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n Two particles A and B, of mass 3 kg and 5 kg respectively, are attached to the ends of a light
inextensible string. The string passes over a small smooth pulley which is fixed to a ceiling. The

particles hang with the string taut and the hanging parts of the string vertical, as shown in the
diagram. The system is released from rest.

a. Find the acceleration of A.

b. Find the tension in the string.

c. Find the magnitude of the force exerted on the pulley by the string.

T

3 kg 5 kg

\_/
A 4
A B
Y Y

39 59

(6 marks)
a) 6 s heaveer: 6 moves down, A moves vp

Trextensible string: same acceleration a. Light string: same tension T
F=ma gor A (v posatwe.)

T- 33 = Jda
F = ma gor & (down posctive)

55 -T Sa

Add the tuwo equations to remove T
29 = 8a
o = 2%98
%
o = 2.4S

LUY4S ms*

b) Substitute cato the eiuo.'(:a.w\ For A
T = 33 + 3o
T = 3(9.9 + 2.45)
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T = 3¢.7S

3¢ N

¢) Two verkcal strands both pull the pulley down

acorc.e. = 27T
l.orce. = 2 X ¥.7S = T3S

73.s N
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u A car of mass 1000 kg tows a trailer of mass 400 kg along a straight horizontal road using a light
horizontal tow bar. The engine of the car produces a driving force of 2500 N. The resistances to
motion are constant forces of 300 N on the car and 200 N on the trailer, as shown in the diagram.

a. Find the acceleration of the car and trailer.
b. Find the tension in the tow bar.

c. State how you have used the modelling assumption that the tow bar is light.

300N

200 N “—
2500 N
400 kg 1000 kg —»

(6 marks)

o) Whole sys{:zm: the tension is tnternal and cancels
2500 - 300 - 200 140O0a
2000 140O0a

<400 o w42.5S... <400

43 m s

b) Trailer alone: T Forwerds, 200 N bockwards
T =200 = 400a

T-200 = 4o0x 2
-

T =200 = STL.w2...
T = TT7.42..

Checle wikh the car: 2500 - 300 - 77\.4 = 142%.4 = I000a
N
e) Liskt tow bar

Tts mass is aanorz&, so the tension

¢s the same ot both ends
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n Two boxes A and B, of mass 6 kg and 4 kg respectively, rest side by side in contact on a smooth
horizontal floor. A horizontal force of magnitude 30 N is applied to 4, pushing it into B, as shown in
the diagram. The boxes move together.

a. Find the acceleration of the boxes.

b. Find the magnitude of the force exerted on B by A.

6 kg

4 kg
30N

(4 marks)
o) Both boxes together, £okal mass 10 kg
30 \Oa
0 o 3 10
Imse?

b) B alone: the on(.:) horczontal foree on B R From A

R = ya
R = yx3
R = 12

Check with Ai30-12=\2=¢x3

12 N
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n A particle A of mass 2 kg rests on a smooth horizontal table. It is attached to one end of a light
inextensible string. The string passes over a small smooth pulley fixed at the edge of the table, and
its other end is attached to a particle B of mass 1.5 kg which hangs freely. 4 is 1.5 m from the pulley

and B is 0.9 m above the floor, as shown in the diagram.
The system is released from rest with the string taut.
a. Find the acceleration of 4 and the tension in the string.
b. Find the speed of B as it hits the floor.

B does not rebound.

c. Find the time from the moment B hits the floor until A reaches the pulley.

1.5 m

2kg| A

B 1.5kg

09m

o) F = ma gor A (horizontal, smooth table)
T = 2a
= ma por & (down posctive)
I.5'3 -T = LSa
Add to remove T

I.S'S i 3.5a
I+.7 $ 3.5a
35 o 4 4.2 :3§

a=42ms2, T=84N

b)%:u=0,a.='+.2.,s=0.1,us¢.v"=uz+lo.s
vt = o?+2(4.2)(0.9)
7.5¢

V?.

v 2.7+9...

(9 marks)

robinsontuition.com/a-level-maths-topics | free AS and A-level maths worksheets with hand-written solutions | Robinson Tuition Page 6 of 17



2.7S ms”

) Stru\s goes slack, no }rackaon: A moves ot constant speed
A has a(.rc.ad.y moved 0.9 m, so the distance (.Q—oc.‘k s

\.§-0.19 = 0.6

time = destance

speed
time = O_‘
2.741...
time = 0.2\82...
O.21% s
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n A particle P of mass 4 kg lies on a rough horizontal table. P is attached to one end of a light
inextensible string which passes over a small smooth pulley fixed at the edge of the table. The other
end of the string is attached to a particle Q of mass 3 kg which hangs freely below the pulley. The
part of the string between P and the pulley is horizontal.

The system is released from rest with the string taut. As P moves, the table exerts a constant
resistance of magnitude 12 N on P, as shown in the diagram.

a. Find the acceleration of P.
b. Find the tension in the string.

c. Find the magnitude and direction of the resultant force exerted on the pulley by the string.

4 kg
12N

T2

Q| 3kg

(8 marks)
o.) F = ma For ? (towards the puu.e.:} pos&.t&\/t)

T =12 = Yo
F = ma por G (down positive)

39-T = 2
Add ko remove T

33 -2 i To

294 -12 F Ta

\ 7.4 £ Ta

7 o F 2.4357.. i
L4Ims™*

b) Substitute wnko the e.cl'ua.tum For 4
T = \2 44 %X 2.4%57...

T = 21.942...
2.9 N

c.) The pu(.Lc.J °C€¢L5 T horazmto.(.(.y ond T \/Q.rt&.co.LLj down
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ocorce. -
force. =

ocorce. =

(124 712)
T 2

21.9492... x { 2 = 3.03...

©
E«Lua.(. components, so the angle cs 4S

3o N ot ‘450 below the horizontal

n Two particles P and Q have masses 1.2 kg and m kg respectively. They are attached to the ends of a
light inextensible string which passes over a small smooth peg. The particles hang freely with the
string taut and the hanging parts of the string vertical.

The system is released from rest and Q moves downwards with acceleration 2.8 m s~2.

a. Find the tension in the string.

b. Show that m =

2.16

c. Find the magnitude of the force exerted on the peg by the string.

d. State where in your working you have used the fact that the peg is smooth.

o) P moves v

witha =28 F = ma +or 4 (u\o pos'\t:.ve.)

T - \.7.3 = L2x2.8

T = 1.2(9.2 + 2.2)

T

IsaN

IS.2

b) F = ma For A (down posik:.\lb)
g = T J= 2.8m

1L9m -

+1

IS02 F 2.%m

Tm % \S.\2

m T 2.0 T

m=2.\6 as ru"u'\re.d.

¢) Both strands pull the peq ve.r(:u.o.(.(.y down

oc,orce, = 27T

J.orce. = 2XIS.2 = 30.24

30.2 N
d.) Smooth ey

The same T is used tn the L"uataov\s For P and &

(7 marks)
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A car of mass 1200 kg is towing a trailer of mass 600 kg along a straight horizontal road. The car and
trailer are joined by a light rigid horizontal tow bar. The resistances to motion are constant forces of
400 N on the car and 200 N on the trailer.

The car and trailer are moving at 20 m s~ when the driver applies the brakes. The brakes produce a
constant braking force of F N on the car only. The car and trailer come to rest in a distance of 80 m.

a. Find the deceleration of the car and trailer.
b. Find the value of F.

¢. Find the magnitude of the force in the tow bar and state whether it is a tension or a thrust.

d. Explain why the trailer could not have been towed with a rope during the braking.
a)U=20,V=0,s = %0, use v = v + 205
O = 20"+ 24(80)
-400 = (0.
o = -21.5

2.5 ms?

b) Whele sdste.m, baclkwards pos&.t:.\/z
F + 400 + 200 \%00 % 0.5

F + ¢oo 4SOOo
-¢00 F 3900 -¢oo

F = 3900

¢) Tracler alone, backwards posctive. Let the tow bar push back with S
200 + 5 ¢OO % 2.5
200 + 5 \S©0O0

-200 S 1300 -200
S > 0, so the bar pushes: it is a thrust

Check wikh the car: 3900 + 40O = \300 = 3000 = 1200 X 2.5

1300 N, o thrust
d) ka not o rope

A rope con onlY pull (tenscon), ct cannot push,

so it would 9e slack and the trailer would run into the car
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n A particle A of mass 3 kg is attached to one end of a light inextensible string. The string passes over
a small smooth fixed pulley and its other end is attached to a scale pan of mass 1 kg. A block B of

mass 2.5 kg rests in the scale pan, as shown in the diagram. The hanging parts of the string are
vertical.

The system is released from rest.
a. Find the acceleration of A.
b. Find the tension in the string.

c. Find the magnitude of the force exerted on the scale pan by B.

3 kg A

/ B \ 25 kg

pan 1 kg

(8 marks)
o.) Pan+B =25 la >3 13, so the pan goes down and A qoes vp

F = ma por A (up positive)
T - 33 = 3o

F = ma gor the pan and & together (down positive)
3.5 9= T = 3.Sa

Add to remove T
0.5q = 6.5a

o = 0.5x9%
6.5

oo = 0O.753%...

O.71S4 m s>
b) Substitute tato the e."umtum Fo A
T = 3(1.% + 0.7538...)

T = 3\¢..
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7N

<) B atone: weight 2.5 down, reackion R grom the pan vp
2.5q - R = 2.5a

R = 2.5(1.% - 0.753%...)

R = 22.4l..

Newton's therd Law: 6 pushes on the pan with the same rorce
224 N

n A lift of mass 400 kg is raised and lowered by a vertical cable. A parcel of mass 8 kg rests on the
floor of the lift. At one moment the normal reaction of the floor on the parcel has magnitude 70 N.

a. Find the magnitude and direction of the acceleration of the lift at this moment.
b. Find the tension in the cable at this moment.

c. Ella says the lift must be moving downwards. Explain why she may be wrong. (7 marks)

a) Parcel: weiak‘t %3 =784 N 7 7O N, %0 a s downwoards

F = ma For the poreel (dowan pos;.twe.)
- 70 1 %a
184 - 70 F+ %o

%%+ + 8a

8 o F lL.os 8

1.LOS m s downwards

b) Lepk and parcel together, 408 kg (down poscteve)
4oRq - T = YO X 1.OS

T = 40%(9.82 - 1.0S)

T = 4o’ x b.75

T

3570

370N

c) Acceleration ¢s not £he dereckion oJ; motion
The La.l.t could be moving upwo.rds

and s(.ow:.na dowa
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m A car of mass 900 kg tows a boat trailer of mass 600 kg along a straight horizontal road using a light
inextensible horizontal tow rope. The resistances to motion are constant forces of 250 N on the car
and 350 N on the trailer. The car and trailer start from rest and accelerate at 0.8 m s=2.

a. Find the driving force produced by the engine of the car.
b. Find the tension in the tow rope.
After 10 seconds the tow rope breaks. The driving force and the resistances do not change.
c. Find the distance travelled by the trailer from the moment the rope breaks until it comes to rest.

d. Find the distance travelled by the car in the same time. (9 marks)

o.) Whote sds‘te.m: tenscon s internal
0-250-350 % 1SOO0Xx0.%

0-¢oo % 1200

4600 o \200 4600

200 N

b) Tracler alone

T -350 OO X 0.2
T - 350 w80
+350 T 230 +350

%30 N

e) Spe.ed when £he rope breaks: v=vu tat

v 04+08xI0=9%

Trawler: on(.d tte rescstance acts

-350 = £00a
7

2

v=%8,v =0,use vi=u*+2as

o =

O = g24 2(-l)s
12

(4]

s = J4%4.A57...

S4+.9m
&) Time For the tracler to stopi v=vu+tat
°=g."1g
12
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t = (‘_‘ = 13.71...
-

Cor alone: dri.v'ms ocorce. and tts own rescstance

\800 - 250 = 900a

o = |L7222...

v=1, t =\2 M., vse s = vt + /2at?

o = 3(13.70...) + L(L1222..)(\3.1..)>
s = \09.7I.. + 1KLIS ...

s = 27.67...

272 m
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m Particles A and B, of mass 2 kg and 3 kg respectively, are attached to the ends of a light inextensible
string which passes over a small smooth fixed pulley. The particles hang with the string taut and the
hanging parts vertical. B is 1.5 m above the ground, as shown in the diagram. The system is released

from rest.

a. Find the tension in the string while both particles are moving.

b. Find the speed of B as it reaches the ground.

B does not rebound. A does not reach the pulley.

c. Find the greatest height of 4 above its starting position.

d. Find the time from release until A reaches its greatest height.

(

2kg | A B

3 kg

1.5m

o.) F = ma J.or A (up posa‘kive)

T-13 = 20

= mo ocor 6 (down posi{:&.ve.)
33 -T = 3a
PAdd to remove T

9 = So
o = 1L.9%
T = 2(9.8 +1.9¢)
T = 23.52
23.5s N
) B:u=0,a =19, ¢ =15, use v2 = v + 2as
vt = 02+ 20.%)(\.5)
vt = 5.8%
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vV = 2.424..

2.42 m

s-l

r.) A has risen IS m. Str:.na now slack: A moves f'"’""J vnder Sra.v:.tj

V=2M424.,V =0, a = -8

o]
19.6+

s

hecaht
.8 m |

s.2% - 2(9.8)s
s.28
0.3

LS + 0.3

d) Tume For eoch sko.ﬁe., v=u+tat

t1

k2

total
total

.49 s

2.424%...
1.9¢
2.424...

1.2
1.237... + 0.24T4...

= 1.237...

= 0.24T4...

LYY,
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m Amara, of mass 60 kg, stands on a set of bathroom scales on the floor of a lift. The scales measure
the normal reaction on Amara, in newtons. The lift has mass 640 kg, including the scales, and is
moved by a vertical cable.

The lift starts from rest and moves upwards. It accelerates uniformly to a speed of 3 m s 1in?2
seconds, travels at 3 m s~ 1 for 5 seconds, then decelerates uniformly to rest in 3 seconds.

a. Find the reading on the scales during each of the three stages.

b. Find the greatest tension in the cable during the journey.

c. Find the total distance travelled by the lift. (9 marks)

o) Stage liv=utat

3 = O+20a

o = \.9
F = ma por Amara (vp posctive)
&-603 = (OX\.S

R = €o(1.8 +1.5) =¢T8
54:0.30. 2: constant speed, 0 = O

R = ‘Os=5’%$
5tu3z3iv=u+mt
O = 3+3
a = =\
R -¢oq = co % (-1)
R = 60(9.% -\) = 522
613 N, S8 N, s2a N

b) Greatest tension when the vpward acceleraton is Srbo.te.s'ki sf&ae. |

Lept and Amara together: (40 + 60 = 700 kg
T - 7003 = TOO X LS

T = 700(9.2 +1.5)

T 7o

790 N
¢) Oiskance tn each s'(:n.ae.: s=o(vtv)t

s = lo+3)2)+3xs+%(3+0)(3)
s = 3415 + 4.5

22.5 m
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