14931...
=14.9° (3 s.f)
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30a
C
21
i
B ] A

Let 4 be the origin and let AB be the positive x-axis.

_ 1 0 ll
X —1 2
6m(_j=2m 2 |+m 11 +3m 1
y J—
0 —1
2 2
(fj 12
517% 2
Y 21
2
_| 12
Ly
3

i Therefore the centre of mass lies %l from BC.

ii Therefore the centre of mass lies %l from BA.

-1

C

A

el
tang =12

1

—1

3
0 =51.340...

=50° (to the nearest degree)
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31a
R C
& J /
4cm Scm
v [
A« 4cm >D

Let 4 be the origin and let AB be the positive x-axis.

X 0 35 55 2
0.225M| " |=0.04M| _ |+0.07M +0.075M +0.04M
y 2 4 2 0
x) 1 (0.7375
) 0225 0.51

Therefore the centre of mass lies 2 from AB.

b Taking moments about the point of suspension gives:
(3.5-X)xM =3.5xkM

(35-2)
k=~ —7

T 35
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Challenge
1 a

T & AT

4 80 cm B

40 cm
£ 80 cm
D 40 cm

Let 4 be the origin and let AB be the positive x-axis.

80
X 40 3
5600 _ |= 6400 ~800
ool
3
704000
D .
(;)‘m 608000
3
830
21
| 760
21

Therefore the centre of mass lies % from AE.

b Res(T) I, +T, =W (1)
Taking moments about the centre of mass gives:
880 1 =[50-389 .,
21 21
880, 800,
21 21
10
=7t 2
Substituting (2) into (1) gives:
10
HTZ +T, =W

ﬂTzzW
11

r=LyNand 7= N
21 21
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1 ¢ Res(N) T+T, =W +kW 3)

Taking moments about the centre of mass gives:
880 7 =[80-38% k7 +[ 8030w
21 21 21

880T _ 800T +8OO

21" 21 7% 21
10
Tl=ﬁ(7}+kW) “4)

kw

Substituting (4) into (3) gives:
%(T2 +kW)+T, =W +kW

&Tz +EkW+T2 =W +kW
11 11
2TZ:W+%I¢W

11
T2=£W+LkW
21 21

1
T,=—W(11+k

If 77 exceeds 8 W N it will snap, therefore:

LW(11+k)<8W
21

11+k <168
k<157

If T, = % W (11+ k) then substituting into (4) gives:

Tl=E (LW(II-FIC)]-FICW
11\\ 21

=m (£W+iij+kW
11\\ 21 21

101y 2y,
1121 21

= 10 W+ 20 kw
21 21
If 71 exceeds 10 N it will snap, therefore:

£W+%kW<IOW

21

10+20k <210

k<10

Largest value of k is 10
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2 v=3sinkt+coskt,t=>0
s :I(3sinkt+coskt) dt

s = —icoskt+lsinkt+c (1)
k k

Q:3kcoskt—ksinkt

dt
Att=0, 2=1.5

dr
3kcosk(0)—ksink(0)=1.5
3k=1.5
k=0.5

Substituting £ = 0.5 into (1) gives:
5= 3 cos(O.S)t+;sin(O.5)t+c

(0.5) (0.5)
s =—6¢0s(0.5¢)+2sin (0.5¢) +c¢
Whent=0,s=0
(0)=—6cos(0)+2sin(0)+c
c=6
Therefore:
s =—6¢0s(0.5¢)+2sin(0.5¢)+ 6
ds _
dr

3sin(0.5¢)+cos(0.5¢)

) ds
At maximum value — =0
t

3sin(0.5¢)+cos(0.5¢) =0
3sin(0.5¢) =—cos(0.5¢) =0
sin(0.5¢) 1

cos(0.5¢) 3

tan (0.5¢) = —%

0.5t =161.565...
t=323.130...

=323s(3s.f)
When t = 323.130...
s =—6c0s(0.5(323.130...))+2sin(0.5(323.130...) ) + 6

=12.324...
=123 m (3 s.f)
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3 Res(—) dcos@ =utsinf
. dcosf
 usin@
d
‘= utan @ D

Res(1) —d sin @ = ut cos 6 —%gt2 (2)

Substituting (1) into (2) gives:

2
—dsinﬁzu( d cos@—lg( d ]
utan@ 2 \utand

dsing = dcosf gd’
tand 2u’tan’ @
2
deost | gsing-—59__
tan @ 2u” tan” @
2
d C056)+sin6’j——2gd — =
tan @ 2u” tan” @
p cos’@+sin’ 0| gd®
sin @ 2u’ tan” @
d 1 ]_ gd’ _
sin€ ) 2u’tan’ @
gd’
d_2u2t1an29 -0
sin @
gd*sin@
5,0
2u” tan” @
2 2
d_gd sznét:zos 9:0
2u”sin” @
2 2
a,_gd 2c(.)s 9:0
2u”sin @
2
J 1_ga’zco's 0 0
2u”sin @
2
d=0or 1—&:0
2u”sinf
gd00529_1
2u’ sin @
d_2uzsin¢9
gcos’ O
2
d :2u tan @secd as required.

g
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