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A bullet of mass 2.0 g is fired horizontally into a block of wood of mass 600g. 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 through a vertical
distance of 8.6 cm, as shown in Fig. 3.1.

wood
block

bullet

[ ———— P
L

Fig. 3.1

(a) (i) Calculate the change in gravitational@oiential energy of the block and bullet.

CHENGE = -.cconvves s

e 2]

(ii) Show that the initial speed of the block and the bullet, after they began to move off

together, was 1.3ms™.
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(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.

Y 0 1=T= T [

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

£

KINENC T — ... ssmsnnss minians J [2]

(ii) 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.
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2 An experiment is conducted on the surface of the planet Mars. For
A sphere of mass 0.78kg is projected almost vertically upwards from the surface of the |examiers

planet. The variation with time t of the vertical velocity v in the upward direction is shown in Use
Fig. 2.1.

10

vims1 : 6
ﬂ"‘h.

-10 <:;

Fig. 2.1 »
The sphere lands on a small hill at time t=4.0s

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

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

121 |31 5= SSERCNEPURENORERRI. .|,  (J |-
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(c) Calculate, for the first 3.5s of the motion of the sphere,

For
Examiner's

(i) the change in momentum of the sphere, Use

O

changeinmomentum = ... ... .o 2A® ; . E.N s [2]
(ii) the force acting on the sphere. %’

force= ..o N [2]
(d) Using your answer in (c)(ii),
(i) state the weight of the sphere,

weight= .. N[

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

detalaration = unsssennsmns ms™2 [2]
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3 (a) A stone of mass 56g is thrown horizontally from the top of a cliff with a speed of
18 ms™!, as illustrated in Fig. 4.1.

18m s’

)

NN

16m

DONNIN

r :
sea level Q

Fig. 4.1 .

The initial height of the stone above the level of the sea is 16@r&5is’tanse may be

neglected.
(i) Calculate the change in gravitational potential enM stone as a result of

\

falling through 16m. O@,

"‘

CHANGE =suscsrmnsnannrn el [2]

(ii) Calculate the total kinetic energy of the stone as it reaches the sea.

KNSl BNENOY = s issssasmiasssad [a)
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(b) Use your answer in (a)(ii) to show that the speed of the stone as it hits the water is
approximately 25ms™.

O

E [1]
*

(c) State the horizontal velocity of the stone as it hits the water.
horizontal velocity =.............. bms‘1 [1]
(d) (i) On the grid of Fig. 4.2, draw a vector diagram to the horizontal velocity
and the resultant velocity of the stone as it hits th r. [1]

Fig. 4.2
(ii) Use your vector diagram to determine the angle with the horizontal at which the
stone hits the water.
angle = ... [2]
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4 A ball B of mass 1.2kg travelling at constant velocity collides head-on with a stationary ball S
of mass 3.6kg, as shown in Fig. 2.1.

v

ball B

mass 1.2kg mass 3.6 kg

Fig. 2.1 ?“C
Frictional forces are negligible.
*
The variation with time t of the velocity v of ball B before, during and aée%g with ball S

|

is shown in Fig. 2.2.

+4 ‘ h —ré

+3 =
v/ms-1 D\ s
+2 \ ]

+1 \,_+j_ I

[
0 Y -
0 0.1 0.3 FFR0.3 0.4 0.5H t/s
_1 it
By
-2
Fig. 2.2

(a) State the significance of positive and negative values for vin Fig. 2.2.
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(b) Use Fig. 2.2 to determine, for ball B during the collision with ball S,

For
Examiner's

(i) the change in momentum of ball B, Use

O

change in:-momenluMis: e g A ; . Ns [3]

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

force = . eeee. N [3]

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

SPEeAd = o, MSTT 2]
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(d) Using your answer in (¢) and information from Fig. 2.2, deduce quantitatively whether o

the collision is elastic or inelastic. Examiner's
LUse

O

S
.Tizfgxnmm_[m
0
VRN
£
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5 A ball falls from rest onto a flat horizontal surface. Fig. 3.1 shows the variation with time t of N
the velocity v of the ball as it approaches and rebounds from the surface.
5
[v/ms -1
: i O
\
; 1
\
2 X
\
1
i
1 \
X
0HE Y [ -
0 0.1 0.2 0.3 0.4 0 % 0.7
t/s
= \
-2
-3 n b
7
Fig. 3.1
Use data from Fig. 3.1 to determine
(a) the distance travelled by the ball during the first 0.40 s,
distance = ... m [2]
ar02250/N02
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(b) the change in momentum of the ball, of mass 45 g, during contact of the ball with the
surface,

O

CHENOE = oo amns s e (4]
(c) the average force acting on the ball during contact with the surface.%
*
N
N
(,‘D'
"‘
BRI o s R R S N [2]
SF02/200M02
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A girl stands at the top of a cliff and throws a ball vertically upwards with a speed of 12ms™1,
as illustrated in Fig. 3.1.

Fig. 3.1 €:>

At the time that the girl throws the ball, her hand is a height m'e horizontal ground at
the base of the cliff.
The variation with time t of the speed v of the ball is shQr@g 3.2

20

-
v/ms

10

-10

Fig. 3.2
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Speeds in the upward direction are shown as being positive. Speeds in the downward
direction are negative.

(a) State the feature of Fig. 3.2 that shows that the acceleration is constant.

- [1]

(b) Use Fig. 3.2 to determine the time at which the ball

(i) reaches maximum height,

(ii) hits the ground at the base of the cliff. v:

(c) Determine the maximum height above the base of the cliff to wh@e ball rises.

QO

(d) The ball has mass 250 g. Calaulate the magnitude of the change in momentum of the
ball between the time that if\i2aves the girl's hand to time t=4.0s.

Change = wscisanmriaiasemss Ns [3]
@ UCLES 2004 9702/02/0/N/04
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(e) (i) State the principle of conservation of momentum.

For
Examiner's
ko

............................................................................................................................. [2]
(i) Comment on your answer to (d) by reference to this principle. 6
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A trolley of mass 930 g is held on a horizontal surface by means of two springs, as shown in
Fig.4.1.

For
Examiner's
Use

trolley spring

7 o 7 O

NN NN HRHHK\HHHREHHH\HEHRHHHR\HHHRKHH&HHHH&\ SN

Fig. 4.1 \<:\
The variation with time t of the speed v of the trolley for the first 0.60 s of its mntin%nwn
in Fig. 4.2.
*
|
8.0 =
P =
viems™ y 4 :
F?‘ . e
6.0 ‘<;}*§~ |
*, N
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L) i \
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2.0 f A \
ﬁ;‘
|
N
Df Al
0 0.1 0.2 0.3 0.4 0.5 0.6
t/'s
Fig. 4.2
(a) Use Fig. 4.2 to determine
(i) the initial acceleration of the trolley,
accalaration= ..o o m s~2 [2]
© UCLES 2005 9702/02/0/N/05
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(ii) the distance moved during the first 0.60 s of its motion.

For
Examiner's
Use

O

QISIENCE = ovunsa i

(b) (i) Use your answer to (a)(i) to determine the resultant force acting on th%ey at

time t= 0.
\2\’

(ii) Describe qualitatively the variation with time of the resultant force acting on the
trolley during the first 0.60 s of its motion.

© UCLES 2005 97 02/02/0/NO5
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8 A stone on a string is made to travel along a horizontal circular path, as shown in Fig. 3.1.

For
Examiner's
Use

O

W L BT LA

path of
\2\‘
Fig. 3.1 6
The stone has a constant speed. \(@'
. . R
(a) Define acceleration. O ¢
h- N
.................................................................................................................................... [1]
(b) Use your definition to explain whetheritie stone is accelerating.
..................................................................................................................................... [2]
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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.

For
Examiner's
Use

O

|
[
I
6.1N :
I
|

el ]

?‘3\
oS

S.EN @
>

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

Fig. 3.2

magnitude offorce = ... N
diraclon-of 10ree o nmmnennseinenees s snmse: [4]
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A student investigates the speed of a trolley as it rolls down a slope, as illustrated in Fig.2.1.

For
Examiner's

Use
speed sensor

AN
tm..ey\ £ 5

Fig.2.1 E
The speed v of the trolley is measured using a speed sensor for diffe es of the time
that the trolley has moved from rest down the slope. 8
Fig. 2.2 shows the variation with t of v.
\
2.0 <g;5§} T
_’, = o
v/ms™ T LT
LN 2
1.5 2t ,F’fg’
T
SEBRay 4l
T =
4_1 , 2 Fa
1.0 .l
N A X
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._l‘—: | i ;’J
| J;f"'r
0.5 ¥
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%
ﬂ ,
0 0.2 0.4 0.6 0.8 1.0 1.2
t/'s
Fig. 2.2
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(a) Use Fig. 2.2 to determine the acceleration of the trolley at the point on the graph where s
t=0.80s. Examiner's
Use

O

than 0.6 s. Justify your answer by reference to Fig.2.2.

(ii) Suggest an explanation for this change in acceleration.

acceleration = ..................Qgse-nen- ms2 [4]
(b) (i) State whether the acceleration is increasing or decreasing(,fur ues of t greater

.............................................................................................................................. [1]
(c) Name the feature of Fig. 2.2 that indicates the presence of
(i) random error,
.............................................................................................................................. [1]
(ii) systematic error.
.. [1]
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WWW.MEGALECTURE.COM rage 2 ored

WWW. Vout ube. conl negal ect ure



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

o0
MEGA LECTURE
21

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

, astatine
francium nucleus

nucleus
before decay

O - particle

e

Fig. 3.1 \b,
(a) State the nature of an w-particle.

? ....................................... [1]
(b) Show that the initial speed of an wa-particle aft e ecay of a francium nucleus is
approximately 1.8x10"ms™.

2]
(c) (i) State the principle of conservation of linear momentum.
. [2]
© UCLES 2006 9702/02/0/N/06
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(ii) The Francium-208 nucleus is stationary before the decay. Estimate the speed of
the astatine nucleus immediately after the decay.

nucleus and the wa-particle are not ejected exactly in opposite di

o
0

speed = ... Nt ms~ [3]
(d) Close examination of the decay of the francium nucleus indgte%the astatine

Suggest an explanation for this observation.

© UCLES 2006 9702/02/0/N/OG
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11 A girl G is riding a bicycle at a constant velocity of 3.5ms™. At time t =0, she passes a boy B *
sitting on a bicycle that is stationary, as illustrated in Fig. 2.1.

B

-

L -

G 3.5ms t

t=0

Fig. 2.1

At time t=0, the boy sets off to catch up with the girl. He accelerates uniformly frn%QD
S

until he reaches a speed of 5.6 ms~! in a time of 5.0 s. He then continues at a con eed

of 5.6ms~. At time t=T, the boy catches up with the girl.
T is measured in seconds. *

(a) State, in terms of T, the distance moved by the girl before the bo@dgatch®s up with her.

distance Jb. m [1]
| N\
(b) For the boy, determine '\\
VAL

(i) the distance moved during his acceleration, A
L 2

dislance = ..oonuennaansm 2

(ii) the distance moved during the time that he is moving at constant speed.
Give your answer in terms of T.

distance

o [T]
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(c) Use your answers in (a) and (b) to determine the time T taken for the boy to caich up
with the girl.

O

7 S (R, . o s [2]
(d) The boy and the bicycle have a combined mass of 67kg.

(i) Calculate the force required to cause the acceleration n?ﬁ%

e =pevsvasissernpaarenana: [3]

(ii) At a speed of 4.5ms™’, the total resistive force acting on the boy and bicycle is
23 N.

Determine the output power of the boy’s legs at this speed.

#,,1] o ———————————— ' ||
@ UCLES 2007 9702/02/0/N/07
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12 A car is travelling along a straight road at speed v. A hazard suddenly appears in front of
the car. In the time interval between the hazard appearing and the brakes on the car coming
into operation, the car moves forward a distance of 29.3 m. With the brakes applied, the front
wheels of the car leave skid marks on the road that are 12.8 m long, as illustrated in Fig. 2.1.

position of car ‘
when hazard appears skld/mark

o

1 1
Lol e | il s |
1

293 m . 12.8m ‘Q

Fig. 2.1 \b \
It is estimated that, during the skid, the magnitude of the decelerat'a of We car is 0.85¢g,

where g is the acceleration of free fall.

(a) Determine v\@'

(i) the speed v of the car before the brakes aream ?{\\

"‘

(ii) the time interval between the hazard appearing and the brakes being applied.

© UCLES 2008 a7 N OIS
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(b) The legal speed limit on the road is 60 km per hour. For

Use both of your answers in (a) to comment on the standard of the driving of the car. Examiner’s
Use

O

.3

© UCLES 2008 a7 N OIS
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13 A sky-diver jumps from a high-altitude balloon.

For
Examiner's

(a) Explain briefly why the acceleration of the sky-diver Use

O

(i) decreases with time,

(ii) is 9.8ms at the start of the jump.

(b) The variation with time t of the vertical speed v of the sky-diver i@wn in Fig. 2.1.

10 w@
~

v/ms™ | @
Yo
30 _____,_...a.ﬂ:‘ET
i +‘
pal T
11
p AN
|
20 L OF
7 LW
Wi :
.ﬂﬁ N\
I’-ﬁ ll.
10 '
o H
0

/s
Fig. 2.1
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Use Fig. 2.1 to determine the magnitude of the acceleration of the sky-diver at time For

[=6.0s. Examiner's
Use

O

acceleration = ?&3]

(c) The sky-diver and his equipment have a total mass of 90kg. %’

(i) Calculate, for the sky-diver and his equipment,

1. the total weight, @

o R RRRRRVRREER———— 1 (2 |

2. the accelerating force attime t=6.0s.

force = e eeeeeee. N[

(ii) Use your answers in (i) to determine the total resistive force acting on the sky-diver
attime t=6.0s.

IORGE = insravamnecannsaasms N [TH
© UCLES 2009 Q7N2/o4 /OKING
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14 A stationary nucleus of mass 220u undergoes radioactive decay to produce a nucleus D of
mass 216u and an a-particle of mass 4u, as illustrated in Fig. 3.1.

nucleus

before decay

nucleus D o-particle ?‘Q '

after decay
initial kinetic er%
1.0 x 1[:& -

The initial kinetic energy of the a-particle is 1.0 x 107124. ((l\),\

Fig. 3.1

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

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

2]

(ii) Explain why the initial *&iocities of the nucleus D and the a-particle must be in
opposite directions.

............................................................................................................................ 2]
(b) (i) Show that the initial speed of the a-particle is 1.7 x 10’ ms™"
(2]
® UCLES 2009 Q7N2/94/0NING
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(ii) Calculate the initial speed of nucleus D.

For
Examiner's
Use

O

BREEH = socshsnsisnnmiie ey
(c) The range in air of the emitted a-particle is 4.5cm.
Calculate the average deceleration of the a-particle as it is stnppedgalr.
deceleration = .....ccoooiiiiiiiie e ms=2 [2]
© UCLES 2009 Q7M1 iMINING
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15 A small ball is thrown horizontally with a speed of 4.0ms™. It falls through a vertical height of
1.96 m before bouncing off a horizontal plate, as illustrated in Fig. 3.1.

4.0ms-1
i

g 00 W e .

0.98m

<
Fig. 3.1

(a) Forthe ball, as it hits the horizontal plate, \(@
N

plate

Air resistance is negligible.

(i) state the magnitude of the horizontal cnmpn@ 0("\ velocity,

horizontal velocity " J——— ms~ [1]

(ii) show that the vertical component of the yelocity is 6.2ms™.

[1]

© UCLES 2009 Q7N 99 INING
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(b) The components of the velocity in (a) are both vectors.

For
Examiner's

Complete Fig. 3.2 to draw a vector diagram, to scale, to determine the velocity of the | Use

ball as it hits the horizontal plate.

S

Fig. 3.2
MRIBEIS. nesmseamcr o e TS

AL e ° to the vertical

(3]
(c) After bouncing on the plate, the ball rises to a vertical height of 0.98 m.

(i) Calculate the vertical component of the velocity of the ball as it leaves the plate.

vertical velocity = ..o ms~! [2]
© UCLES 2009 Q7N ID2MINING
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(ii) The ball of mass 34 g is in contact with the plate for a time of 0.12s. For
Examiner's
Use your answer in (c¢)(i) and the data in (a)(ii) to calculate, for the ball as it bounces | U
on the plate,
1. the change in momentum,
\2\‘
change= ..............& é‘ .......... kgms! [3]
2. the magnitude of the average force exerted I::nngn the ball due to this
momentum change.
R
(,‘D'
"‘
force= .. N [2]
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16 A steel ball of mass 73 g is held 1.6 m above a horizontal steel plate, as illustrated in Fig. 4.1.

steel ball

O/ mass 739

T SRt

r’"-'\
L] i

.| &

.

plate ™
Fig. 4.1 (b'
The ball is dropped from rest and it bounces on the pla;, %;g a height h.

1.6m

(a) Calculate the speed of the ball as it reaches the plNg.

gpabd= remesssasnamear e T [3]

(b) As the ball loses contact with the plate after bouncing, the kinetic energy of the ball is
90% of that just before bouncing. Calculate

(i) the height A to which the ball bounces,

AF0A02 L2
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(ii) the speed of the ball as it leaves the plate after bouncing.

O

(c) Using your answers to (a) and (b), determine the change in momentum che ball

during the bounce. %
*

G .. ..o ooun s sosio oo e svansuss e Ns [3]

(d) With reference to the law of conservaticn of momentum, comment on your answer
to (c).

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

-[3]

702 MDD
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17 A ball has mass m. It is dropped onto a horizontal plate as shown in Fig. 4.1.

plate

[ ] X O
Fig. 4.1
*
Just as the ball makes contact with the plate, it has velocity v, mtgen p and kinetic

energy E,.
(a) (i) Write down an expression for momentum pin terms of r@ V.

____________________________________________________________________________ X

(ii) Hence show that the kinetic energy is given%e expression

2
E = 5
3]
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(b) Just before impact with the plate, the ball of mass 35 g 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 0.14s.

37

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,

(ii) the loss in kinetic energy of the ball. XN

IBSE = casnnmansarmnsaan & [

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

@ UCLES 2004 a702/02/M/J/04
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2 (a) Complete Fig. 2.1 to show whether each of the quantities listed is a vector or a scalar.

For
Examiner's
Use

vector / scalar

distance moved

speed 6

acceleration

Fig. 2.1
?“]
(b) A ball falls vertically in air from rest. The variation with time t of the distance dmoved by
the ball is shown in Fig. 2.2. .
5
4 g
2]
;.-"‘
d/m ¥
3 Hf‘"
.-"';
-
-
2
.-I"'llll‘a:lﬂll‘I
1 pann
0 = .
0 0.2 0.4 0.6 0.8 1.0 12
t/s
Fig. 2.2
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(i) By reference to Fig. 2.2, explain how it can be deduced that For
Examiner’s
1. the ball is initially at rest, Use

--[2] 6

2. air resistance is not negligible.

sl 1]
(ii) Use Fig. 2.2 to determine the speed of the ball at a time of ﬂ.%ﬁt has been

released. b
o
GO

"‘

Bpaad =cannuasnrnnne ST [2]

(iii) On Fig. 2.2, sketch a graph tashow the variation with time t of the distance d moved
by the ball for negligible air resistance. You are not expected to carry out any further

calculations. [3]
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2 (a) The distance s moved by an object in time t may be given by the expression

_ 142
S-Eat

where a is the acceleration of the object.

State two conditions for this expression to apply to the motion of the object.

(b) A student takes a photograph of a steel ball of radius 5.0cm itﬁnm rest. The
image of the ball is blurred, as illustrated in Fig. 2.1.

The image is blurred because the ball is moving while the p

initial position
of ball in photograph

\

final position
of ball in photograph

Fig. 2.1

The scale shows the distance fallen from rest by the ball. At time t= 0, the top of the ball
is level with the zero mark on the scale. Air resistance is negligible.

© UCLES 2010
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*

h is being taken.

<‘<'z> 0

90
cm

100
cm

AW
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Calculate, to an appropriate number of significant figures,

For
Examiner's

(i) the time the ball falls before the photograph is taken, e

O

NS
time = e o APES,. S [3]

(ii) the time interval during which the photograph is taken. %’

0y

GO

"‘

timeinterval = ..o e eeeeeeen.. S [3]

(c) The student in (b) takes a second gnGlograph starting at the same position on the scale.
The ball has the same radius butis less dense, so that air resistance is not negligible.

State and explain the changes that will occur in the photograph.

...................................................................................................................................... 2]
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2 A ball is thrown horizontally from the top of a building, as shown in Fig.

8.2ms

—_—

N\

' ]

Fig. 2.1

| . conm

2.1

and is moving at an

The ball is thrown with a horizontal speed of 8.2ms~'. The side -}@gﬁlding is vertical. At

point P on the path of the ball, the ball is distance x from the
angle of 60° to the horizontal. Air resistance is negligible.

(a) Forthe ball at point P,

(i) show that the vertical component of its velocity Is 14.2ms™"

2]

(ii) determine the vertical distance through which the ball has fallen,

QISIEANCE = oo s e

© UCLES 2010 Q7N I94 /ORI N
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(iii) determine the horizontal distance x.

For
Examiner's
Use

(b) The path of the ball in (a), with an initial horizontal speed of 8.2ms™!, is shown agai
Fig. 2.2 Q
8.2ms™ v
!.__h_hﬁnx %’

PN

?l‘ ‘

Fig. 2.2
On Fig. 2.2, sketch the new patr oi the ball for the ball having an initial horizontal
speed
(i) greaterthan 8.2ms= ' and with negligible air resistance (label this path G), [2]
(ii) equal to 8.2ms™ but with air resistance (label this path A). [2]
© UCLES 2010 Q7N0/21 /0NN [Turn over
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2 A ball is thrown from a point P, which is at ground level, as illustrated in Fig. 2.1.

For
Examiner's
Use

O

=
=

path of ball

,-’”/JJ

%

A
-
/s./

Paia
36

Fig. 2.1 g%
The initial velocity of the ball is 12.4ms™" at an angle of 36° to the horizontal.

The ball just passes over a wall of height h. The ball reaches the wall 0.17 s after it has been
thrown.

(a) Assuming air resistance to be negligible, calculate

(i) the horizontal distance of point P from the wall,

distance= ..o M [ 2]
© UCLES 2010 Q7N IDDNA N
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(ii) the height h of the wall. For

Examiner's
Use

O

(b) A second ball is thrown from point P with the same velocity as the ball in {ai For this
ball, air resistance is not negligible.
This ball hits the wall and rebounds.

On Fig. 2.1, sketch the path of this ball between point P and th@t where it first hits

the ground. [2]
(,‘e“)‘

"‘
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4 A student takes measurements to determine a value for the acceleration of free fall. Some of For

the apparatus used is illustrated in Fig. 4.1. Examiner's
Use

electromagnet

O

iron
d
benﬂhffffffffffffffff;fffffffff E
23
Fig. 4.1
The student measures the vertical distance d between the base lectromagnet and
the bench. The time t for an iron ball to fall from the electrom to the bench is also
measured. Q
Corresponding values of t2 and d are shown in Fig. 4.2. ®.
60
50
d/cm
40
30
20 .
10
0
0 0.02 0.04 0.06 0.08 0.10 0. 12 0.14
t2/s2
Fig. 4.2
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(a) On Fig. 4.2, draw the line of best fit for the points. [1] For
Examiner's
(b) State and explain why there is a non-zero intercept on the graph of Fig. 4.2. Use

o O

(c) Determine the student’s value for
(i) the diameter of the ball, \Q
diameter = ... oD ; cm [1]
(ii) the acceleration of free fall. %’
N
N
(,‘D'
"‘
@Tation = ... MSTE [T
© UCLES 2010 Q7N0/0UNIN N [Turn over
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1 (a) Distinguish between scalar quantities and vector quantities.

. [2
(b) Inthe following list, underline all the scalar quantities. Q
acceleration force kinetic energy mass power weight [1]

(c) A stone is thrown with a horizontal velocity of 20ms~! from the top o nlifi1 m high.
The path of the stone is shown in Fig. 1.1.

cliff Q 15m

Air resistance is negligible.
For this stone,

(i) calculate the time to fall 15m,

N = snnnansrrmneenaskss 52

(ii) calculate the magnitude of the resultant velocity after falling 15m,

resullant velootyY = ..aiinmnni i ms~ [3]
@ UCLES 2011 Q7O DMA 11 4
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(iii) describe the difference between the displacement of the stone and the distance For

that it travels. Examiners
Usa

- [2] E:>

\2\ g
o~
>
&
v“
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3 A helicopter has a cable hanging from it towards the sea below, as shown in Fig. 3.1.

helicopter

<
Fig. 3.1

A man of mass 80kg rescues a child of mass 50.5kg. The two ched to the cable
and are lifted from the sea to the helicopter. The lifting proces s of an initial uniform
acceleration followed by a period of constant velocity and th pleted by a final uniform

deceleration.

(a) Calculate the combined weight of the man and c&

WBIGNE =acnnmunanss

(b) Calculate the tension in the cable during

(i) the initial acceleration of 0.570ms™>,

BRI = e s

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

TeNSION = oo e e

© UCLES 2011 a7 NAL 101 4
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(c) During the final deceleration the tension in the cable is 1240N. Calculate this For

deceleration. Examiners
Usa

deceleration = ........ocooeoeeoeeeeeceee ms™2 [2] 6

(d) (i) Calculate the time over which the man and child are

1. moving with uniform acceleration,

: *
time= .l 8 AR......... S[1]
2. moving with uniform deceleration.

@O

tima.(a.

(ii) The time over which the man and child are f#gving 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 précess.

.. §[1]

AN T
-
e
%
2.0 g]_“"
velocity )
/ms™ Y
1.0
0
0 5 10 15 20 25 30 35
time/s
Fig. 3.2
(2]
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3 A ball is thrown against a vertical wall. The path of the ball is shown in Fig. 3.1.

PP Py Ay rrrsrsrryy T i T i T T A i
I

3 @ 6.15m " 3
9.95m
Fig. 3.1 (not to scale) 6

The ball is thrown from S with an initial velocity of 15.0mY’ 60.0° to the horizontal.
Assume that air resistance is negligible.

(a) Forthe ball at S, calculate Q

(i) its horizontal component of velocity,

horizontal component of velocity = ... ms~1 [1]
(ii) its vertical component of velocity.
varlical component ol velocity = oo ms™1 [1]

(b) The horizontal distance from S to the wall is 9.95m. The ball hits the wall at P with a

velocity that is at right angles to the wall. The ball rebounds to a point F that is 6.15m
from the wall.

Using your answers in (a),

(i) calculate the vertical height gained by the ball when it travels from Sto P,

For
Examiner's
Use

O

= T ] I L I T B a1 B
© UCLES 2011 Q7N0/21 /NN 1 [Turn over
WWW.MEGALECTURE.COM rage sz otet

WWW. Vout ube. conl negal ect ure



what sapp: +92 323 509 4443, enmail: negal ecture@muil . com

o0
MEGA LECTURE
53

(ii) show that the time taken for the ball to travel from S to P is 1.33s,

For
Examiner's
Use

(1] b'
(iii) show that the velocity of the ball immediately after rebounding from the wall is ab

46ms. Q
\2\‘
[1]

(¢) The mass of the ball is 60 x 10~ kg. @

(i) Calculate the change in momentum of the ball as i@nds from the wall.

N
<(e

chang@dgmomentum = ... ieeeeeeeee... NS [2]

(ii) State and explain whether the collision is elastic or inelastic.

© UCLES 2011 Q7D 1N 4
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1  The variation with time t of the displacement sfor a car is shown in Fig. 1.1.

=] oy

600 <
K
i '-..q
500 ; -
s/m ; K E
400 / N

300 - i ( >
F. 'v.h\
200 g E
FJ' 4 | &
100 + |

D-
0 20 40 60 80 100 t/s

Fig. 1.1 @.
(a) Determine the magnitude of the average uelncity%een the times 5.0s and 35.0s.

RPErage VBIOBIIY = ..o i ms™1 [2]

(b) On Fig. 1.2, sketch the variation with time t of the velocity v for the car.

v/ims1
0
0 20 40 60 80 100 ¢/
Fig. 1.2
[4]
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2 The variation with time t of velocity v of a car is shown in Fig. 2.1.

. stage1 | stage 2 :
" -t -
20.0
"?-..E__“-!-‘-i‘
15.0 SN
.
v/ms™ n=NEE
I!h.-i‘\:.
10.0 """“--...
b
=
i
5.0 ‘“5"""-:-..
D I
0 0.5 1.0 1.5 2.0 2B 3.0 f 3.5
\2\’ 5
Fig. 2.1
Attime t = 0, the driver sees an obstacle in the road. A short time e driver applies the
brakes. The car travels in two stages, as shown in Fig. 2.1. \(\
N
(a) Use Fig. 2.1 to describe the velocity of the car ino(bb
1. stage 1, 4 N\
sesl 1]
2. stage 2.
...................................................................................................................................... [1]
(b) (i) Calculate the distance travelled by the car fromt=01to t = 3.5s.
total distance = ......oeeeii . M [ 2]
@ UCLES 2011 Q7N IDWOINA A
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(ii) The car has a total mass of 1250kg. Determine the total resistive force acting on For
the carin stage 2. Examiner's
Use

O

] [ - [ T PP PR TR .

(c) For safety reasons drivers are asked to travel at lower speeds. For each stag ibe
and explain the effect on the distance travelled for the same car and driver tr@g¢elling at

half the initial speed shown in Fig. 2.1.
*
(i) stage 1: %
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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 1.51 s before hitting the ground. Air resistance is negligible.

(a) (i) Show that 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.

distance = ................:

(b) The ball makes contact with the ground for 12.5ms and r
velocity of 18.6ms~1. The mass of the ball is 46.5g. \(\

s with an upwards

(i) Calculate the average force acting on the ballo@ with the ground.

"‘

gEaTde of force= ... ieevvveeeeeee.. N

AIreCtion Of fOrCE ..o e e e et e e eee e
[4]

(ii) Use conservation of energy to determine the maximum height the ball reaches
after it hits the ground.

NRIgN =sanssssrrnnsssmas sy [
(c) State and explain whether the collision the ball makes with the ground is elastic or
inelastic.
..[1]
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2 (a) A ball is thrown vertically down towards the ground and rebounds as illustrated in
Fig. 2.

ball passing point A

ball at maximum

?‘S\

5.0m height after rebound
@
h
1[
AL A AL AL AL

Fig. 2.1

R

As the ball passes A, it has a speed of 8.4ms~'. The height Q 5.0m above the

ground. The ball hits the ground and rebounds to B. Ass

negligible.

(i) Calculate the speed of the ball as it hits theQ@:

(ii) Show that the time taken for the ball to reach the ground is 0.47 s.

© UCLES 2012 a7 NAL 14D
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(b) The ball rebounds vertically with a speed of 4.2ms™ as it leaves the ground. The time
the ball is in contact with the ground is 20 ms. The ball rebounds to a maximum height h.

o9

For
Examiner's
Use

O

The ball passes A at time {= 0. On Fig. 2.2, plot a graph to show the variation with time

t of the velocity v of the ball. Continue the graph until the ball has rebounded from the
ground and reaches B.

v/ims!

?‘S\
o \%\

Fig. 2.2 [3]
(c) The ball has a mass of 0.050kg. It moves from A and reaches B after rebounding.

(i) Forthis motion, calculate the ¢hange in

1. Kinetic energy,

change inkinalic enargy = ...ociinannnnnanscass J 2

2. qgravitational potential energy.

change in potential energy = ...ccooeeeee e J [3]
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(ii) State and explain the total change in energy of the ball for this motion.

For
Examiner's
Use

o O
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2 Two planks of wood AB and BC are inclined at an angle of 15° to the horizontal. The two

Fo
wooden planks are joined at point B, as shown in Fig. 2.1. Ewamﬁ:er's

Use

O

Fig. 2.1
A small block of metal M is released from rest at point A. It slides down the slo Qd
up the opposite side to C. Points A and C are 0.26 m above B. Assume frlc:tlnnal ces are
negligible.
(a) (i) Describe and explain the acceleration of M as it travels from frnm B to C.
._3<3\"mmmmm
N
."<5,J'“mm"
24,
Y e [3]
(ii) Calculate the time taken for M to travei.from A to B.
]y - R e e ol L |
(iii) Calculate the speed of M at B.
speed= ..o, MSTT [2]
(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 = ..o eeeee. M [2]
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Answer all the questions in the spaces provided.
1 (a) (i) Define acceleration.

. [1]

(i) State Newton’s first law of motion.
?3 [1)

(b) The variation with time t of vertical speed v of a parachutist falling f an aircraft is
shown in Fig. 1.1.
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(i) Calculate the distance travelled by the parachutist in the first 3.0s of the motion.

For
Examiner's
Use

distance = ..., M [ 2] 6

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

................................................................................“% ............................. [3]
(iii) Describe the changes to the frictional force %hff}a\’l‘chutist

1. at t= 15s (point C), XN

.. [1]
2. betweent=15s (pat'C) and t= 22s (point E).
............................................................................................................................. [1]
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(iv) The mass of the parachutist is 95kg.

For
Examiner's

Calculate, for the parachutist between t= 15s (point C) and t= 17 s (point D), Use

O

1. the average acceleration,

acceleration = ?\‘: [2]
2. the average frictional force. %‘
frictional force = .....ocoeveiceeee e eeeeeee . N[ 3]
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