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MEGA LECTURE

Q1.
1 (a) State the difference between a scalar quantity and a vector quantity.
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(b) Two forces of magnitude 6.0N and 8.0N act at a point P. Both forces act away from
point P and the angle between them is 40°.
Fig. 1.1 shows two lines at an angle of 40° to one another.

On Fig. 1.1, disay a vector diagram to determine the magnitude of the resultant of the
two forces.

magnitude of resultant = ..........c.cccceeeeeeinecenn N [4]

Q2.

WWW.MEGr#LECTU E.COM
WWW. yout ube. com neqgal ect ur e

Page 1 of 84



what sapp: +92 323 509 4443, enmil: negal ecture@mail . con

MEGA LECTURE

4  Aballhas mass m. It is dropped onto a horizontal plate as shown in Fig.4.1.

plate

Fig. 4.1

Just as the ball makes contact with the plate, it has velocity v, momentum p and kinetic
energy E,.

(a) (1) Write down an expression for momentum pin terms of mand v.

(31
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(b) Just before impact with the plate, the ball of mass 35g has speed 4.5ms™". It bounces
from the plate so that its speed immediately after losing contact with the plate is
3.5ms . The ball is in contact with the plate for 0.14 s.

Calculate, for the time that the ball is in contact with the plate,

(i) the average force, in addition to the weight of the ball, that the plate exerts on the
ball,

magnitude of force = ... L. g iiiiiiieieei. N

direction of force /) ..oiccooiiiiiii e,

(if) the lossin kinetic energy of the ball.

o R ||

(c) State anthexplain whether linear momentum is conserved during the bounce.

. 3]

Q3.
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5 Two forces, each of magnitude F, form a couple acting on the edge of a disc of radius r, as
shown in Fig.5.1.

Fig. 5.1

(@) The disc is made to complete n revolutions about an axis through its centre, normal to
the plane of the disc. Write down an expression for

(i) the distance moved by a point on the circumference of the disc,
distance = ..
(i) the work done by one ofthe two forces.

WOrKk done = e

(2]

(b) Using your answer to (@), show that the work W done by a couple producing a torque 7
when it turns through n revolutions is given by

W = 2znT. 2]
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(c) A car engine produces a torque of 470N m at 2400 revolutions per minute. Calculate

the output power of the engine.

POWEr = iieiieivieeeee e W [2]

Q4.

3 A bullet of mass 2.0 g is fired horizontally into a block of wood of mass 600'2. the block is

suspended from strings so that it is free to move in a vertical plane.

The bullet buries itself in the block. The block and bullet rise together wrough a vertical

distance of 8.6 cm, as shown in Fig. 3.1.

bullet >

Fig. 3.1
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(a) (i) Calculate the change in gravitational potential energy of the block and bullet.

(if) Show that the initial speed of the block and the bullet, after they began to move off
together, was 1.3ms™".

(1]

(b) Using the information in (a){ii} and the principle of conservation of momentum,
determine the speed of the bullet before the impact with the block. Ex

(c}) (i) Calculate the kinetic energy of the bullet just before impact.

kinetic energy = ..o, J [2]
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(if) State and explain what can be deduced from your answers to (c)(i) and (a)(i) about
the type of collision between the bullet and the block.

Q5.

2 A rod AB is hinged to a wall at A. The rod is held horizontally by means of a,cord BD,
attached to the rod at end B and to the wall at D, as shown in Fig. 2.1.

wall

hinge .

“rod

Fig. 2.1

The rod has weight W and“the centre of gravity of the rod is at C. The rod is held in
equilibrium by a force T in the cord and a force F produced at the hinge.
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(a) Explain what is meant by

(i) the centre of gravity of a body,

| . conm

(b) The line of action of the weight I/ of the rod passes through the cord at point P.

Explain why, for the rod to be in equilibrium, the force F produced at the hinge must also
pass through point P.

(c) The forces Fand T make angles « and /3 respectively with the rod and AC = {AB, as
shown in Fig. 2.1.

Wirite down equations, in terms of F, W, T, e and f3, to represent

(i) the resolution of forces horizontally,

.............................................................................................................................. [1]

(ii) the resolution of forces vertically,
.............................................................................................................................. [1]

(iif) the taking of moments about A.
.............................................................................................................................. [1]

Q6.
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A shopping trolley and its contents have a total mass of 42kg. The trolley is being pushed

For
along a horizontal surface at a speed of 1.2ms~". When the trolley is released, it travels a Ecenin
distance of 1.9m before coming to rest. Use

(a) Assuming that the total force opposing the motion of the trolley is constant,

(i) calculate the deceleration of the trolley,

deceleration = ...........ccooeveueeeee 0NN ms~ [2]

(if) show that the fotal force opposing the motion of the trolley is &\,

[

(b) Using the answer in (a)lii)> caiculate the power required to overcome the total force
opposing the motion ofdheitrolley at a speed of 1.2ms™.
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(c¢) The trolley now moves down a straight slope that is inclined at an angle of 2.8° to the

horizontal, as shown in Fig. 3.1. Examiner:

Fig. 3.1

The constant force that opposes the motion of the trolley is 16 N.
Calculate, for the trolley moving down the slope,

(i} the component down the slope of the trolley’s weight,

component of weight = ..., N [2]

(ii) the time for the trolley to travel from rest a distance of 3.5 m along the length of the
slope.

(d) Use your answer to (c)(ii) to explain why, for safety reasons, the slope is not made any
steeper.

Q7.

10
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2 A spring is placed on a flat surface and different weights are placed on it, as shown in For

Fig. 2.1. Examiners
Lise

weights

Fig. 2.1

The variation with weight of the compression of the spring is shown in Fig. 2.

4
compression
/fcm
3
2
1
0
0
weight /N
Fig. 2.2
11
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The elastic limit of the spring has not been exceeded.

(a) (i) Determine the spring constant k of the spring.

(iij Deduce that the strain energy stored in the spring is 0.49 Jfor a compression of =~ -

3.5cm. Exami,
Us

(2]

(b) Two trolleys, of masses 800g and 2400¢q, are free to move on a horizontal table. The
spring in (a) is placed between the trolleys and the trolleys are tied together using thread
so that the compression of the spring is 3.5 cm, as shown in Fig. 2.3.

thread
spring .
trolley trolley
mass 8009 ~__ _~mass 24009
i / i 7
Fig. 2.3
12
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Initially, the trolleys are not moving.
The thread is then cut and the trolleys move apart.

(i) Deduce that the ratio

speed of trolley of mass 800 g
speed of trolley of mass 2400 g

is equal to 3.0.

[2]

(if} Use the answers in (a)(ii) and (b){i) to calculatextbz speed of the trolley of mass 2

800g. Examine
Use

Q8.
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2 A ball B of mass 1.2kgtravelling at constant velocity collides head-on with a stationary ball S For

of mass 3.6kg. as shown in Fig. 2.1. Ecaminer's
Lise
v -
ball B
mass 1.2kg mass 3.6kg
Fig. 2.1

Frictional forces are negligible.

The variation with time £ of the velocity v of ball B before, during and after colliding with ball S
is shown in Fig. 2.2.

vims-1

05 tis

Fig. 2.2
(a) State the significance of positive and negative values for v in Fig. 2.2.

14
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{b) Use Fig. 2.2 to determine, for ball B during the collision with ball S, ;

Ex b

(i) the change in momentum of ball B, t
change in momentum = .......coooiiniiiiiirree e Ns [3]

(if) the magnitude of the force acting on ball B.

(c) Calculate the speed of ball S after the collision.

15
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(d) Using your answer in {c) and information from Fig. 2.2, deduce quantitatively whether

the collision is elastic or inelastic. Exam
u
.................................................................................................................................... [2]
Qo.
3 (a) Define the torgue of a couple. For
Eraminers
.......................................................................................................................................... us\e
.................................................................................................................................... [2]

(b} A torque wrench is a type of spanner for tightening a nut and bolt to a particular torque,
as illustrated in Fig. 3.1.

force F
nut torque scale
h /

. L

45cm

Fig. 3.1

16
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The wrench is put on the nut and a force is applied to the handle. A scale indicates the
torque applied.

The wheel nuts on a particular car must be tightened to a torque of 130Nm. This is
achieved by applying a force F to the wrench at a distance of 45cm from its centre
of rotation C. This force F may be applied at any angle {/ to the axis of the handle, as
shown inFig. 3.1.

For the minimum value of Fto achieve this torque,

(i) state the magnitude of the angle (! that should be used,

(ii} calculate the magnitude of F.

Q10.

2 An experiment is conducted on the gyrfase ofthe planet Mars.
A sphere of mass 0.78kg is praiedteda almost vertically upwards from the surface of the &
planet. The variation with time {,of }he vertical velocity vin the upward direction is shown in

Fig. 2.1.
vim §* \\\ H A
5T
04— —
0 T as
St \
-10

17

WWW.MEGr#LECTU E.COM
WWW. Yyout ube. conml neqgal ect ure  Page17ofs4



what sapp: +92 323 509 4443, enmil: negal ecture@mail . con
o0

MEGA LECTURE

The sphere lands on a small hill at time  =4.0s.

(a) State the time t at which the sphere reaches its maximum height above the planet's
surface.

(b) Determine the vertical height above the point of projection at which the sphere finally
comes to rest on the hill.

height = .. M- [3]

(c) Calculate, for the first 3.5s of the motion of the sphere,

(i) the change in momentum of the sphere,

change in momentum= ... NS [2]

18
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(if) the force acting on the sphere.

force = nannnnmaionisaciNET2)
(d) Using your answer in (c)(ii),
(i) state the weight of the sphere,

weight = ... A WN [T

(if) determine the acceleration of free fall on the surface of Mars.

AEEEISERAENE (s ms— [2]

Q11.

19
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3 (a) The variation with extension x of the tension Fin a spring is shown in Fig.3.1.

200

FIN

150

100

B

Fig. 3.1

Use Fig. 3.1 to calculate the energy stored in the spring for an extension of 4.0cm.

Explain your working.

ENEIOVS covamemsvorsmeman i e TE R BT J[3]

20
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(b} The springin (a) is used to join together two frictionless trolleys A and B of mass M, and p

M, respectively, as shown in Fig. 3.2. Eran
L
spring
trolley A \ trolley B
mass M mass Mo

Fig. 3.2

The trolleys rest on a horizontal surface and are held apart so thal whe”spring is
extended.

The trolleys are then released.

(i) Explain why, as the extension of the spring is reduced, ¥ae’'momentum of trolley A
is equal in magnitude but opposite in direction to thesmomentum of trolley B.

(if) Atthe instant when the sixtensicn of the spring is zero, trolley A has speed V, and
trolley B has speed V(.
Write down

1. an equatiqny based on momentum, to relate V, and \/.,,

2. an equation to relate the initial energy E stored in the spring to the final
energies of the trolleys.

Q12.
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3 (a) (i) Define force.

F
Exan
---------------------------------------------------------------------------------------------------------------------------------- L

.............................................................................................................................. [1]

(if) State Newton’s third law of motion.
.............................................................................................................................. [3]
(b) Two spheres approach one another along a line joining their centres, as illustrated in
Fig. 3.1.
e——- -
sphere sphere
A B

Fig. 3.1

When they collide, the average force acting on sphere A is F, and the average force
acting on sphere B is F.

The forces act for time t, on sphere A and time f; on sphere B.
(i) State the relationship between

1. FA and FB,

(if}) Use your answers in (i) to show that the change in momentum of sphere A is equal
in magnitude and opposite in direction to the change in momentum of sphere B.

22

WWW.MEGr#LECTU E.COM
WWW. Yout ube. coml neqgal ect ure  Page220f84



what sapp:

+92 323 509 4443,
o0

emai | :

MEGA LECTURE

(c) For the spheres in (b), the variation with time of the momentum of sphere A before,

during and after the collision with sphere B is shown in Fig. 3.2.

momentum
to right /Ns

23
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The momentum of sphere Biefore the collision is also shown on Fig. 3.2.

Complete Fig. 3.2 to_show'the variation with time of the momentum of sphere B during
and after the collisign'with sphere A.

[3]
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2 (a) State the two conditions that must be satisfied for a body to be in equilibrium.

For
Ecamine
R e s e o 44 € 5 4 4 RS 4 €4 € E 44 S 5 S S S €4 SR SR 4 S S S R Ut
2 et e e e R e e R Re e R RS et e e et ee e eR e et e e nrn e ne et r e e
(2]
(b) Three co-planar forces act on a body that is in equilibrium.
(i) Describe how to draw a vector triangle to represent these forces.
....................................................................... [3]
(if} State how the triangle confirms that the forces are in equilibrium.
.............................................................................................................................. [1]

(c) A weight of 7.0N hangs vertically by two strings AB and AC, as shown in Fig. 2.1.

24
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7.0N
Fig. 271

For the weight to be in equilibriuriy, the tension in string AB is T, and in string AC it
is T,.

On Fig. 2.1, draw a vector triaaglsto determine the magnitudes of T, and T,.

;o ——— N
2, N
(3]

(d) By refererce\i© Fig. 2.1, suggest why the weight could not be supported with the strings
AB and ASyboth horizontal.

Q14.

25
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3 (a) Explain what is meant by centre of gravffy.

(c) A student is being weighed. The student, of weight W/, stands 0.30m from end A of a
uniform plank AB, as shown in Fig. 3.1.

Al = 18
ozom| A l - 0.20m
b} |

¥
wY 80N 70N |
0.50m :
- 2.0m il

Fig. 3.1 (not to scale)

The plank has weight 80N and length 2.0m. A pivot P supports the plank and is 0.50m
from end A.

A weight of 70 Nis moved to balance the weight of the student. The plank is in equilibrium
when the weight is 0.20m from end B.

(i) State the two conditions necessary for the plank to be in equilibrium.

26
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(if) Determine the weight 14/ of the student.

(iii) If only the 70N weight is moved, there is a maximum weight of student that can
be determined using the arrangement shown in Fig. 3.1. State ang“zxplain one
change that can be made to increase this maximum weight.

Q15.

2 A climber is supported by a rope on a vertical vfall,as shown in Fig. 2.1.

\L P
\\l

D)
\N‘a" _______:.“1_.-_’ R
w

Fig. 2.1
The weight W of the climber is 520N. The rope, of negligible weight, is attached to the climber
and to a fixed point P where it makes an angle of 18° to the vertical. The reaction force R

acts at right-angles to the wall.
The climber is in equilibrium.

(a) State the conditions necessary for the climber to be in equilibrium.
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{(b) Complete Fig. 2.2 by drawing a labelled vector triangle to represent the forces acting on
the climber.

y w
Fig. 2.2

[2]
(c} Resolve forces or use your vector triangle to calculate £
Er am
(i) the tension T in the rope, b

e N [2]

(if} the reaction force R.
N [1]

{d) The climber moves up the wall and the angle the rope makes with the vertical increases.
Explain why the magnitude of the tension in the rope increases.

Q16.

28
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3 A helicopter has a cable hanging from it towards the sea bhelow, as shown in Fig. 3.1.

helicopter

sea
== I el
RS O e e

Fig. 3.1
A man of mass 80kg rescues a child of mass 50.5kg. The two are.atiaclied to the cable

and are lifted from the sea to the helicopter. The lifting process consists) of an initial uniform

acceleration followed by a period of constant velocity and then completed by a final uniform
deceleration.

(a) Calculate the combined weight of the man and child.

weight = ooy N [1]

{b) Calculate the tension in the cable~wiag

(i) the initial acceleration ¢f2/570 fii s,

tension = .. N [2]

(ii) the period of constant velocity of 2.00ms™".

tENSION = i N [1]

29
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{c) During the final deceleration the tension in the cable is 1240N. Calculate this o
deceleration. Ex ami

deceleration = ............ccoooeiiiiiiieeeee. ms— [2]
(d) (i) Calculate the time over which the man and child are

1. moving with uniform acceleration,

2. moving with uniform deceleration.

(if) The time over which the man and child are moving with constant velocity is 20s.
On Fig. 3.2, sketch a graph to show the variation with time of the velocity of the
man and child for the complete lifting process.

2.0
velocity
/ms™
1.0 HHH A A A A A
0
0 5 10 15 20 25 30 35
time/s
Fig. 3.2
[2
Q17.
30
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2 A ball is thrown vertically down towards the ground with an initial velocity of 4.23ms™'. The

ball falls for a time of 1.51s before hitting the ground. Air resistance is negligible.

(a) (i) Showthat the downwards velocity of the ball when it hits the ground is 19.0ms™".

(2]

(ii) Calculate, to three significant figures, the distance the ball falls to the ground.

(o | EY F= [ (o= T RN, Wi, Ao m [2]

(b} The ball makes contact with the ground for 12.5ms and rebourids with an upwards
velocity of 18.6ms~'. The mass of the ball is 46.5g.

(i) Calculate the average force acting on the ball on impaciwith the ground.

magMiiNe of force = ... s N

direction of fOrce ..o

(if) Use conservation of energy to determine the maximum height the ball reaches
after it hits the @round.

(c) State and explain whether the collision the ball makes with the ground is elastic or
inelastic.

31
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Q18.

3 (a) State Newton’s first law.

(b) A log of mass 450kg is pulled up a slope by a wire attached to a motor, as shown in
Fig.3.1.

motor

Fig. 3.1

The angle that the slope makes with the horizontal is 12°. The frictional force acting on
the log is 650N. The log travels with constant velocity.

(i) With reference to the motion of the log, discuss whether the log is in equilibrium.

(if) Calculate the tension in the wire.

lension: =Sssmwesssenmemnnsssarnnns N [3]

32
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(ifi) State and explain whether the gain in the potential energy per unit time of the log is
equal to the output power of the motor.

.............................................................................................................................. [2]
Q109.
1 (a) Explain the differences between the quantities distance and displacement.
...................................................................................................................................... [2]
(b) State Newton's first law.
.................................................................................................................................... [1]

tug 2

Fig. 1.1
Tug 1 pulls the tanker with a force T, at 25.0° to XY. Tug 2 pulls the tanker with a force

of T, at 15.0° to XY. The resultant force R due to the two tugs is 25.0 10° N in the
direction XY.

33
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(i) By reference to the forces acting on the tanker, explain how the tanker may be
described as being in equilibrium.

(i) 1. Complete Fig. 1.2 to draw a vector triangle for the forces R, T, and T.. [2]

R

S

25.0 x 10°N

Fig. 1.2

34
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2. Use your vector triangle in Fig. 1.2 to determine the magnitude of T, and of T,.

b S N
B = oo sspmsmsen s N
[2]

Q20.

2 A motor drags a log of mass 452 kg up a slope by means &ia cable, as shown in Fig.2.1.

motor

start and finish cable__
position ]
oflog™~._ _~

Fig. 2.1

The slope is inclined at $4.0° to the horizontal.

35
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(a) Show that the component of the weight of the log acting down the slope is 1070 N.

(11

(b) The log starts from rest. A constant frictional force of 525N acts on the log. The log
accelerates up the slope at 0.130ms—.

(I} Calculate the tension in the cable.

tension = .. N [3]

36
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(if} The log is initially at rest at point S. It is pulled through a distance of 10.0m to
point P.
{

Ea

Calculate, for the log,

1. the time taken to move from S to P,

time = s [2]

2. the magnitude of the velocity at P.

VEIACHY = oo ms~' [1]
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{c) The cable breaks when the log reaches point P. On Fig. 2.2, sketch the variation with
time f of the velocity v of the log. The graph should show v from the start at S until the

log returns to S. [4]
4
v
0 s
) t
Fig. 2.2

Q21.

2 (a) Distinguish between mass and weight.
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(b) An object O of mass 4.9kg is suspended by a rope A that is fixed at point P. The object
is pulled to one side and held in equilibrium by a second rope B, as shown in Fig. 2.1.

rope B
Fig. 2.1
Rope A is at an angle & to the horizontal and rope B is naiizontal. The tension in rope A

is 69N and the tension inrope Bis T.

(i) On Fig. 2.1, draw arrows to represen! pie directions of all the forces acting on
object O. [2]

39
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(if) Calculate ;
Erat
1. the angle 8, t

B = * 3]

2. the tension T.

Q22.
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2 (a) Define force.

(b) A resultant force F acts on an object of mass 2.4kg. The variation with time f of F is
shown in Fig. 2.1.

0.0 T T T T T

8.0 fr

FIN

6.0

4.0 A e

2.0+ H—HHH=

The object starts from rest.
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(il On Fig. 2.2, show

quantitatively the variation with t of the acceleration a of the

object. Include appropriate values on the y-axis.

[

!

a/ms—

0 1.0 2.0 3.0 4.0

tis

Fig. 2.2
[4]
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(ii} OnFig.2.3, show quantitatively the variation with f of the momentum p of the object.
Include appropriate values on the y-axis.

A

pINs

tis

Fig. 2.3
[5]

Q23.
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3 (a) Define centre of gravity.

{b) A uniform rod AB is attached to a vertical wall at A. The rod is held horizontally by a
string attached at B and to point C, as shown in Fig. 3.1.

C)

wall

85N

Fig. 3.1

The angle between the rod and the string at B is 50°. The rod has length 1.2m and
weight 8.5N. An object O of mass Mis hung from the rod at B. The tension T in the
string is 30N.

(i} Use the resolution of forces to calculate the vertical component of T.

vertical component of T =

(ii) State the principle of moments.
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(ili) Use the principle of moments and take moments about A to show that the weight of .

the object Ois 19N. Ecani
Us:

[3]

(iv)] Hence determine the mass M of the object O.

Q24.
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3 (a) (i) Statethe principle of conservation of momentum.

(b) An object A of mass 4.2kg and horizontal velocity 3.6m s~' moves towards object B as
shown in Fig. 3.1.

A B
3.6ms! 1.2ms!
4.2Kg —» -— 1.5kg hefore collision
Fig. 3.1

Object B of mass 1.5kg is moving with a horizontal velocity of 1.2ms™' towards
object A.

The objects collide and then both move to the right, as shown in Fig. 3.2.

A B

3.0ms™!
42kg —» | 1.5kg —» after collision

Fig. 3.2
Object A has velocity v and object B has velocity 3.0ms™".

(I) Calculate the velocity v of object A after the collision.

VEIOCIHY = .o ms~ [3]
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(1) Determine whetherthe collision is elastic or inelastic.

Q25.

Q26.

(@)

(b)

(@)

(b)

WWW. yout ube. co

Distinguish between the mass of a body and its weight.

W G i T S e S O S T P P S SO s
- [3]

State two situations where a body of constant mass may experience a change in its
apparent weight.

1.

.12

Define thepsioment of a force.

- [2

State the two conditions necessary for a body to be in equilibrium.

1.

a7

WWW.MEGr#LECTU E.COM
nmegal ect ur e

[3]

Use

Page 47 of 84



what sapp: +92 323 509 4443, enmil: negal ecture@mail . con
o0

MEGA LECTURE

(c) Two parallel strings S, and S, are attached to a disc of diameter 12cm, as shown in
Fig.3.1.

_d'sc string S,

Fig. 3.1

The disc is free to rotate about an axis normal to its plane. The axis passes through the
centre C of the disc.

A lever of length 30 cm is attached to the disc. When a force Fis applied at right angles
to the lever at its end, equal forces are produced in S; and S,. The disc remains in
equilibrium.

() On Fig. 3.1, show the direction of the force in each string that acts on the disc.

[1]
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For a force F of magnitude 150N, determine

1. the moment of force F about the centre of the disc,

moment=.........cooiiinii O Nm

2. thetorque of the couple produced by the forces in the strings,

({0 % U1, © NSRS PSSR S SPS Nm
the force in S,.
o e - N
[4]
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2 (a) Explain what is meant by the centre of gravity of a body.

(b) An irregularly-shaped piece of cardboard is hung freely from one point near its edge, as
shown in Fig. 2.1.

_— pivot

k. - cardboard

Fig. 2.1

Explain why the cardboard will come to rest with its centre of gravity vertically below the
pivot. You may draw on Fig. 2.1 if you wish.
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3 A stone on a string is made to travel along a horizontal circular path, as shown in Fig. 3.1.
=4

Fig. 3.1

The stone has a constant speed.

(a) Define acceleration.
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{c} The stone has a weight of 5.0 N. When the string makes an angle of 35° to the vertical,
the tension in the string is 6.1 N, as illustrated in Fig.3.2. Exs

5.0N

Fig. 3.2
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Determine the resultant force acting on the stone in the position shown.

Q29.

4 A trolley of mass 930 g is held an ‘s boyizontal surface by means of two springs, as shown in

Fig.4.1.

77~ A

/— trolley /— spring

Fig. 4.1

The variation with time f of the speed v of the trolley for the first 0.60 s of its motion is shown

in Fig. 4.2.

WWW. yout ube. co
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8.0

viem s~

6.0

e

4.0

Fig. 4.2

(a) Use Fig. 4.2 to determine

(i) the initial acceleration of the trolley,

acceleration = ............cccvveeeeeenn. m s [2]
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(if) the distance moved during the first 0.60 s of its motion. -
(

Crami
Lis

distance = ... m [3]

(b} (i) Use your answer to (a){i} to determine the resultant force acting on the trolley at
time = 0.

(if) Describe qualitatively the variation witi lime of the resultant force acting on the
trolley during the first 0.60 s of its otion.

Q30.
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3 Francium-208 is radioactive and emits c-particles with a kinetic energy of 1.07x107'2J to
form nuclei of astatine, as illustrated in Fig.3.1.

. O astatine
francium nucleus

nucleus
hefore decay

O a- patticle

e

Fig. 3.1
(a) State the nature of an a-particle.

(b) Show that the initial speed of an a-particle after the decay of a francium nucleus is
approximately 1.8x10"ms™".

[2]
(c) (i) State the principle of conservation of linear momentum.
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(if} The Francium-208 nucleus is stationary before the decay. Estimate the speed of

the astatine nucleus immediately after the decay. Emﬁ?;&,-s
Lisg
Speed = ... m s~ [3]
(d) Close examination of the decay of the francium nucleus indicates that\the, astatine
nucleus and the a-particle are not ejected exactly in opposite directiong’
Suggest an explanation for this observation.
.................................................................................................................................... [2]
Q31.
3 (a) Distinguish between the momesiioiha force and the torque of a couple.
Ex
moment 0f 8 fOICE ... i e e e e
1OIGUE OF GBI et
[4]
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(b} One type of weighing machine, known as a steelyard, is illustrated in Fig. 3.1.

2.5 N sliding weight

Fig. 3.1

The two sliding weights can be moved independently along the rod.

With no load on the hook and the sliding weights at the zero mark on the metal rod, the
metal rod is horizontal. The hook is 4.8 cm from the pivot.

A sack of flour is suspended from the hook. In order to return the metal rod to the
horizontal position, the 12N sliding weight is moved 84 cm along the rod and the 2.5N
weight is moved 72cm.

(i) Calculate the weight of the sack of flour.

(if} Suggest why this steelyard would be imprecise when weighing objects with a weight of
about 25N.

Q32.
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3 A stationary nucleus of mass 220u undergoes radioactive decay to produce a nucleus D of |

mass 216u and an c-particle of mass 4u, as illustrated in Fig. 3.1. Ecar
{

nucleus

hefore decay

nucleus D a-particle

after decay @
initial kinetic energy

1.0 x 10712 ]

Fig. 3.1

The initial kinetic energy of the a-particle is 1.0 x 10-12J.

(a) (i) State the law of conservation of linear momentim.

(ii) Explain why the intialeveldcities of the nucleus D and the o-particle must be in
opposite directions.

(b) (i) <Show that the initial speed of the a-particle is 1.7 x 107ms™".

[21
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(ii) Calculate the initial speed of nucleus D.

(c) The range in air of the emitted «-particle is 4.5¢cm.
Calculate the average deceleration of the «-particle as it is stopped by the air.

deceleration = .....ococcoeieeeeeieeieeeee. ms~ [2]

Q33.
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State the relation between force and momentum. For

Eramine
.................................................................................................................................... [1] | e
A rigid bar of mass 4509 is held horizontally by two supports A and B, as shown in

Fig. 3.1.
ball O

l

45cm

! X B
| 50cm ' 25cm &

Fig. 3.1

The support A is 45¢cm from the centre of gravity C of the bar ap subport B is 25¢cm
from C.

A ball of mass 1404 falls vertically onto the bar such that j<hits¢he bar at a distance of
50cm from C, as shown in Fig. 3.1.

The variation with time f of the velocity v of the ball kisfore, during and after hitting the
bar is shown in Fig. 3.2.

L

velocity H )

/ms™ :::'::"'|/::"
24N
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Forthe time that the ball is in contact with the bar, use Fig. 3.2 Far
Exam et
(I} to determine the change in momentum of the ball, Use
ChaNGR = s kgms™' [2]

(if} to show that the force exerted by the ball on the baris 33 N.

(1]
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(c) Forthe time that the ball is in contact with the bar, use data from Fig. 3.1 and (b}(ii) to
calculate the force exerted on the bar by

(I} the supportA,

(ii} the support B.

Q34.
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3 (a) State what is meant by the centre of gravity of a body.

(b) A uniform rectangular sheet of card of weight W is suspended from a wooden rod. The
card is held to one side, as shown in Fig. 3.1.

On Fig. 3.1,

() mark, and label with the letter C, the position of the centre of gravity of the card,

(1]

(if) mark with an arrow labelled W/the weight of the card. [1]
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(c) The card in (b} is released. The card swings on the rod and eventually comes to rest. For

Examine

(i) List the two forces, other than its weight and air resistance, that act on the card Use
during the time that it is swinging. State where the forces act.

(if) By reference to the completed diagram of Fig. 3.1, state the position in which the
card comes to rest.
Explain why the card comes to rest in this position.

........................................................................................................................... [2]
Q35.
2 (a) Define the forque of a couple. ,
=51
......................................................................................................................................... i
.................................................................................................................................. [2]

(b) A uniform rod of length 1-5nnanil weight 2.4 N is shown in Fig. 2.1.

1.5m

pin

weight 24N Y
g ON | rope B

Fig. 2.1
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The rod is supported on a pin passing through a hole in its centre. Ropes A and B
provide equal and opposite forces of 8.0 N.

(i)} Calculate the torque on the rod produced by ropes A and B.

(¢} The rodin (b) is removed from the pin and supported by ropes A and B, as shown in For

Fig. 2.2, Examiner’s
Lisg
. 1.5m :
i rope A rope B
I /
" 0.30m l
2o PO
P

i weight 24 N

Fig. 2.2
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Rope A is now at point P 0.30 m from one end of the rod and rope B is at the other end.

(i) Calculate the tension in rope B.

tension in.B'= iminiiiasiiniimsag N [2]
(i) Calculate the tension in rope A.
tension in A 3 ... N [1]
Q36.
2 (a) Define ;
=3
(i) force, t
............................................................................................................................. [1
(if) workelone.
.............................................................................................................................. [1]
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(b) A force Facts on a mass m along a straight line for a distance s. The acceleration of the
mass is a and the speed changes from an initial speed v to a final speed v.

(1) State the work WV done by F.

(1]

(if) Use your answer in (I} and an equation of motion to show that kinetic energy of a
mass can be given by the expression

kinetic energy =% x mass x (speed)?.

(3]

(c) A resultant force of 3800N causes a car of mass of 1500kg to accelerate from an initial
speed of 15m s~ to a final speed of 30ms~'.

(i) Calculate the distance moved by the car during this acceleration.

distance:= unmanisnananrninis m [2]

(i) The same force is used to change the speed of the car from 30ms~' to 45ms~'.

Explain why the distance moved is not the same as that calculated in (i).

Q37.
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1 (a) Distinguish between scalars and vectors.

...................................................................................................................................... [1]
(b) Underline all the vector quantities in the list below.
acceleration kinetic energy momentum power weight [2]
(c) A force of 7.5N acts at 40° to the horizontal, as shown in Fig. 1.1.
75N
A% horizontal
Calculate the component of the force that acts
(I} horizontally,
horizgntai component = N [1]
(ii) wvertically.
vertical component = ... N [1]
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(d) Two strings support a load of weight 7.5N, as shown in Fig.1.2.

T

75N

Fig. 1.2

One string has atension T, and is at an angle 50° to the horizontal. The other string has
a tension T, and is at an angle 40° to the horizontal. The object is in equilibrium.
Determine the values of T, and T, by using a vector triangle or by resolving forces.

T} 2 e N
I S — N
[4]

Q38.
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1 (a) (i) Define acceleration.

(b) The variation with time f of vertical speed v of a parachutist falling from an aircraft is
shown in Fig. 1.1.

SOt e T

vims™

AT A T

30t e

70} snuny NEERERREREEED > 304> SNNREWEWREEEEEEL L R ERE NRRNEERE ERERE ERERE BREAE

HH A H A H S A

.............

TSN TS
TV 0 RN SN S
/ e e e e E e e

0 10 20 30
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(i} Calculate the distance travelled by the parachutist in the first 3.0s of the motion. o
Exami,
Us

distance = ... m [2]

(ii} Explain the variation of the resultant force acting on the parachutist from t = 0
(point A) to t = 15s (point C).

(iff) Describe the changes to the frictional force on the parachutist

1. at t=15s (point C),
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(iv) The mass of the parachutist is 95kg.

.F
Exa.w?;arls
Calculate, for the parachutist between f=15s (point C) and f = 17 s (point D), Le
1. the average acceleration,
acceleration = .ocovveeveeeeeeeee e ms~ [2]
2. the average frictional force.
frictional faite ... N [3]
Q39.
2 (a) State Newton’s second law. o
Erxamit
..................................................................................................................................... L(s‘l
.................................................................................................................................... [1]

(b) A ball of mass 55g hits a wall with a velocity of 5.2ms~" perpendicular to the wall. The
ball rebounds\nerpendicularly from the wall with a speed of 3.7ms~'. The contact time
of the ball witithe wall is 7.5ms.

Calcuiats, for the ball hitting the wall,

(i} the change in momentum,

change in momentum = ... Ns [2]
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(if} the magnitude of the average force.

(c) (i) Forthe collision in (b) between the ball and the wall, state how the following apply:

1. Newton’s third law,

Q40.
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2  Two planks of wood AB and BC are inclined at an angle of 15° to the horizontal. The two For
wooden planks are joined at point B, as shown in Fig. 2.1. Examie!
Use

Fig. 2.1

A small block of metal M is released from rest at point A. It slides down the slope to B and
up the opposite side to C. Points A and C are 0.26 m above B. Assume frictional forces are
negligible.

(@) (i) Describe and explain the acceleration of M as it travels from A to B andifromm B to C.

. [3]

(i) Calculate the time taken for M to travel from\a to B.

EIBLSE o v v e i s s it mesiesees SO
(iif) Calculate the speed ¢f M at B.
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(b) The plank BC is adjusted so that the angle it makes with the horizontal is 30°. M is
released from rest at point A and slides down the slope to B. It then slides a distance
along the plank from B towards C.

Use the law of conservation of energy to calculate this distance. Explain your working.

distance = ..., M [2]

Q41.

4 (a) Define the torque of a couple. :

25cm
[ ——

Fig. 4.1
The plane of the wheel is vertical. The wheel has radius 25cm.

Two parallel forces each of 35N act on the edge of the wheel in the vertical directions
shown in Fig. 4.1. Friction between the pin and the wheel is negligible.
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List two other forces that act on the wheel. State the direction of these forces and
where they act.

s e e R R S R YR R Y VRV R R R R
R e e
[2]

Calculate the torque of the couple acting on the wheel.
farque = .o e NG Nm [2]

The resultant force on the wheel is zero. Explain, by referencedtithe four forces
acting on the wheel, how it is possible that the resultant force jc oo,
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(iliy 1. Show that the kinetic energy E_ of an object of mass m is related to its
momentum p by the expression Eca

_ P |

K 2m’

[1]
2. Trolley A has a larger mass than trolley B.

Use your answer in (ii} part 1 to deduce which trolley, A or B, has the larger
kinetic energy at the instant when the extension of the spring is zero.
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