1.1 Vectors and Scalars

1. a) What is meant by a vector quantity?
b) What is meant by a scalar quantity?

2. Divide each of the following groups into vector quantities and scalar quantities.

a) mass, weight, momentum, velocity, acceleration and kinetic energy
b) force, mass, distance, momentum, weight

c) velocity, power, speed, work, potential energy, displacement

d) pressure, force, impulse, power, time, temperature

3. Decide whether each of the following statements is true or false.

a) Scalar quantities have direction only.

b) Vector quantities have both magnitude and direction.

¢) Speed is a vector quantity and velocity is a scalar quantity.

d) Force and weight are vector quantities but mass is a scalar quantity.

e) Displacement and speed are vector quantities but time is a scalar quantity.

4. A car travels from X to Y a distance of 40 km. y 30km o
Then it travels from Y to Z, a distance of 30 km as shown.
Travelling from X to Y takes a time of 1 hour, )
Travelling from Y to Z also takes 1 hour. 40km North

a) Calculate the final displacement of the car.
b) Calculate the average speed of the car for the journey.
) Calculate the average velocity of the car for the journey. X

‘ 5. A yacht follows the course shown during a race.
The race starts and finishes at X.

a) Calculate the displacement of the yacht from
| position X when it is at position Z.
b) Calculate the distance travelled by the
yacht during the race.
Coast- §
line §

6,  During part of an orienteering event
a competitor completes the three 800 m
displacements shown in 10 minutes.

500m 1100 m
For the competitor for this part S
of the event, calculate
a) the resultant displacement,
b) the average speed, ‘
¢) the average velocity. (i) (i) (iif)
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In an orienteering competition, the competitors are given the following instructions.
From the start, travel due north for 750 m, then travel due west for 1,25 km, then

11,

A ball rolls down a ramp which is inclined at

600 to the vertical as shown. When it reaches Y it

Faxiyeastion oty has a velocity of 20 m s-! down the ramp. 200
a) For a_competitor who has followed the instructions, draw a scale diagram to find a) Calculate the horizontal component
the displacement from the start. i i
A J : of velocity at point Y. Y
b) What direction should the competitor take to return directly to the start? b) Calculate the vertical component of
8. Aboy, sitting on the back of a truck which is travi elling ANorth velocity at point Y.
north at 4 m s-1, throws aball at a speed of 5m s 50ms1
across the truck in the direction indicated by arrow XY. 12. During flight, a golf ball has a velocity of 50 m s1 PLE
Cfalculate thg magnitude and direction of the velocity [ ] at 400 to the horizontal as shown.
of the ball with respect to the ground. X By a) Calculate the horizontal component of velocity. )
[ ; | b) Calculate the vertical component of velocity.
6. A catbost i ravelling witha vl f 20m % du west sl s cana, R oo o pidon,
A girl runs with a speed of 4.8 m s from X to Y across the deck of the boat as shown. P 3
a) Calculate the component of the
bank weight acting down the slope. 3 200N
Ly : b) Calculate the component of the 30
weight acting at right angles to
w E the slope.
bank @ Z 14. A trolley is given a push so that it rises
. : T . , ] up a steep incline as shown. It comes
By drawing a scale diagram or otherwise, find the resultant velocity of the girl relative to a stop and then rolls back down the
to someone at point Z on the bank of the canal. ‘ incline. There is a large frictional force L
; ; : between the trolley and the surface of
10. A ferry crosses from a point A on the mainland to a point B on a nearby island as the slope. :
howr. ‘ :
. Sketch the velocity-time graph for the motion.
island B ;
calm water
N
w + E
S
A main land
The ferry sets out at 2.4 m s-! in the direction 409 east of north (0400).
A strong current flowing in the middle of the channel causes the ferry to move at the
same speed in the direction 40° west of north (320°), although the ferry is still pointing
in the original direction as indicated in the diagram.
On reaching the calm water near the island, the ferry continues with its original speed
and direction.
Use a vector diagram to find the velocity of the current in the middle part of the
channel.
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Exercise 1.2 Velocity and A

1.
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Accurately draw the corresponding acceleration-time graph for each of the following
velocity-time graphs.
(Numerical values are required on both axes.)

a) b) q
V/m 51 vim s-1 v/m 51
10 20

[ ]
~3 —
o —

' 2'\'; tls

tis <i> 2r
4 -
The velocity-time graph for the vertical
component of the velocity of an object thrown wm s-1
upwards from ground level and then falling
onto the roof of a building is shown. t

Calculate the height of the building. .10 _.“‘...‘._%‘.___N s
(Take the acceleration due to gravity
tobe 10 m s-2)

The graph shows how the force applied SN

to an object of mass 5 kg varies with time. pil

The object is initially at rest. 10 =

Accurately draw the corresponding il _[

acceleration-time and velocity-time graphs. I E !

(Numerical values are required on both axes.) 5 2 4 A
-10

The velocity-time graphs for two train journeys along a straight section of track are
shown.

a)  vimsl b) vmsl
30 20
20
10 10
tmins
| | ; I I I

-10 30 /40 100N} 200 00 t/s

i -10

For each train journey, calculate

i)  the distance travelled by the train,
ii) the final displacement of the train,
iii) the average velocity of the train.
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Information can be obtained from velocity-time and acceleration-time graphs using
either the gradient of the line or the area under the line.

a) What information can be calculated from the gradient of a line on a velocity-time
graph?

b) What information can be calculated from the area under a line on a velocity-time
graph?

¢) What information can be calculated from the area under the line on an
acceleration-time graph?

The speed-time graph of a vehicle, which 25
moves for a time of 25 s, is shown. vimsl 5, |
Calculate the average speed of the vehicle 15 —
during the 25 s. 10
5
T Tl

I
25 t/s

The acceleration-time graph of an object starting from rest is shown.

a/ms2

2 o

a) What is the velocity after 6 s?
b) What is the velocity after 8 s?

A ball is thrown vertically upwards at 25 m s'! from ground level. When it falls to the
ground it bounces several times before coming to rest.

Sketch a velocity-time graph to represent the motion of the ball from the instant it
leaves the thrower’s hand until it hits the ground for a second time.

The graph below represents the motion
of a body falling freely from rest in a
vacuum,

0 . time

The quantity plotted on the y axis could be:
A. speed B. distance C. acceleration D. force E. kinetic energy

Describe what is happening to
the acceleration over each
marked interval on the

velocity-time graph. velocity

time
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12.

13,

14.

The speed-time graph shown v/m sl
is obtained for a trolley of mass 1.2
2 kg moving in a straight line,

a) Accurately draw the corresponding
acceleration-time graph.
(Numerical values are required on
both axes.) 0

b) Accurately draw the force-time 19 1545 B Ye
graph, showing how the resultant
force on the trolley varies with time.

(Numerical values are required on both axes.)

¢ Describe how the motion during the first 3 s could be produced.

d) Suggest a possible cause for the change in the speed which occurs at a time of 15 s.

e) Calculate the total distance travelled during the 23 s of the motion. '

f) Calculate the average speed during the 23 s of the motion.

A S

An object moves from rest with a constant acceleration.

a) Sketch the acceleration-time graph.
b) Sketch the velocity-time graph.

) Sketch the kinetic energy-time graph.
The graph shows how the acceleration @ /m s2
of a rocket in outer space changed 60
during a 10's period. The rocket
motors provided a constant thrust
of 6x105N.

What mass of fuel was used during 20
this 10 s period?

10 t's

A space probe of mass 750 kg lifts off from the surface of a planet. The engine of the
probe produces a constant thrust. The probe is rising vertically from the surface of the
planet when its engine suddenly cuts out. The graph shows how the velocity of the
probe varies with time from the instant of lift off until the probe crashes on the planet.

v/m s71

B
[T I N Tl ] &
s

AR |
20- 4 8 12 16 20 24 28 32736 40 44 48 52
=40 =
-60

€

a) Describe what is happening to the probe 12 s, 30 s and 52 s after lift off, i.e. at points
A, B and C on the velocity-time graph.

b) Find the greatest height above the planet's surface.

¢) Calculate the acceleration due to gravity on the planet.

d) Calculate the height above or below the planet's surface of the final crash site.

€] Inreality the mass of the probe would decrease as fuel is burnt, although the force
exerted by the engine remains constant.
Sketch a graph to show how the velocity might change with time in this case,
Mark the points corresponding to points A, B and C mentioned in part a).
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15, An artificial hare travels along a straight section of track at a constant speed of

14 ms1. A dog with a reaction time of 0.4 s is released at the instant the hare passes
the starting line. The dog accelerates at a constant rate for 2.5 s and reaches a speed of
15 m s°1, This speed is maintained for 7.5 s after which the dog decelerates at a rate of
0.5 m s until it has covered 200 m.

a) Draw an accurate acceleration-time graph for the dog, including numerical values
on each axis.

b) Draw an accurate velocity-time graph for the dog, including numerical values on
each axis. -

¢) Calculate the time taken for the hare to reach the 200 m mark.

d) Calculate the time taken for the dog to reach the 200 m mark.

¢) Explain whether or not the dog catches the hare.

16, A velocity-time graph of a bouncing ball is shown.

velocity

A

Pades
N

B
a) Describe the motion over AB, BC and CD.

b) State the number of bounces before the ball comes to rest.
¢) Explain whether or not kinetic energy is lost at each bounce.
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Exercise 1.3 Equations of Motion

1.

8.

10.

11.

12

13.
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A car accelerates uniformly from 15 m s at 2.75 m s2 for4s.
Calculate the final speed.

A boy drops a stone down a dry well. The stone strike the bottom after 3 s.
Calculate the depth of the well? (Assume air resistance is negligible.)

A rocket is fired from rest up a ramp of length 3.6 m.
It reaches a velocity of 120 m s1 at the top.

Calculate the average acceleration.

A car travelling at 30 m s starts to brake when it is 50 m from a stationary lorry.
The car moves in a straight line and manages to stop just before reaching the lorry.

Calculate the deceleration of the car.

A car accelerates uniformly from rest and travels a distance of 60 m in 6.0's,
Calculate the acceleration of the car.

A car travelling at 20 m 571, accelerates uniformly at 0.5 m s-2 until it is travelling at
30msl

Calculate the distance travelled by the car.

A car is travelling at 25 m s71.
The brakes are applied for 5 s and the speed is reduced to 15 m s-L.

How far does the car travel in this time, if the deceleration is uniform?

A cargo ship travels a distance of 12 km as it decelerates uniformly to rest from a
speed of 8.0 m s°1.

Calculate the deceleration of the ship.

A ball is dropped from a height of 1.25 m.
How long does it take to reach the ground? (Assume air resistance is negligible.)

A car reaches a speed of 18 m s! after accelerating at 2.3 m s2 for 7 s.
Calculate its initial speed.

A rocket accelerates from 120 m s-! at 75 m s2 and travels a distance of 400 m while
accelerating.

Calculate the final speed of the rocket.

A boy runs 35 m accelerating uniformly from 2 ms! to 7 ms1.
How long does it take him to cover this distance?

A suitcase is dropped from a window 11.25 m high.
Assuming air resistance is negligible, how long does it take to reach the ground?
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20,

21.

22

A balloonist, rising at a constant speed of 15 m 51, drops a sandbag overboard.

Assuming that the air resistance of the sandbag is negligible, how long does it take to
return to the height at which it was released?

[n the equation s = ut + —%at 2 what quantity does the term Ut represent?

The following velocity-time graphs are for objects moving in a straight line.

velocity Graph 1 velocity Graph 2
V [ u
H
u v
t time t time

a) Using graph 1, show that § = ut + -;—atz
b) Using graph 2, show that s = %(u + Wt

A helicopter is descending verti&:ally at a constant speed of 5 m s'1. A box is dropped
from the helicopter. The box hits the ground 5 s later.

How far does the box fall? (Assume air resistance is negligible.)

. A helicopter is ascending vertically at a constant speed of 5 m s'1. A box is dropped

from the helicopter. The box hits the ground 5 s later.
How far does the box fall? (Assume air resistance is negligible.)

. A man is standing in a steep-sided canyon closer to one side-wall than the other.

He shouts and hears two echos. The first echo is heard 2 s after the shout and the
second echo 6 s after the shout.

What is the width of the canyon? (Take the speed of sound to be 340 m s-1)

A lift is rising vertically with a constant speed of 2 m s71. A book is dropped from the
lift and hits the ground 3 s later.

Assuming the resistance due to air is negligible, calculate the height of the lift at the
instant the book was dropped.

A boy drops a stone down a dry well and observes the stone strike the bottom after
2 s. He repeats the experiment, some time later, when there is water in the well and
observes the stone hit the water after 1 s.

How full is the well when he drops the second stone?
A - Lful B.Llfull C Lful D. 2full E Lfull
5 4 2 4 : 5

Take the acceleration due to gravity on Earth to be 10 m s2 and 26 m s on another
planet. On Earth a ball released from rest takes 0.5 s to drop through a certain height.

Assuming that the resistance of the atmospheres can be neglected in both cases, the
time in seconds for the ball to drop from rest through the same height on the other

planet would be: '
10 2% 10 2% ! 10 y2
A. 05 B. 05x {2 C. 0.5>cj2_6 D. O.SxJ; E 0‘5x(2e)
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