Name: Form:

| slowing 39
‘ \ gon Staedy fasrer
H % \\, ;::ddy stationary
point”

POROES

DYUBLE
AWARD

FORCE AND MOTION
Magnetism
Gravity Friction Acceler at ion
2026 onward

%jﬁ 7 (g[ 92




Lesson 1: Units and Vectors

Lesson 2: Speed

Lesson 3: Acceleration

Lesson 4: Motion Graphs

Lesson 5: Acceleration Experiment

Lesson 6: Acceleration Calculation: SUVAT
Lesson 7: Terminal Velocity

Lesson 8: Stopping Distance

Lesson 9 and 10: Hooke’s Law

%/ O 9



YEAR 10 PHYSICS IGCSE

Forces — Double Award

Ref Learning Objective N
1.1 | I can use the following units: Kilogram (kg), metre (m), metre/second (m/s), Newton
(N), second (s), and Newton/kilogram (N/kg)
1.3 | I can plot and explain distance-time graphs.
1.4 | 1 know and can use the equation
Average speed = distance travelled / time taken
1.5 | Practical: | can investigate the motion of everyday objects such as toy cars and tennis balls
1.6 | I know and can use the equation
acceleration = change in velocity / time or a=(v—-u)/t
1.7 | I can plot and explain velocity-time graphs  Page.....
1.8 | I can determine acceleration from the gradient of a velocity-time graph
1.9 | I can determine distance travelled from the area under a velocity-time graph
1.10 | I can use the relationship:
(final speed)? = (initial speed)® + (2 x acceleration x distance)
or Ve = U + 2as
1.11 | I can describe the effect that forces have on objects, eg forces cause changes in
speed, changes of shapes or changes of direction.
1.12 | I can identify types of force such as gravitational, electrostatic.
1.13 | I understand how Vector quantities differ from Scalar quantities.
1.14 | I understand that force is a vector.
1.15 | I can calculate the Resultant Force of forces along a line.
1.16 | I know that Friction is a force that opposes motion.
1.17 | I know and can use the formula
Force = mass x acceleration or F=mxa (Newton’s Second Law)
1.18 | I know and can use the formula Weight = mass x gravitational field strength
or W =mxg
1.19 | I know that stopping distance = thinking distance + braking distance
1.20 | I can describe the factors affecting stopping distance including speed, mass, road
condition and reaction time
1.21 |1 can describe the forces acting on falling objects and explain why they reach
terminal velocity
1.22 | Practical: | can investigate how extension varies with applied force for helical
springs, metal wires and rubber bands.
1.23 | | know that the initial linear region of a force-extension graph is associated with
Hooke’s Law.
1.24 | | can describe elastic behaviour as the ability of a material to recover its original
shape once a deforming force is removed
Self Assessment
Score yourself. C=2,P=1 N=0 %

Targets Set three targets to help you improve in this topic:

Lage 80/ 92
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Forces 1.1 (Double Award)

Forces : Lesson 1 :Units and Vectors

Learning Obijectives:

1. 1 know the lab safety rules

2. | know how to access the IGCSE course information and other resources on
ISLE

| have a textbook and | am ready to rock and roll...

| know the symbols and units for the key quantities in this topic

| know the formula for speed and acceleration

| know the difference between scalars and vectors

| can add vectors

No o bk ow

1.1 | I can use the following units: Kilogram (kg), metre (m), metre/second (m/s), Newton
(N), second (s), and Newton/kilogram (N/kg)

1.11 | I can describe the effect that forces have on objects, eg forces cause changes in speed,
changes of shapes or changes of direction.

1.12 | I can identify types of force such as gravitational, electrostatic.

1.14 | 1 understand that force is a vector.

1.15 | I can calculate the Resultant Force of forces along a line.

Page reference: P11-13 Hodder Book,

Units
Quantity Symbol Unit Unit Symbol
Mass m Kilograms kg
Length, distance, Metres

displacement

Time Second
Force Newton
Speed / Velocity Metre per second
Acceleration Metres per second

squared

Lage 19/292



https://isle.island.edu.hk/course/view.php?id=1652

Forces 1.1 (Double Award)

Speed = distance / time

Acceleration =

Scalars and Vectors

Some properties have only ............ They are called SCALARS.
Some properties have both Size and ................ They are VECTORS.

Where would you place: Mass Time Length, distance Speed Displacement Velocity
Acceleration Force

Scalar Vector

mass

Lage 5.9/92



Forces 1.1 (Double Award)

Adding Scalars and Vectors.

Adding scalars is easy.....

What is 2kg of apples plus 5kg of apples?

Adding Forces (this works for any vectors)

What is 3N add 4N?

3N,

What is 2N add 3N?

kg of apples

o
Lage 09/292



Forces 1.1 (Double Award)

» 3N

> 2N

What is 3N add 4N ?

4N

3N

v

How do we add vectors in 2 dimensions? (not required for IGCSE)
The 5 easy pieces:

Choose a scale

Choose a start point

Draw the first vector

ADD ON the second vector

Draw and measure the resultant from start to finish!

Ve ~
Lage 79/92



Forces 1.1 (Double Award)

Extension - Apply the same technique to this question:

4N

/600 3N

v

Practice Question:

The diagram shows a child on a zip-line ride.

During the ride the child slides along a metal wire with the velocity in the direction shown in
the diagram.

tension

S

velocity

The diagram also shows the tension force acting on the safety harness the child is wearing.
(a) Force and velocity are examples of vector quantities.
State what is meant by the term vector quantity.

(b) Draw labelled arrows on the diagram to show two other forces that act on the child.

(Total for question = 5 marks)

Lage Sof 92



Forces 1.1 (Double Award)

Forces and Fields

To apply a force to an object it can be pushed or pulled. However, sometimes a
non-contact force can occur. This happens in Fields (called Fields of Force).

In an Electric Field a non-contact

force Hey, quit being

so negative!
You're a proton!

OCCUrS ON @ .uvevvevrnnnrnnnsss

15A8¢ NeWTon DISCOVERS THE
AW OF GRAVITY

In an Gravitational Field a

non-contact force occurs oON a ......cceeveevnnn..

Lage 9.0/°92



Forces 1.2 (Double Award)

Forces: Lesson 2 : Speed

Learning Obijectives:

Recall and manipulate the formula for speed.

Recall units for speed

Develop practical skills including using a stopwatch and team skills
Introduce the idea of uncertainties in our measurements.

1.4 | I know and can use the equation
Average speed = distance travelled / time taken

1.5 | Practical: I can investigate the motion of everyday objects such as toy cars and tennis balls

Page ref Hodder Book P. 2-4

Speed Definition and Formula

Speed is the DISTANCE travelled in a certain TIME

Speed — d|St / t|me : (Can you rearrange this?)

Units for speed:  MIS or  km/hr or  m.p.h. or  Mach

or knots or light speed

Speed Experiment - 1

Research Question: What is the speed of a falling paper cone?

Method:

1. Cut out a paper circle.

2. Cut aradius, fold into a cone and sellotape or glue in place.
3. Measure a known height from, say, the water pipes to the
floor.

Measure the time of fall to the ground

Repeat an appropriate number of times.

Calculate an average time and hence calculate speed.
Discuss the uncertainties.

No ok

Lage 10.0/°92



Forces 1.2 (Double Award)

Results and Calculations:

Measured Height =

Please put your results in a table and work out an average.

Time,
repeat 1
Is

Time,
repeat 2
Is

Time,
repeat 3
/s

Average time
Is

Speed = distance/time

(use distance fallen and

Speed =

the average time to work out the speed of your cone in m/s)

Improving our Experiments

At IGCSE we need to know how to improve our experiments. There are two aspects

to be aware of:

e Accuracy. This means how close our value is to the ‘real’ or ‘accepted’

value.

¢ Reliability. This is the confidence we can have in our reading

How can we improve accuracy and reliability?

Lage 17.9/92




Forces 1.2 (Double Award)

Improving Accuracy Improving Reliability
This requires: This requires:
e Dbetter experiment techniques, & ... readings,
e avoiding zero errors e Calculatean ...............
e using more sensitive ................. e plotting resultson ............ with a

line of best fit
e Eliminating ................

Suggestions: Suggestions:

Lage 129/92




Forces 1.2 (Double Award)

Speed Experiment — 2

Research Question: What is the height of the 3rd floor at IS?

Method:

Measure the speed of fall of a paper cone (done)

Measure the time of fall from the 3rd floor to the ground floor
Repeat an appropriate number of times.

Calculate an average time and hence calculate height.
Discuss the uncertainties.

o wnN -~

Average time =

Height = speed x average time =

Experiment 3 — Results and Calculation

Speed Calculation - 3

Question: What would be the time of fall for a paper cone
dropped off the 2-IFC (you can also choose some other
buildings around the world if you like)?

Information:

https://en.wikipedia.org/wiki/International Finance Centre (
Hong Kong)#:~:text=This%20415%2Dmetre%2Dtall%20(,extre
mely%20auspicious%20in%20Cantonese%20culture.

Formula:

Time =

Batman has a terminal velocity of 53m/s. How long would it take Batman to reach the
ground?

Time =


http://en.wikipedia.org/wiki/International_Finance_Centre
http://en.wikipedia.org/wiki/International_Finance_Centre
http://en.wikipedia.org/wiki/International_Finance_Centre

Forces 1.2 (Double Award)

What is the airspeed velocity of an unladen swallow?

http://www.youtube.com/watch?v=pWS8Mg-JWSg&feature=related

BBC Bitesize: https://www.bbc.co.uk/bitesize/guides/z3whb82/revision/1

Practice Question

A driver of a car sees an obstruction in the road ahead and must stop the car.
(a) (i) State the formula linking average speed, distance travelled and time taken.

(1)

(i) Acartravelsat21m/s.
The driver's reaction time is 0.14 seconds.
Calculate the distance travelled by the car during the driver's reaction time.

(2)

AIStANCE = o m

Lage 170/ 92
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Forces 1.3 (Double Award)

Forces : Lesson 3: Acceleration

Ticker Tape Experiment

Learning Objectives

e Recall and use the formula for acceleration
e Learn the use of ticker tape for measuring speed and acceleration
e Find a value for the acceleration of free fall on earth

1.6 | I know and can use the equation
acceleration = change in velocity / time or a=(v—-u)/t

Page ref New Hodder Book P 8-10. But better spread on P 30-31 in Old blue
Oxford Book if access is available.

Research question

What is the acceleration due to gravity as calculated by using the ticker tape
timer?

1m of
tickertape Tickertape
/ timer with
2V ac supply
Safety.
No not eat plasticine,
- Avoid electrocution
Lump of
plasticine
Method
1. Set the powerpack to 2V a.c.
2. Allow the plasticine to fall whilst dragging ticker tape through the timer.
3. Choose two places along the ticker tape that are 10 dots apart.
4. Calculate the speed at start by measuring the distance between two

consecutive dots.

5. Calculate the speed at end by measuring the distance between two
consecutive dots

6. Calculate the acceleration of gravity.

ﬂ(]yﬂ 76 ((yf 92



Forces 1.3 (Double Award)

Have a look at this youtube video to get an idea:
https://www.youtube.com/watch?v=FcvW7PxqgTo

Also look at book page 30 to 31 and answer the questions.(No 1)
Calculations

The speed calculation is quite easy:

Speed = Distance / time

The unit of speed is m/s
The timer makes 50 dots in one second. Time between dots is 1/50 = 0.02s

The acceleration calculation is quite easy:
Acceleration = change in .......... / time

2
The unit of acceleration is M/S

do=....... cm Initial speed = dist/time = .............. 10.02 = ... m/s

dig=....... cm Final speed = dist/ time = ................ [, S

Acceleration= (V-U)t = (..cccoveennnen. T )/10.2 =
m/s?

The accepted value for the acceleration due to gravity is ...... m/s? account for the
difference in your value:

ﬁ(]y& 70 ((//f 99
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Forces 1.3 (Double Award)

Write answers here:

Ticker Tape Questions

Q1. Describe the motion of these objects:

Analysing Ticker Tape

e o

I'he dots are close to each others;

g S I I % the object moves with lower speed.

Yo oS

I'he dots are far apart; the object

g ® %GR 6 e TEaY o0 '% moves with higher speed.

Direction of motion

Direction of motion

#

O ol © o ® o

1a.  Explain which objects are moving at a constant speed?

1b.  Which objects are showing an acceleration or a deceleration? Explain your
answer.



Forces 1.3 (Double Award)

Q2. A car drives down the road. Itis dripping oil from the engine, there is an oil drop

every 1.4s.
The following measurements are taken:

3.8m
—

First 2 oils
drops

Calculate the acceleration of the car (3).

Practice Question:

8.3m

P

<

.
»

Oils drops measured

4.7s later

A car drives down the road at 12m/s. It accelerates to 24m/s over 15 seconds.

Calculate its acceleration.

Lage 780/°92



Forces 1.3 (Double Award)

Light Gates Demonstration

What is the relationship between the height of a ramp and the acceleration of a
trolley down the ramp?

Light gate 1
Apparatus
Light gate 2
Trolley with
interrupt card
height
Method

1. Set the ramp to a chosen height and ensure the light gates are at a correct
height.

Allow the trolley to accelerate down the ramp.

Record data from the computer for the speed at the first and second light gate
and also the time interval.

Calculate the acceleration.

Repeat the process and gain an average acceleration.

Continue for seven different heights of the ramp.

Plot a graph of Height (x-axis) against Acceleration (y-axis).

wn

N o Ok

We can’t do this but here is a video that shows how light gates work:

https://www.youtube.com/watch?v=xdKufK65byM

Lage 190/.92
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Forces 1.4 (Double Award)

Forces : Lesson 4 : Motion Graphs

Learning Objectives

| can use Distance/time graphs

| know the significance of the gradient on a distance/time graph
| can use velocity/time graphs

| know the significance of the gradient on a velocity/time graph
e | know the significance of the area under a velocity/time graph

1.7 | | can plot and explain velocity-time graphs

1.8 | I can determine acceleration from the gradient of a velocity-time graph

1.9 | | can determine distance travelled from the area under a velocity-time graph

Page ref 2-6 New Hodder Book

Types of Motion Graphs There are two types of motion graphs:

% Distance / time graphs also called displacement / time graphs
% Speed / time graphs also called velocity / time graphs

Distance / Time Graphs

Dist/m
20 A
D C
10
B
0 >
Time/s
Object AiS voeveeviiirieinnns because the line is .........ccucuue.
Object B is moving away at a constant ................ becauseitisa .............. line
going up

ﬂ(]y@ ,90(% 92



Forces 1.4 (Double Award)

Object C is also moving at a constant ............ whichis .......... than the velocity of
object B, because itisalsoa ................. line, which is .....cccccvunnes than B.
Object Dis vovvevievnriarnnnnn. because the line is becoming ...............

and .................

as time goes on.

Dist/m 4

v

Time/s

What's happening with E and F?

Conclusion
On a distance time graph the .............ccccceeeunncn.ee is the velocity

Extension-(difficult)

What is a dist/time graph for a bouncing ball? Three bounces, ball is released from 1mabove

ground.

Lage 27 0/ 92



Forces 1.4 (Double Award)

Dist/m 4

I
-

Time/s

Answer for bouncing ball:

Dist/m 4

\J

Time/s

Fuge 020/ 92



Forces 1.4 (Double Award)

Velocity / Time Graphs

velocity /
m/s
20 A
D C
B
0 Time /s

Object Aismoving ata .....ccvevveis cvviernnnnns of, 20 m/s, because the line
IS verinrinrnnranans
Object Bhas ..c.vcvvviiiiis iviviinivrcenneens because thelineis @ .....c.cevvvevinnnans
line which goes up.
(@] o] =T o1 O3 T- 1= PP greater than the
acceleration of object B, because the line is a straight line which
has .............o.o . gradient than the line for object B.
Object D is accelerating with an increasing ............. of acceleration because the

line is curving upwards and hence becoming steeper.

http://www.youtube.com/watch?v=8fmL{SeMCdM

gy C
ﬂ(]yﬂ 25 ({//f 92
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Forces 1.4 (Double Award)

A simple journey: A car drives at a constant 20m/s for 10s.

velocity/

m/s

20

10 time /s

What is the distance travelled by an object moving at 20m/s for a time of 10s?

Conclusion

On a Velocity / time graph the ..oeoevieeeeiieeennnen, is the acceleration
On a Velocity / time graph the .......ccueu........ under the graph is
the .oooveeeieeeen., travelled.

Lage 27 0/ 92



Forces 1.4 (Double Award)

Not so simple: What is the distance travelled by an object accelerating uniformly from
rest to 20m/s over a time of 10s?

speed/
m/s

20

10 time /s

Extension: (Even harder!)

What is the Velocity — Time graph for a bouncing ball?

Velocity / m
&

v

Time /s

7)(@(/ 20 (o/f 92



Forces 1.4 (Double Award)

Practice Questions

Q1. A car completes the journey below:

L J

0 10 20 30 40 50 60 70 80 time /s

la.  What is the distance travelled by the object below over the whole 80s?

1b. What is the acceleration in the first 20s?

1c. What is the acceleration between 20s and 50s?

/‘ y 2, > >
Lage 20 0/ 92



Forces 1.4 (Double Award)

Q2.

e
w

e
o

—
(8]

—
o

Speed (m/s)

o

4

1a.  Calculate the total distance travelled in the journey above (3).

1b. Calculate the deceleration in section D.

lc. In which section of the journey is the acceleration the greatest? (1)

section A
section B
section C

oo w >

section D



Forces 1.4 (Double Award)

Qs.

(a) A person throws an object vertically upwards.

The speed-time graph shows how the speed of the object varies from the time it is thrown
until reaching its maximum height.

5.0 +

4.0

3.0

Speed
inm/s

2.0

1.0

0.0 ] | |
0.0 0.1 0.2 0.3 04 0.5

Time in seconds

(i) Calculate the acceleration of the object.

acceleration = ..o m/ s?

(i) Calculate the distance the object travels to reach its maximum height.

diStancCe = ... m
(b) A different object is dropped from rest and begins to fall.
The graph shows how the speed of this object varies with time.

f . D
ﬂ(]y{, 24 ((//f Q9



Forces 1.4 (Double Award)

2.5
2.0
2 C
Speed
inm/s
0.0 T T [ | |
0.0 0.1 0.2 0.3 04 0.5

Time in seconds

(i) Give the name of the two forces acting on the object as it falls.

(i) Draw arrows on the diagram to show the forces acting on the object at B.

object

(iii) Explain the shape of the graph from A to C.
You should use ideas about forces to help your answer.

(Total for question = 15 marks)

/‘ by 2, >
Luge 29.0/92



Forces 1.4 (Double Award)

Super Extension: (Even harder!)

What is the Velocity — Time graph for a bouncing ball?

Velocity / m
4

Time /s

Lyge $00/.92



Forces 1.5 (Double Award)

Forces : Lesson 5 : Acceleration Experiment

Learning Objectives

e Forces applied to objects can cause changes of shape (later) or change

speed or direction

e | know that acceleration is caused by an UNBALANCED force, or

RESULTANT Force.

e | can recall and use the formula that links unbalanced force, mass and

acceleration.

e | am able to use terms such as Research Question, Independent and

Dependent variable to describe my investigations

e | can use ICT software such as Excel to present and process experimental

data.

| 1.7 | I can plot and explain velocity-time graphs |

Acceleration

Which of these objects will accelerate? Why?

10N 10kg 20N
> S E———

b.
30N 10kg 30N .

1400N é%ﬁﬁi
Py,
eTy -~ &

" MASS = 800kg

2, 2000N
o

d. . Consider an object moving in a circle — is it accelerating?

ﬁ(]yﬂ (?/((yffi)



Forces 1.5 (Double Award)

Research Question

What is the relationship between the RESULTANT force and the acceleration of a
trolley?

Independent Variable (Input variable)

Resultant Force

Dependent Variable (outcome variable)

Acceleration of trolley

Control Variables (keep fixed)

Angle of the slope (horizontal)
Mass (1kg)

Start point of trolley

Medium (air)

Apparatus

Light gates, laptop, spirit level, Ramp, trolley, strong bench pulley and 0.5N weights
(509)

Light Gate

1
O—0O

Check out the youtube video of light gates in action on worksheet Forces Lesson 3

[ I
A’(Iyﬂ 52 ((yf 92



Forces 1.5 (Double Award)

Method

1. Use the spirit level to ensure that the slope is horizontal.

2. Accelerate the trolley using a 0.5N force and allow the trolley to accelerate

along the ramp and pass through the light gates.
3. Record the acceleration as measured by the computer.
Repeat and calculate an average.
5. Continue for forces of 1.0N, 1.5N, 2.0N, 2.5N, 3.0N, 3.5N.

s

Data Collection and Processing

Record results in a suitable manner (using MS Excel will be advantageous)

Resultant Force

(N)

Acceleration of
the trolley
(m/s?)

Repeat 1

Average
acceleration
(m/s?)

0.5

1.0

1.5

2.0

2.5

3.0

3.5

Plot an appropriate graph to answer the research question. Remember the

independent variable goes on the x-axis...

Best to go on youtube to check out how to draw a straight line graph on excel/google

sheets.

ﬁ(]yfn (?(?((yf 92
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Forces 1.5 (Double Award)

Conclusion

acceleration.

Extension

Try to calculate the mass of the trolley. Check your value using a top pan balance
(can only do if in school)

Results for Black Rain Day work:

Please use these results to plot an appropriate graph. Identify the Independent Variable (which
should be on the x-axis) and the Dependent Variable (y axis). Plot the graph on the provided graph
paper, or a piece of graph paper, or you may plot electronically if you do not have either and can use
Google sheets.

You will need to work out an average and plot the average (mean) acceleration against Force.

Lage 35.0/92
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Unbalanced force

Acceleration of

Acceleration of

Acceleration of

Mean acceleration

on trolley trolley, repeat 1 trolley, repeat 2 trolley, repeat 3 of trolley
+/-0.1 +/-0.01 +/-0.01 +/-0.01 +/-
/N / / / /
1.0 0.43 0.43 0.43
2.0 0.87 0.85 0.87
3.0 1.30 1.29 1.35
4.0 1.77 1.69 1.74
5.0 2.17 2.16 2.24
6.0 2.69 2.70 2.67
7.0 3.03 3.07 3.07
6

ﬁ(]y& S0 :(//f 99
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Forces 1.6 (Double Award)

Forces : Lesson 6 : Acceleration Calculations

Learning Objectives

e | know and can recall three formula involving acceleration

e | can use the formula to calculate: unbalanced force, mass, acceleration, final

velocity, initial velocity, time, distance(s).

e | can also calculate the distance moved by an accelerating object.

1.10 | I can use the relationship:

or Ve = w2+ 2.as

(final speed): = (initial speed): + (2 x acceleration x distance)

1.17 | | know and can use the formula

Force = mass x acceleration or F=mxa (Newton’s Second Law)

Hodder p10

Acceleration = change in velocity/time

Force = mass x acceleration.

a = (v-u)it F=ma
but what’s the 3rd one??
1. Acceleration and Force
Calculate the acceleration of these objects.
a. | |
10N . 10kg 20N
F=ma 30=10a a=

( a=F/m)

a=F/m

Lage 380/ 92



Forces 1.6 (Double Award)

b.
< 10N 10kg 30N
C.
2000N
>
" MASS = 800kg
2. Acceleration and Change of Speed

Calculate the following.

a. A car accelerates from 10m/s to 30m/s in 4.7s. Calculate the acceleration.

(u=10m/s)

Lage $9.9/92



Forces 1.6 (Double Award)

b. A car accelerates from rest at an acceleration of 2.3m/s? for a time of 7.1s.
Calculate the final speed. (note rest u=0m/s)

c. A fighter plane taxies down the runway. After 9.8s of accelerating down the
runway with an acceleration of 4.8m/s? the fighter plane reaches its takeoff speed of
55m/s. Calculate the initial speed it was taxiing at.

d. Ussain Bolt runs the 100m in the Olympic Final. He leaves the blocks and
accelerates to his maximum speed of 12m/s at an acceleration of 2.1m/s>.
Calculate the time it took him to reach his maximum speed.

Lage 709/92
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3. Acceleration (a) and Distance Travelled (s)

Now we have a new formula:

v: = U + 2as

v = final velocity
u = initial velocity
a = acceleration

s = Displacement (you can just write distance if you want)

a. A car accelerates from 12m/s to 23m/s over a distance of 95m. Calculate the
acceleration.

b. A stone is dropped down a well, which is 20m deep. Calculate the final speed as
it hits the water. (Note if dropped u=0, and something falling falls at a=10m/s?)

Lage 77.9/92



Forces 1.6 (Double Award)

C(i). A passenger plane accelerates from rest down the runway. It accelerates at
2.7m/s? and reaches its take-off speed of 57m/s. Calculate the length of the runway

it requires.

Shrore 7
Lage 72.9/92
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C(ii). In the event of an engine failure just before take-off, the same passenger plane
can decelerate to a stop at deceleration of 2.0 m/s®. Calculate the total length of the
runway to safely accommodate the acceleration and the emergency deceleration.

v’=u’+2as

1. A car decelerates from a speed of 10m/s to a speed of 4m/s over a
distance of 20m, owing to a pet dog running across the road. Calculate
the deceleration of the car.

Lage 73 0/.92
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2. A Formula 1 car accelerates at a constant acceleration of 6.3m/s?
from and initial speed of 5.5m/s over a distance of 100m. What speed
will it reach?

3. A shinkansen accelerates at 0.70m/s? for a distance of 1200m and
reaches a speed of 52m/s. What is its initial velocity?

4. A long-jumper wants to increase her speed from 2.0m/s to 9.5m/s with
an acceleration of 1.7m/s?* What length run up should she mark out?

5. A rabbit is hopping towards its burrow at 1.2m/s. The rabbit sees a
fox approaching, so the rabbit accelerates at a constant rate towards it’s
burrow. It reaches the burrow at a speed of 15m/s in a time of 4.4s.
Calculate the distance travelled to the burrow.

Lage 779/92
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6. The starship Enterprise NCC1701 is having
a lot of trouble with Klingons. Captain Kirk
orders Scotty to accelerate from
290,000,000m/s with an acceleration of .
7000m/s®. They have 900 billion metres of clear [
space ahead before they will be within range of
the Klingon fleet. Will they escape to safety by
entering warp speed (faster than light)?

Extension:

2.3 m/s

2.6N

A 2.7kg block is sliding across a table at an initial speed of 2.3m/s.
The force of Friction on the block is 2.6N

Qa. The force of friction always acts with / against the direction of
motion. (1)

Qb. Calculate the deceleration of the block. (2)

Qc. Calculate the distance the block slides before stopping. (3)

gy
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Practice Questions
A student does an experiment to determine the acceleration due to gravity, g.

The diagram shows the apparatus used.

steel ball —

light gate A

clamp stand

transparent tube —

light gate B

This is the student's method.

connect both light gates to a data logger

drop a steel ball from rest at the top of the transparent tube

record the speed of the ball at each light gate

record the time taken for the ball to fall from light gate A to light gate B

(a) The box shows the data recorded by the data logger.

speed at A =1.45m/s
speed at B=4.20m/s

time from Ato B=0.286s
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(i) Show that the acceleration of the steel ball is approximately 9.6 m/s: .

acceleration = ..o m/ s:

(i) Explain why the student's value for the acceleration of the steel ball is lower than the
accepted value for the acceleration due to gravity, g.

(iii) Calculate the distance between the light gates.

AIStANCE = oo m

(b) The student changes the distance between the light gates by varying the position of light
gate B.

The student measures the time taken for the steel ball to fall from light gate A to light gate
B when the light gates are different distances apart.
The table shows the student's results.

Distance between X
Time taken

Iigt::‘gl:tes ins
0.10 0.058
0.20 0.103
0.30 0.141
0.40 0.175
0.50 0.205
0.60 0.233
0.70 0.260
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(i) Plot a graph of the student's results on the grid.

(ii) Draw the curve of best fit.

Distance between
light gates
inm

Time takenin s

(iii) Explain how the graph shows that the steel ball is accelerating as it falls.

(Total for question = 13 marks)
Q5.

A driver of a car sees an obstruction in the road ahead and must stop the car.

(a) (i) State the formula linking average speed, distance travelled and time taken.

(ii)) Acartravelsat21 m/s.
The driver's reaction time is 0.14 seconds.
Calculate the distance travelled by the car during the driver's reaction time.

AIStANCE = o m
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(b) The car experiences a braking force of 7600 N.

The car has a mass of 1200 kg.
(i) State the formula linking force, mass and acceleration.

(i) Calculate the acceleration of the car.

acceleration = ..o m/s:

(iii) Calculate the braking distance travelled as the speed of the car is reduced from 21
m/s to 0 m/s.

AIStANCE = e m

(Total for question = 9 marks)
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Forces 1.7 (Double Award)

Forces : Lesson 7 : Terminal Velocity

Learning Objectives

e | know what terminal velocity is!

e | know that weight is a force and the unit for weight.

e | can recall and use the formula that links weight and gravity.

e | can describe the key forces and how they change during, say, a parachute
jump.

| can draw a velocity-time graph for, say, a parachute jump.

1.18 | I know and can use the formula Weight = mass x gravitational field
strength or W =mxg

1.21 | | can describe the forces acting on falling objects and explain why they reach
terminal velocity

P 18-19

Weightis a ............... measured in ......c.cceueene. (N)

Weight

Mass is an amount of ............... . Measured in

her ............. will stay the same.
Weight = mass x gravity
or

W =mXx g (F=ma)

ﬁgyﬁ 151 O((yf 92
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Eg. Jeremy has a mass of 74kg. What is his weight?
Weight = mass x gravity
= ) QTR
S s N

Here on earth Gravity is approx 10N/kg or 10 m/s®>. We call this the
strength of gravity or the acceleration due to gravity (called ‘g’) or
the gravitational field strength.

http://www.youtube.com/watch?v=5C5 dOEyAfk

https://youtu.be/E43-CfukEgs?si=B wDLHkKTe PCFLB

Consider an object, such as a skydiver falling from rest.......

1. The initial moment of the jump (from a stationary hot air balloon)

Velocity =0 m/s % Acceleration = 10 m/s?

Weight (eg. 700N)

The parachutist is .....ocvveviiiiiiiiiiniennes because thereis an .......c.cccvvvviviiiiinnnn.
force

ﬁ()y(x o7 (o/f 92
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2 A few seconds later

{, YRS ~$
Velocity = eg. 20m/s ; - Acceleration = eg. 5 m/s?

Weight (700N )

There NOW is SOMe .......cc. civvieviviinrneenas caused by air particles hitting your
body as you fall through the air. Because of air resistance the
......................... force is reduced. The skydiver still has an

......................... (now smaller than 10m/s?) because there is still an

ﬂ(]y{’x o2 (o/f 92
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3. Approx 20 seconds later...... (fill in the gaps and draw the missing arrow)

Velocity =53 m/s % Acceleration = ........ m/s?

Weight (700N)

As the velocity has increased, the air resistance has also increased .
THE FORCES ARENOW ........ccoivneenneee nmm

The acceleration is ZERO the skydiver now at ................ VELOCITY.

4. Opening the parachute......

Air Resistance

Velocity = decreasing Acceleration = 20 m/s?

Weight (700N)

The parachute has amuchgreater ............... ..occeevnen.. and this causes an

INCrease iN ....uueveeeee ceverinnnnnnnnn

The air resistance is greater than the weight so thereisan ..........................
FORCE causing the parachutistto ......................... (there is actually an
upwards acceleration)

ﬂ(]y{’x o5 (o/f 92
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5. A few seconds after opening the parachute......

Air Resistance

Velocity =6 m/s Acceleration = ........ m/s?
Weight (700N)
As the parachutist decelerates the air resistance will .................... until air
resistance and
weight are again .......................... ' The acceleration is ...................... the

skydiver now

atanew SLOWER .....ccocevvnvvnennnn. velocity
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Q - Sketch a Velocity-Time graph for a free-fall parachutist

velocity

A
m/s

50 3.

A4

Time [/ s

This would not happen on the moon because there is no air on the moon!
(You Tube link)

Peregrine Falcon - extreme streamlining

%j@ IS (y[ 92
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Model answer to question above:

velocity
m/s A
50 3.
Final speed
should be very
2. 4. slow compared
to 50m/g.
Clear horizontal
1. line at Terminal 5
Velocity
0
Time / s
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Newton’s Laws of Motion

N I - Objects remain at rest or at uniform velocity unless acted upon by a
resultant force.

N Il - The acceleration of an object is directly proportional to the resultant
force.

The simple formula for this is ...... F - MNa

N lll - For every force upon an object there is an equal and opposite force
upon another object.
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Extension: Design an Experiment to Investigate a
factor that affects the Terminal Velocity of a

Parachute.

Experimental Design — Checklist:

1. Title

2. Research Question

3. Independent Variable (include numerical
values)

4. Dependent variable (the terminal velocity)

5. Control Variables (list and give a numerical
value to “fix/control” the variable)

6. Prediction (explain using science)
7. Apparatus (list plus a labeled diagram)
8. Method (numbered step by step procedure)

1.

Give numerical values for the independent variable

2. Repeat readings
3.
4. Plot an appropriate graph

Calculate an average

Vs . o)
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Forces: Lesson 8 :Stopping Distance

Learning Obijectives

e | know both phases that occur when a moving car comes to a stop

e The brakes on a car work by Friction, which is a force that opposes motion

e | know what conditions make it more difficult to stop and hence more
dangerous for driving

e | know the formula for Kinetic Energy and Work Done and can apply them to
a braking car

1.19 | I know that stopping distance = thinking distance + braking distance

1.20 | I can describe the factors affecting stopping distance including speed, mass, road
condition and reaction time

Hodder P20-21

Road safety is a very important issue. Accidents will occur if cars cannot stop in a
short enough distance.

Consider a car driving down the road at constant speed v :

Speed v
>

Suddenly a small boy runs out into the road. What is the first thing that happens?
The driver must .......ccvevinvnnnee. . Thistakes ......cccccevuennn. !

We can call thistime the : ....c.ocviiinennns timeor......ccoevvviiinnnne time!

The car is still moving at this time. The distance the car moves in this time is

calledthe ...cccvvviiiiiinnnnnn. Distance or c.c.cceceeeiviiiiiinne. distance.

s
Lage 39.9/92




Forces 1.8 (Double Award)

Practical — What is my reaction time?

Catch a falling ruler,

The ruler should be released with no prior warning. Note the distance that the ruler
fell.

We can convert the distance the ruler falls into time using this formula:

(Mine 13cm = 0.13m) a= 10 m/s"2 t= reaction time

Distance = % a t?

Example of thinking Distance:

https://www.youtube.com/watch?v=o0al-vBF mnRk

Eg1 . My reaction time is 0.6 seconds. | am driving at the speed limit in Hong Kong
of 50km/hr. 50km/hr is 14m/s. Use 14m/s in your calculation.

What is my thinking distance? v, 1, s speed, distance, time

Of course | was concentrating very intensely, on a typical journey the reaction time
may be 1.5s:

http://www.visualexpert.com/Resources/reactiontime.html
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Eg 2. My reaction time is 1.5 seconds. | am driving at the speed limit in Hong Kong
on the Tolo Harbour Highway of 100 km/hr. 100 km/hr is 28m/s. Use 28m/s in your
calculation.

What is my thinking distance?

What is the Next stage?

Speed v Stationary

4

Thinking Distance

\ 4

............ distance

Total Stopping Distance

After the thinking time the brakes are now applied and the car starts to brake.
Brakes create friction which slows down the car. Friction always opposes motion.

The distance it now takes for the car to brake to a stopisthe ...................
DISTANCE.

Total Stopping Dist = Thinking Dist + Braking Dist

Braking Distance and Energy.

When moving, the car has .......cccvevvenne energy.

/‘ by 2, P >
Lage 07.9/92
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The KEiS covveiviiiiiieeienceaens by the brakes into ........c..c...... energy .
The KE transferred is the ....ccccvuennnnee. done by the brakes.
KE = % m v?

KE = Kinetic Energy (J)
m = mass (kg)
Velocity= speed (m/s)
And work done = Force x distance
() (N) (m)
KE = Work done by brakes
2 m v? = Force x distance

The force is the force from the brakes (the force of friction) and the distance is the
braking distance.

Example Questions

Q1a. What is the braking distance for a family car moving at 17m/s?

Mass = 900kg
Force = 8000N

>, m v = Force x distance

Q1b If the reaction time of the driver was 1.0s, calculate the stopping distance.

What happens if the speed is doubled?

Lage 02.9/92
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Q2. A car is driving down the road at a constant speed of 23m/s.

a. The driver's reaction time is 0.80s. Calculate the thinking distance.

b. The mass of the car is 950kg and the brakes exert a force of 8700N.
Calculate the braking distance.

C. What is the total stopping distance?

Stopping Problems:

What problems can you think of for a car that needs to make an emergency stop?
Eg. What might make conditions worse?

Problem Effect on Thinking Effect on Braking
Distance Distance

Lage 639/92
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http://www.sdt.com.au/safedrive-directory-STOPPINGDISTANCE.htm

How can a driver be distracted?

Lage 670/.92
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Summary of Stopping Related Problems

Problem Effect on Thinking Distance | Effect on Braking
Distance
Driver is Tired, Drunk, | Slower reactions, longer None

or on Drugs
............. time and longer

thinking ................

(the brakes are not
affected by the mental
state of the driver)

Distracted Driver (eg. | Slower reactions, longer

mobile phone)
............. time and longer

None

thinking .................

Road is wet or icy None Thereisless ...............
and braking distance will
be

Tyres are worn or None Thereisless ............ and

brake pads are worn braking distance will

or badly adjusted.
be ................

Car is overloaded None
........... is too high,
therefore KE is too great
and braking distance is

Speeding Yes - increased KE is greatly increased

and braking distance is
............... increased.

Doubling ..............

will guadruple the braking
distance.
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Forces : Lesson 9 & 10 : Hooke’s Law

Learning Objectives:

How do | investigate a research question?

What is Hooke's Law?

What is Hookian behaviour?

What is the meaning of the spring constant?

| can design an experiment to investigate the relationship between the
force on a spring, wire or rubber band and its extension

1.22 | Practical: | can investigate how extension varies with applied force for helical
springs, metal wires and rubber bands.

1.23 | I know that the initial linear region of a force-extension graph is associated
with Hooke’s Law.

1.24 | | can describe elastic behaviour as the ability of a material to recover its original
shape once a deforming force is removed

Hodder P22-25

Research Question for metal spring:

What is the relationship between the Force and the extension for a metal helictical
spring?

§ Independent variable is the load (force) / Newtons
§ Dependent variable is the extension / cm

§ What are the control variables?

Apparatus

No load & loaded

Load
Lage 659/92
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Think about making your experimental technique better.....

e How can | make my data more accurate?

e How do | make my data more reliable?

Results
Force / N Extension Extension Average
/cm /[ cm Extension
Repeat 1 Repeat 2 /[ cm
0 0.0 0.0 0.0
1
2
3
4
5
6
7
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(use an excel spreadsheet or a Googledoc to share the data)

What are the key features of a good results table?

1. Headings should be ........cccceeeiieninnnninl.

2. Units must be present and are in the ................... of the table
3. Readings are .............ccc.e.s andan.........c.ccceeuene. is
calculated

4. All measurements are written to the same number

Exemplar Graph

Draw in a line of best fit. Do we use a ruler? Do we draw a curve?

Extension of Spring vs Force

100

75

50 @

Extension of Spring / cm

25 ]

0 2 4 6 8 10 12

Force /N
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elastic limit

& Area under the

S graph is the energy

stored in the spring

N
Extension (cm) =

load (N) 4.0

Let's just consider the loading part of the graph:

Conclusion

The extension is ........ccoces iiviiiiiiiiinnanes to the Force because the
lineis @ .ccvevnnveiinnnnnnnns line that passes through the ................... )
but only up to a point which is called the ......c...ccccveevnnnnnnnn. limit.

This is HOOKE’S LAW.

Any object that obeys Hooke’s Law is said to be .................. .

Hence we know an objectis ..................... because its
Force/Extension graph willbe a ..................... line that passes
through the ................... !

Springs and Metal Wires are Hookian.
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Mathematical Analysis

In a direct proportionality, doubling the force will double the extension.

Force is directly
proportional to extension

Force = spring constant x extension

F=k X

Note:

This only applies inside the elastic limit. Beyond the elastic
limit the spring is permanently deformed. This is plastic behaviour.

k is the spring constant which isthe ..........ccoceunineiee. of the
spring.
Definitions:
Elastic—can .................. andwill ................... to its original shape
Plastic—can ................. and willthen ..................... the new shape.

Z()(W(), 70(%( ?
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Force-Extension Graph

This is often shown this way around:

Force on the Spring / N vs Average Extension of the Spring /
cm

15

=z
o> 10
£
w
2
E
g ° Elastic
2 Limit

0

0 20 40 60
Average Extension of the Spring / cm
Again, the graphisa................ Line passing through the ................

but only up to the elastic limit.

For the Hookian part of the graph:

F= Kk x

The Spring Constant k will be the gradient of the straight line on the
graph above.

Lage 71992
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Practice Questions:

A student investigates how the extension of a spring varies when the mass attached to the
spring is changed.

(a) The diagram shows most of the equipment the student uses in the investigation.

clamp

clamp
stand

Describe a method the student could use for the investigation.

Your description should include the measurements taken and how the student could
obtain accurate results.

(b) The student calculates the force each mass applies to the spring.

The table shows the student's results.

Forcein N Extension in cm
(i) Plot the student's results. 0.0 0.0
(i) Draw a circle around the anomalous point. 1.0 25
(iii) Draw a line of best fit. 2.0 50
3.0 9.8
4.0 10.0
5.0 1255
6.0 155
7.0 195

/‘ fe 5,
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(iv) Explain whether the spring obeys Hooke's Law.

(Total for question = 13 marks)
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Forces: Lesson 10 : Research Question for Elastic/Rubber Band

We saw that, inside the elastic limit, a metal spring is Hookian and
Elastic. Does this mean that all elastic objects are Hookian?

Is an elastic band Hookian? Does it obey Hooke’s Law?

We can test this by producing a Force/extension graph and seeing if it is

Lage 779/92



Forces 1.9 & 10 (Double Award)

Results
Extension /cm Extension /cm (when
oo | (Whenloadingle. | unloading e,
* *
0 0 0
1
2
3
4
5
6
7
8

Lage 75.9/92



Forces 1.9 & 10 (Double Award)

Conclusion

An elastic band is ........cccceeennnnneen. because it can .......cccceevvieiinnnneee and
........................... to its original shape.

The elastic band Non-.................... because the force/extension graph is not a
.......................... line, which means that load is NOt .......cccccveee evrvcivereienicerenennees

to extension. The elastic band does not obey Hooke’s Law.

B~

At rest In extension

elastic fiber
"

STRETCH ‘ ‘ RELAX

single elastin molecule

cross-link

L
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Extension — Springs in Series and Parallel

Parallel Single Series

AVAVAVAVAVAY

Load Load

5N 5N

All 3 systems are given an equal load of 5N.
§ Measure the extension for a single spring.
§ What will be the extension of the other 2 systems?

§ What is happening to the stiffness (spring constant)?

Lage 77.0/92
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