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Scheme of work for Topic 9: As Fast as you Can

Introduction

1 This booklet contains a concegriven scheme of work and some suggested activities for
the Edexcel GCSE in Additional Science Unit P2 Topic 9: As &gbuCan.

2 Two schemes of work are available for each topic in separatéetmaRne of these
booklets contains a scheme of work that is concept driven, ie scientific ideas are presented
before their applications are explored. The other booklet contains a scheme of work that is
context driven, ie applications of science are preskbefore the scientific principles used
in these applications are explored.

3 Booklets for each GCSE in Additional Science topic are provided free of charge to centres
who are offering the Edexcel GCSE suite of Science qualifications via the securéthrea
Edexcel website (www.edexcel.org.uk).

4 Although Edexcel owns the copyright for the booklets, they are provided in Word format so
that Edexcel centres can customise the schemes if required.

5 Each lesson is designed to last for 50 minutes alththegtotal teaching time is not stated
in the specification; teachers may adjust the schemes of work to accommodate the time
available in individual centres.

6 Centres are responsible for the overall risk assessment of experimental work undertaken by
students.

7 Attention is drawn to the need for safe practice when students carry out laboratory
experiments or observe demonstrations. Particular attention is drawn to the possible hazards
associated with electrical equipment, the handling of recgainisms adh ionising
radiation. Strict aseptic conditions should be used when undertaking practical work.
Reference must be made to COSHH regulations and any specific local education authority
restrictions.

Relevant advice can be obtained from the following pulitinat

Control of Substances Hazardous to Health Regulaiidi®&t, 2005) ISBN 0717629813
Topics in Safety Third Edition (ASE January 2001) ISBN 0863573169

CLEAPSS aboratoryHandbook{available from CLEAPSS School Science Service)
Hazards(available fromCLEAPSS School Science Service).
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Scheme of work for Topic 9: As fast as you can

LESSON 1: Speed and velocity

Spec Links and Learning Teaching activities Resources Learning outcomes | Key skills | Safety
code concept building | objectives issues
from KS3
P29.1 Unit 9K Speeding | Motion of moving | Introduction: Revision of distance/speed/timg Runways Explain that velocity is| C: CLEAPSS
P2 9.4 up. objects can be ideas from KS3, eg using simple examples. | Trolleys speed in a given 2.3 Laboratory
P2 93 measured. String direction ano! is a Handbook
| Define terms. Pulleys vector quantity. ICT: f;zTon
Recal_l, explain, Weights. _ 29 .
describe and use | piscussion:6 Common senseod Ticker timers Use the equation:
the terms: velocity/time graphs, eg no doubling back or | Ticker tape Average velocity = N: Runways
velocity vertical lines, what gradient means. Idea that . displacement/time to be
; Power supplies _ 21 carried
vector. negative values mean v =s/t. k
hence direction is important. Leads. vertically,
. . , or set up
Why is going fast Draw and interpat
, . , , ... | and/or for - before
in a racing car so | Demonstration: Measuring speeds against tin o velocity time graphs. lesson.
exciting? using ticker ape or other data logging system, démonstration:
; Heav
Practical: St udents accel (>Sutabledata equip)r/nent
on string.Use a ticker tape or other data loggi{ '099Ing
: equipment to €g power
system to produce v/t graph. (Extension: quip _ -
T : measure distance supplies,
calculate area to give distance, check with mg i ]
a tt should be
rule.) gainstume, eg ied
ultrasonic range carme
. , , | finder, thence with both
Written work : A journeydescribed by velocity hands.

time graph, calulation of distance travelled.

velocity/time
graph.

Graph paper
Rulers
Pencils
Calculators.

Homework: Selection from quegtns on speed and velocity from pakjée

Supportmaterial:As Fastas youCan(Conceptapproach) Edexcel GCSE idditional Sciencé Issue 1i April 2006
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Scheme of work for Topic 9: As fast as you can

LESSON 2: Acceleration

Spec Links and Learning Teaching activities Resources Learning outcomes | Key skills | Safety
code concept building | objectives issues
from KS3
P2 9.2 Unit 9K Speeding | Recall, explain, Review. Concept of vectors. Runways Define acceleration in | ICT: CLEAPSS
P2 95 up. describe and use Trolleys terms of a changein | 2.2 Laboratory
P29.3 the term Discussion: What is a change of velocity: botf| String velocity (this can mean Handbook
acceleration magnitude and direction can change. Definiti{ pulleys change in magnitude | . Section
of acceleration and how it could be measured \yeights, and/or direction) and 21 12.4.
Do the Examples of acceleration capabilities of the time taken for the -
experiences of | different cars and in fighter aircraft pulling out| __ _ change. ' Runways
bungee jumping, | of dive. Tickertimers to be
parachuting or Ticker tape. Use the equation: carried
free fall all feel | practical: Use of ticker tapes/light gates to acceleration = change vertically,
different? measure the aeleration of objects with near | OR in velocity/time or set up
constant acceleration, eg a falling weight, before
trolley on various slopes or pulled by a weigh| Light gates with | a = (vi u)/t. lesson.
acceleration
Activity: Use of data from Lesson 1 to calculg templates Draw and interpret Heavy
acceleration from v/t graph. Lamps and velocity time graphs equipment,
associated and determine €g power
equipment acceleration from the supplies,
gradient of the graph shogld be
) ’ carried
Power supplies with both
Leads. hands.

Homework: Selection from questions on acceleration from [2fye

Supportmaterial:As Fastas youCan(Conceptapproach) Edexcel GCSE idditional Sciencé Issue 1i April 2006
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Scheme of work for Topic 9: As fast as you can

LESSON 3: Forceand acceleration
Spec Links and Learning Teaching activities Resources Learning outcomes | Key skills | Safety
code concept building | objectives issues
from KS3
P2 9.7 Unit 9K Speeding | Forces can affect| Introducti on: Historical background to Runways Explain that if the C: CLEAPSS
P2 9.9 up. the motion of an | Newton's laws. Newton's second law and the| Trolleys resultant force acting | 2.3 Laboratory
P2911 object. need for a force to effect a change in String on a body is not zero, i Handbook
acceleration in direct proportion to a net appli will accelerate in the . Section
Pulleys L N:
; force. ) direction of the 12.4.
Recall, &plain,
: 0.1 kg veights. | yegyitant force 2.1
describe and use :
i 2.2
the terms: ] o ) . ) Runways
- Practical: Ver|f|cat|'on of proportlonghty. Power supplies | e the equation: 2.3 to be
force. between acceleration and force using ligates | Leads. force =mass X carried
with trolleys and variable masses on string. acceleration ICT: vertically,
272 or set up
Do the Write -up: Produce a graph showing Light gates with _ before
experiences of . : , ; F=ma
tali ith acceleration plotted against the applied force| acceleration lesson.
ba ng wi Discussion on closeness of fit (could be templates. .
ungy. homework). A spreadsheet could be used. Draw and interpret a Heavy
parachuting or free-body force ;
free fall all feel Graph paper diagram. equipment,
different? Pencils €g p(l)_wer
supplies,
_ . Rulers. should e
Did you realise carried
how much you with both
know of th(_a laws hands.
of physics if you
skate, snowboard
or playflight
simulators?
Homework: Selection from questions on force and acceleration from page

Supportmaterial:As Fastas youCan(Conceptapproach) Edexcel GCSE idditional Sciencé Issue 1i April 2006
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Scheme of work for Topic 9: As fast as you can

LESSON 4: Mass and acceleration

Spec Links and Learning Teaching activities Resources Learning outcomes | Key skills | Safety
code concept building | objectives issues
from KS3
P2 9.8 Unit 9K Speeding | Recall, explain, Discussion 6 Mass® meani ng Runways Calculate a resultant | C: CLEAPSS
P2 9.9 up. describe and use | or inertia, more massive things tend to weigh| Trolleys force. 2.3 Laboratory
the terms: more as well as being more difficult to String Use the equation: Handbook
accelerate. Pulleys force = mass x ICT: Section
massforce. 0.1 kg weights acceleration 292 12.4.
Demonstration: QOin/card and beaker (see Extra trolleys
Did you realise KG|_ pbs 0t he Resource 1.0 ka weiahts F=ma N Runways
how much you | Publishing 1999). -V kg weignts. ' to be
know of the laws . . 2.1 carried
of physics if you | Practical: Similar experiment to Lessahbut | Light gates with 2.2 vertically,
skate, snowboard| use a constant force and a variable mass (by| 2cceleration 23 or set up
or playflight stacking trolleys or adding weights) to show | templates®. before
simulators? increasing mass makes a change in velocity lesson.
more difficult. Power supplies
Leads Heavy
Write -up: Produce a graph to show theénse equipment,
relationship between mass and acceleration, | Graph paper €g power
including discussion on closeness of fit. Coul{ pancils supplies,
use ICT to produce the graph. should be
Rulers. carried
. . . with both
Numerical examples Juxtaposing different * This is a flat hands.

objects with similar net forces, eg ping pong
ball vs. cannon ball, train vs. carcgalso effect
on time taken to come to rest of massive objg
on deceleration, and hence force on occupan
eg train vs. car again.

card which passeg
in front of a light
gate to cast two
shadows of

known length a
known distance

apart.

Homework: Selection from questions on massl atceleration from pagto.
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Scheme of work for Topic 9: As fast as you can

LESSON 5: Falling through the air

Spec Links and Learning Teaching activities Resources Learning outcomes | Key skills | Safety
code concept building | objectives issues
from KS3
P2 9.6 Unit 7K Forces and| The speeds of Discussion How forces can be added to give { Largeglass Explain that if the N: N/A
P2 9.8 their effects. falling objects can| net force and how the net force can be zero. | cylinder filled resultant force acting | 2.1
P2 911 remain steady as with light oil on a body is zero, it 29
P2.9.13 | Unit 9K Speeding | they fall. Demonstration: Selection of steel will remain at rest or hd 23
P29.14 | up. Ball bearings of different masses falling in a | Pall bearings continue tod”?O‘;f] atths
Recall, explain, | |arge cylinder of ligpt oil. Magnet and sing | SaMe Speedinine sam |
describe and use (to recover ball | direction. ) 1'
the terms:_ Practical: Students plan and carry out an bearings) Calculate a resultant '
resultantair experiment in groups to see the effect on dro| StoPwatch. " _
resistance, : : . . force (limited to the WO:
! . time of adding paperclip weights to paper
terminal velocity. | grogyes A4 paper resultant of forces 2.1
‘ . acting along a fie) 29
Do th Paper clips including resistive
othe Write up: Produce graph of drop time against Stopwatches forces.
Eﬁﬂggir}ﬁﬁpﬂg number of paper clips to show terminal veloci| Metre rules or
parachuting or ' | depends on vight (see experiment sheet 9.5.1 tape measures Draw and interpret a
free fall all feel Calculators free-body force
different? Written work : Velocity/time graph for a Graph pape diagram
parachute jump, showing terminal velocity Pencils
before and after the deployment of a parachu . .
(see activity sheet 9.5). Students should prov| Calculators ESP; ;'2 ;T:tafgtlgggon b
anexplanation in their own words. Glue. ) )
a downward force
Experiment shee (weight) and an upwar
951 force (resistance) and
o that at the start of the
o fall the forces are
Activity sheet 9.5 | ynbalanced and the
object accelerates.
6 Supportmaterial:As Fastas youCan(Conceptapproach) Edexcel GCSE idditional Sciencé Issue 1i April 2006
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Scheme of work for Topic 9: As fast as you can

LESSON 5: Falling through the air

Spec
code

Links and
concept building
from KS3

Learning
objectives

Teaching activities

Resources

Learning outcomes

Key skills

Safety
issues

Discuss, wkn an
object falls through the|
atmosphere or other
gas, or water or other
liquid, resistance
increases with
increasing speed and
this may become equa|
in size to the weight of
the falling object, when
terminal velocity is
reached.

Homework: Selection fom questions odralling through the afifrom page41.
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Scheme of work for Topic 9: As fast as you can

LESSON 6: How much motion?

Spec Links and Learning Teaching activities Resources Learning outcomes | Key skills | Safety
code concept building | objectives issues
from KS3
P29.17 Recall, explain, Discussion The idea that the amount of motio] Runways Calculate the N: CLEAPSS
describe and use | depends on more than just the velocity of the| paijrs of trolleys | momentum of an objeq 2.1 Laboratory
the term object, for example if two masses move there ith hook and using the equation: 29 Handbook
momentum. moremotion than if just one mass moves. loop tape attacheq 23 Section
Two light gates momentum = mass x 12.4.
How does a jetski| Activity : Students work in groups to collide a| pergroup and velocity. .
. . . X WO:
work? trolley with a measured velocity so that it associated Runways
collides and sticks to a stationary second trolll equipment 2.2 to be
whose velocity is then measurétkepeat to Velocity carried
obtain a range of final velocite templates* vertically

Elastic bands to or set up

Write up: To include the method used in deta| propel trolleys. before

and a graph of the final velocity plotted again lesson.

the initial velocity. Discuss how closely data | « This is a flat

falls onto the expected line. Conclude that the 5.4 of known Heavy
6amount of motioné i length which equipment,
justified by data). passes in front of eg power

a light gate to cst suplies,

a shadow. should be
carried
with both
hands.
Care with
elastic
bands.

Homework: Selection from questions @hlow much motior? fom page42
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Scheme of work for Topic 9: As fast as you can

LESSON 7: Thinking, braking, stopping

Spec Links and Learning Teaching activities Resources Learning outcomes | Key skills | Safety
code concept building | objectives issues
from KS3
P2 9.15 | Unit 7K Forces and| Vehicles have Introduction : Describe a scenario in which a | Coordination Present an argument t¢ N: N/A
p2 9.16 | their effects. safety features to | vehicle may need to stop unexpectedly, eg a| Group explain how the 21
protect passengen rabbit jumps out in front of a cabefine Publications stopping distance ofa | 5 5
from injury, eg stopping distance as thinking + braking GCSE Double vehicle depends on the
brakes. distanes. Physics speed of travel.
Workbook p52i WO:
53. 2.1

Forces can #dct
the motion of an
object.

How closely can
you drive to a car
in front?

Activity : Students measure each other's reac
times using data logging equipment
(concentrating and distracted).

Discussion Examine how reaction time

increases stopping distance in direct proporti
to the speed of the car. Elicit factors whichym
affect reaction time and hence thinking distan
Talk about braking.

Class practical Set up runways with blocks of
wood pulled by weights on pulleySompare
the weights needed to move blocks for wet ar
dry conditions to model wet and dry road
condiions.

Conclusion Draw together effects of reaction
time and state of road/vehicle on the total
stopping distance of a moving vehicle.

Data logging
equipment to
measure time of
readion.

Runways
Wooden blocks
String

Weights (16100
gram)

Water bottles.

Discuss the impact of
factors such as the
driveroés r
and the conditin of the
vehicle and road, on
stopping distance.

Homework: Selection from questions amhinking, braking, stoppingfrom page43.

Supportmaterial:As Fastas youCan(Conceptapproach) Edexcel GCSE idditional Sciencé Issue 1i April 2006
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Scheme of work for Topic 9: As fast as you can

LESSON 8: Dangerous driving

Spec Links and Learning Teaching activities Resources Learning outcomes | Key skills | Safety
code concept building | objectives issues
from KS3
P2 9.10 | Unit 7K Forces and| Forces can affect| Demonstration: Video clip showing a car cras| Video clip, eg, seq Explain that when two | WO: Ensure
P2 9.18 | their effects. the motion of an | test. http://www.progre| bodies interact, the 2.2 retort
P2 9.19 objed. ssive.com/rc/Vehi| forces they exert on stands are
Unit 9K Speeding Discussion Idea that allowing more time to | cleOwnershi/Cra | each other are equal | N- set up
up. People have come to rest decreases the force on a person shTestVideos.asp| and opposite and that 21 correctly.
survived a fall crash. these are knowas 99
from 20,000 feet action and reaction ’ Use eye
i how? Demonstration: Data logging of a trolley wh a | Runway forces. ps: protection
fixed velocity that is brought to rest by differen Pulley ) in case
forces acting over a measured time. Show th: Trolley Explain how vehicles 2.2 wire bands
the time taken increases with less force. Use Weights are designed to absorQ break.
small masses to provide a constant force and ' momentum in
ultrasonic range finder for measuring velocity Suitable dat collisions to reduce the
A paper ddlon the trolley could liven up the | u ? € data risk of injury to
lesson to demonstrate the advantage of using oggmg passengers.
equipment to
seatbelts (face of doll could have an .
) . measure distance
interchangeable smile/frown). . . Assess the
against time, eg .
ultrasonic range effectiveness of safety
Practical: Students drop a 0.1 kg weight that finder thenceg technology, when
attached to a 10 N spring balance by 15 cm g obtain, a travelling including
string andmeasure the maximum force o safety belts/harnesses
. ) . velocity/time
achieved. Replace the string with 15 cm rubb crumple zoneand
. . graph. .
bands, wires and/or other materials and repe airbags to prevent
the experiment. injury, when provided
with appropriate data.
10 Supportmaterial:As Fastas youCan(Conceptapproach) Edexcel GCSE idditional Sciencé Issue 1i April 2006
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Scheme of work for Topic 9: As fast as you can

LESSON 8: Dangerous driving

Spec
code

Links and
concept building
from KS3

Learning
objectives

Teaching activities

Resources

Learning outcomes

Key skills

Safety
issues

Discussion Draw conclusions from the
experiments. Consider applications in crumpl
zone, theme parks, air bags and climbing rop

Retort stands
Bosses and
clamps

10 N spring
balances
String

Rubber bands
Wire

0.1 kg weight
Rulers.

Homework: Selection from questions @bangerougrivingdfrom paged4.
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Scheme of work for Topic 9: As fast as you can

LESSON 9: It's all too dangerous
Spec Links and Learning Teaching activities Resources Learning outcomes | Key skills | Safety
code concept building | objectives issues
from KS3
P29.20 Vehicles have Discussion Point out the distinction between | Suitable games | Interpretand translate | C:
P2 921 safety features to | the likelihood and the severity of a risk and hq and/or worksheet,| between different ways 2.1
P2 912 protect passengen both must beonsidered in assessingnether a | for example of expressing the size
from injury. ri sk i s Reélateotd motomardcinge 6 . | http://www.uogue| of a risk. ICT:
Iph.ca/ 01
Could you Activity : Students work in groups to play cntc/educat/perill | ge aware of the factors 2' )
manage the 6Peril 86, or similar or that influence people's|
acceleratin to be | worksheet. www.healthandw | willingness to accept 2.3
a good Formula 1 elfare.idaho.gov/ | risks, including the
racing driver Discussion Consider how these ideas can be| R&inbow/ degree of familiarity, | N:
(either real or used in realife situations, for eample to Documents/perce| whether it is imposed | 2.1
video game)? conclude that motor ved_versus_actug or voluntary. 29
_risk_worksheet.p 23
df
What is the Activity : Students enter data about cars into § Some data drawn| Demonstrate an wO:
chance of you computer, using spreadsheet software. They | from a suitable understandingfdhow | 5 4
being injured in a | then use this data to calate risks and website, eg data about forces can 29
high speed consequences. http://autos. be collected to be
- . . 2.3
outdoor activity? yahoo.com/ incorporated into
newcars/ spreadsheet software
comparison/ and then used to mode
select.html 6what i f o
12 Supportmaterial:As Fastas youCan(Conceptapproach) Edexcel GCSE idditional Sciencé Issue 1i April 2006
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Scheme of work for Topic 9: As fast as you can

LESSON 9: It's all too dangerous

Spec
code

Links and
conceptbuilding
from KS3

Learning
objectives

Teaching activities

Resources

Learning outcomes

Key skills

Safety
issues

Spreadsheet coul
use masses of cal
and decelerations
and produce
braking forces
and stopping
distances from
given initial
speeds.

Some geryday
risks for
comparison can
be found at
http://education.
ca. sandia.gov/
more/risk/

Homework: Students research a chosen racing track using the internet or a computer game. They should prepare a presentati@ndrattiepiiosng out dgerous points
in the circuit, safety records and measures taken to reduce the risks and effects of accidents.

Supportmaterial:As Fastas youCan(Conceptapproach) Edexcel GCSE idditional Sciencé Issue 1i April 2006

© Edexcel Limited 2006

13



Scheme of work for Topic 9: As fast as you can

LESSON 10: The very fastest and most dangerous things

Spec Links and Learning Teaching activities Resources Learning outcomes | Key skills | Safety

code concept building | objectives issues
from KS3

All. Consolidation of | Activity : Students give short presentations to| Projector and/or | All.

Topic 9.
Students gain
confidence in
recalling,
applying and
explaining topic 9
concepts.

the rest of the class.
If any timeisrelmi ni ng &

Discussion Review effects of forces in
everyday life and at every scale, atoms to sta

Written work : Students calculate the forces
and velocities on some record holding objectg
eg fastest or most powerful sprinters, animalg
cars etc.

smart board.

Data from
6Gui nne

S
Recordséo

Homework: Revise for a test on Topic 9.

14
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Activity 9.5: Falling through the air

Look at the graph below.

downward velocity

A graph of how a parachutist's downward
velocity during his descent

time

a) Describe what is happening at points A to F.
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Activity 9.5: Falling thro ugh the air

Answers

a)
A

b)

The parachutist jumps out of the aeroplane. The only force acting at this instant is weight.
The parachutist will have an acceleration of 10°nTke graph has a steep gradient.

Air resistance is increasirand the downward force is the same. Acceleration is decreasing
so the gradient is less.

Air resistance equals weight, acceleration ceases, parachutist reaches terminal velocity.

The parachutist opens the parachute, air resistance is much greater thansoeigh
parachutist decelerates sharply, giving a steep gradient.

The parachutist is slowing down so air resistance is less although the weight is the same.
Thus deceleration is less, giving a less steep gradient.

Air resistance again equals weight saeleration ceases, and the parachutist reaches a new,
slower, terminal velocity.

X represents terminal velocity without a parachute.

Y represents terminal velocity with a parachute (much slower).

c)

When the parachutist reaches the ground the veldaitys sharply to zero.

16
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Activity 9.5.1: Drogues

What you will learn from this experiment

When the forces on a falling drogue are balanced, it falls at a steadyI§peedrogue is
always the same shape then the terminal velocity will be greater if it weighsThizrés
because the drag force needs to be bigger, which is achieved by moving faster.
What you will know when you finish this experiment

1 Terminal velocity is greater for heavier objects.

2 Greater terminal velocities give shorter drop times (from the same height)

What you do

1 Collect the following equipment when instructed by your teacher.
Blank A4 paper (1 piee)
Scissors
Glue
Pair of compasses
Pencil
Paperclips (10)
Stopwatch
Tape measure
Calculator.

2 Draw two circles on your paper (as shown in the sketal)oGt the largest circle and then
cut along the line. Cut out the inner circle.

e .
- ~
- ~.
- ~

L ~.

‘‘‘‘‘

%
~———

oo
~~~~~
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Activity 9.5.1: Drogues

3 Glue the edges together as shown and let the glue dry.

How the finished drogue should look Drogue loaded with 5 paperclips
(nicely balanced

4 Make a table of results as shown below.

Number of | Drop times (three readings)(seconds) Mean drop (Optional)

paperclips 1 5 3 time Terminal
(seconds) velocity (m/s)

none

1

2

etc.

5 Lift the drogue as high above your head as possitildet it go. Time how long it takes to
reach the ground and write the result in your taRe&peat this twice so that you have three
readings in total for the drogue with no paperclips.

Add a paperclip to the inside of the drogue and repeat.

Keep adding paperclips and repeating until you have 11 sets of readings (take care to keep
the drogue nicely balanced).

8 If you wish to know what the actual terminal velocities were, measure the drop height using
the tape measure.

9 Average the drop times to firtde arithmetic mean, and divide the drop height by the drop
time to find the terminal velocity (taken to be the average drop speed) for each set of
readings.

10 Plot a graph of drop time {gxis) against the number of paperclips (if you are unsure of the
scale to use, ask your teacher).
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Activity 9.5.1: Drogues

11 Answer these questions.
a) Did the drogue seem to fall steadily or did its drop speed change as it fell?
b) Was there a difference in the way the drofgllewhen it was more heavilpaded?
¢) How did the drop times fahe same number of paperclips compare witbh othe?
d) Why is it important that the shape of the drogue did not change during the experiment?
e) Isthe graph a straight line? Why should you not expect the line to be straight?
f) What can you say abotlte acceleration of the drogue during its descent?

Suggestions for further work/homework

1 Plot a graph of all the data for drop tim&kis will give you a better feel for the accuracy
of your experiment.

2 Plot a graph of terminal velocity against thenber of paperclips.
a) What shape is this graph?
b) Should the graph pass through the origin? Does it?

3 Plan a further experiment to investigate how quickly the drogue reaches terminal velocity
Decide what additional equipmeydu might need, eg metrales,video cameras? And
decide what measurement you need to.tBkscribe what you would do.
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Activity 9.5.1: Drogues

Notes for teachers and technicians

Aim

In this experiment students find out that when the air resistance is significant compared with the
weight of an objectits descent is much slower than in free fall, and that increasing the weight
reduced the significance and hence the drop speed again approaches that of free fall.

Skills, knowledge and understanding

This experiment will enable students to gain the folfayskills, and/or knowledge and
understanding:

1 an appreciation of the factors that affect terminal velocity
2 ability to cope with a wide variation in experimental results

3 ability to work as a member of a team.

Previous skills, knowledge and understand ing required

1 ldea of O6resultant forcebd
2 Mean ng offalolf @ end Owei ght o
3 Ability to calculate an arithmetic mean (with calculator).

Materials required

Blank (possibly coloured) A4 papen, A3 paper for bigger drogues
Scis®rs

Glue

Compasse

Pencils

Paperclips

Stopwatches

Tape measures

© 00 N OO O b~ W N PP

Calculators.

Health and safety issues

Students should not need to climb onto chairs or tables as the drogues should fall slowly enough
to make a tolerably accurate drop time measurement padsistiedents work in groups then
the tallest member of the group should drop the drogue.

Delivery strategies

e The paper could have the design already photocopied on to it.

e Students could be shown ball bearings falling through a column of light oil, or a feather
falling in air to show how air resistance affects motion.

e The experiment could be related to parachute jumping. Suggest that a heavier person might
need a larger parachute otherwise, with the same size parachute, they might fall faster
Suggest that thisxperiment could test the hypothesis.
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Activity 9.5.1: Drogues

e Students with different abilities could draw designs on their drogues and compete to
produce the longest drop times.

e The more able students should be able to complete the further work on calculating and
investigatirg actual velocities.

e Draw results together and talk about how they relate to parachute jumping.

Links
1 Links with other GCSE Science topics

This experiment is related topicsP3.10.12, P3.10.13, P3.10.14, P3.10.15 and P3.10.16 of the
specification.

2 Links with key stage 3 (KS3)

This experiment builds on the following skills, knowledge and understanding from KS3:
e Sc4.2c That balanced forces produce no change in the movement of an object.

e Sc4.2d Ways in which frictional forces, including air resistandé&a motion.
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Activity 9.5.2 : Working to stop the roller coaster

What you will learn from this experiment

The kinetic energy of a roll@oaster car depends on the square of its velddiig means that

four times the work is needed to stop it if its speed doubles. Since work = force x distance it will
travel four times further.

What you will know when you finish this experiment

1 That stopping distance increases as velocity squared.

2 How to set up an experiment to prove it.

What you do

1 Collect equipment when instructed by your teacher.
Runway
Trolley
String

Set of weights (1400 grammes)

Motion QED unit

Rubber band

Uprights for rubber band (2)

Light gate and O6velocity templ ateb
Retort stand and boss

Power supply

Leads (4)

Metre rule.

2 Set up the apparatus as shown in the diagram. The trolleyertsesrollecoaster car.

light gate
template J
metre rule (placed on runway) \p catapult
I I ‘ g J
] strin
1 oo 1T— iy
I ‘\ = \
runway trolley
weights
[ —
floor
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Experiment 9.5.2 : Working to stop the rolle r coaster

3 Make a table of results as shown below.

Velocity through light gate Stopping distance
(m/s) (cm)

4 Adjust the position of the light gate and the length of the string so that the string goes taut
just afer the velocity template leaves the light gate.

5 Adjust the position of the metre rule so that the position of the trolley is at zero just as the
string goes taut.

6 Set the Motion QED to measure a single velocity. Your teacher will tell you the template
size you are using.

7 Launch the trolley from the elastic catapult so that it passes through the light gate and is
then stopped by the weight on the striRgcord its velocity and the distance it travels
before stopping in the table above.

8 Repeat for dferent velocities (pull the elastic back by different amounts to obtain different
velocities) until you have a good range of velocities.

9 Ask your teacher to check that you hamughreadings; if so return your equipment
neatly to where you found it.

10 Plot a graph of your results so that distance is on-lvés/and velocity on the-axis (this
is called a graph of stopping distance against velocity). Draw a line of best fit through the
points (it may not be a straight line!). If you are unsure wbale to use, ask your teacher.

11 Use your graph to answer the following questions.
a) What is the shape of the graph?

b) Find the stopping distance for a trolley travelling thiotige light gate at 1 m/s and
2m/s.

c) Compare the two distances. Whattis relationship?

d) The stopping distance depends on the amount of kinetic energy the trolley had. If the
stopping distance is four times greater for twice the velocity, what does that say about
the kinetic energy?

e) What should the stopping distancefbea trolley moving with a velocity of 3 m/s?

Supportmaterial:As Fastas youCan(Conceptapproach) Edexcel GCSE ifdditional Sciencé Issue 1i April 2006 23
© Edexcel Limited 2006



Activity 9.5.2 : Working to stop the roller coaster

Notes for teachers and technicians

Aim

In this experiment students will find out that greater velocities require greater stopping distances
and will gain an appreciation that the relationship is not lineagbadratic.

Skills, knowledge and understanding

This experiment will enable students to gain the following skills and/or knowledge and
understanding:

1 appreciation of how kinetic energy is related to speed
2 understanding of the need for a good rangkextent for observations

3 skill in setting up a relatively sophisticated experiment.

Previous skills, knowledge and understanding required
1 Work = force x distance.

2 Distance moved area under velocity/time graph.

Materials required

Runway

Trolley (standard dynamics trolley)

String (appox 1 m per student)

Set of weights (1400 grammes)

Motion QED unit (available from UNILAB)

Rubber band

Uprights for rubber band (2)

Light gate ophndtewel aivtay ltacdorhe from UNILAB)
Retort sand and boss

© 00 N O O b~ W DN PP

10 Power supply (12v dc)

11 Leads (4)

12 Metre rule.

WE RECOMMEND THAT THE TEACHER TRIES/MODIFIES THIS EXPERIMENT WITH
LOCAL CENTRE EQUIPMENT BEFORE TEACHING IT FOR THE FIRST TIME.

Health and safety issues

If students carry the runways themytshould be carried vertically to avoid hitting other
students when turning.

Heavy equipment such as power supplies should be carried with both hands.

Retort stands should be carried with the base downwards.
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Experiment 9.5.2 : Working to stop the rolle r coaster

Delivery strategies

This experiment can be iluded as part of Lesson 5 of Topic 9.

The point of the experiment is to give students a feel for how the energy of a moving object
is related to its velocity (or speed).

The experiment can be introduced by drawing on the board some wilmgtgraphs and
showing that if the initial velocity is increased (for example, doubled) then, for a constant
deceleration, the area of the triangle increases as the square (for example, quadruples).

Lessable students could be encouraged to make paper riders forllggstro

The experiment could be extended by varying the weights on the string, thiswaouthe
braking force. Moreable students could suggest how this should affect the braking distance
for a given velocity.

The results should be discussed with refeeeio the graph, which will be parabolitis
should be related to the formula KE = Y4rby work done = change in KE, and work done
= braking force x stopping distance.

Links

1

This experiment is related to:

e P3.9.8 of the specification.

2 This experimenbuilds on the following skills, knowledge and understanding from key
stage 3 (KS3)
e Sc4.5e Ways in which energy can be usefully transferred and stored.
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Experiment 9.6: Tapping into potential energy

What you will learn from this experiment

As a rollercoaster runs down a track its speed increasaishwneans it gains kinetic energy.

The kinetic energy gained is proportional to the potential energy Dsethling the kinetic

energy gained does not double the speed; we find out from this experiment what does happen.
What you will know when you finish  this experiment

When an object rolls down a hill its loss of potential energy is the source of its kinetic energy.

What you do
1 Collect equipment when instructed by your teacher.
Runway
Ticker timer
Leads (2)
Power supply (2V)
Trolley
Ticker tape
Sticky tape
Metre rule
Wooden block.
2 Set up the apparatus as shown in the diagram. The trolley representscoasier.

ticker tape

ticker timer

\
table wooden block

3 Check that the trolley rolls nicely down the slope pulling the ticker tape behind it through
the ticker timer without snaggy. Reposition the trolley at top of the slope.

4 Switch on the ticker timer and let the trolley roll down the slope.

Check that the ticker tape has clear marks on it at increasing intervals. Ask your teacher if
you are unsure.

6 Repeat for each membef the group, carefully labelling the individual tapes.

7 Apart from the metre rule, return your equipment neatly to where you found it.
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Experiment 9.6: Tapping into potential energy

8 Make a table as shown below.
Distance run | Velocity Velocity
(mm) (mm/s) (mm/s)
optional
(example) (example) | (example)
2 2 100
6 4 200
12 6 300
20 8 400
9 Using some sticky tape, attach your ticker tape to the metre rule as shown below.
ticker tape start
\ |
| ) ) ) [BR] [) ) ® % = o ¢ma |
4 [ A '] [l [l [l [l [l [l A [ I
metre rule 1
Zero
10 Write the position of each dot in the first column of the table; this represents the distance
run by the trolley. Write own the distance from the previous dot (see example) in the
second column; this represents the speed of the tr&liegnsion: If you want to know the
true speed of the trolley then multiply by 50; this is because the ticker timer operates at 50
taps pesecond (50 Hertz). Write this speed in the optional third column.
11 On a piece of graph paper plot the speed of the trolley against the distance run. If you are
unsure of the scale to use ask your teacher.
12 Draw a line of best fit through the points your graph (it may not be a straight line!).
13 Answer the following questions.
a) What is the shape of the graph?
b) Does the speed increase at the same rate as the distance run?
c) What is the speed after a distance of 10 cm?
d) What is the speed afterdsstance of 20 cm?
e) What is the speed after a distance of 40 cm?
f) How much distance is needed to double the speed?
g) Why does it take this much energy to double the speed (think about last lesson)?
h) Why does it become progressively harder for Eerabaster to gain speed as it rolls down
an incline?
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Experiment 9.6: Tapping into potential energy

Notes for teachers and technicians

Aim

In this activity students explore how potential energy can be converted directly into kinetic
energy By using the knowledge gained about kinetic energy fronfestdesson they can derive
a guantitative relationship between kinetic energy gained and potential energy lost.

Skills, knowledge and understanding

This activity will enable students to gain the following skills, and/or knowledge and
understanding:

1 potential energy is proportional to height dropped

2 speed builds up as the square root of the potential energy used.

Previous skills, knowledge and understanding required

Kinetic energy = Yenfy

Materials required
Runway.

Ticker timer.
Leads (2).

Powe supply (2V).
Trolley.

Ticker tape.
Sticky tape.

Metre rule.
Wooden block.
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Health and safety issues

If students carry the runways then they should be carried vertically to avoid hitting other
students when turning.

Heavy equipment such as poveetpplies should be carried with both hands.

Delivery strategies

e Start by demonstrating how a simple pendulum changes potential energy into kinetic energy

e Explain that any object that is able to move freely downwards will get faster. Ask where the

kinetic energy comes fronThe answer is that it has been taken from the gravitational
potential energy.

e Students with different abilities might be interested in the effect that increasing the slope
has on the velocity.
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Experiment 9.6: Tapping into potential energy

The more- able students could investigdtew the speed increases with time, given that
each position is at a time 0.02 s after the previousAlternatively, they could measure the
height dropped by the trolley and calculate the total loss of potential energy and the final
kinetic energy, comping the two and explaining the discrepancy (heat and sound).

It should be carefully explained that all the initial potential energy must be accountéd for
mostly becomes kinetic energy and so a raaster can be very efficiently accelerated by
using slopesWasted energy becomes heat and sound.

Links

1

2

This activity is related to:
P3.9.9 of the specification

This activity builds on the following skills, knowledge and understanding KeynStage3
(KS3):

Sc4.5e Ways in which energy can be usefulinsferred and stored.
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Experiment 9.6: Tapping into potential energy

What you will learn from this experiment

Electrical energy can be used to drag a raltsster train up its first slope so that it can gain
enough potential energy to send it all the way around the track. We can measure how muc
energy is released in an electrical circuit by measuring the heat generated by the electricity.

This activity shows you how the current through an electrical device (in this case a simple
heater) and the voltage across it affect the rate at which eisetgivered.

What you will know when you finish this experiment

1 When current flows through an electl device, energy is delivered

2 The amount of energy delivered is proporticiaethe current and the voltage

3 The electrical energy used can endagfheat energy.

What you do
1 Collect equipment when instructed by your teacher.
Power supply
Leads (5)
Multi-meters (2)
Heater
Block of metal (1kg)
Thermometer
Stopwatch
Insulating foam.

2 Set up the apparatus as show in the diagram on the next pageflseimultimeters as
shown below, and connect them as shown in the circuit diagram.

How to set up your ammeter How to set up your voltmeter
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Experiment 9.7: Releasing electrical energy

Diagram:

leads to voltmeter, ammeter and
power supply

thermometer

/

1 kg metal block (e.g. aluminium

insulating foam “]
[ 1 |

/
heater table

Circuit diagram:

a.c. power

supply

A
heater
&4
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Experiment 9.7: Releasing electrical energy

3

Draw a table for your re#is as shown below.

Voltage set: V | Voltage measured: V | Current measured: A

Time (min: seq Temperature (°C) Heat added (J)

0:00
0:30
1:00

30

etc

Your teacher will allocate you a voltage to set your power supp§etoyour power supply
to your given voltage and write it in the table.

Switch on the power supply, write down the measured voltage and the measured current in
your table, and watch the thermometer.

When the temperature reaches 30 °C start your stopwdtie down the tempature
every 30 seconds until your teacher tells you to stop.

DO NOT TOUCH THE HEATER OR BLOCK OF METAL . Return all other
equipment neatly to where you found it as directed by your teacher.

To complete the third column use the formula:
heat added = la& capacity x temperature rise

Your teacher will tell you the heat capacity of your metal block. The temperature rise is the
current temperature minus 30 °C.

You must prepare the following data to give to the rest of the class.
a) Voltage measured.

b) Current measured.

c) Current x voltage.

d) Energy added after 5 minutes.

e) Energy added after 10 minutes.

10 Give your data to your teacher when asked for it.

11 Make a table as shown below.

32

Power = Voltage x

Current (Watts)

Heat energy
after 5 mins
(Joules)

Heat energy
after 10 mins
(Joules)
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Experiment 9.7: Releasing electrical energy

12 Copy the data given to you by your teacher into your table, these are the results from the
rest of your class

13 Draw a graph of heat energy against power from your class redsiétone colour for the
5-minute data and a different colour for therbfhute dataDraw a line of best fit for each
graph (use a ruler, if appropriat@&sk your teacher if you are unsure of what scale to use.

14 Answer these questions.

a) How did the temperature change before pegan timing it?

b) What happened to the temperature while you were timing it? Was the temperature rise
steady?

c) Was your measured voltage the same as your set voltage?

d) How do you think increasing the voltage would affect the rate that the temperatur
rises?

e) What do you think would happen to the current if the voltage were to be increased?
What shape are the heat against power graphs? What does this tell you about the effect
of current and voltage?

fl) How does the Ltninute line compare with tie@minute line? Does doubling the time
double the heat?

g) How could you explain any loss of heat from the system?

h) What could you do to increase the energy supplied by the electric motor that hauls the
train to the top of the first slope?
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Experiment 9.7: Releasing electrical energy

Notes for tea chers and technicians

Aim

In this activity students investigate how energy is transferred from an electric circuit into the
environmentAn electric heater is used to model the process of electrical energy use by-a roller
coaster lift motor

Skills, knowl edge and understanding

This activity will enable students to gain the following skills and/or knowledge and
understanding:

1 appreciation that energy is delivered by electricity
2 knowledge that the rate of delivery is increased by greater current amedbgrg/oltage

3 knowledge that the amount of energy delivered also depends on the amount of time used.

Previous skills, knowledge and understanding required
1 Relationship between heat and temperature (KS3).
2 Ability to follow a simple circuit diagram.

Materials required
1 Power supplie$l2V)
2 Leads (5 per group)

3 Multi-meters (2 per grouthese may be different from those illustratechiret st udent &8s
instruction sheet)

4  Electic immersion heaters (12V, 50W)

Block of metal (1kg). These are availalm various metals with pre drilled holes to
accommodate tmometers and immersion heaters

6 Thermometers
7 Stopwathes
8 A supply of insulating foam.

WE RECOMMEND THAT THE TEACHER TRIES/MODIFIES THIS EXPERIMENT
USING THE EQUIPMENT AVAILABLE IN THE CENTRE BEFORE TEACHING IT FOR
THE FIRST TIME.

Health and safety issues
The equipment in this experiment will, in some cases, become too hot to$twdénts must
be warned not to touch the heaters or metal blocks during and immediately after the experiment.

Delivery strategies

e The activity is designed to give an idea of electrical energy being converted into another
form of energylt could be preceded by showing an electric motor lifting a weight and
thereby converting electricahergy into gravitational emgy

e [tis important that the students understand how to set up the circuit; if necessary this should
be demonstrated before allowisidents to collect equipment
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Experiment 9.7: Releasing electrical energy

Students with different abilities should investigate the effect of time on the energyettlive
without necessarily completing the collatioivesults from different groups

More - able students should plot graphs of temperature against time to find the region where
the temperature rise is steady

Draw together the facts that it is not voltagewirent alone which determines the energy
delivered but the product of three variables, voltage, current and time.

Links

1

Links with other GCSE Science topics

This activity is related to:

2

P3.9.10 of the specification.

Links with key stage 3 (KS3)

Sc4.1cEnergy is transferreddm batteries and other sources
Sc4.5d The distinction between temperature and heat
Sc4.5e Ways in which energy can be transferred.
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Experiment 9.7: Releasing electrical energy

What you will know when you finish this activity

By the end of this activity you will have credta comprehensive glossary to help you with your
understanding of this topic.

What you do

Complete the definitions for each word

You will be expected to be able to recall, explain, describe and use the words appropriately.

Key word Definition

Acceleraion

Gradient

Magnitude

Momentum

Resistance

Resultant force

Speed

Stopping distance

Terminal velocity

Vector

Velocity

Weight
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Homework questions for topic 9

Questions for Lesson 1: Speed and velocity

1 (a) A student travels 28 metres in 4 seconds. What is ttkage speed?
(b) A student travels at 40 m/s for 3 seconds. What distance is travelled?
(c) A student travels at 12 m/s for 60 metres. How long does it take?
2 (a) Explain the difference between velocity and speed.
(b) Is velocity or speed a vector quay®
(c) If a student rides around a 1600 metre ratlgaster track in 200 seconds before
returning to the start, what is (i) the average speed (ii) the average velocity?
3 A student on a bicycle takes 6 seconds to reach a velocity of 10 m/s from rdetrand
keeps this speed up for a further 20 seconds before applying the brakes for 10 seconds to
stop the bicycle.
(a) Draw a velocity time graph for the journey.
(b) Calculate the total distance travelled by adding up the areas under the graph (Hint: area
of triangle = half base times height).
4 Atrain travels between two stations and its velocity is plotted on the graph. Beeeribe
the journey in as much detail as possibl
velocity in m/s
40
20 7
0 T ] J | |
0 5 25 30 50 60
Time in minutes
Extension:
5 An athlete travels 100 metres in 9.8 seconds
(a) Calculatethe average velocity.
(b) By drawing a velocity/time graph explain why the top speed must be greater than this.
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Homework questions for topic 9

Questions for Lesson 2: Acceleration
1 (@) If a student increases velocity by 30 m/s in 5 s, what is the acceleration?
(b) If a student accetates at 8 m?or 10 s, what is the increase in velocity?

(c) If a student increases speed by 50 m/s at an acceleration d,zhowslong does it
take?

2 A car travelling at 25 m/s increases its speed to 35 m/s in 5 seconds.
(a) What is its accelerain?
(b) What would its acceleration be if it took 10 seconds to change speed?

3 From the graph of its velocity below, calculate the acceleration/deceleration of a bicycle
during each of the periods A, B, and C.

= A B C
=

[=]

S 12

g

=

g

£ 8

z

S

=

0 4

5 10 15

time in seconds

4  Afighter aircraft dives towards theagmd at 100 m/s and pulls out of the dive to fly
upwards again at 50 m/s. If the turn takes 3 seconds, what acceleration does the pilot feel?

5 A roller coaster travelling at 15 m/s speeds up with an acceleration of Sor8& m/s; how
many seconds do@sake?
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Homework questions for topic 9

Questions for Lesson 3: Force and acceleration

1 Theaccelerationof an aeroplane on a runway is proportional to thdareeproduced by
its engines.

(a) Explain what the terms in italics mean

(b) Suppose that the acceleration of the aitds 25 m/§ what would it be ifthe force
were doubled?

2 UsingF = maat the theme park.

a) A roller coaster car of mass 2 000 kg must be given an acceleration of25\imds
force is needed?

b) A different ride has an acceleration of 20 Tafisd aforce of 40 000 N. What is the total
mass of the vehicle and riders?

c) If aforce of 1 200 N acts on a 60 kg person what acceleration will the person be given?

3 A 2tonne (2 000 kg) car accelerates from rest to 56 m/s in 8 set@hdsforce must be
exerted on the car to achieve this?

4 The graph below shows how the velocity of a motorcycle varies during a short jolineey
mass of the motorcycle is 250 kg.

|IZEN

5 10 15
time in seconds

velocity in metres/second

(a) What force accelerates the motorcycle?
(b) What force is exerted by itwakes?

5 (a) A forward force of 500 N acts on a 20 kg rock travelling forwards at 10 m/s. What is
its velocity after 2 seconds?

(b) What would the velocity have been after 2 seconds if the 500 N forward force had been
acting on a 20 kg rock travellingabkwards at 10 m/s?
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Homework questions for topic 9

Questions for Lesson 4: Mass and acceleration

1

40

I't is sometimes possible to O6bumgnoughtar t 6
turnthe engineoveEx pl ai n, wusing the words &émaes b,

difficult to get a car moving than to get a supermarket trolley moving.
A 2 tonne (2 000 kg) van can accelerate at 6 mtten unloaded.

(a) If the driver loads another tonne (1000 kg) of kit into the back, witeleration can it
now achieve?

(b) What if only 500 kg of kit had been put in?

A 40 kg cannon ball hits a 20 kg cannon ball that is at rest and decelerates &t Hahme/s
force on the 20 kg cannon ball is the same but in the opposite direction then what is its
acceleration?

If a shipof 24 000 tonnes (24 million kg) travelling at 10srwith her engines off takes
20 minutes (1200 seconds) to stop in the water, what is the average drag force from the
water during that time?

(a) A rocket has a motor that gives it a forward force df ROWhen the fully fuelled
rocket is launched horizontally it has an initial acceleration of 48 Wvisat is the
mass of the fully fuelled rocket?

(b) Extensiord Rocket Science

By the time the rocket is just about to run out of fuel its acceleratid@d m/& What mass
of fuel did it burn?
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Homework questions for topic 9

Questions for Lesson 5: Falling through the air

1 As acyclist moves faster tlagr resistancancreases steadily and thesultantforce
decreases untierminal velocityis achievedExplain what the terms iitalics mean.

2 A parachutist whose mass (including all equipment) is 100 kg jumps out of an aircraft.
@What is the parachutistés weight?

(b) Draw a freebody force diagram of the parachutist at a tirafoleterminal velocity is
achievedLabel the foces and a possible size of the upward force.

(c) What is the upward force on the parachutist when falling at terminal velocity?

(d) Draw another fredody diagram of the parachutist at a time just after the parachute has
opened and give a possible valuetfe upward force.

3 The forward force on a racing car as it accelerates out of a bend in a racing track is
30 000 N. The air resistance is 6 000TNe car has a mass of 600 kg.

(a) What is the resultant force on the car?
(b) What is its acceleration?

4 A search and rescue helicopter winches a casualty from the deck of alyecte#nsion in
the winch cable is 750 N and the mass of the casualty is 70 kg.

(a) What is the weight of the casualty?
(b) What is the resultant force on the casualty?
(c) What isthe acceleration of the casualty?
5 Extensiord Rocket Science
A rocket with mass 8 000 kg lifts off with an initial upward acceleration of 15 m/s
(a) What is the weight of the rocket?
(b) What is the net force on the rocket?

(c) What is the force prodied by the rocket engine?

Supportmaterial:As Fastas youCan(Conceptapproach) Edexcel GCSE idditional Sciencé Issue 1i April 2006 41
© Edexcel Limited 2006



Homework questions for topic 9

Questions for Lesson 6: How much motion?

1

42

If all the objects mentioned below are travelling at 12 m/s what is the momentum of each?
(a) A go-cart of mass 50 kg

(b) A ship of mass 3 000 tonnes (3 000 000 kg)

(c) A ball bearing 6mass 0.020 kg

(&) What is the velocity of a train of mass 4 000 tonnes (4 000 000 kg) if its momentum is
80 000 000 kg m/s?

(b) What would be the velocity of a 200 kg meteor with the same momentum?

A lorry of mass 10 tonnes is travelling along adea8 m/s.

(a) How fast would a 2 tonne car go for the same momentum?

(b) How fast would a 80 tonne sailing boat go if it had the same momentum?

(a) A railway truck of mass 40 tonnes has a velocity of 8 m/s. What ismidgnentum?

(b) If the railway truck collides and couples with another truck of the same mass and they
move on together with a velocity of 4 m/s then what is their total momentum?

(a) A small boat has a momentum of 600 kg m/s. If the boat is moving at 3 m/s then what is
its mass?

(b) If the same boat is stopped next to a quay (not secured) and a person with mass 100 kg
running at 6 m/s jumps into it then what will be the total momentum of the person and
the boat?

(c) What is the total mass of the person and boat now?
(d) What will be the initial speed of the boat?
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Homework questions for topic 9

Questions for Lesson 7: Thinking, braking, stopping

1

Explain the meanings of the following terms in as much detail as yowezation time,
thinking distance, braking distance, stopping distance.

A rally car driversees a fallen tree on the track ahead. It takes 0.8 seconds to react to it, but
the car is travelling at 40 m/Mow far does the car travel before the driver does anything
about avoiding the tree?

A person loads a van with half a tonne of equipmentsatsl off to worklt is raining and

he has not had enough sledfter five minutes of drivinga dog runs into the road ahead of
him, and he needs to stop the van suddébibcuss how the unnecessary equipment, the
rain and lack of sleep make this difflt

State and explain which of the following pairs of vehicles will haeestiortest stopping
distancesAssume that everything other than the specified property is the same in both
vehicles.

a) A lorry with good tyres, and one with worn tyres.
b) A car with fiveheavy people in, and one with just a slim driver.
c) A tractor on a wet, muddy road, and one on a good dry road.

d) A car driven by a calm, wetkested person, and one driven by a harassed, tired person
with screaming children in the back.

Extension:Draw two velocity/time graphs, the first illustrating a car stopping at a constant
deceleration of 2 midrom 40 m/s, and the second a car stopping at the same deceleration
from 20 m/s Compare the distance travelled by each car before comhegttby

measuring the areas under the graghsess the relationship between initial speed and
braking distance.

Test your guess by drawing the graph for a car stopping from 60 m/s at the same
deceleration.
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Homework questions for topic 9

Lesson 8: Dangerous driving

1 If a car with acrumple zonerashes into a wall the front of the claceleratesnore quickly
than the middle. The seat belts worn by the driver and passengers stretch when the car
decelerates.

(a) Explain the meaning of the terms in italics

(b) Why is it safer to haveest belts that stretch?

2 If the brakes on a lorry fail on a steep slope then it can (sometimes) dsseanc ape | ane 6
which has deep sand to slow it dovduppose the lorry has momentum of 120 000 N
m/s.

(a) What is the force on it if it takes 6 s torae to rest?
(b) How long does it take to come to rest if the force on it is 30 000ON?

3 Arroller-coaster train at resias a mass of 30 tonndfsa force of 50 000N acts on it for B2
then

(a) What is its momentum after that time?
(b) What is its velodiy?

4 A sports car travelling (illegally) at 40 m/s is involved in a car crash which stops it in a time
of 2 s The car had a mass of 1.5 tonnes (1 500 kg).

(a) What was the momentum of the car before the crash?
(b) What was the average force deceleratifig

(c) The safety design of the car increased the time taken fpagsznger to come to rest
by 2s. If she has a mass of 60 kg, what was the average force on the driver during the
crash?

5 A climber falls off a cliff but is fortunately belayed by geo After fall for 1.5seconds at
an acceleration of 10 ni/the rope then brings the climber to rest in 0.5 secdfus
climber has a mass of 80 kg.

(a) How fast is the climber going after 1.5 s?
(b) What is the momentum?
(c) What was the average resuit force which brought the climber to rest?

(d) What was the average tension in the rope as the climber came to rest?
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Answers to questions for topic 9

1 Speed and velocity
1 a) 6m/s

b) 120 m

c) 5s
2 ¢) i)8mis

i) zero

b) 280 m

a) 10.2m/s

2. Acceleration
a) 6m/g
b) 80 m/s
c) 25s

2 a) 2m/$
b) 1m/g

3 A 08m/s
B: 1.6 m/$
C: 2.4 m/d (deceleration)

4 50 m/$
4s

3: Force and acceleration
b) 50 m/$
2 a) 50000N
b) 20 000 N
c) 20 m/$
14 000 N
a) 1500N
b) 750N
5 a) 60m/s
b) 40 m/s

Mass and accelerati on
a) 4.0m/3
b) 4.8 m/d
100 m/$
4 200000 N
a) 5kg
b) 4 kg

Supportmaterial:As Fastas youCan(Conceptapproach) Edexcel GCSE idditional Sciencé Issue 1i April 2006 45
© Edexcel Limited 2006



Answers to questions for topic 9

5: Falling through the air
2 a) 1000N
b) upward force <1 000 N
c) 1000 N
d) upward force > 1 000 N
3 a) 24000N
b) 40 m/$
4 a) 700N
b) 50 N upwards
c) 0.71m/3
5 a) 80000N
b) 120 000 N
c) 200 000 N

[o2]

: How much motion?
a) 600 kg m/s
b) 36 000 000 kg m/s
c) 0.240 kg m/s
2 a) 20m/s
b) 400 000 m/s
3 a) 40m/s
b) 1m/s
4 a) 320000 kg m/s
b) 320 000 kg m/s

5 a) 200kg
b) 600 kg m/s
c) 300 kg
d) 2m/s
7: Thinking, braking, stoppi ng

32m

unnecessary equi pment \?greqter mass, |
friction, longer braking distandeac k of sl eepYl onger reac
distance

4 a) Good tyres, braking distance decreases
b) Slim driver, braking distace decreases
c) Dry road, braking distance decreases
d) Calm person, thinking distance decreases

5 400m vs. 100m, braking distance goes as square of speed, for 60 m/s this gives 900m
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Answers to questions for topic 9

8: Dangerous driving

2

a)
b)
a)
b)
a)
b)
c)
a)
b)
c)
d)

20 000 N

4s

600 000 kg m/s
20 m/s

60 000 kg m/s
30 000 N

600 N

15 m/s

1 200 kg m/s
2400 N

3200 N
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