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QL.

2 (a O

Define displacement.
(ii) Use your definition to explain how it is possible for a car to travel a certain distance
and yet have zero displacement.

[3]
(b) A car starts from rest and travels upwards along a straight road inclined at(ainangle of
5.0° to the horizontal, as illustrated in Fig.2.1.

S
asom
 as0m__

PR

car,
mass 800kg

The length of the road is 450 m apd, tha car has mass 800kg. The speed of the car
increases at a constant rate and is 281s™! at the top of the slope.

(i) Determine, for this car t@velling up the slope,

1. its acceleration,

acceleration = ......

rerceiernnn. MS2 [2]
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2. the time taken to travel the length of the slope,

timetaken = .....ccccoviviviiiinncvisnercinn 0 8 [2]

Q2.

3 A student has been asked to determine the linear acceleration of a toy car as it moves down
a slope. He sets up the apparatus as shown in Fig.3.1.

N

Fig. 3.1

The time tto move from rest through a distance d is found for different values of d. A graph of
d (y-axis) is plotted against t* (x-axis) as shown in Fig.3.2.
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(@) Theory suggests that the graph is a straight line through the origin.
Name the feature on Fig. 3.2 that indlicates the presence of

(i) random error,

(2
(b) (i) Determine the gradient of the line of the graph in Fig.3.2.
gradient = [2]
(if) Use your answer to (i) to calculate the acceleration of the toy down the slope.
Explain your working.
acceleration = ........cccceveeeeeeieeveeeeee. Ms2 [3]

Q3.
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(a) A stone of mass 56 g is thrown horizontally from the top of a cliff with a speed of

18m s, as illustrated in Fig. 4.1.

18m 3‘_1

Fig. 4.1

16m

sea level

The initial height of the stone above the level of the sea is 16 m. Aif registance may be

neglected.

(c) State the horizontal velocity of the stone as it hits the watef".

(d) (i)

horizontal velocity =

and the resultant velocity of the stone as=it hits the water.

On the grid of Fig. 4.2, draw a vector diagram 10 represent the horizontal velocity

(1]
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Fig. 4.2

(if) Use your vector diagram to determine the angle with the horizontal at which the
stone hits the water.

Q4.
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2  An experiment is conducted on the surface of the planet Mars.

Fo
A sphere of mass 0.78kg is projected almost vertically upwards from the surface of the Exam;;:|

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

10—

S

vims’ N

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

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

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

Q5.
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2 (a) Complete Fig. 2.1 to showwhether each of the quantities listed is a vector or a scalar.

vector / scalar
distance moved | ..o,
speed |
acceleration | .o
Fig. 2.1

(3]

(b) A ball falls vertically in air from rest. The variation with time ¢ of the distance d moved by
the ball is shown in Fig. 2.2.

5- T T T T T T

d/m

tls

WWW.MEGr#LECTU E.COM
WWW. yout ube. com neqgal ect ure  Pagesgofes



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

MEGA LECTURE

(i} By reference to Fig.2.2, explain how it can be deduced that 5

Ecamin

1. the ball is initially at rest, Lie
.............................................................................................................................. 2]

2. air resistance is not negligible.

(ii) Use Fig. 2.2 to determine the speed of the ball at a time of 0.40s/a*enit has been
released.

(iif) OnFig.2.2, sketch a graphito show the variation with time f of the distance d moved
by the ball for negligiblg{air resistance. You are not expected to carry out any further
calculations. [3]

Q6.
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2 (a) The distance s moved by an object in time f may be given by the expression 9
Ex am
sl gD Lk

5 jat

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 photograpn of a steel ball of radius 9.0cm as N 1alls rom rest. 1ne
image of the ball is blurred, as illustrated in Fig. 2.1.
The image is blurred because the ball is moving while the photograph is being taken.

initial position o E\/w
of ball in photograph pr= P 80
rd S\ | cm
/ A
\ L
I L
!
\ /
\ /[
< < .
b 4 —
b — o  S—
final position 90
of ball in photograph l_ Cm
100
| cm
\/\/W

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

10
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Calculate, to an appropriate number of significant figures, o

Ecamim

(1) the time the ball falls before the photograph is taken, Le
times= sesmmasmeasaaranss s [3]

(if} the time interval during which the photograph is taken.

timesinterval = ..., s [3]

(c) The student in (b) takes a secondpivotograph starting at the same position on the scale.
The ball has the same radiug’but Is less dense, so that air resistance is not negligible.

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

Q7.

11
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3 A cyclist is moving up a slope that has a constant gradient. The cyclist takes 8.0s to climb

the slope.
The variation with time t of the speed v of the cyclist is shown in Fig. 3.1.

8 T T T
vims™ BN EEEREAEEEEENEEEEEEEEEEE
6 S
...... Tl Il I
4 HEEN NN \
o P
o S
0 2 4 6 8
t/s
Fig. 3.1

(a) Use Fig. 3.1to determine the total distance moved up the slope.

distance = ... m [3]

Q8.

12
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1 (a) Distinguish between scalar quantities and vector quantities.

(b) In the following list, underline all the scalar quantities.

acceleration force kinetic energy mass power weight [1]

(¢) A stone is thrown with a horizontal velocity of 20m s~ from the top of a cliff 15m high.

The path of the stone is shown in Fig. 1.1.

——20ms - — — — — -
Tl
cliff h 15m
—
ground
Fig.1.1
Air resistance is negligible.
For this stone,
(i) calculate the time to fall 15m,
time = s [2]

(if) calculateghasiagnitude of the resultant velocity after falling 15m,

resultant velocity = ... ms~'[3]

13
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(iii) describe the difference between the displacement of the stone and the distance
that it travels. |

............................................................................................................................. [2]
Q9.
2 (a) A sphere ofradius R is moving through a fluid with constant speed v. There is a frictional
force F acting on the sphere, which is given by the expression Ex:
F=6xDRv

where D depends on the fluid.

(i) Showthat the SI base units of the quantity D are kgm~'s".

[3]

14

WWW.MEGr#LECTU E.COM
WWW. Yout ube. conml neqgal ect ure  Page14of63



what sapp: +92 323 509 4443,

emai | :

MEGA LECTURE

(ii) A raindrop of radius 1.5mm falls vertically in air at a velocity of 3.7m s~'. The value

of D for air is 6.6 x 10~*kgm™' s~'. The density of water is 1000kgm™=.

Calculate

1. the magnitude of the frictional force F,

2. the acceleration of the raindrop.

|

Y

WWW.MEG
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Fig. 2.1
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(I) State the variation with time of the acceleration of the raindrop.

............................................................................................................................. [3]
(if) A second raindrop has a radius that is smaller than that given in (a). On Fig. 2.1,
sketch the variation of speed with time for this second raindrop. [2]

Q10.

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. Eia

(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.

8| = [ Lo e e m [2]

Q11.

16
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2 (a) A ball is thrown vertically down towards the ground and rebounds as illustrated in
Fig. 2.1. Ex

ball passing point A

i A
84ms™
ball at maximum

5.0m height after rebound

O N

i
f
1 1

Fig. 2.1

As the ball passes A, it has a speed of 8.4ms~'. The height of A& i$)5.0m above the
ground. The ball hits the ground and rebounds to B. Assum®€ that air resistance is
negligible.

(i} Calculate the speed of the ball as it hits the ground.

(if) Showthat the time taken fartha hall to reach the ground is 0.47 s.

(1]

17
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(b) The ball rebounds vertically with a speed of 4.2ms™! as it leaves the ground. The time
the ballis in contact with the ground is 20ms. The ball rebounds to a maximum height 5.

The ball passes A at time t = 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

Fig. 2.2

Q12.

18

(3]
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2 (a) A student walks from A to B along the path shown in Fig. 2.1. o
Examiners
Lse
A
B
Fig. 2.1

The student takes time fto walk from A to B.

(i) State the quantity, apart from f, that must be measured in order to determine the
average value of

1. speed,

2. velocity.

19

WWW.MEGr#LECTU E.COM
WWW. Yyout ube. com neqgal ect ure  Page190f63



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

MEGA LECTURE

{b) A girl falls vertically onto a trampoline, as shown in Fig.2.2. f
Eram

'

springy material

—

Nt
=

Fig. 2.2

The trampoline consists of a central section supported by springy material. At time
t = 0 the girl starts to fall. The girl hits the trampoline and rebounds vertically. The
variation with time t of velocity v of the girl is illustrated in Fig. 2.3.

10.0 T

8.0

6.0

vims!

4.0+

tfis

-6.0

-8.0-

20
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Forthe motion of the girl, calculate

(i} the distance fallen between time f = 0 and when she hits the trampoline,

(ii)

{c) (i)

(i)

Q13.

distance = ... m [2]

the average acceleration during the rebound.

acceleration’ = e sy W S ine ms— [2]

Use Fig. 2.3 to compare, without calculation, the accelerations of the girl before
and after the rebound. Explain your answer.

Use Fig. 2.3 to compare, wittvaut calculation, the potential energy of the girl at
t=0 and t = 1.85s. Explain yon answer.

3 A ball falls from rest onto a flat horizontal surface. Fig. 3.1 shows the variation with time t of
the velocity v of the ball as it approaches and rebounds from the surface.

WWW. yout ube. co
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ly/m g1 i :

4 »

| 1
- I u

| 1 1

H I =4 \

0

¢ 0.1 0.2 0317 0.4 0 0.6 0.7

| | _. /3
= mi |5 SN SRS NN NN NN T T

A
A
-0 \
...... = AR

I A

! \

-4

1

Fig. 3.1
Use data from Fig. 3.1 to determine
(a) the distance travelled by the ball during the first 0.40 s,
AISEERBEIE . oo s s R i m [2]

22
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(b) the change in momentum of the ball, of mass 45 g, during contact of the ball with the
surface,

(c) the average force acting on the ball during contact with the surface.

Q14.

1 (a) One of the equations of motion may bw written as
W = u? + 2as.
(i) Name the quantity-fepsesented by the symbol a.

(i) The quaniiydrepresented by the symbol a may be either positive or negative. State
the sigaificance of a negative value.

(b) A student investigates the motion of a small polystyrene sphere as it falls from rest
alongside a vertical scale marked in centimetres. To do this, a number of flash
photographs of the sphere are taken at 0.1 s intervals, as shown in Fig. 1.1.

23
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starting point .
- | cm

photograph
of sphere —————____ +80

scale

L 160

The first photograph is taken at time t = 0.
By reference to Fig. 1.1,

(i) briefly explain how it can be deduced that the sphere reaches a constant speed,

24
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(ii) determine the distance that the sphere has fallen from rest during a time of

1. 0.7s,

distance= ..o cm

distance = oo cm

(c) The student repeats the experiment with{ a Jead sphere that falls with constant
acceleration and does not reach a constaiipspeed.

Determine the number of flash photographs that will be observed against the 160 cm
scale.

Include in your answer the phgtegreph obtained at time £ = 0.

NUMBEE S s snsaamansisanesnnaze [3]

Q15.

25
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3 A girl stands atthe top of a cliff and throws a ball vertically upwards with a speed of 12m s,
Examiners
Lse

as illustrated in Fig. 3.1.

__pathof
ball

Fig. 3.1
At the time that the girl throws the ball, her hand is a height / above the horizontal ground at

the base of the cliff.
The variation with time f of the speed v of the ball is shown in Fig. 3.2.

20

vims™

10\

S

a0

—30

—40 -
26

WWW.MEGr#LECTU E.COM
WWW. yout ube. co

nmegal ecture@nuil . con

nmegal ect ur e

Page 26 of 63



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

MEGA LECTURE

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,
HITE = s esnssonem s s
(i1} hits the ground at the base of the cliff.
time Sismsrsrnammsnnns s
(2]
(c) Determine the maximum height above the base of the cliff to which the bill rises.
height = m [3]

(d) The ball has mass 250 g. Calculaté fie, Inagnitude of the change in momentum of the
ball between the time that it leaxds tive girl's hand to time t=4.0s.

27
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(e} (1) Statethe principle of conservation of momentum.

............................................................................................................................. [2]
(if} Comment on your answer to (d) by reference to this principle.
............................................................................................................................. [3]
Q16.

3 A stone on a string is made to travel along a horizontal circular path, as shown in Fig. 3.1. 2
o
Examir
Lise

Fig. 3.1

The stone has a constant speed.

(a) Define acceleration.

28
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(b} Use your definition to explain whether the stone is accelerating.

..................................................................................................................................... [2]
Q17.
4 A trolley of mass 930 g is held on a horizontal surface by means of two springs, as shown in
Fig.4.1. Examiner’s
Use

trolley /7 spring

Fig. 4.1

The variation with time f of the speed v of the trolley for tha first 0.60 s of its motion is shown
in Fig. 4.2.

viem s~

t/s

Fig. 4.2

29

WWW.MEGr#LECTU E.COM
WWW. Yout ube. com neqgal ect ure  Page290f63



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

MEGA LECTURE

(a) Use Fig. 4.2 to determine

(i) the initial acceleration of the trolley,

acceleration = ..............coevvevvnnnn, m s~ [2]

(if) the distance moved during the first 0.60 s of its motion.

distance = ... m [3]
Q18.

2 A student investigates the speed of atrolley as it rolls down a slope, as illustrated in Fig. 2.1.

speed sensor

trolley g

-,

Fig. 2.1

The speed v of the trolley is measured using a speed sensor for different values of the time
that the trolley has moved from rest down the slope.

Fig. 2.2 shows the variation with f of v.

30
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2.0

vims'! T ERENEEEREERERER /
N 2 c2ca5 k2 Easastnt A

W

0 0.2 04 06 0.8 r.0 1.2
t/s

Fig. 2.2

(a) Use Fig. 2.2 to determine the acceleration of the trolley“st the point on the graph where

£=0.80s. .

Examiners
Lisa

acceleration = ............coeviiinnnnnnns m s [4]

(b) (i) State whether the acceleration is increasing or decreasing for values of t greater
than 0.6 s. Justify your answer by reference to Fig.2.2.

31
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(if) Suggest an explanation for this change in acceleration.

.............................................................................................................................. [1
(c) Name the feature of Fig. 2.2 that indicates the presence of
(i) random error,
.............................................................................................................................. [1]
(if) systematic error.
.............................................................................................................................. [1]
Q109.

2 A girl Gis riding a bicycle at a constant velocity of 3.5ms~'. At time £ =0, she passes aboy B
sitting on a bicycle that is stationary, as illustrated in Fig. 2.1.

B

L]

é 3.5ms—-1—
t=0

Fig. 2.1
At time f =0, the boy sets off to catch up with the girl. He accelerates uniformly from time t=0
until he reaches a speed of 5.6m s~ in a time of 5.0s. He then continues at a constant speed
of 5.6ms'. Attime t=T, the boy catches up with the girl.
T is measured in seconds.
(a) State, interms of T,the distance moved by the girl before the boy catches up with her.

distance = ... m [1]

32
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(b) Forthe boy, determine

(i) the distance moved during his acceleration,

distance = ... &L N m [2]

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

o[ - o [of - Vo —————— m [1]

(¢} Use your answersiin (a) and (b) to determine the time T taken for the boy to catch up
with the girl.

33
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(d) The boy and the bicycle have a combined mass of 67 kg.

(i) Calculate the force required to cause the acceleration of the boy.

(i) At a speed of 4.5ms™, the total resistive force acting on the boy and bicycle is
23N.
Determine the output power of the boy’s legs at this speed.

Q20.

34
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2 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 |Exaniners

into operation, the car moves forward a distance of 29.3 m. With the brakes applied, the front Use
wheels of the car leave skid marks on the road that are 12.8m long, as illustrated in Fig.2.1.

position of car

when hazard appears skid !mark
|

| /

L - -

29.3m . 12.8m

Fig. 2.1

It is estimated that, during the skid, the magnitude of the deceleration of the caris (W35 g,
where g is the acceleration of free fall.

(a) Determine

(i} the speed v ofthe car before the brakes are applied,

(if} the time interval between the hazard appearing and the brakes being applied.

35
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(b) The legal speed limit on the road is 60 km per hour.
Use both of your answers in (a) to comment on the standard of the driving of the car. 5

..................................................................................................................................... [3]
Q21.
2 A sky-diver jumps from a high-altitude balloon. For
Examin
(a) Explain briefly why the acceleration of the sky-diver tse
(I} decreases with time,
............................................................................................................................ [2]
(ii) is 9.8ms2 at the start of the jump.
............................................................................................................................ [1]

36
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(b) The variation with time t of the vertical speed v of the sky-diver is shown in Fig. 2.1.

0 T

v/m s

B e e

20 T A e e e e e

10 4 A Y A A A O A IZZ_
s e e e e e e f::.f::'..'l

Fig. 2.1

Use Fig. 2.1 to determine the magnitudeno! the acceleration of the sky-diver at time ;

t=6.0s. Exan
L

acceleration = ..o m s~ [3]
() 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,

37
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2. the accelerating force at time = 6.0s.

(if} Use your answers in (i) to determine the total resistive force acting on the sky-diver
at time t=6.0s.

Q22.
3 A small ball is thrown horizontally with a speed of 4.0 m s~ .1t falls through a vertical height of
1.96m bhefore bouncing off a horizontal plate, as illustrated in Fig. 3.1. E
4.0ms-
—e
A
1.96m i
plate 0.98m
AN

Fig. 3.1

Air resistance is negligible.
(a) Forthe ball, as it hits the horizontal plate,
(i) state the magnitude of the horizontal component of its velocity,

horizontal velocity = ... ms [1]

38
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(if} showthat the vertical component of the velocity is 6.2m 57,

(1]

(b) The components of the velocity in (a) are both vectors. For
Examings
Complete Fig. 3.2 to draw a vector diagram, to scale, to determine {he yelocity of the Use
ball as it hits the horizontal plate.

Fin 3.2

39
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[3]
(c) After bouncing on the plate, the ball rises to a vertical height of 0.98m.

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

vertical velocity = ... ms~ [2]
(if} The ball of mass 34 g is in contact with the plate for a time of 0.12 5. For
Examiner

Use your answer in (c){i) and the data in (a)(ii) to calculate, for the ball as it bounces be

on the plate,

1. the change in momentum,

CHANGE S v kgms™ [3]
40
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2. the magnitude of the average force exerted by the plate on the ball due to this
momentum change.

force = .l N N [2]
Q23.
2 A ballis thrown horizontally from the top of a building, as shown/n.Fig”2.1. For
Examiner’s
Lise
82ms™
-
: //
///
/// / .'\.\\_
(607 P
/ - ) -
y 1y
//
e [
ZAN
Fig. 2.1

The ball is thrawr¥ith a horizontal speed of 8.2ms™'. The side of the building is vertical. At
point P on {fya vath of the ball, the ball is distance x from the building and is moving at an
angle of 60 the horizontal. Air resistance is negligible.
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(a) Forthe ball at point P,

(i) showthat the vertical component of its velocity is 14.2ms™!,

(2]

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

distance = ... m [2]
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(ili) determine the horizontal distance x.

X T e m [2]
(b) The path of the ball in (a), with an initial horizontal speed of 8.2ms™", is shown again in
Fig. 2.2.
g.2ms™
—

Fig-2.2

On Fig. 2.2, sketch the new path of the ball for the ball having an initial horizontal

speed
(i) greaterthan 8.2ms™! andywith Negligible air resistance (label this path G), [2]
(i) equalto 8.2ms" bt with air resistance (label this path A). [2]

Q24.
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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
Examiners
Use

Fig. 2.1

The initial velocity of the ball is 12.4m s~ at an angle of 36° to the horizontal.
The ball just passes over a wall of height /. 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 = ... m [2]
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(ii) the height / of the wall.

Ex
A= m [3]
(b) A second ball is thrown from point P with the same velocity as the ball in (a). 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 the pGint where it first hits
the ground. [2]
Q25.
4 A student takes measurements to determine a value foi\th&,acceleration of free fall. Some of
the apparatus used is illustrated in Fig. 4.1. &

electromagnet E

S i
iron—
ball
d
bench = —— > Y
Fig. 4.1

The student measures the vertical distance d between the base of the electromagnet and
the bench. The time t for an iron ball to fall from the electromagnet to the bench is also
measured.

Corresponding values of t2 and d are shown in Fig.4.2.
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80 T e e

40 HH A A e

30 e

20—

0.02

0.04

0.06

0.08

0.10

t2/s?

(a) On Fig. 4.2, draw the line of best fit for the points.

(b) State and explain why there is a non-zero intercept on the graph of Fig. 4.2.

(c) Determine the student’s value for

(i) the diameter of the ball,

WWW.MEG
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(if) the acceleration of free fall.

acceleration = ... ms~ [3]

Q26.

3 A ball is thrown against a vertical wall. The path of the ball is shown in F(g. 3.1. ;

T wall

9.95m

Fig. 3.1 (not to scale)

The ball is throwgedrom S with an initial velocity of 15.0ms~"! at 60.0° to the horizontal.
Assume that girvesistance is negligible.

a7
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(a) Forthe ball at S, calculate

(i) its horizontal component of velocity,

horizontal component of velocity = ... ms~ [1]

(if) its vertical component of velocity.

vertical component of velocity = ... ms~' [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 S to P,

height = .. m [1]

(if} showthat the time taken for the ball to fravel from Sto P is 1.33s, :
Craw
L

[1]

(ifi) showthat the velocity of the ball immediately after rebounding from the wall is about

46ms.
[1]
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(c) The mass of the ball is 60 x 10~7kg.

(i) Calculate the change in momentum of the ball as it rebounds from the wall.

change in momentum = ... Ns [2]

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

............................................................................................................................. [1]
Q27.
1  The variation with time f of the displacement s for a car isyshown in Fig. 1.1.
- /,-—-\\\r ......
500_:.:::.:5..:5/5.:;:.5; b e R
s/m :.::..::../..:'|.::;.:::
a0 FE = | N
B T R
200 +— /\ S e
SN
100 A e
RS e
E"/' . . _ _
u 20 40 60 80 100 t/s
Fig.1.1
(a) Determine the magnitude of the average velocity between the times 5.0 s and 35.0s.
average veloclty = .........cccciininieiiieee e ms™ [2]
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{b) OnFig. 1.2, sketch the variation with time t of the velocity v for the car.

vims

0 1
0T 20 20 10 60 | 80 100 ¢ /5
Fig.1.2
[4]
Q28.
2 The variation with time t of velocity v of a car is shown in Fig. 2.1. For
Examiner
Lise
i stage1 i stage 2 N
20.0 :
15.0 ST
v/ms
10.0
5.0
0 i
0 0.5 1.0 1.5 2.0 25 3.0 3.5
t/s
Fig. 2.1
S0
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At time t = 0, the driver sees an obstacle in the road. A short time later, the driver applies the
brakes. The car travels in two stages, as shown in Fig. 2.1.

(a) Use Fig. 2.11to describe the velocity of the carin

1. stage 1,
...................................................................................................................................... [1]
2. stage 2
...................................................................................................................................... [1]
(b) (i} Calculate the distance travelled by the carfromt =0tof =3.5s.
total distace = .. m [2]

(1i) The car has a total mass of 1250kg(D<termine the total resistive force acting on For

the car in stage 2. Examiner's
Use
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(c) For safety reasons drivers are asked to travel at lower speeds. For each stage, describe

Q29.

and explain the effect on the distance travelled for the same car and driver travelling at
half the initial speed shown in Fig. 2.1.

(i) stage 1:

(ii) stage 2:

1 (a) The dragforce D on an object of cross-sectional area A, moving with a speed v through

WWW. yout ube. co

a fluid of density p, is given by
1

L 2
D 2 CpAv
where C is a constant.
Show that C has no unit.
[2]
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(b} A raindrop falls vertically from rest. Assume that air resistance is negligible.

(i) OnFig. 1.1, sketch a graph to show the variation with time £ of the velocity v of the
raindrop for the first 1.0 s of the motion.

10.0 7717 -
8.0 mum.
6.0 T T
vims™ P HH
4.0 T
2.0 H ma
0 ............. Il I

0 1.0 2.0 30 4.0 50
A
Fig. 1.1
(1]
(if) Calculate the velocity of the raindrop after falling 100&m.
VEIOCHY = oot ms~ [2]
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(¢} In practice, air resistance on raindrops is not negligible because there is a drag force.

This drag force is given by the expression in (a). g

() State an equation relating the forces acting on the raindrop when it is falling at
terminal velocity.

(1]

(i) The raindrop has mass 1.4 x 10°kg and cross-sectional area 7.1 x 105mZ. The
density of the air is 1.2kgm=2 and the initial velocity of the raindrop is zero. The
value of Cis 0.60.

1. Show that the terminal velocity of the raindrop is about 7ms™".

(2]

2. The raindrop reaches terminal velocity after falling approximately 10m. On
Fig. 1.1, sketch the variation with time t of velocity v for the raindrop. The sketch
should include the first 5s of the motion.

[2]

Q30.
3 (a) Define power.
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(b} A cyclisttravels along a horizontal road. The variation with time § of speed v is shown in

Fig. 3.1.
L —
e e e e e e e e e ey _'ZZ'_fZZ'__'_Z_';__"_;_'....--"Z
J | '..ZZ::Z:.Z:.ZH_;__._.'..'.- ......... RN
NN AN AN .".ZZZ'.Z"-Z-Z"'."."Z'.ZZ T

vims™ T

The cyclist maintains a constant pover and after some time reaches a constant speed
of 12ms.

() Describe and explaintire’motion of the cyclist.

. 3]
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(i) When the cyclist is moving at a constant speed of 12ms™! the resistive force is
48N. Show that the power of the cyclist is about 600V, Explain your working. Ex

(2]

(iii) Use Fig. 3.1 to show that the acceleration ofthe cyclist when his speed is 8.0ms™
is about 0.5ms—2.

(2]

(iv) The total mass of the cyclist and bicycle is 80kg. Calculate the resistive force R
acting on the cyclist when his speed is 8.0ms™!. Use the value for the acceleration

given in (ifi).

=TT I i<

(v) Use the information given in (if) and your answer to (iv) to show that, in this
situation, the resistive force R is proportional to the speed v of the cyclist.

[1]

Q31.
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3 (a) Define

(I} velocity,

(b} A car of mass 1aUUKY travels along a straight hor zontal road.

The wvariation with time { of the displacement x of the car is shown in Fig. 3.1.

140 e
120
100
Qg
. - P .
wim NESESRERERS o> O jEREE w8
BO TN
40
AN,
[V
20—
a
1] 1.0 2.0 3.0 4.0 5.0
iis
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(i} Use Fig. 3.1 to describe qualitatively the velocity of the car during the first six For
seconds of the motion shown. Exanin
Give reasons for your answers. Use

(if} Calculate the average velocity during the time interval t=0to t=1.5s.

average velocity = ..., ms~ [1]

{iii) Showthat the average acceleration between t=1.5s and f=4.0sis -7.2ms.

(2]

{iv) Calculate the average force acting on the car betweent=1.5s and t=4.0s.
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