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1 A ball is thrown from a point P with an initial velocity v of 12ms=" at 50° to the horizontal, as
illustrated in Fig. 2.1.
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Fig. 2.1
The ball reaches maximum height at Q. uq< - ’«.l(.OSﬁ
Air resistance is negligible.
(a) Calculate
(i) the horizontal component of u, —_ . |
U...-I‘ZJ"\& UKUU_CDSQ :[Q..C-.JS‘EO—?-?m‘.‘
G = m -
horizontal component = .:r?- ms— [1]

(i) the vertical component of w. UH = uSW'\ 9
12.8m 50 = qr2m3

-
vertical component = ...... ‘t 1 'm’? .ms[1]

~

(b) Show that the maximum height reached by the ball is 4.3m. -l
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(c) Determine the magnitude of the displacement PQ

'FW'S']. Frd e 44 = Oxt + jx?ﬁrtz
Shp‘ =W tAJE, w6 = gt
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displacement = 8'(—&t m [4]

[Total: 8]




9702/21/M/J116/Q3
2 A ball of mass 1504 is at rest on a horizontal floor, as shown in Fig. 3.1.

_ball

floor

Fig. 3.1

(a) (i) Calculate the magnitude of the normal contact force from the floor acting on the ball.

= _ %D .
AT B
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force = i

(ii) Explain your working in (i).

Tldeiend = AW owued (Ra iy
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(b) The ball is now lifted above the floor and dropped so that it falls vertically, as illustrated in
Fig. 3.2.
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Fig. 3.2

Just before contact with the floor, the ball has velocity 6.2ms-! downwards. The ball bounces
from the floor and its velocity just after losing contact with the floor is 2.5ms~! upwards. The
ball is in contact with the floor for 0.12s.




(i) State Mewton's ':-,ecnnd law of motion.
Torse K. pvropebmeal to fla it
A ongt b ot bm

(i) Calculate the average resultant force on the ball when it is in contact with the floor.

Lo he) ,F: 0- L5 (—'Z-f ~(=6-2)
ot

. O 1%
T F- ois (g2 + 229
g o -~
magnitude of force = ......... l U tT v N

direction of force .... U1) U‘b
[3]

(iii) State and explain whether linear momentum is conserved during the collision of the ball
with the floor.

L oot o e L Sl
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(a) Explain what is meant by gravitational porennaf energy and by kinetic energy.

gravitational pntentlalenergy TS S G £ T Q‘“’““@J ) -l\)fié
2. 7o N... vt b urpﬂsbmw-fwgw
kinetic energy: ”M 5 . 1 ‘Q-V‘&,_r"}j LSS SR
o . o ﬂLj Ay e T 'M’hm

(b) A motion sensor is used to measure the velocity of a ball falling vertically towards the ground,

as illustrated in Fig. 3.1.
ﬂmoﬂnn SENsor

ground

Fig. 3.1

The ball passes through points A and B as it falls. The ball has a mass of 1.5kg.




The variation with time ¢t of the velocity v of the ball as it falls from A to B is shown in Fig. 3.2.
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Fig. 3.2
Use Fig. 3.2 to calculate, for the ball falling from A to B,
(i) the displacement,

the area under a velocity time graph is the displacement

the area under the the graph is the area of a triangle
A=y ~ v - . 7
2 Xo XAz (u—-—_j )”"t' BT I xor

2

(iij) the acceleration, acceleration is the gradient of a velocity time graph
@< ‘%...\’f = 4 - F9-29 = 3.9 7.7
T - = U
=y S 0% —0 4 O 4’(_ 5

displacement = ...... m [3]

T Fs

acceleration = ..... . ms™2 2]




The variation with time { of the velocity v of the ball as it falls from A to B is shown in Fig. 3.2.
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Fig. 3.2
Use Fig. 3.2 to calculate, for the ball falling from A to B,
(i) the displacement,

the area under a velocity time graph is the displacement

the area under the the graph is the area of a triange

A=y - € = g 4+ 71-¢ .
_},_)('Oxfh: (u,-:\r)-,( 2-9 x 0%

=2
displacement = ]'Lm [3]
(ii) the acceleration, acceleration is the gradient of a velocity time graph
Tz &N - vd . F9-2F = 2.9

AT 4 -5 0 % —04 9,1_:7‘75

T Fs

acceleration = ..... . ms2 2]




4 (a) State the law of conservation of momentum.

it states that, in a cdlosed system the rate of change of momentum is constant, i.e momentum before
...collisian is.equal to.momentum after callisian.........cocii

- [2]
(b) Two particles A and B collide elastically, as illustrated in Fig. 5.1.
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Fig. 5.1
The initial velocity of A is 500ms~" in the x-direction and B is at rest.

The velocity of A after the collision is v, at 60° to the x-direction. The velocity of B after the
collision is vy at 30 to the x-direction.

The mass m of each particle is 1.67 x 10-?7kg.

(i) Explain what is meant by the particles colliding elastically.
It means that kinetic energy is notlost ]

(i) Calculate the total initial momentum of A and B. p C
= - ¥o) == t
M,a,uo(‘f' mﬁub? Ua = 500 mg Ug =0 est)
ﬂl '6 ?X v 2 -5
2 = § 35 xtv +0

momentum = ...... 3' 3 5 )t’Z t}' -12..5 ..Ns[1]




(iii) State an expression in terms of m, v, and v for the total momentum of A and B after the
collision

1. in the x-direction,
They move in same direction
A NACos D o Mﬁmc;osz;oﬂ e

2. inthe y-direction.

mﬂr\‘ﬂ%60~—mg]v@%%[jmppt”

[2]

(iv) Calculate the magnitudes of the velocities v, and v, after the collision.

MU t MUy, = MaVa T My

6 2% 1072 v son 4 L6750 w6 = MECaSEot MVg (oS30

%'%GXLDQ"{ M (va(os6o + VB CoS 50 )-~ (O
O = mvyss 6o — Mvg Sn 80
0= C\fﬂ. I bo —*VEJ S ZJD)“ ~ - @
5vlve | ol il Jod YA Oy

l

= -1
= -1

[Total: 9]
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5 (a) State the two conditions for a system to be in equilibrium.
o SUm o Woenrd fevis mult B2
Q%Mwan{dm&nwafd‘fW( e
2 TR0, Souin. ot CLoSKWLSR £trnang myma ik

oA o POy = mu St BL. Ramal. £ Sum of
M o LKL 8 mam nb otk Samt. py, 2,

(b) A paraglider P of mass 95kg is pulled by a wire attached to a boat, as shown in Fig. 2.1.

horizontal

water

Fig. 2.1

The wire makes an angle of 25° with the horizontal water surface. P moves in a straight line
parallel to the surface of the water.

The variation with time t of the velocity v of P is shown in Fig. 2.2.
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(i) Show that the acceleration of Pis 1.4ms=2 at time t = 5.05s.

o -~ RE-4-L . HZ =
a= V-u/ SR B0
_2

L"'f M S 2]

(i) Calculate the total distance moved by P from time t= 0 to t = 7.0s.

S et e o D ™ R B) + Lt
(g A ¢) A (BT w.) + 5
Q.
DD 5m

SRS | I P21

LR (e5~44
J

distance = ..............

(iii) Calculate the change in kinetic energy of P from time ¢ = 51)0 t=70s.

Aetn w we = ! te—
~e < ,i‘ﬂm (_\[ U
— 2(7g — s = 2613

change in kinetic energy = ... [2]

(iv) The tension in the wire at time t = 5.0s is 280 N.

Calculate, for the horizontal motion, W= r{\m\j - %a& C‘Il E ~ (__fa Y

1. the vertical lift force F supporting P,

Nor fFead deng :S—-wu:’ - CZ_%‘QQMI:SQ = (%2
F= (($-2+ 922 = O5¥2A

e L0200 g

2. the force R due to air resistance acting on P in the horizontal direction.

95wttt Fovee = mx &
Fa = Tox 14 = 1357
& ) |
@\Gf-%m'lﬁ-l { Znson rgﬁrc.?_: 280 Co5 256 = 263<% N

P T 26% 5 ~ % = 1720 ¥
1A% = L15% E F\? R R=[2—{)Q}N[3]

[Total: 14]




6 (a) Define velocity. )
s Nl o8nke

(b) A ball of mass 0.45kg leaves the edge of a table with a horizontal velocity v, as shown in
Fig. 2.1.

ball

path of ball

table —T 1.25m
Ki' /ffloor horizontal
Fig. 2.1
The height of the table is 1.25m. The ball travels a distance of 1.50m horizontally before 2
hitting the floor. = L- 1—6 ™ 1 . 145 - (_l(. .ﬁt
Air resistance is negligible. = o+ {_: 9 t'l - Li':

2z 4 g
Calculate, for the ball, . - 4 X q- ® £
129 =0+ ¢ t= D158

(i) the horizontal velocity v as it leaves the table,
hoe 2_owted distmncr = | -50m - O-5%C
£k~ ©o-b
5 v

190 < \/ 7{0-5 _\
R\
Vi U®s-g

5m5—1 31




(ii) the velocity just as it hits the floor,

—[k‘ta \'\QS = ol,u w A VQ_rt"i C‘_aJ\ W‘u)tjbn
N bt
J J Vo,
VP2 o+ Ax TN O ’C%"U’/ﬁ)
,JL = le_[-g o - B‘TO

~ - TH
gra Y o s

et e S

magnitude of velocity = ........... cms!
BT
angle to the horizontal = .......... e
[4]
(iii) the kinetic energy just as it hits the floor,
\ i g
-4 0% 5 N I
540

kKinetic energy = ............... L J12]

(iv) the loss in gravitational potential energy as it falls from the table to the floor.

S g Xk © 0US X ggix g

loss in potential energy = 6<:'5’J [2]

(c) Explain why the kinetic energy of the ball in (b)(iii) does not equal the loss of gravitational
potential energy in (b)(iv).

N e\ Was O Al Velacdy

[Total: 13]
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8 (a) State Newton's second law of motion.

Force v pxOyeclwnsd oty He cafk o f

(b) A constant resultant force F acts on an object A. The variation with time ¢ of the velocity v for
the motion of A is shown in Fig. 2.1.

9.0

amst ol ek t20

80T 11

60T

S0 AT

4.0

tls

Fig. 2.1
The mass of Ais 840g. = O -vY (L\j
Calculate, forthe time t=0to t= 4.0s,

(i) the change in momentum of A,

fz m(v-u) £tz m(v-u) = 0‘34(5‘3_4"")
= )

= % - 3/6 >~ B JT-
EJ’CT kgms[2]
- 5P = %“‘/Z(_ = O"TG‘SN

change in momentum = .....

(i) the force F.




7 (a) State Newton's first Iaw of motion.

IO S X sc s oS A o IR sk

(b) An object A of mass 100g is moving in a straight line with a velocity of 0.60ms~" to the right.

An object B of mass 200g is moving in the same straight line as object A with a velocity of
0.80ms-! to the left, as shown in Fig. 4.1.

A B
0.60ms’ 0.80ms—'
100g |——» --—— 2009
G "\ Q \.L
Fj Fig. 4.1 ¥j

Objects A and B collide. Object A then moves with a velocity of 0.40m s to the left.
(i) Calculate the magnitude of the velocity of B after the collision.
Maly + Cmplp) = MaY, MgV
O-lx ©-6 — ©-2x0'% = O-1XKO 4 + 02,
D-06 _ 016 < —pn-04 I Q-2vp

-a(jf'p :"0-04- + 0 vy
~ ol F¥o-uy - 5oy _0°?

magnitude of velocity = et r.msT 2]
(ii) The collision between A and B is inelastic.

Explain how the collision is inelastic and still obeys the law of conservation of energy.

CThee Ying WS SRty bSO Conserved
'Iau'-'k bol—'w\ -Q,t\ﬂrrm S W\.S-Q.r\Le,c‘,

L1

[Total: 4]

5 (a) Define the frequency of a sound wave. .

0N AR A O S v aN?
-’c\-\g;_ ﬁumw y & C.ac_.[.-t PR MLth

e[ 1]

(b) A sound wave travels through air. Describe the motion of the air particles relative to the
direction of travel of the sound wave. .

T My B o 08 PacB Ol vo  Sup AS
Tacallg) > o Samd ks, Al
it TH v >  pevel 9 Ssund waNe




(c) The force F is removed at t = 4.0s. Object A continues at constant velocity before colliding
with an object B, as illustrated in Fig. 2.2.

A B

840g ———» 730g | at rest

Fig. 2.2

Object B is initially at rest. The mass of B is 730qg.
The objects A and B join together and have a velocity of 4.7ms™".

(i) By calculation, show that the changes in momentum of A and of B during the collision are
equal and opposite.

C'L-,,c. w1 Momen bum Of A

o7y (41- 86 <. D43

thn,y W MOmbntunyy, o P

673 (4<7-0) - B4y .
—u%‘f‘f?)‘ - 344 Cc[-ﬁﬁrrtn.}: tn %Lﬂfl
oP7os: kR ) 2

(i) Explain how the answers obtained in (i) support Newton's third law.
The signs are different but the values are the same, this support Newton's third of law motion wh

trh

which states that action and reaction are equa in magnitude but opposite in direction

2]
(iii) By reference to the speeds of A and B, explain whether the collision is elastic.
inelastic as relative speed of approach not equal to relative speed of separation
1]

[Total: 9]
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9 (a) State Newton's first law of motion.
a body continues at (rest or) constant velocity unless acted upon by a

resultant force

1]

(b) A block of weight 15N hangs by a wire from a remotely controlled aircraft, as shown in
Fig. 2.1.

aircraft
wire

block
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Fig. 2.1

The aircraft is used to move the block only in a vertical direction. The force on the block due
to air resistance is negligible.

The variation with time f of the vertical velocity v of the block is shown in Fig. 2.2
The velocity is taken to be positive in the upward direction.
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(i) Determine, for the block,

1. the displacement fromtime f=0to ¢ = 3.05,
E‘G“ e A-D RO = % < | KDY =[-Tm
_F..ef' ’E% e - 2 Se C - AQ.X-Q‘%: Q-&M

1
2
A+ s,f-‘l,c:\_chY“Q,Nt"i -8 — [L1=57m

S5

magnitude of displacement = .............

direction of displacement ciau\}nbdqré
(31
2. the change in gravitational potential energy from time f=0to t = 3.0s.
ANE = maﬁh: Jd?(h = [9K S|
change in gravitational potential energy = 7? J12]

(i) Calculate the magnitude of the acceleration of the block at time t = 2.0s.
The, adient of velooty - bme grafh (S the
G L el el o) B D _ 4.2
X = iﬁwd’%_—jﬁ'h ® — = B

- 2
acceleration = L{ ms—2[2]

(iii) Use your answer in (b)(ii) to show that the tension T in the wire at time = 2.0s is 20N.
T-# =ma
T= ma +15

71

2]




(iv) The wire has a cross-sectional area of 2.8 x 10-*m? and is made from metal of Young
modulus 1.7 x 10" Pa. The wire obeys Hooke’s law.

Calculate the strain of the wire at time = 2.0s.
E — .'_ E S '(\/@._..V\

2> -
DLr e = = _ \
s _V‘KE 2'%‘*f05,&[-?;ﬁbt
-2 X (D

-2 'z(tbﬁ{o

strain= ... ke [3]

(v) At some time after { = 3.0s the tension in the wire has a constant value of 15 N.

State and explain whether it is possible to deduce that the block is moving vertically
after t = 3.0s.

T b\“‘@e’_{h NS Do \,Ww%q;r Y{b{)\nnj
S e i R ks o um
CBad PR ¢ np oS oot

2]

[Total: 15]
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10 (a) State what is meant by the mass of a body.

LDnoss 18 e G"“WW\% o okt

(b) Two blocks travel directly towards each other along a horizontal, frictionless surface. The
blocks collide, as illustrated in Fig. 3.1.

0.40ms" 0.25ms’ 0.20ms™! v
e - e —_—
block A block B
mass mass mass mass
M M M M
before after
Fig. 3.1

Block A has mass 3M and block B has mass M.
Before the collision, block A moves to the right with speed 0.40ms~" and block B moves to

the left with speed 0.25ms™".
After the collision, block A moves to the right with speed 0.20ms™! and block B moves to the

right with speed v.

(i) Use Newton’s third law to explain why, during the collision, the change in momentum of
block A is equal and opposite to the change in momentum of block B.

bt K o B RS eqppal, ond
TPPYe R ForCe on, Ra O SFhec

..12]
(i) Determine speed v.
M Uar  + MmgUp = [m,g,\l{'m@
o 4 ¥ 3M — D25 XM @)ﬂ“”* )

v
Llm - B-256m = Q-&m T

o q5mM -0 bm =

v A
O b_‘?’m ; 1.75 Mo, 0795m5_1[3]




(iii) Calculate, for the blocks,

1. the relative speed of approach,

04 025065

relative speed of approach = .....

2. the relative speed of separation.

. ol
0-b5 020 O

relative speed of separation = ..... cems™!

2]

(iv) Use your answers in (b)(iii) to state and explain whether the collision is elastic or
inelastic.

(relative) speed of separation not equal todess than (relative) speed of approach

1]

[Total: 9]




