KINEMATICS WORKSHEET
AS Level Physics 9702

MJ24/21/Q2
1 (a) Define velocity.
-1
(b) A student throws a ball over a vertical wall of height h, as shown in Fig. 2.1.
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Fig. 2.1 (not to scale)

The ball leaves the hand of the student at a height of 1.2m above the horizontal ground.

The ball has an initial velocity of 22ms™" at an angle of 40° to the horizontal.
The wall is a horizontal distance of 36 m from where the student releases the ball.

Air resistance is negligible.

(i) Determine the time taken for the ball to reach the wall.

time taken = ......cccceceiiecci e S [2]
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(ii) Calculate the vertical component u of the initial velocity of the ball.

7SRO o (Tl b §|
(ili) The ball just goes over the wall.
Calculate the height h of the wall.
B e m [3]
[Total: 7]
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MJ24/22/Q2

2 A skydiver jumps from an aircraft at time ¢t = 0 and falls vertically downwards. The variation with ¢
of her velocity v is shown in Fig. 2.1.
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Fig. 2.1
(a) (i) Using Fig. 2.1, state the terminal velocity of the skydiver.
terminal VEIOCItY = ......ccocevveveeercrcesecreerescessseaenee . MS ™1 [1]

(ii) By drawing a suitable line on Fig. 2.1, determine the acceleration of the skydiver at time
t=9.0s.

acceleration = ......c.ococoeeeeeeeeeeeeeeees . MS ™2 [2]
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(b) The mass of the skydiver and her equipment is 68kg. The upthrust on the skydiver is
negligible.

After reaching terminal velocity, the skydiver opens her parachute at time ¢t,. A total drag force
of 1800 N acts on the skydiver.

Determine the magnitude and direction of the acceleration of the skydiver at time ¢,.

ACCEIErAtION = ..o, ms2

0 e | T —

(c) The parachute is fully open at time f,. At a later time {; the skydiver reaches a constant
velocity of 5.7ms™1.

(i) Describe and explain the variation with time of the magnitude of her acceleration between
time t, and time {5.

2
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MJ24/23/Q2
Q3 (a) Define displacement from a point. /23/Q

LM

(b) An object is projected horizontally at a speed of 6.0ms™" from a slope, as shown in Fig. 2.1.

6.0ms™"
fi=

object

slope

horizental -==========c=c==ccc=locc=as
Fig. 2.1 (not to scale)
The slope is at an angle @to the horizontal. Air resistance is negligible.
The object lands on the slope a time of 0.71 s later and stops without rolling or bouncing.

(i) Determine the horizontal distance travelled by the object.

HISLANCA'S coccaccicizinmnasmaisaissisasssaasssassasaasaazsaass M [[]

(ii) Determine the vertical distance travelled by the object.

HISIANCE'S iccssssssssassasssssanmassssassnsssssasssssszazs M [2]
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(iii) Use your answers in (b)(i) and (b)(ii) to calculate 6.

O oo ® [2]

(iv) Determine the magnitude of the displacement of the object from its original position.

displacement = ........cocosmssmsnssessansasnsssnsss M [2]

Q4 (a) Define acceleration. March24/22/Q2
-1
(b) An Olympic diver stands on a platform above a pool of water, as shown in Fig. 2.1.
59ms™"
______________________________ horizontal
9.0m

surface of water i

Fig. 2.1 (not to scale)
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When the diver is on the platform his centre of gravity is a vertical height of 9.0m above the
surface of the water. The diver jumps from the platform with a velocity of 5.9ms~1 at an angle
of 60° to the horizontal.

Alir resistance is negligible.

When the diver hits the surface of the water, his centre of gravity is a vertical height of 1.2m
above the surface of the water.

Calculate the speed of the diver at the instant he hits the surface of the water.

Q5 (a) Inthe following list, underline all quantities that are SI base quantities. ON23/22/Q1

charge electric current force time [1]

(b) Under certain conditions, the distance s moved in a straight line by an object in time t is given
by

at?

P ==

s=
where a is the acceleration of the object.

State two conditions under which the above expression applies to the motion of the object.
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(c) The variation with time t of the velocity v of a car that is moving in a straight line is shown in
Fig. 1.1.
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Fig. 1.1

(i) Compare, qualitatively, the acceleration of the car at time t = 8.0s and at time f = 14.0s
in terms of:

& magnitude

e direction.

@

(ii) Determine the magnitude of the acceleration of the car at time t = 4.0s.

acceleration = ..........cccccccceeveeiciciiieeeeeennn. M2 [2]

0O °
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(iii) The caris at point X at time = 0.

Determine the magnitude of the displacement of the car from X at time { = 12.0s.

o kol Te 1] )| o ——————— |
[Total: 9]
ON23/23/Q2
Q6  Aball on horizontal ground is kicked towards a vertical wall. Fig. 2.1 shows the path of the ball.
path of ball\‘ = i .0
F
P
v horizontal h
"y
ground wall"’fﬂ
38° \
—
ball 20m

Fig. 2.1 (not to scale)
The ball has an initial velocity u at an angle of 38° to the ground. The ball travels a horizontal
distance of 9.0m before striking the wall at a height h above the ground. The horizontal
component u,, of the initial velocity of the ball is 9.5ms1.

Air resistance is negligible.

(@) (i) Show thatthe time t for the ball to reach the wall is 0.95s.
(1]
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(i) Calculate the vertical component uy, of the initial velocity of the ball.

SOOI | -
(ili) Determine h.
MJ23/23/Q1
Q7 A well has a depth of 36 m from ground level to the surface of the water in the well, as shown in
Fig. 1.1.
N
ground
36m T ———well

//'_,_, surface of water

Fig. 1.1 (not to scale)

A student wishes to find the depth of the well. The student plans to drop a stone down the well
and record the time taken from releasing the stone to hearing the splash made by the stone as it
enters the water.

(a) Assume that air resistance is negligible and that the stone is released from rest.

Calculate the time taken for the stone to fall from ground level to the surface of the water.
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(b) The time recorded by the student using a stop-watch is not equal to the time in (a).

Suggest three possible reasons, other than the effect of air resistance, for this difference.

[3]
(c) The student repeats the experiment three times and uses the results to calculate the depth of

the well. The values are shown in Table 1.1.

Table 1.1

1st experiment | 2nd experiment | 3rd experiment

depth/m 54.4 53.9 54.1

The true depth of the well is 36.0m. Explain why these results may be described as precise
but not accurate.

- [2]
[Total: 7]
March 2023/22/Q1
Q8 (a) Underline all the SI base units in the following list.
ampere coulomb current kelvin newton 1]

(b) A toy car moves in a horizontal straight line. The displacement s of the car is given by the
equation
v2

S=£

where a is the acceleration of the car and v is its final velocity.
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State two conditions that apply to the motion of the car in order for the above equation to be
valid.

(2]

(c) An experiment is performed to determine the acceleration of the car in (b). The following
measurements are obtained:

§=389m+0.5%
v=275ms™" £ 0.8%.

(i) Calculate the acceleration a of the car.

- R | 12 b ||

(ii) Determine the percentage uncertainty, to two significant figures, in a.

percentage uncertainty = ..........cccccoieiciinineeenenecenninneeeeecennne. %0 [2]

(iii) Use your answers in (c)(i) and (c)(ii) to determine the absolute uncertainty in the
calculated value of a.

absolute uncertainty = ...........cccooooeeiiieeee e ms~2 [1]
[Total: 7]
[ ]
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ON22/21/Q2
Qg A steel ball is projected horizontally from the top of a table, as shown in Fig. 2.1.

ball
table

49ms!
e —

—_
—
-

ball e edge of table
~
\// ground

180¢cm

Fig. 2.1 (not to scale)

The ball is projected horizontally at a speed of 4.9ms~". The ball lands on the ground a horizontal
distance of 180 cm from the edge of the table.

Assume that air resistance is negligible.

(a) (i) Calculate the time taken for the ball to reach the ground.

He = nsimmm s emasnmissasass 8 [1]

(ii) Calculate the vertical component of the velocity of the ball as it hits the ground.

EIDOMY I . osunnssssamsassanssamssinsssnsassensss SUAT 2]
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(iii) Determine the magnitude and the angle to the horizontal of the velocity of the ball as it
hits the ground.

mMagnitude of VEIOGILY = ..........ccemmrerersrsrsrsessrssssssssssrssssrsrarss M8

angle to the herizontal = iiannnniniuunniivannas

(b) The ball is projected by means of a compressed spring which is attached to a fixed block as
shown in Fig. 2.2.

ball

frictionless
track

fixed
block

spring

Fig. 2.2

The ball is placed on a frictionless track in front of the spring. The ball is then pulled back so
that the spring has compression x;.

When the spring is released, the ball is projected horizontally as shown in Fig. 2.3.

ball

spring
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The variation with compression x of the applied force F for the spring is shown in Fig. 2.4.

8

FIN

xfem
Fig. 2.4
The ball is a uniform sphere of steel of diameter 0.016 m and mass 0.017 kg.

(i) Calculate the density of the steel.

Ty = SRR | . | | oo |

(ii) All of the elastic potential energy in the spring is converted into kinetic energy of the ball.
The speed of the ball as it leaves the spring is 4.9ms™".

Show that the maximum elastic potential energy of the spring is 0.20J.

(2]
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(iii) Use Fig. 2.4 to determine the spring constant k of the spring.

K= oricsieisssessessssssesssssssssnneness. N7 [2]

(iv) Use your answer in (b)(iii) and the value of energy given in (b)(ii) to determine the
compression x, of the spring.

(c) The steel ball is replaced by a polystyrene ball of the same diameter but of much lower mass.
The spring is given compression x, and is then released.

Air resistance on this ball is not negligible after it leaves the spring.

Explain:

(i) why this ball leaves the spring with a greater speed than that of the steel ball

- ]
(ii) why this ball takes a longer time to reach the ground than the steel ball.
- 1]
[Total: 17]
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MJ22/22/Q3

Q10 A man standing on a wall throws a small ball vertically upwards with a velocity of 5.6ms™'. The
ball leaves his hand when it is at a height of 3.1 m above the ground, as shown in Fig. 3.1.

ball
velocity 5.6ms™" I
g man
3.1m | _—wall
ground
777 777 TP

Fig. 3.1 (not to scale)
Assume that air resistance is negligible.

(a) Show that the ball reaches a maximum height above the ground of 4.7 m.

(2]

(b) The man does not catch the ball as it falls.

Calculate the time taken for the ball to fall from its maximum height to the ground.

time taken = ... 8 [2]
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(c) The ball leaves the man’s hand at time t = 0 and hits the ground attime t=T.

On Fig. 3.2, sketch a graph to show the variation of the velocity v of the ball with time ¢ from
t =0to t = T. Numerical values of v and { are not required. Assume that v is positive in the
upward direction.

Fig. 3.2
(3]

(d) State what is represented by the gradient of the graph in (c).
-1
(e) The man now throws a second ball with the same velocity and from the same height as the
first ball. The mass of the second ball is greater than that of the first ball. Assume that air
resistance is still negligible.
For the first and second balls, compare:
(i) the magnitudes of their accelerations
.1
(ii) the speeds with which they hit the ground.
- 1]
[Total: 10]
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Q11 MJ22/21/Q1

(a) Define velocity.

(b) Arock of mass 7.5kg is projected vertically upwards from the surface of a planet. The rock
leaves the surface of the planet with a speed of 4.0ms™! at time ¢ = 0. The variation with
time f of the velocity v of the rock is shown in Fig. 1.1.

Fig. 1.1

Assume that the planet does not have an atmosphere and that the viscous force acting on the
rock is always zero.

(i) Determine the height of the rock above the surface of the planet at time { = 4.0s.
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(ii) Determine the change in the momentum of the rock from time ¢t = 0 to time = 4.0s.

change iINMOMBNIIM'S .. s Ns [2]

(iii) Determine the weight W of the rock on this planet.

(c) In practice, the planet in (b) does have an atmosphere that causes a viscous force to act on
the moving rock.

State and explain the variation, if any, in the resultant force acting on the rock as it moves
vertically upwards.

- [2]

[Total: 10]
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Q12 Water leaves the end of a hose pipe at point P with a horizontal velocity of 6.6ms™, as shown in

Fig. 2.1.
9 FM22/22/Q2
hose pipe

6.6ms™!
————— path of water

ground

e oo

3.5m

Fig. 2.1 (not to scale)

Point P is at height h above the ground. The water hits the ground at point Q. The horizontal
distance from P to Qis 3.5m.

Air resistance is negligible. Assume that the water between P and Q consists of non-interacting
droplets of water and that the only force acting on each droplet is its weight.

(a) Explain, briefly, why the horizontal component of the velocity of a droplet of water remains
constant as it moves from P to Q.

- [1]

(b) Show that the time taken for a droplet of water to move from P to Q is 0.53s.

(1
(c) Calculate height h.

Bt T 1)
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(d) For the movement of a droplet of water from P to Q, state and explain whether the
displacement of the droplet is less than, more than or the same as the distance along its path.

---------------------------------------------------------------------------------------------------------------------------------------------

(e) Calculate the magnitude of the displacement of a droplet of water that moves from P to Q.

displacement= cunnnmisainasnmammniaas m [2]

[Total: 7]
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F/M/21/22/Q1

Q13 (a) Complete Table 1.1 by stating whether each of the quantities is a vector or a scalar.

Table 1.1

quantity vector or scalar

acceleration

power
work
[2]
(b) The variation with time t of the velocity v of an object is shown in Fig. 1.1.
1.50
1.25-HHHHA N
) | 1 / il FE | : \
I
1.00 A
vims™! 0.754/- A
i A\
0.50 i
0.254 1 o I p
\
" ! I |
0 20 40 6.0 8.0 10.0 12.0
tls
Fig. 1.1
(i) Determine the acceleration of the object from time { = 0 to time { = 4.0s.
acoelanalion= o v issnanissnn NS = 2]
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(ii) Determine the distance moved by the object from time = O to time £ = 4.0s.

diStANCE = ...t e m [2]
M/I/21/22/Q2
Q14 ' Aballis thrown vertically downwards to the ground, as illustrated in Fig. 2.1.
ball
speed u § Q//
]
]
path of ]
bal T [1.5m
i
A
speed 8.7ms™" |
P (3 ground
Fig. 2.1
The ball is thrown with speed v from a height of 1.5m. The ball then hits the ground with speed
8.7ms™1. Assume that air resistance is negligible.
Calculate speed wu.
WIS mssnnsannen i s sy e [2]
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0/N/20/23/Q3
Q15 Aballis fired horizontally with a speed of 41.0ms™" from a stationary cannon at the top of a hill.
The ball lands on horizontal ground that is a vertical distance of 57 m below the cannon, as shown

in Fig. 3.1.
ball,
cannon initial speed
41.0ms™"

57m

horizontal
ground

Fig. 3.1 (not to scale)

Assume air resistance is negligible.

(a) Show that the time taken for the ball to reach the ground, after being fired, is 3.4s.

[2]

(b) Calculate the horizontal distance of the ball from the cannon at the point where the ball lands
on the ground.

horizontal distance = .........cccce e m [1]

(c) Determine the magnitude of the displacement of the ball from the cannon at the point where
the ball lands on the ground.

displacement = ... m [2]
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(d) The ball leaves the cannon at time t=0.
On Fig. 3.2, sketch a graph to show the variation of the magnitude v of the vertical component
of the velocity of the ball with time {fromt=0tot= 3.4s.

Numerical values are not required.

[ 1

t's 34

Fig. 3.2
(1]

0/N/20/22/Q1
Qle (a) A toy train moves along a straight section of track. Fig. 1.1 shows the variation with time t
of the distance d moved by the train.

0.6

os{ A

- A H -
0.4 — ;5

0.3 11

0.2

0.1

Fig. 1.1

(i) Describe qualitatively the motion of the train between time =0 and time t=1.0s.

- [1]
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(ii) Determine the speed of the train at time {= 2.0s.

ENEBA = ncsce s ST 2]

(b) The straight section of track in (b) is part of the loop of track shown in Fig. 1.2.

track
ra

Fig. 1.2
The train completes exactly one lap of the loop.

State and explain the average velocity of the train over the one complete lap.

. [M]

Cyrus Isha G
Y 9 |sL, BLL, BCCG, LGS, Roots IVY P5 .
=) +923008471504 Prsice Ty



Q17 Asmall block is lifted vertically upwards by a toy aircraft, as illustrated in Fig. 2.1. O0/N/20/21/Q2

——— string

velocityT ———— block

Fig. 2.1

As the block is moving upwards, the string breaks at time t = 0. The block initially continues
moving upwards and then falls and hits the ground at time f = 0.90s. The variation with time  of
the velocity v of the block is shown in Fig. 2.2.

1.96+

vims!

—6.86

Air resistance is negligible.

(a) State the feature of the graph in Fig. 2.2 that shows the block has a constant acceleration.

- 11
(b) Use Fig. 2.2 to determine the height of the block above the ground when the string breaks at
time t = 0.
BRGNS icssininsissinissnsnssssmmnsssssasninssssissusssass, NN [ H)
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Q18 (a) State Newton's first law of motion. Mﬂ/20/23/;' Q2

5[]

(b) A skier is pulled in a straight line along horizontal ground by a wire attached to a kite, as
shown in Fig. 2.1.

horizontal

i s - 7 7 i /,gmund

Fig. 2.1 (not to scale)

The mass of the skier is 89kg. The wire is at an angle of 28° to the horizontal. The variation
with time t of the velocity v of the skier is shown in Fig. 2.2.

5.0 T

40+ mpasne

vims™! ,f
3.0 HHA

20

1.0

0

0 10 20 30 40 5.0
tls

Fig. 2.2

(i) Use Fig. 2.2 to determine the distance moved by the skier from time t=0to { = 5.0s.

distance = i sasaas 2]
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(ii) Use Fig. 2.2 to show that the acceleration a of the skier is 0.80ms2 at time t = i TRUTS

[2]
(ili) The tension in the wire attime t =2.0s is 240N.
Calculate:
1. the horizontal component of the tension force acting on the skier
horizontal component of force = ..........ccco e e, N [1]
2. the total resistive force R acting on the skier in the horizontal direction.
T N [2]

(iv) The skier is now lifted upwards by a gust of wind. For a few seconds the skier moves
horizontally through the air with the wire at an angle of 45° to the horizontal, as shown
in Fig. 2.3.

Fig. 2.3 (not to scale)

By considering the vertical components of the forces acting on the skier, determine the
new tension in the wire when the skier is moving horizontally through the air.
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Q19 (a) Fig. 2.1 shows the velocity-time graph for an object moving in a straight line. M/1/20/22/Q2

V-
velocity

time

Fig. 2.1

(i) Determine an expression, in terms of v, v and {, for the area under the graph.

1= o RSSO SIRRRP RN | | |
(ii) State the name of the quantity represented by the area under the graph.

.1

{b) A ball is kicked with a velocity of 15ms~" at an angle of 60° to horizontal ground. The ball

then strikes a vertical wall at the instant when the path of the ball becomes horizontal, as
shown in Fig. 2.2.

path of
ball
vertical
velocity _ sl
ball
T el . horizontal
2L, o - e, ground
Fig. 2.2 (not to scale)
Assume that air resistance is negligible.
[ ]
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(i) By considering the vertical motion of the ball, calculate the time it takes to reach the wall.

(ii) Explain why the horizontal component of the velocity of the ball remains constant as it
moves to the wall.

(iii) Show that the ball strikes the wall with a horizontal velocity of 7.5ms™".

[1]
0/N/18/22/Q1

on A golfer strikes a ball so that it leaves horizontal ground with a velocity of 6.0ms™ atan angle fto
the horizontal, as illustrated in Fig. 1.1.

Fig. 1.1 (not to scale)

The magnitude of the initial vertical component v, of the velocity is 48ms™,
Assume that air resistance is negligible.

(a) Show that the magnitude of the initial horizontal component v, of the velocity is 3.6 ms™.
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(b) The ball leaves the ground at time = 0 and reaches its maximum height at t = 0.49s.

On Fig. 1.2, sketch separate lines to show the variation with time ¢, until the ball returns to the

ground, of
(i) the vertical component v, of

(ii) the horizontal component v,

5.0

the velocity (label this line ),

of the velocity (label this line X).

4.0

velocity/ms™

3.0+

2.0+

s

-3.0

-4.0+

-5.0

Fig. 1.2

(c) Calculate the maximum height reached by the ball.

Cyrus Ishaq
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M/1/18/22/Q3
Q21 Achild on a sledge slides down a steep hill and then travels in a straight line up an ice-covered
slope, as illustrated in Fig. 3.1.

ice-covered
slope

child and sledge
total mass 70kg

Fig. 3.1 (not to scale)

The sledge passes point A with speed 18 ms™ at time ¢ =0 and then comes to rest at point B. The
child applies a brake to the sledge at point B. The brake does not keep the sledge stationary and
it immediately slides back down the slope towards A.

The variation with time t of the velocity v of the sledge from =0 to t= 24 s is shown in Fig. 3.2.

20
vims™!
!

10

TR -

™
(4] 1 1 e !
0 4 H 8 T 12 e 120 24 tis

-10

Fig. 3.2

(a) State the time taken for the sledge to travel from A to B.

] ] T e | 3 I 1|
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(b) Determine the displacement of the sledge up the slope from point A at time t= 24 s. Page 14

displacement = ....cc.coiininniiinninianinaaning m [3]

(c) Show that the acceleration of the sledge as it moves from B back towards A is 0.50ms™2.

2]

(d) The child and sledge have a total mass of 70kg. The component of the total weight of the
child and sledge that acts down the slope is 80 N.

Determine

(i) the frictional force on the sledge as it moves from B towards A,

frictional force = .....ceovvieeceeee e N [ 2]

(ii) the angle 6 of the slope to the horizontal.
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Q22 (a) Define acceleration. F/M/16/22/Q2

-]
(b) A ball is kicked from horizontal ground towards the top of a vertical wall, as shown in Fig. 2.1.
path of ball
- TSy wall
A A s o T T horizontal

; 24m ; ground

Fig. 2.1 (not to scale)
The horizontal distance between the initial position of the ball and the base of the wall is 24 m.
The ball is kicked with an initial velocity v at an angle of 28° to the horizontal. The ball hits the
top of the wall after a time of 1.5s. Air resistance may be assumed to be negligible.

(i) Calculate the initial horizontal component v, of the velocity of the ball.

(iiy Show that the initial vertical component v, of the velocity of the ball is 8.5ms™.

(iii) Calculate the time taken for the ball to reach its maximum height above the ground.
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(iv) The ball is kicked at time {= 0. On Fig. 2.2, sketch the variation with time ¢ of the vertical
component v, of the velocity of the ball until it hits the wall. It may be assumed that
velocity is positive when in the upwards direction.

10.0

vy /ms™

5.0

-10.0

Fig. 2.2
[2]

(c) (i) Use the information in (b) to determine the maximum height of the ball above the ground.

MEIMURERBIGNT=" i m [2]

(i) The maximum gravitational potential energy of the ball above the ground is 22 J. Calculate
the mass of the ball.

IABES o cociciacsnssssmasanssssssssnisssioss sni s i inass soan kg [2]
(d) A ball of greater mass is kicked with the same velocity as the ball in (b).

State and explain the effect, if any, of the increased mass on the maximum height reached by
the ball. Air resistance is still assumed to be negligible.

S
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Q23 (a)Define velocity. M/AI7/22/Q2

.............................................................................................................................................. (1]
(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
\—___b'-"
AT, ZE
path of ball
1.25m
table —|
floor ;
! horizontal

Fig. 2.1

The height of the table is 1.25m. The ball travels a distance of 1.50m horizontally before
hitting the floor.

Air resistance is negligible.
Calculate, for the ball,

(i) the horizontal velocity v as it leaves the table,

Ve i ennnimsens a2 [3]
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(ii) the velocity just as it hits the floor,

magnitude of velocity = .................

angle to the horizontal = .................
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Q24 (a) Define: F/M/19/22/Q2
(i) displacement

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

(i) acceleration.

-]

(b) A man wearing a wingsuit glides through the air with a constant velocity of 47ms! at an
angle of 24° to the horizontal. The path of the man is shown in Fig. 2.1.

man in wingsuit

glide path
total mass 85kg

horizontal - -------1---------c"ccoommmm L

Fig. 2.1 (not to scale)

The total mass of the man and the wingsuit is 85kg. The man takes a time of 2.8 minutes to
glide from point A to point B.

(i) With reference to the motion of the man, state and explain whether he is in equilibrium.

.-[2]
(ii) Show that the difference in height h between points A and B is 3200m.
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Q25 (a) State Newton's second law of motion.

1]

(b) A car of mass 850kg tows a trailer in a straight line along a horizontal road, as shown in

Fig. 2.1.

car
trailer tow-bar mass 850kg

0

5 50

horizontal road

Fig. 2.1

The car and the trailer are connected by a horizontal tow-bar.

The variation with time t of the velocity v of the car for a part of its journey is shown in Fig. 2.2.

15

14 ;

vims!

13

12

11

1054

tl's

Fig. 2.2
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(i) Calculate the distance travelled by the car from time t=0to t=10s.

distance =

(ii) Attime t=10s, the resistive force acting on the car due to air resistance and friction is
510N. The tension in the tow-bar is 440N.

For the car at time t=10s:

1. use Fig. 2.2 to calculate the acceleration

ACCOIIPAHIONT v ms=2[2]
[ ]
& Ish G
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Ql a) change in displacement/time (taken) B1
2(b)(i) horizontal velocity = 22 = cos 40° c1
time taken = 36/ (22 x cos 40%) Al
=21s
2(b)(il) | u =22 xsin 40° A1
=14ms™
2(b)jii) |s =ut+¥af c1
=(14x2.1)+ (% x-981x21?)
=7.8(m) c1
(therefore) height of wall =7.8 + 1.2 A1l
=9.0m
Q2 a)ii) |39ms? Al
2(a)(ii) | tangent line to curve drawn on Fig. 2.1 c1
a = gradient of tangent line = Av/ At A1
e.g.= (44 - 26)/ (18- 0)
09gag1.1ms?
2(b) (E)F =68 x9.81- 1800 c1
( =-1133 N)
a =(Z)F/m=-1133/68 Al
= (-)17ms2
upwards B1
2¢(i) drag force decreases (as speed decreases) B1
(as speed decreases) resultant force decreases so (magnitude of) acceleration decreases (to zero) B1
Q3 (a) distance (from the point) in a straight line in a given direction B1
2(b)(i) distance =speed x time =6.0 x 0.71 Al
=43m
2b)iiy |s =ut+%alf c1
=%x=x981x0712
=25m Al
2(b)(iii) |tan #=2.5/4.3 c1
or
hypotenuse = (4.3% + 2.5%)
(=497 m)
cos 7=4.3/4.97 or sin §=2.5/4.97
#=30" Al
2(b)(iv) | displacement = {4.37 + 2.57) Cc1
=49mor50m A1l
or
displacement = 2.5/ sin 30° (C1)
or
displacement = 4.3/ cos 30°
=50m (A1)
o
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Q4 ) rate of change of velocity B1
2(b) | ¥ m(A)2= mg(A)h c1
W=592+2x981x7.8 c1
vi=188
v=14ms" A1
or by resolving components (C1)
Vertically:
vi=u? + 2as
vZ = (5.9sin60)Z +2 x —9.81 x (1.2-9.0)
w=13.4
horizontally: (c1)
vn = 5.9c0s60
vn =295
resultant velocity = (13.42 + 2.952) (A1)
=14 ms
Q5 ) only electric current and time underlined B1
1(b) | initial speed/ velocity is zero B1
(non-zero magnitude of) acceleration is constant /uniform (and in a straight line) B1
1(c)i) |e magnitude of acceleration at t = 8.0s is less than thatat t = 14.0s B1
e direction of acceleration at t = 8.0 s is opposite to thatat = 14.0s B1
1(c)(i) | a=gradient or a=(v—u)/t or a=Av/(A) c1
a=e.g. (20+10)/12 or (0+10)/4 or (20-0)/(12-4) A1
a=25ms?
1(c)iii) | displacement =[x (12 - 4) x 20] - [2 = 4 x 10] c1
gi;placament = (<10 x 12) + (Ve x 2.5 x 12?)
gi:splaoement =(20x 12)— (V2 x 2.5 x 12?)
:il:.splaoement =% x(20-10)x 12
displacement =60m A1
Q6 ) |timert=)9(0)/95=095(s) A1
2(a)(i) | (w)=29.5tan 38" or 9.5/tan 52° c1
375= u cos 38° and wy = u sin 38°
3.'5 = ucos 38° and uy = (1F - 9.5%)*
w=74ms"’ A1
2(a)(iii) | s=ut +Ysat? c1
(h=)7.4%x0.95-%x9.81 x 0.95°
h=26m Al
Q7 |t =Vesig c1
=[(2 = 36)/9.81]
=2T7s A1
1(b) * reaction time between hearing the splash and stopping the stop-watch B3
+ the sound (of the splash) takes time to reach the student or the stone hits the water at a different time to the sound
being heard or the sound (of the splash) has to travel to the student
« the student might not let go of the stone from ground level
» the student might not let go of the stone and start the stop-watch at the same time
« stop-watch may not be properly calibrated / has a zero error
* (local value of) g is not (exactly) 9.81 (ms2)
+ stone given initial velocity / initial velocity not zero
+ stone does not fall (exactly) vertically / in a straight line
Any three points, 1 mark each
1(c) precise: results are close together / have little scatter B1
not accurate: the values are not close to/50% different/ (very) different from the true value B1
0‘ 44
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Q8 1) only ampere and kelvin underlined B1
1(b) initial speed/ velocity is zero B1
(non-zero magnitude of) acceleration is constant / uniform (and in a straight line) B1
1)) | a=2.752/(2 x 3.89) A
=0.97ms?
1(c)(ii) | percentage uncertainty = (2 x 0.8) + 0.5 c1
=21% A1l
1(c)(iii) absolute uncertainty = (2.1/100) x 0.97 A1l
=0.02ms?
| Question Answer Marks
Qg (i) |[t=1.8/48 A1
=0.37s
2(a)(ii) |v=u+at C1
=9.81x0.37
=3.6ms' A1
2(a)(iii) |vi=3.62+4.9% c1
v=6.1ms"’ A1l
#=tan-'(3.6/4.9) A1l
=36°
2b)i) |p=miv c1
& %,[,s c1
p=0.01?![%nx(0.016!2)3] M
=7900 kgm-?
2(b)(ii) | (E=) amv2 c1
(E=) % x 0.017 x 4.92 = 0.20 (J) A1
Question Answer Marks
2(b)iii) | k=F/x or k= gradient Cc1
eg.k=64/10x 102 Al
=64 Nm" (allow 63—-65N ")
2(b)(iv) | E="Yakx? c1
or
E=%Fx and F = kx
xo=[(2 x 0.20)/ 64]°% A1l
=0.079m or 0.080 m
2(c)(i) | same elastic potential energy / same (initial) kinetic energy and (polystyrene ball has) smaller mass (so greater speed) B1
:;me (average) force and (polystyrene ball has) smaller mass, (so greater average acceleration so greater speed)
2(c)(ii)y | (for the polystyrene ball there is) B1
less (average vertical) acceleration / smaller (average vertical component of) resultant force
(so takes longer time to reach ground)
o
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Question Answer Marks
10 (a) vi= P+ 2as c1
Q §=5.6%/(2x9.81)
(max height =) 3.1 + 5.6?/(2 x 9.81) = 4.7 (m) A1
o) s=ut+%at2 o
471 081xp
2

t=098s A1
3(c) line drawn from a non-zero speed at { = 0 to a greater speed att=T B1
a single sloping straight line drawn fromt=0to t=T B1
line starts with a positive non-zero value of v and ends with a negative non-zero value of v B1
3(d) acceleration (of the ball) B1
3(e)(i) (magnitudes of accelerations are) equal / same B1
3(e)ii) (speeds are) equal / same B1

°
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L.lestlon Answer Marks
11 1(a) change in displacement/ time (taken) B1
1(b)(i) (displacement =) area under graph c1
(att=4.0s)v=(-)2.4 c1
height =% x25%x40-%x15%x24 A1l
=32m
M(b)(ii) | change in momentum =7.5(-4.0-24) c1
=(-)48Ns Al
(b)(iil) | W=aApl(a)t or Amvi(A) c1
=48/4.0 Al
=12N
or
W=ma or mg or m{v—u)/t (c1)
=75x16 or 7T.5=(4+24)/4.0 (A1)
=12N
1(c) speed/velocity decreases so viscous force decreases B1
—r viscous force decreases (and weight constant) so resultant force decreases B1
Question Answer Marks
_(a) force (on droplet of water) in horizontal direction is zero. B1
12 (b) | (time taken =) 3.5/6.6 = 0.53 (s) Al
(c) §=ut+ Y%al? c1
§=1%x9.81x053
h=14m A1l
istion Answer Marks
(d) displacement is straight-line distance (from P to Q) so less (than distance along path) B1
or
displacement is the shortest distance (from P to Q).
(e) (displacement)? = 3.52 + 1.4% c1
L displacement = 3.8 m A1
o
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13

acceleration: vector
work: scalar
power: scalar

Three correct scores 2 marks. Two correct scores 1 mark.,

a=(v—u)/tora=gradient or a = Av/(A)t

e.g.a=(1.40 0.70)/4.0

=0.18 ms2

b)(ii)

distance =0.5 x (0.70 + 1.40) x 4.0
or
(0.70 x4.0) + (0.5 x0.70 x 4.0)

=42m

14

v2 = u? + 2as

w?=8.72—(2x9.81x 1.5)

u=6.8ms

15

(a)

s = Yat?

57 =% x9.81xt? and t=3.4(s)

(b)

horizontal distance = 41 x 3.4

=140m

()

(displacement)? = 572 + 1402

displacement = ( 57?2 + 1402)%-5

=150 m

(d)

straight line from the origin with positive gradient

Cyrus Ishaq
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16 a)(i) decelerates

or
speed/velocity decreases

a)(ii) speed = (A)d/ (A)t or gradient

=e.g. (0.56—0.20)/1.5

=0.24 ms™!

4(b)

displacement is zero (so) average velocity is zero

17 fa)

constant gradient

(b)

(displacement until 0.20s =) ¥ x 1.96 x 0.20 (= 0.196 m)
or

(displacement after 0.20s =) Y2 x 6.86 x 0.70 (= 2.401m)

height =2.401 0.196

=2.2m

(alternative methods are possible using equations of uniformly accelerated motion)

18 #@)

a body continues at (rest or) constant velocity unless acted upon by a resultant force

distance =[x (2.0+4.4)x3.0]+[4.4x2.0]

=06+838

=18m

b)(ii)

a=(v—u)/t or gradient or Av/(A)t

eg.a=(44 20)/3.0=0.80ms™?

b)iii)

1. force = 240 cos 28° or 240sin62°

=210N

2. resultant force = 89 x 0.80 (= 71.2 N)

R =210-71

=140N

b)(iv)

Tsin45° =mg

T =(89x9.81)/sin45°

=1200N
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19 (@)

area = ut + Va(v— u)t
or

area = vt - Ya(v — u)t
or

area = Y2(u + v)t

a)(ii)

displacement

(b)(i)

u =15sin60° (=13 ms™)

t =15sin60°/9.81

=13s

b)(ii)

the force in the horizontal direction is zero

b)iii)

(velocity =) 15 cos60° =7.5(ms™)
or
(velocity =) 15sin30° = 7.5 (ms™)

20 @)

vx = (6.0° — 4.8%)"2 = 3.6 (ms™)
or

6.0sind= 4.8 (so #=53.1°) and v, = 6.0c0s53.1° = 3.6 (ms ™)

(b){i)

straight line from (0, 4.8) to (0.49, 0)

straight line continues with same slope to (0.98, —4.8) (labelled Y)

(b)(ii)

a horizontal line

from (0, 3.6) to (0.98, 3.6) (labelled X)

(c)

s = ut + Ysaf
= (4.8 x 0.49) + (% x —9.81 x 0.49%)
or
s = ¥(u + v)t or area under graph
=% x(48+0)x049
or
s = vt - Yeaf
=% x 9.81 x 0.49°
or
V=% + 2as

s =4.82/(2x9.81)

s=1.2m
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time =12s

(b)

distance (up slope) = %2 x 12 x 18 (= 108)

distance (down slope) = %2 x 12 x 6 (= 36)

displacement from A = 108 — 36

=72m

(c)

(d)i)

v=u+at or a=gradient or a=Av/(A)t

a=6/12=0.50 (ms ?) (other points from the line may be used)

or

VV=u?+2as and u=0
or
Vv = 2as

a=6.02/(2 x 36) = 0.50 (ms 2)

or

s=ut+%at’ and u=0
or
s = Ysat®

a=2x36/12°=0.50 (ms ?)

or

s = vi - Yeat’

a=2x(6x12-36)/122= 0.50 (ms 2)

F =70 x 0.50 (= 35)

frictional force =80 —-35

=45N

(d)(ii)

sin 8= 80/(70 x 9.81)

6=6.7°

Cyrus Ishaq
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(b)

(c)

(a) change in velocity/time (taken) or rate of change of velocity

(i) w=(24/1.5)=16(ms™)

(ii) tan 28° = w/vx or vx=vcos 28° and vy= v sin 28°
vy = 16 tan 28° or vy = 16 x (sin 28°/cos 28°) so v = 8.5(ms™)
(iii) v=u+at
t =(0-8.5)/(-9.81)
=0.87(s)

(iv) straight line from positive v, at t = 0 to negative vy at t =1.5s

B1
A1

C1
Al

C1
A1

M1

line starts at (0, 8.5) and crosses f-axis at (0.87, 0) and does not go beyond t=1.5s. A1

(i) (vi=u?+2as) 0=85%+2(-9.81)s
or (s=ut+ %at?) s=8.5%0.87 + V. x (-9.81) x 0.877
or (s=vt-%at?) s=0-"%x(-9.81)x0.872
or (s=%l(u+ v)t orareaundergraph) s=0.5x8.5x0.87

§=3.7(m)
(ii) AEr=mgaAh (allow E = mgh)

m=22/(9.81x3.7)
= 0.61 (kg)

C1
A1
C1
Al

(d) acceleration (of freefall) is unchanged/not dependent on mass, and so no effect (on

Cyrus Ishaq
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or explanation in terms of energy:

(initial) KE o« mass, (A)KE = (A)PE, (max) PE « mass, and so
no effect (on maximum height)
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(@)

rate of change of displacement or change in displacement/time taken

(b))

s = ut + Ysal

t=[(2 x 1.25)/9.81]"2 (= 0.50485)

or

V=17 + 2as

Veert = (2 x 9.81 x 1.25)"2 (= 4.95)

t=[2s/(u+Vv)]=2x1.25/4.95 (= 0.50485)

v=d/t=1.5/0.50(48)

=3.0 (2.97)ms™

(b)(ii)

vertical velocity = at

= 9.81 x 0.5048 (= 4.95) [using t = 0.50 gives 4.9]

velocity = [(vn)* + (v )3]"?

=[(2.97)% + (4.95)%""?

= 5.8 (5.79) [using t = 0.50 leads to 5.7]

direction (= tan ' 4.95/2.97) = 59°

24
(a)(i) | distance in a specified direction (from a point)
(a)(ii) | change in velocity / time (taken)
(b)(i) constant velocity so no resultant force
no resultant force so in equilibrium
(b)(ii) | (difference in height =) 47 x 2.8 x 60 x sin24° = 3200 m
Cyrus Ishaq G
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(resultant) force proportional/equal to/is rate of change of momentum

(b)(i)

distance = area under graph or s=%(u+ v)t
=Vax(9+13)x10

or

s =ut+ ‘eat?
= (9 x 10) + (2 x 0.40 x 10%)

or

s =wvi-Yat?
= (13 x 10) — (V2 x 0.40 x 10?)

or

vi =uy?+2as
132 =92+ (2 x 0.40 x s)

distance = 110m

(b)(ii)

1. a =gradient or a=(v—u)/t or a= Av/ (A}

e.g.a=(14-9)/125 or (13-9)/10

a=040ms?
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