DYNAMICS ANSWERS

JA Hargreaves

DYNAMICS

QUANTITIES FOR THEYNAMICSINIT

For this unit copy and complete the table.

. Unit Scalar /
Quantity Symbol Svmbol Vector

Time t seconds S scalar
Speed % metres per second mst scalar
Velocity % metres per second mst vector
Acceleration a metres per second squared ms? vector
Distance d metre m scalar
Displacement S metre m vector
Force F Newton N vector
Weight w Newton N vector
Friction F Newton N vector
Gravitational Field g Newtons per kilogram Nkgt vector
Strength

Energy E Joule J scalar
Work Ew or W | Joule J scalar
Heat Energy En Joule J scalar
Gravitational Ep Joule J scalar
Potential Energy

Kinetic Energy Ex Joule J scalar
Height h metre m scalar
Initial velocity u metres per second ms?t vector
Final velocity % metres per second ms? vector
Average velocity o metres per second ms? vector
Mass m kilogram kg scalar

NB MAGNITUDE IS THE SIZE OF SOMETHING HE MAGNITUDE OF A VECTOR QUANTITY IS THE SIZE
BUT NOT THE DIRECTION KNOW THIS TERM IT IS USED IN EXAMS
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THEDYNAMICS8NIT IN NUMBERS

Quantity Value

How many seconds in a minute? 60 s

How many seconds in an hour? 3600 s

What is the value of the gravitational field strength on Earth? 9.8 Nkg*
How many metres are there in a kilometre? 1000 m

How many metres are there in a mile? 1609 m

If 70 mph is equivalent to 31.29 ms - and 30 mph is equivalent to -2.2 01
13.41 ms?, what is the conversion factor to convert mph into ms  -1? 2?(-:45454545

N CONTENT

0.
1.1.1 | A scalar quantity is fully described by a magnitude and unit

1.1.2 Define the term vector quantity. A vector quantity is fully described by a
magnitude, unit and direction

1.1.3 | Describe the difference between vector quantities and scalar quantities. A vector
quantity requires a direction to fully describe it

1.2.1 | Copy and complete the following table placing the quantities in the correct part of
the table. force, speed, velocity, distance, displacement, acceleration, mass, time

and energy.
Speed Force
Distance Velocity
Mass Displacement
Time Acceleration
Energy
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13.1

Define t he t eintarmsof®vewedtor quantitiés. The resultant of a
number of forces is the single force which has the same effect as the several
forces actually acting on the object.

1.3.2

Explain how to calculate the resultant and direction of a pair of vectors at right
angles.

Scale Diagram- using the head to tail rule. Draw one vector to scale and on the
head of the first vector draw the tail of the second. Join the direct route from

tail to the final head. Find the length of this vector and scale up to get the
resultant. Measrue the angle w ith a protractor from N or horizontal or vertical.
Mark this on your diagram

Pythagoras. Redraw the diagram to follow the head to tail rule. Use Pythagoras to
find the hypotenuse, which will be the resultant and use tan g to find the angle.

Polar Coordinates (remember this method wont get you any intermediate marks
so might be a better method of checking). Pol(x value, y value)= first answer is
the resultant, second answer is the angle.

133

Determine the resultant of the following vectors

@) iy (b) A 600N
— —

*?DDN

134

Find the resultant of each of the pairs of
vectors, remember to quote the direction.

10N
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By Pythagoras and <=|=P + or on your calculator use rectangular to polar
buttons (on a Casio calculator type Pol(x,y) )

ad + 4 R=13N @67 South of East
b) R=30N @3 south of East
C) R=16N @72 South of West

d) R=13N @39

1.4

| can determine displacement and/or distance using scale diagram or calculation.

141

Explain the term distance. Distance is the total length of path travelled
Distance is a measure of how far an object has travelled

1.4.2

Explain the term displacement. Displacement is the length and direction travelled
in a straight line from the starting point to the finishing point.

OR

The shortest distance between the start and the finish in a direction towards the
finish.

OR a measure of how far an object has travelled in a straight line from its starting
point in the direction of the object  from its start to finish point .

OR by diagram B

STA

@
%Q\/

l

A

143

The diagram shows the course taken by a boat N
during a race.

The boat starts the race at O and sails to a
marker buoy at A. The boat then turns through
90° and sails to a marker buoy at B.

0] Calculate the total distance travelled 500 m

by the boat in going from O to B.

The boat has travelled a total distance of
700 m

(300 m + 400 m)

(i) On reaching the marker buoy at B, determine
the displacement of the boat from O.

The boat has a displacement of 500 m due North
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1.4.4 | An orienteer starts at A, runs to B, then C and finishes at D.
North B 230m —C
[ \ 250m
West East 150 m \
South l
4 450 m D
(1) Calculate the total distance travelled by the orienteer.
distance = 150 + 250 + 250 = 650 m
(i) State the final displacement of the orienteer from point  A.
The final displacementis 450 m due East
15 | can determine velocity and/or speed using scale diagram or calculation.
151 Define the terms
a) distance b) displacement
Distanceiso how f ar wedv,e travell edo
symbol d, units metres, m, scalar quantity
Di splacement = oOoOhow far wedviraptarticalarel | ed
directon (from A to B) o6
symbol s, units, metres, m, vector quantity, must include the direction
1.5.2 | Define the terms é
a) Speed is the distance travelled every second.
b) Velocity is the displacement travelled every second in a certain direction
1.5.3 | State the difference between speed and velocity .
Speed is a scalar quantity and is the distance travelled every second. Velocity is a
vector quantity and is the displacement travelled every second.
1.5.4 | Acyclist travels 500 m in a straight line and then turns directly around and travels

300 m back.
(a) State the magnitude of the displacement of the cyclist from the start.
The cyclist travels 500m up and then 300m back, so

o Y=t mlms « O O veart Hlhe™
(b) If the cyclists takes 4 minutes and twenty second s to travel the complete
distance, calculate the magnitude of t he .cycl i st ds
<« O =vyY v
® speed and
|
o - — 8O0V

<
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(i) velocity.
v
o - — 8 0OV
<
Magnitude so no need to give the direction but no marks off providing the
direction is correct.  (straight ahead)
1.5.5 | A sculler is rowing his boat at 3 ms ! through the water straight across a river which
is flowing at 1 ms L.
(a) Draw a vector diagram of these two motions.
(b) Calculate t h e b eeldityd elative to the bank.
-1
3ms
2 2
o 1ms " 3
~ ~
a)
byd + 4 R=3ms! @72~ to the riverbank
1.5.6 | On an orienteering course, a girl runs due north from point A to point B, a distance of

3 km. She then heads in an easterly direction for 4 km to point C.
(a) Calculate the distance the girl ran from A to C.
(b) Calculatet he girl s di splacement fC€om poli

4 km

3 km

(a) The girl has run a distance of 7 km

(b) When the girl reaches C she is 5 km from the start at an angle of 53 ~ from
North.

-q
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1.5.7

The distance between the wickets on a cricket pitch is 20.12 m. On one pitch, the
wicket has a north -south orientation. A batsman scores three runs off one ball.

Nﬂ*

(a) Calculate the distance he ran.
The cricketer has run a total distance of 3 x 20.12 m=60.36 m

(b) Calculate his final displacement if the wicket at which he batted is at the
south end.
His final displacement is 20.12 m South

1.5.8

Ben jogs around the centre circle of a football pitch.

(1) Calculate the distance she travelled. Ben has jogged the /_\
circumference of the circle =25 m circumference
(i) State his displacement from the start. Ben arrives back =2m
where he started so his displacement is 0 m from the start

Chris walks one and a half times around the circle in the same time

(i)  Calculate the distance Chris travelled. Chris has walked 1.5
circumferences =25 3 1.5=38m

(iv) StateChri sd di spl acemenG@hrfirsodm dihser
is the diameter of the circle

Circumference= z ®

1.6

| can perform calculations/ solve problems involving the relationship between
speed, distance and time. ( d=vt,and ® o4

16.1

A car travels 100 miles in 2%2hours. Calculate its speed in mph?

|
O —
4:::::::
HE 2 N

8 I- 0 »v
o O wggfonr
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1.6.2

A train travels 120 km in 45 minutes.

(1) Calculate the speed of the train in kmh -1?

(1) 45 minutes = _—: hours = 0.75 hours

=_d _ 100 km _ ,
=F o = 160 km/h

(i) Calculate the speed of the train in ms -1?

(ii) 45 minutes = 40x60s = 2700s

100km = 100000m

1.6.3

A jet plane travels at an average speed of 300 ms',
(1) Calculate the distance the plane travels in an hour.
1 hour = 60x60s = 3600s
o< O

(i) Determine the time it would take to travel 500km from Edinburgh to
London.

500km = 500000 m

ol

« —— V8O0 4gV

164

A runner completes a 200 mrace in 25s. C a-l cul at e tavemgerspeedn er @

o) —
<

O —_—

O 1V

1.6.5

An athlete takes 4 minutes 20 s to complete a 1500 m race. Calculate the average
speed of the athlete in ms™.

t =4 min 20s = 4x60+20= 260 s
[ |
<

O —_—

o) oI 4
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1.6.6 Bloodhound SSC is due taravel at 500 mph (approximately 230 ms?).
At this speed, calculate the distance Bloodhound could travelsin 25 s.
|
o
|
1.6.7 | Agirl can walk at an average speed of 2 ms-1. Calculate the distance she walks in 20
minutes.
t =20 min =20 x 60= 1200 s
|
O J—
-4
- 0
1.6.8 | Calculate the time it take s a cyclist to travel 40 km at an average speed of
5ms?
d =40 km =40 000 m
|
O J—
<
<
< v
1.6.9 | Calculate the time (to the nearest minute) the Glasgow to London shuttle will take if

it flies at an average speed of 220 ms? for the 750 km flight.
v=220 ms-! d= 750 km = 750 000 m

|
t= 3409s =56 mins 49 s
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1.6.10 | Calculate the time to the nearest minute, a car will take  to travel 50 km if its
average speed is 20 ms'?

d=50 000 m
v=20ms?
|
O —_—
<
<
t=2500 s = 2500/60 = 42 mins
1.7 | can perform calculations/ solve problems involving the relationship between

velocity, displacement and time (¥ o <4in one dimension

1.7.1 | A person walks 25 metres west along a street before turning back and walking
15 metres east. The journey takes 50 seconds. Calculate the:
a) total distance travelled by the person

- —

total distance = 25 +15=40m
b) displacement of the person

displacement = 25+ -15 = 10 m to the West
c) average speed of the person

d) average velocity of the person.
v

0) —
<

O _— 8va-v<
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1.7.2

An Olympic runner runs one complete lap around an athletics track in a race.

The total length of the track is 400 metres and it takes 45 seconds for the runner to
complete the race. Calculate the:

a) displacement of the runner at the end of the race
Displacement = 0 m as the journey ends at the start

b) average speed of the runner during the race .
|
O —_—
<

o —_— 8OV

c) average velocity of the runner during the race.

Average velocity is 0 ms ! as the displacement is zero

1.7.3

A car drives 15 kilometres East for 12 minutes then changes direction and drives
18 kilometres West for 18 minutes.
a) Calculate the tota | distance travelled by the car.
Total distance travelled = 15 + 18 = 23 km
b)Calculate the displacement of the car from the start of the journey.
Total displacement = 15 km + -18km = 3km west
c) Calculate the average velocity of the car, in metres per second.

Average velocity =
\ 4
O —_
<

t=18 x 60 = 1080s
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1.7.4 | On ajourney, a lorry is driven 120 kilometres west, 20 kilometres north then 30
kilometres east. This journey takes 2 hours to complete.

a) Calculate the average displacement of the lorry, in km.
b) Calculate the average velocity of the lorry, in km/h.
$§~~ N~~
1 T+ J
v
O —
<4
o — J

1.8 | can determine average and instantaneous speed.

1.8.1 Explain the term average speed. The average speed of an object is defined as the
total distance for the journey divided by the time for the journey, or the rate of
covering a distance.

1.8.2 | Explain the term instantaneous speed Instantaneous speed is the speed of an
object at a particular instant of time.

1.8.3 velocity 2:0

(ms™)

1-8

1-6

1-4

12

10

0-8

0-6

0-4

0-2

X:
0-0 imi
o0 05 10 15 20 25 30 35 40 45 5-0 55

time (s)

State the instantaneous speed of the vehicle at

Reading from the graph

a) 05s b) 3.0s c) 40s

0 ms1 0-:6 ms1 1-3ms?
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A runner takes 35 seconds to run round 250 metres of a track, calculate her erage
speed.
|
O —
<
184
O —
© 80V
Calculate the average speed of a motor boat which takes 350 seconds to cover a 10
000 m course
|
O —
<
1.8.5
O —
o) ov
Calculate the distance a car travels in 300 seconds when it is travelling at a top
speed of 30 ms?.
|
°
1.8.6
[
- O
Calculate the time it takes to walk to school if you walk at an average speed of 3ms !
and you live 900 metres away?
|
O —_—
<
1.8.7
<
« — v
A train travels at 35 ms "t and takes 15 seconds to pass througha tunnel, c alculate the
length of the tunnel.
This question is asking you to find the distance.
|
o —
1.8.8 <
|
- O
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Calculate the average speed of
Sammy Snail who slithers 0005 m in
4.0 s.
[ |
1.8.9 °
8
O —
8
To 1 sig fig
© 8 0OV
Calculate the time a train takes to travel 60 km given that it goes at an average
speed of 30 ms?t
d=60 km = 603 10° m
|
@) —
<
1.8.10 3
<
3
« — v
A school bus takes 20.0 minutes to travel 15 km, calculate it s average speed
in ms,
d=15km==15310%m
t=20 mins = 20 ¥60=1200 s -
1.8.11 ° 4
3
©)
To 2 sig fig
o v
A bird maintains an average speed of 11@ ms? for 5 minutes. Calculate the distance
it travels.
t=20 mins = 5%60=300 s
|
@) —
1.8.12 <
|
8 R
- 8 O v
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1.8.13

Calculate the time taken for aroller bladerto travel 2 km if her average speed is 7
mst

d=2km=23103m

<

vee vl

1.8.14

A runner decides to analyse her track performance in order to improve her overall
running time during the 400 m event. She sets up light gates at six points round the
track so that she can work out her instantaneous speed at each point.

As the runner cuts the beam of light from the light gate the timer operates.

DQ@NO6E e QI
QOB GidMN £ Q¢ o

QeI 0w bid)f,é'@'@’%

The results she recorded are shown below.

width of instantaneous

Position time (s)

runner (m) speed (m/s)

0.2 0.025 8.0
0.2 0.026 7.7
0.2 0.030 6.7
0.2 0.029 6.9
0.2 0.025 8.0
0.2 0.024 8.3

mimOlO|w|>

Use the results to calculate her instantaneous speed at each position and
hence determine the point is she running:
(a) fastest position F  (b)slowest. position C

1.8.15

Civil engineers need to know the speed of a train as it enters a tunnel which they
are planning to build. They set up their equipment to measure the length of a
section of the train and time how long that section takes to pass the planned point
of entry to the tunnel.

The length of train is 23.0 m and the time to pass th e point of entry is recorded as
1.23 s. Calculate the instantaneous speed o; the train.

O [—
<
8

To 3 sig fig
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1.8.16

A coin is dropped from a height so that it passes through a light gate connected to a
computer. The coin has a width of 0-02 m and it takes 0-005 seconds to pass through
thelightgate. Cal cul at e instdn@necus Speed. s

To 1 sig fig

1.8.17

Two insulated wires are laid across the road 1.00 metres apart to test the
instantaneous speed of cars as they travel between the wires. A Mondeo of
wheelbase length 2.85 m takes 0.06 s to pass between the two wires. Calculate the
instantaneous speed of the car.

This question is asking for the instantaneous speed and it is the 1.00 m width
that detects the wheels moving across it; it is independent of the length of the
vehicle.

1.9

| can describe experiments to measure average and instantaneous speed.

19.1

Describe how you can measure the average speed of a runner. Include a list of the
apparatus you would use, the measurements you would take, how you would carry
these out, and the calculation needed to obtain a final value for the speed. = You may
use a diagram to help you.

To measure the average speed of the runner, you need to know the distance that
they run, and the time this takes. = The apparatus needed is therefore a stopwatch
and a metre tape.

You would measure the length of the track with the tape.

You would then start the stopwatch when the gun was fired, and stop it when the
runner crossed the finish line.  You calculate the average s peed by dividing the

distance by the time. -
O —
<
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1.9.2

(a) List various methods for measuring the instantaneous speed.
(b) State of these methods is most accurate, you must justify your answer

(&) You can measure instantan eous speed by using light gates connected to an
electronic timer. You measure how long it  takes the object to move a small
distance. You calculate the instantaneous speed by dividing the distance by

the time (the time must be very small).

(b) You can time how long it takes a vehicle to pass a point. Find the
instantaneous speed by using the equation

e v e 4+’"'-G-O.:

Using an electronic timer is better as it removes any human error caused by
reaction time .

193

An arrow of length 0-8 m is shot from a bow.

D'
/ oo timer

/', N\
amow / < }
(W

A student designs an experiment to measure the instantaneous speed of the arrow, as
it leaves the bow. The student places a light gate connected to a timer, as  shown
below.

The student states that the speed of the arrow can be found from
O(Qsmoﬁbllaua

i NQOIMwi | € 06 5 0G @ 04 Ol

0] Explain why the method used by the student does not give the correct value
for the speed of the arrow as it leaves the bow. The length of the arrow is too
great and during the time the arrow passes through the light gate the

instantaneous speed can have ¢ hanged. The time must be very short to measure
instantaneous speed.

(i) Suggest how the experiment could be modified to enable the speed of the arrow
as it leaves the bow to be found. Two light gates a few cm apart and measure the
gap time. Or add a mask and raise the light gates so that only the mask blocks the
light gates. This might have problems with the flight of the arrow.
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194

ruler

QQ:“Q,’Z% stop-clock
=

electronic
timer

ramp

light gate

Copy and complete the diagram and state how the following can be determined:
a) the instantaneous speed of the trolley at the bottom of the slope.

measure the length of the card with the ruler, time how long it takes the card
to pass through the light gate at the bottom of the slope. To find instantaneous
speed use the formula v= length of the card/time to pass through the light gate.

b) the average speed of the trolley down the ramp .

Use the ruler (not great) to measure the length of the slope. Time, with a stop
clock how long it takes the trolley to roll down the slope use the formula
average speed = length of slope/ time to travel down the slope

c) the acceleration of the trolley as it rolls down the ramp.

The instantaneous initial speed of the vehicle is 0. Measure the instantanteous
speed at the bottom of the slope as explained in part a) Time how long the
vehicle take to roll down the slope. Find the acceleration using

195

light gate
2

==

<« >
card length

distance d

From the diagram above, state what measurements are required to find:
a) the average speed of the vehicle as it passes down the slope?
Average speed = distance d / time on timer 3
b) the instantaneous speed at the bottom of the slope?
Instantaneous speed = length of card / time on timer 2

State what pieces of equipment give the m easurements to find:
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d) the |

Rule to

c) the average speed of the vehicle as it passes down the slope?

distance d and time on timer 3

length of card / time on timer 2

e) What additional equipment is required to complete these measurements?

nstantaneous speed at the bottom of the slope?

measure the card length.

2.1.1 (a) On graph paper, draw a velocity-t i me gr aph of the r acé
(b) Using the graph, describe the motion of the race car over the 80 seconds.

Time (s)

10 20 |30 40 |50 60 |70 80

Speed(m/s) |5 |5 |20 |35 |50 |50 |50 |25 |0

(c) Using the graph you have drawn, calculate

() The acceleration between 10 and 40 s.
(i) The total distance travelled by the race car.
(i) The average speed during the 80 seconds.

60

a
)
X
S
K

N
o

Speed (m/s)
w
o

XK

[N
o

EEEEE %
0 10 20 30 40 50 60 70 80 90
Time (s)

b.

The car takes 10 s to start moving. It accelerates from 10 s to 40s and
then from 40 s to 60 s moves at constant  velocity. From 60 s to 80s the
car has a constant uniform deceleration or negative acceleration until

it reaches rest.

+ 40 | »+™ m- <«

L — sov
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d. Total distance = area under av -t graph
Area l + area 2 + area 3+ area 4
(40 x 5)+ (Y2 x 30 x 45)+(20 x 50)+ ( %2 x 20 x 50) = 2375 m
e.
|
O —_—
<
o) _— A 4
2.1.2 | Draw a labelled speed-time graph showing an object

(a) accelerating at 2 ms 2,
(b) travelling at a steady velocity of 6 ms 1,
(c) accelerating at -5ms?.

'—\
o

N

el

o

velocity /ms?

O N b O

time /s

b)
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8 ==
C Velo f

7 =

6 X X X X X X X X X
% 5
£
24
(8]
S
3

2

1

0

0 1 2 3 4 5 6 7 8 9 10

time /s
c)

)
E
>
'S
o
[}
>

00 05 10 15 20 25 30 35 40 45 50

time /s
2.1.4 | During a test run, a car starts from rest on a straight, flat track. For the first 2 sit

has a constant acceleration. It then maintains a constant velocity for a further 3 s.
Sketch a velocity dime graph to show how the velocity of the car varies during the

test run. Numerical values are only required on the time axis.
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2

[S)

9o

)

>

00 05 10 15 20 25 30 35 40 45 50

time /s

2.2 | can interpret velocity &ime graphs to describe the motion of an object.
221 Fully describe the motion of the vehicles.

(@) (b)

sh
>

-1

I \elocitv (ms
v
Velocity /ms
\ |
v

Time (s) Time (5)
A © = (d)
1% [72)
£ £t
= > I
S S
S <

_ > :

'1 Time (s) T Time (s)

a) A vehicle travels at constant velocity .

b) a vehicle has a constant acceleration starting from 0 ms
c) A vehicle has a constant deceleration (or negative acceleration)

d) the vehicle has a constant velocity until time T when it uniformly

accelerates to rest.

-1
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222 | 5

[E=Y
ol

ol
NS

N

"

velocity (m/s)
)
memcc

0
0 5 10 15 20 25 30 35 40
time (s)

(a) Describe the motion of the car during the 35 seconds

(b) Calculate the acceleration between 0 and 10 seconds

(c) Calculate the acceleration between 30 and 35 seconds

(d) Calculate the final displacement of the car from the starting position
(e) Calculate the average velocity during the 35 seconds.

a) The car has a constant uniform acceleration of 1.6 ms -2 between 0 and 10s. the
car then travels at constant velocity of 16 ms ! for 20s and finally decelerates at
-3.2 ms-2 for 5s (always give the values of a and v if this is possible!)

b) as above (gradient of the graph) u=0 ms -, v=16 ms -1, t=10s so a=1.6 ms 2
c) as above (gradient of the graph) v=0 ms %, u=16 ms 1, t=10s so a=1.6 ms 2
d) Displacement = area under the v -t graph

Y5 bh+bh+ % bh

(¥23 103 16) + (20 3 16) + (Y2 3 53 16)

s=1320 m
e)

2.1.3 | The velocity -time graph shown below describes the motion of a ball which has been
thrown straight up into the air then allowed to fall to the ground.

From the graph below

0] Determine the time the ball reaches its maximum height.

(D) Calculate the maximum height that the ball reaches.

(i)  Calculate the height from maximum to the ground.

(iv)  Use your answers to ii. and iii. to calculate the height above the ground
that the ball was thrown from.
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15

10

time (seconds)
0}0 05 10 15 20 25

velocity (ms?)
o

-10

-15

(1) The ball reaches its maximum height at 1.0 s, when the velocity reaches
zero mst

(i) The maximum height reached is the area under the first part of the
velocity time graph =% bh=%x1x10=5m

(i)  The maximum height to the ground is the area under the lower part of
the velocity time graph =% bh =% x1.2x12=7.2m The ball was
throw n from a height of 7.2 -5=2.2 m

2.2.4 | (i) For each of the graphs shown below, find
(a) the instantaneous speed at 10s
(b) the distance travelled over the 20 second period

(c) the average speed over the 20 second journey.

Speed
Speed

Speed (m/s)
() (m/s)

, , . , . , . /
f f f f f f f f t
o 5 10 15 20 Time (s) o 5 10 15 20 Time (s) o 5 10 15 20 Time(s)

(NB time axis scale has each major unit = 5s, velocity axis major unit is 2
ms1)

(i) Compare the average speed with the instantaneous speed at ten seconds and
comment on the difference ( if any).

(i) In what situation will the instantaneous speed always be the same as the average
speed?
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distance = area under graph distance = area under graph
= area of A + area of [ = area of A + area of A
= (ax4x20) + (2x20) = (Vax6x10) + (V2ax6x10)
= 80m = 60m
—_d _ 80m _ _
V=TS 3 T dmls 7= % - %%’_;’ = 3mls
from the graph, speed at 10s =4m/s || from the graph, speed at 10s = 6m/s
so the average speed does equal the || 5o the average speed does not equal
instantaneous speed at 1() seconds. the instantaneous speed at 10 s.
distance = area under graph
= area of U
=4x20
= 80m
—_d _ 80m _
v=F = 305 = dmls
from the graph, speed at 10s = 4m/s
so the average speed does equal
the instantaneous speed at 10 s.
2.2.5 A car travels along a motorway.

o4as

|

|

|

|

speed |
(m/s) |
|

|

|

|

1

C
0

o 05 10 15 20 25 30

time (s)

a) the car travels at a constant spe

b) the car travels at constant acceleration of

reaching a speed of 0 ms !

A graph of the
Describe the motion of the car:
(a) Between A and B
(a) Between B and C.

ed of 30 ms ! forthe first0.5s

car 0s

-10 ms between B and C until

m
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2.2.6
10 a) State what quantity is
g found by calculating the area
under the velocity time graph
e Taial ﬁ —
.Im"‘?l' BN b) Determine the area
1 im s .
4 under this graph.
5 | N
o | |
0 1 2 3
Timein s
Displacement is found by calculating the area under thev -t graph. In this case the
value is (0.6 x 8)+(%x2.2x8)=13.6 m
2.2.7 | The graph below shows how the speed of a skier varies with time during the first 10

seconds of a downhill run.

speed 0 | _ _ _ _ _ _ _ _ _ __ ________
inm's

18 1
16 1
14 1
| A0 pSIOILICIE JICIc
10 -
8_
i
4 -
2_

o o o]

8 9 10

ime in s

=EEEEEEE

[IVY S p——

0 12

a) (a) Calculate the acceleration of the skier during the first 3 seconds of the
run. 2

b) (b)) Suggest a possible reason for the
the first 3 seconds. The change in acceleration could be due to the slope
getting LESS steep, or the surface having an increase in friction.

c) (c) Describe the motion of the skier between 7 seconds and 10 seconds.
Between 7s and 10 s the skier travels at constant speed.

(d) Show that the average speed of the skier during the first 7 seconds of the run is
11-7 mst,

c
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] /
8 10
o
n .
0 "ime (s)

0O 20 40 60 80 100 120 140 160

No. CONTENT
d) distance travelled during the first 7s is found by the area underav -t graph
area 1l + area 2+ area 3
Y% bh + bh+ % bh
(2338 12)+ (43 12)+ (% % 43 8) =82m
time=7s
|
O —_—
<
o — 8OV
2.3 I can find displacement from a velocity = &ime graph.
2.3.1 | State how you calculate the displacement from a velocity -time graph.
Displacement is calculated from the area under a velocity time graph.
2.3.2

Calculate the distance the train travels in the 150 seconds shown in the graph above.

Distance travelled = area under graph

= 300 + 600 + 150 + 1800 + 450
= 3300 m

Speed
(m/s)
30 + — ]
®
20 T
@
10 + @ ©
®
I =
0 30 60 90 120 150 Time (s)

=area of AD + area of (1@ + area of A@ + area of @ + area of A®
= (Y2x30x20) + (30x20) + (Y2x30x 10) + (60x30) + (14%x30x30)
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2.3.3

Use the velocity time graphs below to calculate the displacement travelled during

each journey.

2 i 30| 50 [
FI.U) E ‘Tg g
I /A
0 5 timeins 12 0 t/s 10 18
30
v/ mg? "
25 S
5 |
5 ' ; 0 !
0 o 0 14 32 12 30
timeins timeins timein s
a b C
Ve Whedd v bk Ml v bt B
v
i | v 41 =ary
v
v 0 v — v —
v O
v O
d vV +og Bl wtad
V trt Ul et N V $rat Bl >t
v+l v v+l
v B v
v O v v
v O v N
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3.1 | can define acceleration as the final velocity subtract the initial velocity divided
by the time for the change
311 |[State the meaning of the term oOaccelera
Acceleration is the rate of change of velocity OR the change in velocity per
second. It is measured in metres per second squared.
3.1.2 | Explain what is meant by a uniform acceleration of 1.4 ms -2
A uniform acceleration of 1.4 ms -2 means that every second the velocity
increas es by 1.4 ms -2
3.2 | can use the relationship involving acceleration, change in speed and time
(a = Jv/it).
3.2.1 | AJaguar can reach 27ms? from rest in 9.0 s, calculate its acceleration.
+
<
L — gy
3.2.2 | The spaceshuttle reached 1000 ms?, 45 s after launch , calculate its acceleration.
+
<
L —  gvw
3.2.3 | Starting from rest, a flea accelerates to 1-2 ms -1 in a time of 0-001 s. Calculate the
acceleration of the flea.
+
<
+ 8 owv
8
3.2.4 | A car reaches a velocity of 30 ms!from a velocity of 18 ms'in 6 s. Calculate its
acceleration.
+
<
L — gy
3.2.5 | Atrain moving at 10 ms? increases its speed to 45 mstin 10 s. Calculate its

acceleration.
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3.2.6 | Abullet travelling at 240 ms*!hits a wall and stops in 0.2 s. Calculate its
acceleration.
+
<
_ ov
T 3
3.2.7 | Acartravelling at 20 ms?brakes and slows to a halt in 8 s. Calculate its acceleration.
+
<
L —  s8ov
3.3 | can use appropriate relationships to solve problems involving acceleration,
initial velocity (or speed) final velocity (or speed) and time of change.
3.3.1 | State the formula linking velocity and acceleration. Explain what each letter stands
for and the units of each .
L Do
<
a=acceleration in ms -2, Dv = change in velocity in ms -1, t = time for the change in
seconds
3.3.2 | Agirlisriding a bicycle. She starts at rest, and accelerates to 20 ms -1 in 8.0 seconds,
calculate her acceleration.
+ Do
<
L+ — s8ov
3.3.3 A car increases its velocity from 30 ms -t to 80 ms? in 20 seconds. Calculate its

acceleration.
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3.34 When you drop a stone, it accelerates downwards at 9.8 ms 2.
If the stone is initially at rest, calculate its speed after falling for 1.5 seconds.
$
<
8 ©)
8
o 8 8 OV «4° V
3.3.5 A racing car can accelerate at 7 ms -2, calculate the time taken to increase its
velocity from 20 ms? to 60 ms™.
+
<
<
<
4« 8V
3.3.6 | Arocket in orbit accelerates at 12 ms -?for 15 seconds. If its final velocity is 300 ms-
1, calculate its initial velocity.
+
<
0
0
0
0
0 Ov
3.3.7 | On approaching the speed limit signs, a car slows from 30 ms*to 12 mstin 5s,

Calculate its acceleration.

L 8ov

a=4 ms? to one sig fig
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3.3.8 | A bowling ball is accelerated from rest at 3 ms?for 1.2 s, calculate the final speed it
will reach.
+
<
O
8
O
o ]
3.3.9 | Calculate the time it take s a car to increase its speed from 8 ms!to 20 ms?if it
accelerates at 3 ms?2,
7
<
<
<
< v
3.3.10 | A cyclist can accelerate at 0.5 ms? when cycling at 4 ms?®. Calculate the time taken
to reach 5.5 ms?.
+
<
8
8
<
< 8
8
< v
3311 [The maxi mum decel eration a carmsgthisisank e s

acceleration of -8 ms?2. Calculate the minimum stopping time if the driver applies
the brakes when travelling at 60 mph (27 ms?).

o ¢
T
8
8
|
<8
8
4 Vv
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3.3.12 | A car is stationary at a traffic light. When the light turns green the car accelerates,

and reaches a speed of 30mph twenty seconds later.

) St ate the cardoéd§mitnitial velocity.

(ii) Calculate the car & acceleration in miles per hour per second.

o ¢
+ + 80V
<

3.4 | can find the acceleration as the gradient of a velocity dime graph.
341 Use the velocity time graphs below to calculate the displacement travelled during

each journey. Displacement is equal to the area under av -t graph.

() (b)
25 50 -
v/ mst v/ mst '
20 40 8
15 30 6
10 L 20 4
5 | 10 2
0] 0 ! 0 |
10 20 30 40 BO 2 468 10 12 b 10 156 20 25
time in s time in s time in s
v/ ms”
(@ 25 G)]
v/ me?!

10 20 30 40 50 246I81012 5 10 15 20 25
time in s time in s time ins
a b c
AR T R e el L MR AR P P
vt v -t =y
v - v — v - )
v O v 0 v L]
d e
v +>i}=l=l .‘»4:—' v =|=>i>=|:. .‘»+_I
Ed By v b1
\ 4 - v -
v O
v O
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f
V sre d et
v —+1+1
v —_
v O
3.4.2 This speedtime graph shows the changes in the speed of a train. Describe as fully as
possible how the train is moving.
30
% /
ié), 20 /
3 /
¢ 10
o
n
0 : : : : : : : \—TJime (s)
0O 20 40 60 80 100 120 140 160
Using the graph above, calculate the acceleration of the train between |
(a) 0 and 30 seconds (b) 30 and 60 seconvds, (c) 120 and 150 se(v:onds.
avh o O v h o Ovh
OODVH< v O 0O Vv he v 0 0 v ha v
o ¢ o 9
° ¢ + -
+ P < <
4 soy | T sov |+ —— 8O0V
3.4.3 velocity 2-0
(ms™)
1-8
1-6 Y z
1-4
1-2
1-0
0-8
0-6
0-4
0-2
X
0-0

o0 05 10 15 20 25 30 35 40 45 50 55

time (s)

(a) Calculate the acceleration of the vehicle between X and Y.
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a=gradient of a v -t graph
o ¢
+ 8 Ov
<
(b) State the acceleration of the vehicle between Y and Z
Between Y and Z the acceleration is 0 ms -2
3.4.4 The speed-time graph below shows how the speed of the train changes from the
instant its brakes are applied until it stops.
speed
in 20
m/s
0 100
time ins
Calculate the average acceleration of the train as it slows down.
o O v h
0 O v he v
+
<
L —  8ov
3.4.5 Exam Question npnd 10
The graph below represents the motion ¢
of a cyclist travelling between two sets 8
of traffic lights. 7
(@) Describe the motion of the cyclist 6 ::_ T
i) between B and C between B&C ST
the vehicle is moving at a constant =
velocity of 9ms ! 3|
2 -
o O v h ‘
<> ov F]< v 0 time in s
+
< i) between C and D.
L 8
+ 80V
sl [ ik B T
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o ¢

T
£+ — 8
8oV
F v lgFogo— - »
(c) Calculate the acceleration between A and B.
o O v h
0 0O v he v
3.4.6 The graph shows how the speed of a car changes during a journey.

14

12

=
o O
\

velocity (mst)

0 2 4 6 8 10 12 14 16
time (s)

a) Complete the following table

Time (s) O 2 4 6 8 10 12 14 16
Velocity(ms-1) O 6 12 12 12 12 8 4 O

b) Calculate the acceleration during the first 4 seconds.

o Ovh
O Ov ha v
o 9
T
+ — Oow

c) The car travelled a total distance of 132 metres. Calculate the average speed of
the journey.
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[ |
O —
<
o — 4Ov
3.5 | can describe an experiment to measure acceleration
3.5.1 Describe an experiment using two light gates to measure the acceleration of a
vehicle as it rolls down a slope. Draw a diagram of the set -up, note what
measurements you would need to make and how the acceleration will be calculated.
: o I
t1time to pass first light gate u :t_
1
t2 time to pass second light gate v =t|—
2
tstime between light gate a =Vt' =
length of mask measure with a ruler |
3.5.2 Describe an experiment using one light gate to measure the acceleration of a vehicle

as it rolls down a slope. Draw a diagram of the set -up, note what measurements you
would need to make and how the acceleration will be calculated.
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Measurements Calculations

t1time for first mask to passthrough light gate u=-—

to time for second mask to pass through light gate v=—

tstime between first and second mask passing through V-u
light gate. t,

length of mask measure with a ruler |

3.5.3

light source

. é \W?? S
) L . pulley
i
| p/ p string
| J{/ x — mass
air blOWﬂ photocell ]
in timer }’(, timer :[,

The apparatus shown in the Figure above is used to find the acceleration of a vehicle
moving along a linear air track.

State two ways of modifying the experiment to produce an acceleration which is
double the acceleration.

1) Double the mass on the end of the pulley (doubling the Force)
2) Halve the mass of the vehicle

Newt onds Laws

4.1 | can give applications and use Newton?d

constant velocity (or speed), making reference to frictional forces of this.

4.1.1 (a) State the meaning of the term force . A force is a push or a pull

(b) State the effects a force have on an object . A force can make an object change its
speed, its shape, or its direction of travel.

4.1.2 Describe how you can measure aforce. You can measure a force using a spring
balance or Newtonbalance dynamometer. The extension of the spring is directly
proportional to the applied force.

4.1.3 | (a) State what is meant by the term friction .

Friction is a contact force which  opposes motion. It is caused when one surface
slides (or tries to slide) over another.

(b) State the effect of friction on movement?

Friction opposes motion and causes things to slow down. Friction will try to stop a
moving object.
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4.1.4 List ways of reducin g the force of friction between two surfaces.
Make the surfaces smoother

Put a lubricant between the two surfaces e.g. oll

Reduce the mass/weight pushing the surfaces together
Make the surfaces smoother. ...

Lubrication is another way to make a  surface smoother.
Make the object more streamlined.

Reduce the forces acting on the surfaces.

Reduce the contact between the surfaces.

Roll the bodies instead of sliding them.

=2 =2 -0 -9_-9_-9_-9_-°9-°9

4.1.5 | State ways you increase the force of friction between objects.

T Create a o0rougherdé or more adhesi ve
Press the two surfaces together harder.

Stop any relative motion.

Remove lubrication between the two surfaces.

Remove wheels or bearings to create sliding friction.

9 Increase the fluid viscosity.

)l
T
T
)l

4.1.6 Explain some of the ways friction is used in motor racing. Include at least two
examples of where friction is increased and one where it is decreased.

Air friction or drag is important because it determines how well the car slips
through the air, as well as how well it plants itself to the ground - most of this
effect comes from wings.

Friction in the engine and driveline are important. Less friction will mean less

loss of power and less heat, which will improve performance. And though les S
heat will mean better reliability, often times it becomes a balance between the

two as some methods of protection will increase resistance

Friction is also the important for the grip with the road. The tyres are the only

part of the car in contact with  the racing surface. Tyres obtain their grip through
friction. With zero friction the car would be unable to propel itself forward,

brake or turn.

4.1.7 Explain, in terms of friction how basic brakes work.

Brakes usually use friction between two  surfaces pressed together to convert the
kinetic energy of the moving object into heat . The brakes will wear away due to
the high friction and these will need to be replaced.

4.1.8 | (a) If you increase the unbalanced force acting on an object while its mass remains
constant, what happens to its acceleration?

As F=ma asF increases, a will increase if mass remains constant

(b) If you increase the mass of an object, while keeping the unbalanced force the
same, what happens to its acceleration?

As m=F/a as m increases, and F remains constant then a will decrease
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419 |State Newtonds First Law of Motion
An object will remain at rest or move at steady speed in a straight line unless
acted upon by an unbalanced force.

Or

Unless an unbalanced force acts on an object the object will move at constant
velocity (which means constant speed in a straight line)

Or

An object will remain at rest or move at constant velocity unless acted upon by
an unbalanced force.

4110 |[St ate Newtonds Second Law of Moti on
Force=mass 3 acceleration
F=ma

4.1.11 | Use Newton's first law to explain why a passenger in a train appears to be pushed
backwards when the train suddenly starts, and why they appear to be pushed
forwards when the train brakes.

When the train starts, t he passenger remains stationary until the seat produces a
force to accelerate them. Relative  to the train, they appear to move  backwards.
When the train stops, the passenger continues to move forward until the seat
applies a force to decelerate them. They appear to  move forwards because of
this.

When a train suddenly starts the people on the train will remain at rest as there

is no force acting on them. The train will accelerate as the engine provides an
unbalanced force. This makes th e people appear to move backwards.

When a train brakes, the people on the train will continue to move at their

original speed until something provides a force to decelerate them.

Hence the people appear to be pushed forward but are just remaining at the

same speed.

4.1.12 | A boy of mass 45 kg pulls a sledge of mass 15 kg up a slope at a constant velocity of
0-5 ms?. Are the forces acting on the sledge balanced or unbalanced? Explain your
answer.

The forces are balanced as the boy is moving at  constant velocity.

4113 A motor is used to apply a force of

120 N to a box of mass 30 kg.
The box moves at a constant speed
across a horizontal surface.

box motor
120N

State what you can tell about the
forces on this box. As the vehicle is
going at constant speed t he forces must be balanced.

State any other forces acting on the block. Friction between the surface and the
box. The weight of the block
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4.1.14

A weightlifter applies an upwards force of
1176 N to a barbell to hold itin a
stationary position as shown.

Describe how the upward force exerted by
the weightlifter on the barbell compares to
the weight of the barbell

The upwards force must also be 1176 N
as the barbell is stationary ( Newt onds First Law)

4.1.15

Exam Question
A rowing team is taking part in a race on calm water.

. P

The following graph shows how it is predicted that the speed of the boat will vary
with time during the stages A, B, C and D of the race.

finish line

A — D

Speed/ ms?
2
5 ___________ ' I
A B |
0 ’ | . _
0 15 150 168 180 Time/ s

The prediction assumes that the frictional force o n the team®& boat remains constant
at 800 N during the race.

(a)

(i) State the size of the forward force applied by the oars during stage B . 800 N (as
the boat is travelling at constant speed so forces are balanced - N1L)

(ii) Calculate the accelera tion of the boat during stage C

o Ov h
0 v ha v
+ 27

<

L — 8ov

¢

(iif) The total mass of the boat and its crew is 500 Kg.
calculate the size of the forward force applied by the oars during stage C
3 O
5 3 8 dl
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(iv) The boat crosses the line after 168 seconds.
Calculate the distance the boat travels from the instant it crosses the line  until
it comes to rest.
B L g
" vttt "wol e e =1
vt 111
i AL
W ovetr-gm
-3 3 3 -3 3
" vt e
® | |
The frictional force acting on the boat during stage D becomes smaller as the peed
decreases.
() State the effect of this smaller fric tional f orce on the time taken for the boat to
come to rest. The smaller the force of friction the greater the time taken for the
boat to come to rest.
(i) Sketch a graph of speed against time for stage D, assuming that the frictional
force becomes smaller as the speed decreases.
Speed/ ms?
7
5
D
0 >
0 15 150 168 180
Time/ s
4.1.16 | Exam Question
During part of the drop the forc es on the climber air descender
are balanced. Copy the diagram below show all
the forces acting vertically on the climber  during ] platform
this part of the drop. R
T= tension in the cable
W= weight : e i
Both forces are equal in size but opposite in not to scale -
direction. .'_;‘:{1;';';".

ground
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4.2 | can give applicationsof Newt onds | aws and bal anced f
determine acceleration for situations where more than one force is acting,
(F=ma)
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