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Chapter review 4
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b Vertical forces can be ignored as they are in equilibrium and at right angles to the direction of
interest.
F =ma
m = 200, Resultant force, = 1000 — 200 — 400 = 400
400 = 200a
The acceleration of the motorcycle is 2 m s 2.
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—l— floor of fit

For the man
R(T)., R-86g=86x2
R =86x9.8+86x2
=1014.8 =1000

The reaction on the man on the floor is of equal magnitude to the action of the floor on the man and
in the opposite direction.

The force that the man exerts on the floor of the lift is of magnitude 1000 N (2 s.f.) and acts vertically
downwards.
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3 a u=18 v=12, t=24, a="

v=u-+at

12=18+2.4a

a=1248=—25

2.4

F =ma
—F =800x-2.5=-2000

F=2000 N

b u=18, v=12, t=24, s=?
u+v
s = t
( 2 j

=(18+12jX24
2

=15x2.4=36

The distance moved by the car is 36 m

positive direction
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a u=2,v=4, s=48, a="?

2 2
v =u"+2as

RN

ams™
—>>

4* =22 +9.6a
a=107%_ s
9.6

The magnitude of the acceleration of the block is 1.25ms™

b R(T) F=ma=08x125=1
R(>), 7-F=6

The magnitude of the frictional force between the block and the floor is 6 N.

positive direction
—

2ms
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R > F,
«— 1200kg F,

1
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5 Let R = the resistive force

Let F1 = the driving force
Let /> = the resultant force

F2=ma=1200x2 =2400
Fi=3R=> R:%Fl

The driving force is the resultant force plus the resistive force:

F1:R+F2:%F1+2400
%F1=24OO
F1=3600

The magnitude of the driving force is 3600 N, as required.

Fi=@Gi+2j),F=#4i—j),m=0.25
F=F1+F,=ma
Bit+2j)+@i—j)=0.25a
(7i+j)=0.25a
N CES),

0.25
The acceleration is (28i + 4j) m s 2.

Solution Bank

(2 =) e ) e o)

F=F+F+Fs=ma

LAV HEN

Considering i components: 2+3 +a =6

a=6—>5

Considering j components: —1 =1 —2b =4
—2b=4+2
The values of @ and b are 1 and —3, respectively.

gl

2i

a |R=v2"+4"=20=2J5
Using F' = ma

235 =24

The acceleration of the sled is v/5 m s 2.

b u=0,t=3,a=+/5,5s=2

s =ut+%at2

95

5= (0x3)+(4x 5><32):T
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8 b The sled travels a distance of Tm

9 a Since object is in equilibrium, F; + Fo+ F3 =0

(3ai +4bj) + (5hi + 2aj) + (—151 — 18j) =0
Collecting i terms: 3a + 5b =15 (1)
Collecting j terms: 2a +4b =18 2)
Subtracting (2) from (1) gives a + b =—3
Therefore b=-3 —a

Substituting this into (1):
3a+5(-3-a)=15
3a—15-5a=15

—2a =30

a=-15

Substituting this into (1):
3(-15)+5bp=15
5b=15+45=60
b=12

The values of a and b are —15 and 12, respectively.

b i F;+F,+Fz;=0,so when Fs is removed, the resultant force F =— F3
ie. FF=(15i+ 18j)

m=2

F=ma

(15i + 18j) =2a
a=(7.5i+9j)

la| =~/7.5” +9” =4/137.25
Using Z angles (see diagram), bearing = 6
7.5
tanfd =—
9
The magnitude of the acceleration is 11.7 m s 2 and it has a bearing of 039.8° (both to 3 s.f.).
ii u=0,t=3,a=11.7,s=7

1,
S =ut+—at

105.3
=(0x3)+(L1x11.7x3*)=—=
s=( ) (2 ) 2

The object travels a distance of 52.7 m (to 3 s.f.).
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Y
T T 2380N
(700 ke }>——<—{ 1400 ke}—>
280N, 630N,

11

F=ma

For the whole system:

F=2380-630—-280=1470

m = 1400 + 700 = 2100

1470 =2100a

Since the tow-rope is inextensible, the acceleration of each part of the system is identical.
The acceleration of the caris 0.7 m s 2,

For the trailer:
F=T-280,m=700,a=0.7
T-280=700 x 0.7 =490

The tension in the tow-rope is 770 N.

For the car, after the rope breaks:
resultant force = 2380 — 630 = 1750
m = 1400

therefore @ = 1750 + 1400 = 1.25
u=12

s=ut+tat’
s=(12x4)+(4x1.25x47) = 48+10

In the first 4 s after the tow-rope breaks, the car travels 58 m.

Since the tow-rope is inextensible, the tension is constant throughout the length, and the
acceleration of each part of the system is identical.

a=1.75ms
—>

8000N

2500 kg “e{1100ke

RN 500N

<

F=ma

For the whole system:
F=8000-500—-R=7500—-R
m =2500+ 1100 = 3600

a=1.75
7500 — R =3600 x 1.75 = 6300
R =7500-6300

The resistance to the motion of the train is 1200 N, as required.
Considering the carriage only:

C-500=1100 % 1.75=1925
The compression force in the shunt is 2425 N.
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“-—
2000 N
2500kg ' 1 1100kg
1200N< 500N<

Taking «— as positive
Deceleration = a
Force on carriage = resistance to motion + thrust in shunt
Using F' = ma
500+ C=1100a
_500+C

1100
For engine:
2000 + 1200 — C = 2500a.
Substituting for a:

3200—C:2500x(500+CJ
1100
110(3200—C) = 2500 (500 + C)

35200-11C =12500+25C
35200-12500=11C +25C
C- 22700

36

The thrust in the shunt is 630 N (2 s.f.).

12a

e o o

For P: RN), 2mg—T =2ma
ForO: R(T), T-mg=ma
Add, mg =3ma

_1 -1
a—ggms
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12b For P:
v =u’+2as

V' =0+2x1gx2

.- [z
3

=3.6ms” (2s.f)
¢ For Q:
R(T), -mg=ma
a=-g
v =u’+2as (T),

4g

0=—=-2gs

3 g
s=2m

.. Height above the ground =23m

d i In an extensible string = acceleration of both masses is equal.

ii Smooth pulley = same tension in string either side of the pulley.

13a

TNl TN Tﬂmsj
ams;-'-'l 39{41 lmgN

For the 3 kg mass
R(J«), F=ma
3g-T=3x2g
T=3g-3g=4g

The tension in the string is I+ g N
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13b For the mkg mass
R(T), F =ma
T-mg=mx3g

Using the answer to a
Fg-mg=3mg
2

1

_ 10 —
7—7m:>m—1.2

14
RN ams™
I
A T‘N P
FN‘ » o
l T
0.5¢N TN
B * ams?
0.8gN
a For B:
u=0, s=04, t=0.5 a="?
s = ut+%at2
04=0+1ax05 =la
a=8x04=32
The acceleration of B is 3.2ms™
b For B:

force = ma
0.8¢-T=0.8x3.2

T=08x9.8—-0.8x3.2
=5.28

The tension in the string is 5.28 N (2 s.f.). (As the numerical value g = 9.8 has been used, you
should correct your answer to 2 significant figures.)

¢ F=37@2sf)

d The information that the string is inextensible has been used in part ¢ when the acceleration of 4
has been taken to be equal to the acceleration of B.
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15

0.5¢N  0.4gN
ai ForP,R(]): 0.5¢g—T=0.5a @))]
ii. ForQ,R(1): T—0.4g=0.4a (2)

b (1)x4: 2¢g—4T=2a
(2) x5: 5T-2g=2a

Equating these:
2g—4T =5T-2g
9T =4g

The tension in the string is g N (4.35 N).

¢ Using equation (1):
18-58=34
g-58=a
The acceleration is 1 g ms2(1.09 m s (3 s.f.)).

d When the string breaks, O has moved up a distance 51 and reached a speed vi
Now Q moves under gravity (after the string breaks) initially upwards.
To reach the floor it has to travel a distance s =2 + s
While the string is intact, up positive:
u=Qt=QLa=§3&=?

1,
St=ut+—at
2

=(0x02)+(lx§%02{j
279
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15d So, when the string breaks, Q is 2 +% above the ground, a moving upwards with a speed of
£
45

After string breaks, O moves under gravity. So taking down as positive, for the motion after the
string breaks, we have

Uu=vi= —é,a=g,s= 2+i,t=?
45
s=ut+Lat’
N P
450 45 2
Mz_ét_f_lgtz
450 45 2
O:lgtz _ét_w

2 45 450

Letg=9.8 = 4.9/ -0.2178¢—2.02178 =0
[ ~b+/b* —4ac
2a
. —0.2178i\/(—0.2178)2 —(4x4.9%x-2.02178)
2x4.9

~ —0.218%++/39.674

9.8
=0.66sor—-0.621s

Only the positive root is relevant: = 0.66 (2 s.f.)

O hits the floor 0.66 s after the string breaks.
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Challenge

Total force on first boat: Ry = (—7i + 2j) + 3i = —4i + 2j

Total force on second boat: Ry = (ki +j) +3i=(k+3)i+j

Since mass is a vector quantity, the acceleration of each boat will be parallel to the resultant force acting
on it, so the relationship between the components of the accelerations is as shown in the diagram below.

From Ri: tanﬁzzzl
4 2
From R»: tant9=$=k+3
Equating these: % =k+3
2k+6=
2k =-5

The value of k1s —2.5.
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