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Equations of motion for uniform acceleration

Horizontal Motion

1. A car is uniformly decelerated and brought to rest from a speed of 30 ms™ in 15 s. Find the
acceleration.

2. A car accelerates uniformly from rest at a rate of 2 ms for 6 s. It then maintains a constant
speed for half a minute. The brakes are then applied and the vehicle is uniformly retarded to rest
in 5 s. Find the maximum speed reached and the total distance covered. (Note acceleration
changes during each part of the motion.)

3. An electric train moving at 20 km per hour accelerates to a speed of 30 km per hour in 20 s.
Find the acceleration and the distance travelled during the period of the acceleration.



Vertical Motion

4. A stone is thrown upwards with an initial velocity of 14 ms™. Neglecting air resistance, find (a)
the maximum height reached, (b) the time taken for the whole journey.

5. In Acapulco, divers dive from a rock 36 m above sea level. Assuming that air resistance is
negligible, calculate how long the dive lasts, and the speed with which the divers hit the water.

6. A parachute is designed to give a landing speed of 7 ms™t. What height of scaffolding would
parachutists in training have to use (without a parachute) to simulate a parachute fall?

7. A Honda Civic is advertised as being able to cover the standing quarter mile ( say 400 m) in
17.5 s. Calculate the acceleration and the speed at the end of the quarter mile.



8. A sandbag is released from a balloon which is ascending with a steady vertical speed of 8 ms.
If the sandbag hits the ground 15 s later, if a=+9.81 what is the initial velocity (magnitude and
direction) of the sandbag relative to the ground? What was the height of the balloon when the
sandbag was released?

9. A cat, wishing to investigate the laws of physics, jumps out of a second floor window and falls
through a height of 7 m. Calculate the velocity of the cat just before it lands and the time of fall.
State any assumptions made.




SUVAT equations

3 A steel ball 15 released from rest above a cylinder of liquud, as shown m Figure 3. The ball
descends vertically in the air then m the liquud until it reaches the bottom of the cylinder.

Figure 3

steel ball  —
released here 0.16m

3 {(a) The vertical distance from the bottom of the ball at the point where it 15 released to the
liquid surface is 0.16m.

3 (a) (1) Calculate the ime taken. 7. by the ball to fall to the liquid surface from the point

where it is released. Give your answer to an appropriate number of significant
figures.

VAN Y-
(3 marks)

3 {a) (n) Calculate the velocity, v, of the ball on reaching the liqmd.

-1
ATIEWET ... oo s
{2 marks)




Further Questions (answer on paper)

Fquations of motion

I. A body with an initial velocity of 10ms* has an acceleration of 8ms? . What is its
velocity after 55 and how far has it travelled in that time?

2. A train starting from a platform has an acceleration of 1.2 ms? . What is its
velocity after 5s and how far has it travelled?

3. A body moves from rest with a uniform acceleration of 10ms? . How far does it
move in 8s and what is its velocity after that time?

4, How far does a body move in 10s if it starts from rest with a uniform acceleration
of 12ms? 7 What is its velocity after 10s?

5. How far does a body move in the third second if it starts from rest with a uniform
acceleration of 10ms? 7

6. How far does a body travel in the fourth second if it starts from rest with a
uniform acceleration of 0.8ms? 7

7. A body with an initial velocity of 24 km b has a uniform acceleration of 3ms?
How far does it move in 35?7 What is its velocity after 657

8. A body starting from rest has an acceleration of 2ms? . What is its velocity after
moving 16m? How long does it take to travel [6m?

9. An aircraft has a take off velocity of 180 km h* . What length of runway is
needed if the aircraft's average acceleration along the ground is 2.5ms? 7

10. The brakes of a car can give a maximum retardation of 10ms? . Find the least
distance in which the car can stop if its velocity is 30ms® |



Projectiles (Horizontal and Vertical Motion)

1. A football is kicked from a flat roof with a horizontal velocity of 20 ms™. If the roof is 14 m above
ground level, calculate:
(a) the time taken for the football to hit the ground, (hint think vertically)

b) the horizontal range of the football. (hint think horizontally; the time of flight will be the same
as for vertically)

2. A helicopter is hovering in mid-air when it fires its guns horizontally to strike a target on the

ground.

The horizontal velocity of the bullets is 200ms™!- If each bullet takes 4s to reach the target, find
a) how far the target is horizontally from the helicopter

b) how high the helicopter is at the time of firing



3. An aeroplane flying horizontally with a uniform velocity of 40ms drops a bomb which hits a
factory. When the bomb is released it will continue to travel horizontally at 40ms™ (i.e. air
resistance is negligible). When the bomb is released the horizontal distance between the factory
and the aeroplane is 200m.

Draw a diagram 40ms1

A
A

Find 200m
a) The time of flight of the bomb

b) how high the aeroplane is flying

c) where the plane is relative to the factory when the bomb explodes (assume negligible air
resistance on the plane)



4. A dart player stands 3.0 m from a board and throws a dart with an unknown horizontal velocity,
at a distance of 1.8 m above the ground. The dart hits the board at a point 1.5 m above the
ground.

Write down your vertical and horizontal information. Calculate the vertical distance the dart will
travel and make a note of this on your diagram.

1.8m

1.5m

3m

Calculate:
(a) the time of flight of the dart,

b) the initial speed of the dart,



5. Harder — a challenge

An electron moving at 2.0 x 107 ms™* horizontally
enters an electric field which provides a vertical
force on the electron of 3.2 x 10 1> N. The electron
travels 4 cm horizontally through the field.
Calculate:

(a) the vertical acceleration of the electron,
(use F = ma where F is force in Newtons and m is
mass of a moving object in kg and a is acceleration
ms-2).

(b) the time taken to pass through the field, (think horizontally)

c) the vertical displacement of the electron on leaving the field,

10



6. a) A ball is dropped from a height of 80 m. Calculate the time taken to reach the ground.

b) A ball is thrown horizontally at 20 ms™* from the top of a cliff of height 80 m. It falls into the sea.
For each of the following, sketch graphs (giving appropriate values on the axes)
i) the horizontal component of the velocity against time.

i) the vertical component of the velocity against time.

iii) the height of the ball above ground level against time

11



7. A tennis ball is returned from a point close to the ground on the base line and just clears the net,
hitting the ground on the base line at the other side of the net. The netis 1.0 m high and the
distance from the net to either base line is 12 m.

Y
/_7 im
« »

Assuming no air resistance, find

a) The time it takes the ball to travel from the top of the net to the baseline (Hint consider the
second half of the motion only in the vertical direction)

b) The horizontal velocity with which the ball crosses the net. (draw a diagram).

12



Jan 09

4 Figure 3 shows the path of a ball thrown horizontally from the top of a tower of height 24m
which 1s surrounded by level ground.

Figure 3

tower

ground

4 (a) Using two labelled arrows, show on Figure 3 the direction of the velocity. v, and the
acceleration. a. of the ball when it 1s at point P.
(2 marks)

4 (b) (1) Calculate the time taken from when the ball is thrown to when it first hits the
ground. Assume air resistance is negligible.

AT T i R e R s
(2 marks)

4 (b) (1i1) The ball hits the ground 27 m from the base of the tower. Calculate the speed at
which the ball is thrown.

(2 marks)
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Q1.

The diagram below shows two different rifles being fired horizontally from a height of 1.5 m
above ground level.
Assume the air resistance experienced by the bullets is negligible.

(a) When rifle A is fired, the bullet has a horizontal velocity of 430 m s™' as it leaves the rifle.
Assume the ground is level.

(i)  Calculate the time that the bullet is in the air before it hits the ground.

(i) Calculate the horizontal distance travelled by the bullet before it hits the ground.

horizontal distance ... m

(b} Rifle B is fired and the bullet emerges with a smaller horizontal velocity than the bullet from
rifle A

Explain why the horizontal distance travelled by bullet B will be less than bullet A.

14
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Projectiles
Resolving vectors and finding magnitude and direction

1. A shot is projected at an angle of 55° to the horizontal with a velocity of 8 ms™. Calculate:
(a) the vertical and horizontal components of v

halves
of its

(b) the highest point reached, (hint split the motion into two
and think about the vertical velocity as the shot crosses the top
motion).

(c) the time taken to return to the ground. (hint: think about %2 of the motion again, find the time
for this, then double to find the full time).

(a) the horizontal range

15



Jan 08 — Monkey and Hunter experiment

4 A dart is thrown horizontally at a speed of 8.0ms™ towards the centre of a dartboard that is
2.0m away. At the same instant that the dart 1s released. the support holding the dartboard
fails and the dartboard falls freely, vertically downwards. The dart huts the dartboard in the
centre before they both reach the ground.

{a) State and explain the motion of the dart and the dartboard. while the dart is in flight.

You may be awarded additional marks to those shown i brackets for the quality of
written communication in VOur answer.

4 marks)
(b) Calculate

(1) the tune taken for the dart to hit the dartboard.

(1) the vertical component of the dart’s velocity just before it strikes the dartboard,

(i11) the magnitude and direction of the resultant velocity of the dart as it strikes the
dartboard.

i3 marks)

16



Further Questions (answer on paper)

Motion under Gravity and Projectiles

1. A stone is thrown vertically upwards and reaches a height of 90m. Find a) the
velocity with which it was thrown b) the time taken to return to its starting point

c) its velocity at a height of 50m d) how far the stone will be from its starting point 7s
after it was thrown.

2. A man standing on a tower 32m high throws a ball vertically downwards with a
velocity of 6ms™. How long does the ball take to reach the ground?

3. A pebble is dropped from rest at the top of a cliff 125m high. How long does it
take to reach the foot of the cliff and with what speed does it strike the ground?

With what speed must a second pebble be thrown vertically downwards if it is to reach
the ground in 4s? (ignore air resistance)

4. A ball is thrown vertically upwards from the surface of the carth with an initial
velocity u. Neglecting frictional forces sketch graphs to show a) the variation in
vertical height with time from the instant of release to the balls return to earth  b) the
variation of velocity v of the ball with time t as the ball rises and then falls back to
earth. What information in this graph enables you to find i) the pravitational
acceleration ii) the maximum height reached by the ball?

If frictional forces in the air were not negligible, how -in-the above situation would the
initial acceleration and the maximum height reached be affected?

5. A stone thrown horizontally from the top of a vertical cliff with a velocity of 15ms!
is observed to strike the horizontal ground 45m from the base of the cliff. What is a)

the height of the cliff b) the angle the path of the stone makes with the ground at the
moment of impact?

6. A gun, on the top of a vertical cliff 90m high, fires a shell horizontally with a

velocity of 350ms1. How far is the shell from the bottom of the cliff when it strikes
the water?

7. A pistol is fired horizontally at a target 20m away and it is noted that the bullet hits

a point 7.5cm below the mark aimed at. What was the velocity of the bullet when it
left the pistol?

8. A ball is thrown up with a velocity of 20ms™ at an angle of 60° to the horizontal.

What height does it reach? What s is the horzontal distance travelled when it strikes
level ground again?

- . . f o
9. A gun can project a shell at 70ms™ . Find its maximum range on a horizontal planc.!l‘\'e’ )

10. A shat is fired horizontally at a velocity of 300ms™!. Find the magnitde and
direcuon of us velocuy after 8.0s.

17



Displacement-time and velocity-time graphs

1. The table and graph below describe the motion of three cars, a, b and ¢

time/s 0 1 2 3 4 5
Displacement car A/m 0 10 20 30 40 50
Displacement car B/m 0 20 40 60 80 100
Displacement car C/m 50 50 50 50 50 50

Displacement against time for cars A, Band C
120
100

80

60

40

20

0
0 1 2 3 4 5 6

a) Label the two lines on the graph A and B using the table above it.
b) Plot line corresponding to the displacement time for car C on the axis above

c) Describe the motion of each car

d) Calculate the velocity of each car.

18




2. The following data represents a space probe which is moving in a straight line away from Earth.

Timels

0

100

200

300

400

500

600

5374

5329

5283

5238

5193

5147

5102

Velocity/ms™?

velocity time graph

5400
5350
5300
5250
5200
5150
5100

5050
0 100 200 300 400 500 600 700

(b) What does the shape of the graph tell you about the motion of the space probe?

(c) Calculate, from the graph, the deceleration of the probe.

(d) Calculate, from the graph, the distance travelled by the probe during the 600 s period. Note if you have
a break in your y-axis, the area under the graph must go down to the real x axis i.e. where y=0.

19



3. Aroad test report gives the following data for a standing start acceleration test for a car.

t/s 0 5 10 15 20 25 30 35 40
v/ims 0 14 24 30 34 37 39 40 40

velocity time graph
45
40
35
30
25
20
15

10

From the velocity/time graph above find:
(a) the displacement of the car when it has reached a speed of 25 ms™*

(b) the acceleration of the car when its speed is 30 ms?

20



Extension
4. Sketch velocity/time graphs (freehand without numbers on the axes) to illustrate the following:
(a) a stone dropped from the roof of a tall building

(b) atennis ball thrown vertically upwards from the time it leaves your hand until you catch it again

(c) atennis ball released from 2m height and allowed to bounce twice before being caught

d) atennis ball during a rally

21



Distance time graphs

1 The distance-time graphs for two mnmers, A and B, in a 100 m race are shown.

distance/m 190
100 i
JJ’I"
#i) Sy
[
6l) y
r P
A
40 A
rf . Eb
20 Fah F
L] 2 4 i b 12
time/s

(a) Explam how the graph shows that athlete B accelerates throughout the race.

i1 mark)
(b) Estnmate the maximum distance between the athletes,

(I mark)
(¢) Calculate the speed of athlete A during the race.

i mrarkl

22



Join the definitions/facts

Scalar

Vector

Displacement

Distance

Average speed

Average Velocity

Speed

Velocity

Acceleration

Uniform acceleration
Deceleration

Gradient of displacement time graph
Gradient of distance time graph
Gradient of velocity time graph
Area under velocity time graph

Can only be used when acceleration is
uniform

Neglecting air resistance horizontally
a=? and velocity =?

If a ball falls its final velocity v will be

For projectiles, the time is the same for
both....

23

The distance in a straight line from the
start point to the end point (vector)

Magnitude and direction

The total distance travelled in m
(scalar)

Constant acceleration
Displacement/time

Distance travelled/time
Equals negative acceleration
rate of change of velocity
magnitude only

rate of change of distance
rate of change of displacement
displacement

acceleration

speed

velocity

a =0 v = constant

horizontal and vertical motion
suvat equations

the velocity just before the ball hits the
ground



The magnitude of velocity can be
found from the components using...

The direction of the velocity can be
found from the components using...

The components of velocity or
acceleration can be found from
magnitude and direction using ...

If two objects with different masses fall
the same distance, the time taken to
hit the floor......

When air resistance is added to a
projectile...

24

is the same for both

Trigonometry

Tan'(opposite/adjacent)

It doesn’t travel as far or as high

Pythagoras



Q1.The velocity—time graph for a falling object is shown.

velocity

0 time

Which of the following shows the corresponding acceleration—time graph?

A B
acceleration acceleration
] 0
0 time 0 time
c D
acceleration acceleration
0 0
0 time 0 time
A =

B C-‘

C o

(Total 1 mark)

25



Q2.A girl jogs at 2.0 m s71 in a straight line for 30 seconds, turns around and returns to
her starting point 20 seconds later.

What is her average velocity and average speed?

Average velocity/m s | Average speed/m s

A Oms™? 24 mst o3

B Oms™ 25ms™t o3

C 1.0ms™? 20m st 3

D 25ms™t 25ms™t —

(Total 1 mark)

Q3.An object is dropped from a cliff. How far does the object fall in the third second?
Assume thatg =10 m s2.

A 10 m
B 20 m
C  25m
D 45m

(Total 1 mark)

Q4.A ballbearing X of mass 2m is projected vertically upwards with speed U. A

ballbearing Y of mass M is projected at 30° to the horizontal with speed 2U at
the same time. Air resistance is negligible. Which of the following statements is

correct?
A The horizontal component of Y's velocity is U.
B ')I'(he maximum height reached by Y is half that reached by
C Xand Y reach the ground at the same time.
D Xreaches the ground first.

(Total 1 mark)

26



Q5.The velocity of a vehicle varies with time as shown by the following graph.

velocity

0

0 time

Which graph below represents how the resultant force F on the car varies during
the same time?

A B

F F

nﬂ time UG time
C D

F F

Dﬁ time GG time

A
5
C
D

(Total 1 mark)

27



Q6.A roller coaster car is raised to a height of 65 m and released from rest.

What is the maximum possible speed of the car?

A 1lms*
B 25mst
C 36mst
D 130ms
(Total 1 mark)
Q7. The figure below shows a rollercoaster train that is being accelerated when it

is pulled horizontally by a cable.

pulling rollercoaster
force cable train

2]
o

TG
o

MIO-BIG-@I@-OIB
(5 e [l 17 (i J

2 (i 7Y

(@) The train accelerates from rest to a speed of 58ms=in 3.5 s. The mass of
the fully loaded train is 5800 kg.

(i)  Calculate the average acceleration of the train.

ANSWET = .ot ms2
)
(i)  Calculate the average tension in the cable as the train is accelerated,
stating an appropriate unit.
ANSWET = ottt
®3)

28



(i)  Calculate the distance the train moves while accelerating from rest to 58ms-1.

ANSWET = .ot ee e eee e m
)
(iv) The efficiency of the rollercoaster acceleration system is 20%.
Calculate the average power input to this system during the
acceleration.
ANSWEL = oot eeiees W
3
(b)  After reaching its top speed the driving force is removed and the
rollercoaster train begins to ascend a steep track. By considering energy
transfers, calculate the height that the train would reach if there were no
energy losses due to friction.
ANSWET = .oiiiiiieeeee e ee e e e m
3)

(Total 13 marks)

29



Qs.

The aeroplane shown in the diagram below is travelling horizontally at 95 m s-.
It has to drop a crate of emergency supplies.
The air resistance acting on the crate may be neglected.

95 ms-!
- =P
L ] k|
Q R
(@ () The crate is released from the aircraft at point P and lands at point Q.
Sketch the path followed by the crate between P and Q as seen from
the ground.
(i)  Explain why the horizontal component of the crate’s velocity remains
constant while it is moving through the air.
3
(b) (i) To avoid damage to the crate, the maximum vertical component of

the crate’s velocity on landing should be 32 m s-:. Show that the
maximum height from which the crate can be dropped is
approximately 52 m.

30



(i)  Calculate the time taken for the crate to reach the ground if the crate
is dropped from a height of 52 m.

(i) If Ris a point on the ground directly below P, calculate the horizontal
distance QR.

(c) In practice air resistance is not negligible. State and explain the effect this
has on the maximum height from which the crate can be dropped.

)
(Total 11 marks)

31



Q10. A supertanker of mass 4.0 x 10¢ kg, cruising at an initial speed of 4.5 m s,
takes one hour to come to rest.

(@) Assuming that the force slowing the tanker down is constant, calculate

(i) the deceleration of the tanker,

(i)  the distance travelled by the tanker while slowing to a stop.

4)
(b) Sketch, using the axes below, a distance-time graph representing the
motion of the tanker until it stops.
distance
a .
titne
0
)
(c) Explain the shape of the graph you have sketched in part (b).
)

(Total 8 marks)

32



Q9.The graph below shows how the velocity of a toy train moving in a straight line
varies over a period of time.

vim 57! B C

(&) Describe the motion of the train in the following regions of the graph.

(b) What feature of the graph represents the displacement of the train?

1)

(c) Explain, with reference to the graph, why the distance travelled by the train
is different from its displacement.

)
(Total 8 marks)
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Olympiad Questions

AS-2007 Q3

A stone, thrown vertically into the air from ground level. returns to the ground in 4
seconds due to the constant gravitational force acting upon it (ignore air resistance). If the

stone is thrown up at twice the initial speed, the time taken to return to the ground will
now be

AS-2008 Q6

6. The graph below represents the kinetic energy. gravitational potential energy. and total
energy of a moving block

A
I - Key
v ) _ g ] memmenme Kinetic Energy
nergy BT Gravitational potential energy
o ——————— Total energy
0 >

Distance moved
Which best describes the motion of the block?

A Slidingdownan B Fallingata C Acceleratingona D Falling freely

incline with constant velocity flat horizontal under gravity
constant friction surface
M Vo Y
fig. 4
A ViaX B. ViaY C. Youcannot say  D. Same time taken

34



AS-2010 Q2
A small object is dropped from the top of a building and falls to the ground. As it falls,
accelerating due to gravity, it passes a window. If it has speed v, at the top of the window, and
speed v; at the bottom of the window, at what point does it have a speed (vi+12)/22
Neglect the effect of air resistance.

A. It depends on the B. Above the centre  C. Below the centre D. At the centre point
height of the point of the point of the of the window
window or its window window
distance from the
top of the building

AS-2012 Q1

1. A stone is dropped to the ground from a height # and takes time r to reach the ground.
When this experiment is carried out in a lift rising at a constant speed, the time taken
for the stone to fall the same height /1 in the lift is

A. Dependent upon B. Greater than ¢ C. Equal tor D. Lessthant
the speed of the lift

AS-2009 Q3

A 750 kg car is moving at a speed of 20.0 ms™ when at a height of 5.0 m above the
bottom of a liull when 1t runs out of fuel. The car coasts down the hill and then
continues up the other side until it comes to rest. Ignoring frictional forces and air
resistance, what is the value of /. the highest position the car reaches above the bottom
of the hill?

A 6m B. 15m C. 25m D 45m

35



AS-2011 Q12

A solid sphere of mass m rolls down a slope. The sphere gains Kinetic energy in two
forms: rotational kinetic energy and translational kinetic energy in which the centre of
mass moves along at speed v. For the solid sphere, a fixed fraction, % . of the gravitational
potential energy lost as it rolls down the slope appears as rotational kinetic energy.

If the sphere now rolls along a flat surface, moving at a speed of 4.0 ms™ and then
encounters a rising slope at 30° to the horizontal, we can calculate how far up the slope the
sphere will rise. We can take the mass of the sphere as 1 kg.

a) Calculate the translational KE of the sphere and hence the total energy of the rolling
sphere.

3]
b) Describe the energy changes that take place as the sphere rolls up the slope.
3]
¢) What is the vertical height reached by the sphere?
d) How far up along the slope does this take the sphere?
2]
/10
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AS-2009 Q11

A plane accelerates from rest to take off from a runway. There is a point of no retun
where the pilot will not be able to stop the plane before the end of the runway if he fails to
take off. The runaway is 2 km long and the plane can accelerate at 3 ms™ and can
decelerate at 2 ms~. We can calculate the length of time available from the start of the
take off to the point of no refurn.

a) Sketch a graph of the speed of the plane against time for the situation where the plane
fails to take off but the whole length of the runway is used. (no values are required)

(2]

b) If #; is the time taken for the plane to reach its maximum speed v, and #; is the time
taken for it to decelerate before it goes bevond the end of the runway, express v in
terms of 7; and 1., and the respective accelerations.

c) Calculate the distance s, travelled by the plane whilst accelerating, in terms of #;, and
the distance s, travelled by the plane whilst decelerating. in terms of 7.

AS-2009 Q11 (continued)

d) From your answers to (b) and (c). calculate the value of #,. the time taken to reach the
point of no return, given that the munaway is 2 km long.

2]
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Answers

Equations of motion for uniform acceleration

1. 2ms=2

2. A)10m,
B) 2.86s (=1.43s for ¥z of the motion)

3. A) 12ms™t,
B) 426m

4. A)0.14ms™2,
B) 139m

5. A)2.7s,
B) 26.5ms™

6. 2.5m

7. A) 2.6ms??,
B) 46ms™*

8. A)-8mst,
B) 983.6m

9. A)11.7msY,
B) 1.2s, assuming negligible air resistance.

Question 3
(a) (i) (u=0,5=0.16 m.a=9.E._i‘I]-m5'3]
(rearranging s = uf + Y at” with v = 0 gives)
= _T orvi=ul+2gsor016=1/2-981F
(2=0.16)
of fy = "i' 9 st + = 0.1804 or 0.1806 or 0.181 etec + (5) 2 sfonly «
{iil} (Vo= u+at,=)0+081«018ecf3{a)(ilorvi=2 981016«
=1.80r1.77(ms") v
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Horizontal and Vertical motion

1. A)1.4s,
B) 34m

2. A) 800m
B) 78.4m

3. A)b5s
B) 122.5m
C) Over the factory

4. A)0.25s,
B) 12ms™?
C)12.2mst

5. A)3.5x 10%ms>?
B) 2 x 10%
C) 7 x 106 mst

6. A)4.04s
B) i) horizontal straight line with zero gradient.

A

»
»

i) diagonal straight line with constant gradient of 9.81ms™!
4&

—»
»

i) at t=0 s= 80m and at t=4s s=0. As the ball accelerates downwards the
velocity will increase as time increases hence, the gradient (representing
velocity) will increase (line will go steeper) as t increases.

ﬂ
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v

7. A)0.45s

B) 26.7ms*
Jan 09
Question 4
(@) velocity vector tangential to path and drawn from the ball, arrow in correct
direction v’ 2
acceleration vector vertically downwards, arrow drawn and in line with ball v
(b) (i) a3 [2%n:
s=velgivesr= | = 2% L o0o()s v
Ve Vo801
_ 4
(ii) v(=s/i)=27122(1) v =12(.2 ms") or 12(.3) v (ecf from (b)(i))
(answer only gets both marks)
Total 6
W@ 0 (g
Allow g=10 (0.5477)
—
_1 2 _ 5 _ 2x15
1.5 = > 9.81t= OR t Jg OR t e
(=0553)=055(s) +v
0.6 gets 2 marks only if working shown. 0.6 on its own gets 1 mark.
(i) (s=vi=430=0553=2378=)240(m) v
ecf a(i)
1
(b) their vertical mation is independent of their horizontal maotion
OR downward / vertical acceleration is the same for both
OR acceleration due to gravity is the same for both
OR vertical speed / velocity is the same for both «
Allow time is constant’
Dont allow ‘simifar’
(bullets A and B will be in the air) for the same time v
(Horizontal acceleration is zero and thus harizontal) distance is proportional to horizontal
speed OR s = uf where v is the horizontal velocity +
‘velocity smaller so distance smaller’is not sufficient
3
[6]
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Projectiles — Horizontal and Vertical motion
Questions resolving vectors and finding magnitude and direction

1. A)6.55ms?, 4.59ms™?
B) 1.08m,
C) 0.94s
D) 6.15m

Jan 08 — monkey and hunter

Question 4

(a) dart moves at a constant speed horizontally +
as no horizontal forcefair resistance v

but accelerates vertically downwards +

this results in a parabolic path +

dartboard accelerates vertically downwards v max 4
at same rate as dart v

gravity acting on dart and/or dartboard at same rate as dart «

at a particular instant vertical (component of) velocity is the same
for dart and dartboard at same rate as dart v

(b} (i) (use of speed = distance/time)
time=2/8.0=025s v

{ii} (use of v = u + ar)

+=981=025=245ms"' + (acceptg = 10m/s)
(i) | (use of v¥ = w2 + 4,7

¥ =245+ 8.0° v

v=8.37Tms" v

angle below horizontal = tan™ (2.45/8) = 17° + (or 17.3%)

Total 6

Displacement time and velocity time graphs

1. a)lOms?
b) 20ms™?
c) 50ms?t

2. a)-0.45ms™
b) 3.1 x 10°m
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3. a)135m
b) 1.2ms™

4. a) stone dropped from the roof of a tall building
%

B
»

t
b) atennis ball thrown vertically upwards from the time it leaves your hand until you
catch it again
V A

¢) a tennis ball released from 2m height and allowed to bounce twice before being caught

\Y
A

L

d) a tennis ball during a rally
vV A
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M1.B

M2.A

M3.C

M4.C

M5.C

M6.C

M7.

(ii)

(iii)

(iv)

(1]

(1]

[1]

[1]

[1]

[1]
v—u &8

(i) 35 v =17 (msy) v

(F =ma) = 5800 x 16.57 ecf (a)(i) +"
= 96000 "
allow 98600 or 99000 for use of 17

N«

(5=—(u+ v]r]=%x58x3.5

I\._'l|—'-

o
=100 (101.50, 102, accept 101 m) +~
or use of v2 = w2 + 2as (= 101 m. 98.9 for use of 17) 2

1
ors=ut+ £ at (= 101.7, use of 17 gives 104) (ecf from (a)(i))
2

1
(W = Fs) (a)(ii) x (a)(iii) or use of 2 mv2+" (= 13.6 to 14.7)

[F=EJ= HET106 <101 .5

t 3.2 v = 2.8M (W) ecf (a)(ii), (a)(iii)

P

Fy
or use of 2

their answer x 5 +" = 14,000,000 = 14 M (W)
3
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1
(b) 2 (m) vz =(m) g (A) h or (loss of) KE = (gain in) PE +~

allow their work done from (iv) used as KE

v 1 58%

e
h= 28 orh= 2 881
accept use of kinematics equation

=170 v
[13]
MS. @ (i)

1)

(i)  no horizontal force acting (1)
(hence) no (horizontal) acceleration (1)
[or correct application of Newton’s First law]

(b) (i) (useof vz =u: + 2as gives) 32:=(0) +2x9.81 xs (1)

1024
s= 19.62 (1) (=52.2 m)
(i)  (use of s =% atz gives) 52=1%9.81 %t (1)
- )
381/ _335(1) (3.265)

[oruse of v=u+ at gives 32 =(0) + 9.81 x t (1)

32

===

881 -33¢ (1) (3.269)]

(iiiy  (use of X = vt gives) x (= QR) =95 x 3.26 (1)
=310 m (1)

(use of t = 3.3 gives x = 313.5m)
(allow C.E. for value of t from (ii)
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(c) maximum height is greater (1)
because vertical acceleration is less (1)
[or longer to accelerate]

[11]

M9.(a) AB: (uniform) acceleration (1)
BC: constant velocity / speed or zero acceleration (1)

CD: negative acceleration or deceleration or decreasing speed / velocity (1)
DE: stationary or zero velocity (1)

EF ; (uniform) acceleration in opposite direction (1)

(b) area under the graph (1)

(c) distance is a scalar and thus is the total area under the graph
[or the idea that the train travels in the opposite direction] (1)
displacement is a vector and therefore the areas cancel (1)
(8]
A 4.4
o=

=__ o=

M10. (@ (@) (useof & gives) 3600 (1)
=1.25 x 10°ms-= (1)

(i)  (use of v2 = Uz +2as gives) 0=4.52 — 2 x 1.25 x10= x s (1)

s[= T 107 su'fs_s J =8.1x10%m
4
(b) increasing curve (1)
correct curve (1)
distance
titne
1
(c) gradient (slope) of graph represents speed (1)
hence graph has decreasing gradient (1)
2
(8]

45



Challenge Questions

2007 3.B
2007 6. A
2008 6. D

6. Friction will produce heat energy and so the total energy will not be PE + KE (or all of
the PE will not turn into KE). At a constant velocity there 1s no gain of KE. On a
horizontal surface there is no change of PE. Falling freely, the PE turns solely into KE.

20102.B

2. Constant acceleration so the speed increases linearly with time. But the distance fallen

increases as * (s = 12 gt*). So the average speed occurs at half the time taken to pass the
window, which is before it has covered half the height of the window.

20093.C

3. Imtial energy is KE + grav PE and this is converted to grav PE is it goes up the slope
and stops.

Yax 750x20°+750x 9.8 x5=750x98 xh
h=25m

20121.C
Q. | The laws of physics are the same in different inertial (constant velocity) reference frames. Alternatively,

viewed from outside the lift, when the stone is released it is observed to be rising at speed v, i.e. that of the lift,
whilst the floor is rising at this speed. So the time taken for it to reach the floor is the same.

20126.D

Q. 6 Jack throws his penny up and it decelerated by g, whilst on the way down it falls back to the window level
with the same acceleration of g and taking the same time. So it passes the window on the way down with the
same 4 m/s that it started with on the way up. So it is indistinguishable from Jill's penny.
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2009 11.

Question 11.

A plane accelerates from rest to take off from a runway. There is a point of no return
where the pilot will not be able to stop the plane before the end of the runway if he fails to
take off. The runaway is 2 km long and the plane can accelerate at 3 ms™ and can
decelerate at 2 ms™. We can calculate the length of time available from the start of the
take off to the point of no return.

a)

b)

Sketch a graph of the speed of the plane against time for the situation where the plane
fails to take off but the whole length of the runway is used. (no values are required)

v v’ correct shape
v’ steeper acceleration,
shallower deceleration

2]

If t; is the time taken for the plane to reach its maximum speed v, and  is the time
taken for it to decelerate before it goes beyond the end of the runway, express v in
terms of #; and #>.

v =at

so that v =31 v

and alsov = 24, v [2]

¢)

Calculate the distance s; travelled by the plane whilst accelerating, in terms of #;, and
the distance s, travelled by the plane whilst decelerating, in terms of 7,.

S='/2(112 v S_1_='/z3fi._i=3/2 t[’_\/ (or fOl‘s_ﬂ H= %2tl.t:=tf_

(having substituted for a)

OR areaunder graph: s;=%vty v _and s;=%vy v [2]

d)

From your answers to (b) and (¢), calculate the value of ¢, the time taken to reach the
point of no return, given that the runaway 1s 2 km long.

2000=s, +5, $0.2000=3/2¢°+1¢7

Butf-=3/2#  so, 2000=3/2¢°+9/4 t/ (solvable equ)v'_t; =23s v

OR 2000=5; +5;  so 2000= Yy, + Yovs = Yo w(t; + 2) = Yo v'5/6 v'_(solvable

equation for v)
v=693ms sothaty;=v/3=23s ¥ [2]

/8
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2011 12.
Question 12.

A solid sphere of mass m rolls down a slope. The sphere gains kinetic energy in two
forms: rotational kinetic energy and translational kinetic energy in which the centre of
mass moves along at speed v. For the solid sphere, a fixed fraction, 3 , of the gravitational
potential energy lost as it rolls down the slope appears as rotational kinetic energy.

If the sphere now rolls along a flat surface at a speed of 4.0 ms™ and then encounters a
rising slope at 30° to the horizontal, we can calculate how far up the slope the sphere will
rise. We can take the mass of the sphere as 1 kg.

a) Calculate the translational KE of the sphere and hence the total energy of the rolling

sphere.
Vamy' =81 v
this is 5/7 of the total energy v
total enerey=7/5x8=11.21] v [3]

b) Describe the energy changes that take place as the sphere rolls up the slope.

Translational & rotational v KE lost / converted v

.gravitational PE gained v 3]

¢) What is the vertical height reached up the slope?

mgh=11.2] v

h=11.2/98=1.14m v

(2]

d) How far up along the slope does this take the sphere?

sin 30° = height/slope length v

slope length = height/0.5 = 2.3 m v [2]

Tt
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