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Teacher’s Introduction

This unit is taught over 30 guided learning hours (GLH). Teachers will have different approaches to the
balance between teaching and working on assignments, as well as when they carry out assignment
work. This scheme of work suggests splitting the time into 14 teacher-taught hours, ten assignment
lessons and six spare lessons for additional assignment time to obtain missed assessment criteria and
also catch-up time for students who have missed lessons or need extra support. For differentiation
purposes, information that only distinction-level students need is marked in a boxes with a D symbol.
‘Did you know’ boxes are included to give students some fun or useful extra information about the topic
— they do not need to know this information to complete their assignments.

This pack contains the following materials:

1. A single-page overview scheme of work

14 lesson plans

Notes for each lesson covering all the learning aims between them

Questions in non-write-on and write-on format to reinforce learning, with answers
Assignments covering all the assessment criteria between them

Lk W

This resource is designed to be flexible in the following ways:

* Proposed assignment tasks have been put into suggested slots after the relevant material has been
covered.

¢ The assignments provided in this pack are designed to be independent of each other so that any one
can be substituted if you have a preferred assignment from elsewhere.

¢ For each lesson there is a lesson plan followed by student notes and questions. Questions are then
repeated provided in write-on format. You could use the material in one of the following ways:

1. Use the notes to support your classroom teaching and then hand out either the non-write-on
questions or the write-on questions at the end of the lesson (possibly for homework).

2. Use the notes to supplement your own notes or the textbook and hand them out at the end of
the lesson as a summary with the questions, so students can complete the questions using the
notes as support.

3. Just use the questions (either write-on or non-write-on as appropriate) at the end of the lesson
and subsequently hand out the notes at revision time.

If using this resource for assessed work, then as with all BTEC assignments they must be internally verified. Also
you must check suitability with the board* and follow the important disclaimer notice below.

* Note: Pearson BTEC / Edexcel currently offer a free Assignment Checking Service.

1Y 02 LY DN D D) ET@ RN 1Y 11019 L9 (€729 19 D) IN[EFENCIS) e oY LL: if vou choose to use the assignments in this resource

for assessed work, it is your responsibility to internally verify them and to check with Edexcel that the material you
use is suitable. This includes the requirement from September 2014 not to conduct ‘interim assessment” within a
Learning Aim. You should not use the material in this resource for actual assignments unless you have checked
their suitability with Edexcel. The awarding body specifies the level of support that students can be given and you
must check the level of support given in this pack is appropriate to meet these needs and as necessary adjust and
use the resource appropriately to meet these requirements. Please check for the most up-to-date information
from Edexcel at: http://www.edexcel.com/btec/Pages/default.aspx. Note that relevant paperwork for practical
work, such as observation sheets, should also be obtained from Edexcel. Assignment details and requirements
from the awarding bodies sometimes change after their initial published requirements and so you must check that
the resource material here is in line with the latest requirements before use.
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Also available from ZigZag Education

Also available from ZigZag Education

Assignment Pack

Three more sets of assignments for
the new BTEC specification to give
you a larger choice of assignments.

For more information please visit:
www.zzed.co.uk/btecassignments

Activity Pack
Worksheet-style activities, starter and plenaries matched to the

new BTEC specification to supplement this pack and the textbook
and give more variety and different approaches.

Practical sheets:

® Teacher sheets for all the suggested practicals and
demonstrations for this unit.

¢ Student method sheets for all the practical experiments
outlined in this scheme of work with observation grids.

® Health and safety guidance for demos and practicals.

For more information please visit:
www.zzed.co.uk/btecactivities

Update (July 2014)

A new ‘Important Disclaimer Regarding Assessment’ has been added in the introduction.

Update: 2™ edition (February 2015)

Following changes to BTEC assessment rules which affect learners registered from 1 September 2014, this resource has been amended to meet these rules:
® Resubmission dates have been removed from all assignment briefs (pages 29, 46, 68, 91)

In addition, to meet current assessment rules, essential changes have been made, including:
e Assignment briefs each cover one Learning Aim in full. Therefore:
Assignments 1 and 2 have been merged and edited (pages 29, 30)
Assignments 4 and 5 have been merged and edited (page 68)
Assignments 6 and 7 have been merged and edited (page 91)
Teacher’s Introduction and Suggested Scheme of Work have been amended accordingly (pages 1, 3)
o Text aimed at students does not refer to Level 1 tasks or criteria (pages 29, 30, 31, 46, 47, 68, 69, 91, 92)

Other amendments: assignments have been renamed to be consistent with the Learning Aims:

Assignment 3 has been renamed Assignment B (page 46)

Merged assignments 1 and 2 have been renamed Assignment A (page 29)

Merged assignments 4 and 5 have been renamed Assignment C (page 68)
Merged assignments 6 and 7 have been renamed Assignment D (page 91)

Free updates

Register your email address to receive any future free updates* made to this resource or other
Science resources your school has purchased, and details of any promotions for your subject.

Go to zzed.co.uk/freeupdates

* resulting from minor specification changes, suggestions from teachers
and peer reviews, or occasional errors reported by customers

Teaching Pack for BIEC Applied Science Level 2 Unit 6

Page 2 of 100 © ZigZag Education, 2012




Suggested Scheme of Work
GLH LP Title e
T
1 1 | Investigate Motion: Speed and Velocity \\\\
2 2 | Investigate Motion: Acceleration \\\
3 3 | Investigate Motion: Conservation of Energy \\\\ \\
4 4 | Investigate Motion: Energy and Braking s
5-7 *Assignment A: Velocity, Acceleration and Energy Transfers W
8 5 | Investigate Forces: Resultant Forces %\\\\W
9 6 | Investigate Forces: Fgrceq and We @\\\\
1 1]01 - Investigate Forces: \x §
— s
14 eflection of Light and Sound ) \Q
15 aves: Refraction of Light @\\
16 vestigate Waves: Lenses and the Eye § &
17 e Investigate Waves: Sound Waves o
18-19 "Asszgnment C: Light and Sound Waves \\\\\\
20 12 | Investigate Electricity: Electric Circuits =
21 13 | Investigate Electricity: Series and Parallel Circuits .
2 14 | Investigate Electricity: Thermistors and LDRs § \\\
23-24 *Assignment D: Electric Circuits, Thermistors and LDRs X %\\\\
25-30 “*Opportunity for catch-up and obtaining missing assignment cr §\\\\\\\\\\\
- \
Learning Aims Note \\\ \\
“All students should” aims are levelled at Level x\\\\

\\§\

\\\\\\\\\

1 and Pass students, “most students should’
aims are levelled at Merit students and ‘some
students should’ aims are levelled at

Distinction students.
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Lesson Plan 1: Investigate Motion: Speed

Learning Aims

Measure distance for simple experiments.
All students should: Calculate speed and velocity for simple expering
Produce accurate graphs to represent uniform rii

Interpret graphs to identify objects that are stat

Most students should:
speed.

Some students should: | Calculate the gradient for distzance-time graphs.

Keywords: distance, displacement elodity, gradient

Starter
Review priggtih 1g. Briefly recap speed, distance and time.

2. & Introduction to distance-time graphs. On the board, draw a tab
= object’s distance and time — students can plot a graph of these r
3. & Review graphs and discuss. Explain what sort of motion is repre%

F graph and explain that the gradient represents speed.

4.  Further examples of distance-time graphs — students can calculate thes:sg
calculate the object’s speed. .

5.  Elicit answers to graph examples and discuss.

Air Track Experiment: Students use a rider on an air track to in
object travelling at (close to) uniform speed. Speed can be calcu
distance travelled and the time taken. Actual speed values can
{optional).

7. Discuss results of air track experiment with st
8. %ﬁf Answer Questions 1-

9. Elicit angsmors: class discussion.

Plenary ‘e
Properties Checklist: Draw up a table of properties of distance, displacem
whether it has a direction, whether it has units of m/s, etc). Students must
the table to show which properties apply to each.

Teaching Pack for BIEC Applied Science Level 2 Unit 6 Page 4 of 100
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Speed and Velocity

Distance and Displacement

Distance and displacement are both measured in metres (m) — but they are not

same. Displacement is the distance an object has travelled in a given direction =

size and a direction. Distance only has a size.

For example, if a remote control car travels 5 metres north, then turns around a
distance travelled is 5 m +5 m =10 m. But its displacement is zero, because it i
from.

Speed and Veloc:ty
Speed and stance and displacement — speed just has a directi
given direc: eed and velocity are both measured in metres per second (m/

The speed of an object is its rate of change of distance travelled:

distance travelled (m) = speed (m/s) X time (
or
distance travelled (m)

speed (m/s) = fme )

The velocity of an object is its rate of change of displacement:

displacement (m) = velocity (m/s)X time (s)

or
displacement (m)

velocity (m/s) =
y (ms) time (s)

Worked example
A car is travelling along a straight flat road at a constant speed of 40 m/s. How
in 2 minutes?

2 minutes = {2 x 60)s =120s

distance travelled (m) = speed (m/s)x time(s) =4 0 5= 4,800 m (or

/Did you know?
When a car ’“'a:veﬁ
white {i1 '

Sp amera, the camera measures the time it ta
‘the road.

distance travelled (m) |

The formula speed (m/s) = time (s)

is travelling faster than the speed limit!)

is used to work out how

Distances in simple experiments can be measured using a ruler, metre rule or t
measured using a stopwatch.

Teaching Pack for BIEC Applied Science Level 2 Unit 6 Page 5 of 100
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Distance-Time Graphs
The distance—time graph of a moving object can tell us a lot about the motion of
- b
e
2 -
RS s
\\\\ \\\
PS \\\\ §
= gy
< w
pﬂ’ 2
\“\‘\‘\\\“\‘\‘\\%
wheosd
\\\
5
= \ .
S5
T . Y 1 : 1 - \\.\\\\.\\\\.\\\\.\\\\i\\i\\i\.\
o 5 10 15 20 25 Py
, . Lo
Time taken (s) St
s
\\\\\\
The graph shows the motion of a remote-control car. \\\
The first 10 seconds of the graph show a straight line sloping upwards. This sho @‘\\\\\\
travelled is increasing at a steady rate — so the car must be travelling at constant; \\\ |
. o
S
A steeper line would show us that the car’s distance was increasing more quickly:; §~\\\\ \\\
speed. On the other hand, a less steep line would show us that the car was trave: \\\@
of the line on a graph is called the gradient. s \\
\\\\
® On adistance—time graph, the gradient of the line represents speed. §
\\.\\\\\\
iy

D

From the graph, we can see that in the first 10 seconds the car trave
starting point at a steady rate. We can use this information to work

i 1l
speed (n/s) = dlsta.nce travelled (m)
time taken (s)

So in the first part of this graph, the speed

COPYRIGHT
PROTECTED

) comes flat, This shows that the car’s distance from i
Wl ust be stationary when the line is flat. -

9

After 19 seconds, the line slopes downwards in a straight line and returns to ze
returned back to its starting position, travelling at constant speed.

QQ

Education

Teaching Pack for BIEC Applied Science Level 2 Unit 6 Page 6 of 100




Speed and Velocity Questions

1.  What is the difference between distance and displacement?
e

2. Copy and complete the phrases using some of the following words: \\\:\Q\
e

direction displacement distance gradient ke \‘\\\ \\\

size speed stationary velocity \\\\ L

Bt

i di i [tis the rate of ch. f \\\§

1S ?pee mnagiven 3 18 € rate O change o @x\\\\\

of change of . The of a distance-time graph represe R

object must be §\‘\\\\\\

3. An object travels at 5 m/s f r far does it travel in th1<§

=
- SR
4. In 100 segand avelling at constant speed covers a distanceé \@\\\\\\
v o \‘%‘ :\%
\\\\\\\‘\\
5. An ob;ect travels S0 m at a constant speed of 5 m/s. How long does it | .
\\\\\\
Hemw
6. In the distance-time graph on the information sheet, calculate the spe
from 19 seconds onwards. \%%\\\\\\\\\\\
7. A caris timed travelling along a straight flat road. The results are sho R
velling 8 8 §\\\\\
\
Time (s) 0o [ 5 [10] 15 [2 [ \\\\\\‘\\
Distance (m) | 0 | 40 | 160 [ 280 | 340 | e
\\\\
a) Copy and complete the graph below with the results. \\\\\\\i\
E)
S
o
Q} .....
Woneneest
il B
T
e 15 0 0 0 O
<
Ty
bt
o COPYRIGHT
g PROTECTED
0o
- 10 15 20

9

Time taken (s) o

b) Calculate the speed of the car between 5 seconds and 15 seconds. EC}UCQ‘UOQ
¢) Describe the motion of the car after 20 seconds. '
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Speed and Velocity Questions

1.  What is the difference between distance and displacement?
- e
.................................................................................................................... \\\\\\\

o \“‘\\
.................................................................................................................... \\\

322 \\\ \\
x‘&\\w\

\\\\‘\\\\\‘\‘\\\
.

\\\\

2. Complete the phrases using some of the following words:

Z/////

direction displacement distance gradient
size speed stationary elocity

i

k7

&\\\\\\\\\\\\X‘k

\

\\\\\\\
-

\\\\

-

\\\

4. In 100 seconds an object travelling at constant speed covers a distance% \\\ \\\é
during this time? . T

\\\*\

.................................................................................................................... \\\\\\\\

R

e
4/”//

///////fffﬁ
K

/

//'//
S

/

5. An object travels 80 m at a constant speed of 5 m/s. How long does it

COPYRIGHT
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from 19 seconds onward

cet, calculate the sp
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7. A car is timed travelling along a straight flat road. The results are sh

Distance (m) 0 40 160 | 280 | 340 \\\\\é\
a) Plot these results on the graph below. \\\\ \\\
\\\\§
‘ &
é%LOG e
F
e 000 A .
\
== 300 3
UL SR O O - S
N § \\\
pow SRR RN O NN AN OO U UM SR RN SN
s }- : \\
“— SN O ] \\\\\
* poend Q

- 0 10

Time taken (s)

.

i

P
B

//

%
i

7

\\\\\\\

\\\\\

\\\*\

\\\\\\\\\

b) Calculate the speed of the car between 5 seconds and 15 seconds.

¢) Describe the motion of the car after 20 seconds.
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Lesson Plan 2: Investigate Motion: AC(\

Learning Aims

Produce accurate graphs to represent uniform

All students should: )
primary data.

Interpret graphs to identify objects that are stat

Most students should: ) . ] .
speed and moving with increasing or decreasin

Some students should: | Calculate the gradient and area of speed-time

Keywords: acceleration, deceleration, veloci

Starter

Review Of o . Recap the differences between distance and
velocity.

Main -
1. ;%r Introduction to acceleration as rate of change of velocity. Explais:

down and changing direction all count as acceleration.

:a, Introduction to units of acceleration and the equation for calcu
= example problems on the board for students to solve.

3.  Elicit answers to examples during class discussion.

4. §e% Introduction to velocity—time graphs. On the board, draw a tab
" object’s velocity and time — students can plot a graph of these r

5. ¥, Review graphs and discuss. Explain what sort of motion is rep
graph and explain that the gradient represents acceleration and
represents distance. .

6. Trolley experiment: Students can set up a motion sensor or 1ight§
measure the speed of a trolley at different points (i.e. near the tc;
ramp), as well as timing the trolley between hght gates. Hence, &
average acceleration down the ramp.

7.

8.

9. Elicit answers during class discussion.

Plenary
Fastest finger first: students to work in small groups. Ask students a serie

and acceleration and the student that answers each question first gets to |

Teaching Pack for BIEC Applied Science Level 2 Unit 6 Page 10 of 100
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Acceleration

When the velocity of an object changes, the object accelerates. If an object spee
direction, it is accelerating. The quicker the velocity of an object changes, the gre:
velocity and displacement, acceleration has a size and direction. “

Calculating Acceleration

The acceleration of an object is its rate of change of velocity — the amount tha
is calculated using the equation:

where: @ais accelerataon cond squared (m/s?)

Worked example
A car accelerates from 10 m/s to 30 m/s over a period of 5 seconds. Calculate t

— =(30-10)/5=20/5=4m/s’

Speed-Time Graphs

The features of a speed—time graph (or velocity—time graph) are similar to thos
horizontal (flat) line shows that the object’s speed is not changing, while a slope¢
speed is changing at a constant rate.

® On aspeed—time graph or velocity—time graph, the gradient of the line re
object.
NB: Speed—time graphs and velocity—time graphs are the same, except that ;
show negative velocity — like the one below.

5 10 15 20 25
Time taken (s)
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Using the acceleration equation, we can calculate that the dotted
first 5 seconds is:

a=2"% —(4-0)/5=08 m/s*
t

.

After 5 seconds, the dotted line becomes flat. This means that the car’s velocity

travelling at constant velocity.

After 23 seconds, the line slopes back
acceleration is negative).

zero. This shows that the ca

D We can also use a speed-time graph to find the total distance trave:

When we multiply an object’s velocity by the time taken, it gives
travelled. So by finding the area under the line on a velocity-time
distance.

On a velocity—time graph, the area underneath the line represents
object.

them up.
For a rectangle, the area is simply the base X height.

1
For a triangle, the area is EX base X height.

Teaching Pack for BIEC Applied Science Level 2 Unit 6 Page 12 of 100
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Acceleration Questions
1.

Copy and complete the phrases using some of the following words:

accelerating acceleration direction distance
moving negative positive size

Acceleration is the rate of change of . An object is

changes . If the acceleration of an object is ,it can be

The of a velocity—time graph represents
represents

In the velocity-time graph on the
a) in the first 12 second

b) between 12 7 seconds

In the veloatv—tlme graph on the information sheet, calculate:

a) the initial acceleration of the solid-line car, before it reaches cons
b) the deceleration of the dotted-line car after 23 seconds

¢) which car has travelled furthest?

The speed-time graph shows a rollercoaster in the first 20 seconds of

pulling the rollercoaster slowly up a slope.

eet, describe the mo

10

b o

a) Ca'™Mate the initial acceleration which starts the rollercoaster m .
b) When do you think the rollercoaster reaches the top of the slope?
¢) Describe what the graph shows between 10 and 15 seconds. Whai.

is doing?
d) Calculate the total distance travelled by the rollercoaster in the fi
e) Whatisits average speed during this time?

15 20
Time taken (s

Teaching Pack for BIEC Applied Science Level 2 Unit 6 Page 13 of 100
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5. A caris timed driving along a straight flat road and its velocity is recc
results are shown in the table.

Time (s) 0 5 10 15 20 \\\\\\\

%\‘.\\

Velocity (m/s) | 0 16 | 32 | 32 | 30 -
\\\ \\\

& o

a) Copy and complete the graph below with your results. \\

s

G

e

3
\

i

/////////@
”%f//

&\\\\\\\\x\
S

\

\\\\\\
\\\\\\

.

0 5 10 15 20 X\

Time taken (s) - -
s

A
b) What is happening between 10 and 15 seconds?
i

c) Fully describe the motion of the car between 20 and 25 seconds. \\\\\\\\\\
d) Calculate the acceleration of the car in the first 10 seconds. -
e) Calculate the distance the car has travelled.

f///

)

S
i

'7/

i

P
B

//

%
i

7
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Acceleration Questions
1. Complete the phrases using some of the following words:

S
\\\\\\\

\\\

\\\\

accelerating acceleration direction distance
moving negative positive size

Acceleration is the rate of change of . An objectis _:

up, slows down or changes . If the acceleration of as

Z/////

can be described as deceleration.

i

iy

.e graph represents

&\\\\\\\\\\\\X‘k

R

)

\

2. In the velocity—time graph on the information sheet, describe the mot \\\\\\\

a) in the first 12 seconds =

............................................................................................................. .

S
'%’//

v .

B

\\\

............................................................................................................. \\\\\\

3 \\"\“ \\
c) after 17 seconds \\\\

\\\*\

\\\\\\\\\

/

//'//
S

/

3. In the velocity—time graph on the information sheet, calculate:
a) the initial acceleration of the solid-line car, before it reaches con:

b) the deceleration of the dotted-line ca

nds COPYRIGHT
R e PROTECTED

travelled furthest?
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4. The speed-time graph shows a rollercoaster in the first 20 seconds of 3
pulling the rollercoaster slowly up a slope. -
e

A : : ? \\\\\\\

\\\

\\\\

Z/////

i

iy

&\\\\\\\\\\\\X‘k

R

)

\

& : I \ \\\\\
0 5 10 15 20 \\

Time taken (s

S
o

'?//

= -

\\\

\\\\\

b) When do you think the rollercoaster reaches the top of the slope? x\\\\
: i

............................................................................................................. il

s

y, A

///’

a) Calculate the initial acceleration which starts the rollercoaster m:

k-

/

S

//’//
».«/f

is doing?

d) Calculate the total distance travelled by coaster in the fir: :

55 COPYRIGHT
....................................................................... PROTECTED
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5. A caris timed driving along a straight flat road and its velocity is recc

results are shown in the table.

Time (s) 0

10

15 20

Velocity (m/s) | 0

16

32

32 | 30

a) Plot these results on the graph below.

Time taken (s)

b) What is happening between 10 and 15 seconds?

d)

e) Calculate the distance the car

Teaching Pack for BIEC Applied Science Level 2 Unit 6

Page 17 of 100

S
A

%\‘.\\

-
\\ \\
x‘&\\w\

s
§ '

\

i

/////////@
”%f//

&\\\\\\\\x\
S

\

\

\\\\\\

Hemw

.

f///

P
g

'7/

i

P
B

//

%
i

7

\\\\\\\

\\\\\

\\\*\

\\\\\\\\\

COPYRIGHT
PROTECTED

: g
QQ

Education



SR

Lesson Plan 3: Investigate Motion: Conserve

Learning Aims

Draw energy transformation diagrams for sim
All students should: Describe the conservation of energy for simple
transformation diagrams. -

Most students should: | Calculate kinetic energy and changes in gravit

Understand that as an object falls, gravitational
into kinetic energy

Some students should:

Keywords: energy, work, transfer, it, input, output, gravitatio

Starter " -

Energy me 1199 exercise. Students are given a list of appliances or proces:

to its correc™sotul energy output.

Main

1. Review energy matching exercise and discuss.

2. ;%f Introduction to conservation of energy and equivalency of wor

3. %@( “Explain the different types of energy and where they may be foz§

4. Introduction to energy transformation diagrams. Write exampleé
can attempt their own energy transformation diagrams. -

5. 54 Explain how to calculate kinetic energy, using the worked exam

6. % Explain how to calculate gravitational potential energy, using tk
pack. Explain how as an object falls, its gravitational potential et
kinetic energy. -

7. Falling object experiment: Students drop a piece of card from vz
gate to measure its speed before hitting the ground. Using the s}
the distance through which the card falls, they should be able tc ;
gravitational potential energy lost and thewsal unt of kinetic en¢:

8.

9.

10. Elicit answers during class discussion.

Plenary

Students work in pairs. Each student writes five questions (with answers
One point is gained for every question they get correct; one point is lost f
The winner is the one with the most points after all ten questions have be

Teaching Pack for BIEC Applied Science Level 2 Unit 6 Page 18 of 100
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Conservation of Energy

Whenever two objects interact, energy is always conserved. Energy is never cr i
transferred or converted into a different form. \\\\:\E\

e -—
When work is done on an object by a force, the amount of energy transferred tc \\\\ \\\
amount of work done on the object: \\\\ &

e
" \g
work done (J) =energy transferred (J) g
Work done and energy transferred are both measured in {h. @\\\\\\
Worked example k ‘Ex
A ball is sitting stationary on a K is done on the ball to make it be \\\\\\\\\\\\\§
was transferred to the bal - e
; o
work dong 1‘1 nevgy transferred (J), so the ball has 501 of energy § \§
Th bject which is moving is called kineti \\
e energy of an object which is moving is called kinetic energy. \\\\\

-
& \
Types of Energy \§ §
Energy is used and transferred in all sorts of different forms. \%\\\\\\
Type of energy Description \\\\\\\
S \\
Electrical Energy carried by a current through N

electrical circuits o
\\\\\Q\\
iy
Kinetic Energy of movement
Light/ Energy of radiation of light (or other

waves in the electromagnetic

electromagnetic
spectrum)

Potential (chemical,
elastic,
gravitational)

Stored energy with the potential to
do work Gravitati
above th

COPYRIGHT
PROTECTED

Thermal/heat eat from hot

Energy of vibrations which cause
sound

9

All of these forms of energy can be transformed into another.
e For example, a light bulb is supplied with electrical energy which it then con
into light and heat.

* A sprinter converts the chemical energy in food into kinetic energy and som

QQ

Education

B

Teaching Pack for BIEC Applied Science Level 2 Unit 6 Page 19 of 100




Energy Transformation Diagrams

When energy is transferred by a process, it can be converted from one form to

For example, if a battery is connected to a light bulb in an electric circuit, the foll

place:

chemical energy stored in battery = electrical energy in circuit = light:

Light is the only useful form of energy emitted by the bulb.
Heat is just a by-product which is lost to the surroundings and
so it is considered wasted energy.

Wasted energy is usually lost as heat or s
surroundings.
Sankey diagraes, m to the right, include all
the differei 11 ‘ s and outputs of a process. Each
arrow has a g SS whzch represents the proportion of
each type of energy involved.

For example, if the diagram were describing a light bulb, the ‘energy input’ wo
mains or a battery.

The ‘useful energy output’ would be light energy to light up the room.

The ‘wasted energy’ would be heat lost to the surroundings.

Remember that energy is always conserved — so the total energy output of a pr;

total energy input.

Kinetic Energy

Kinetic energy is the energy of movement —any moving object will possess kine

energy an object has depends both on its mass and its speed. The faster an objec:

energy it has.

Kinetic energy is calculated using the equation:

Worked example

A car of mass 1,500 kg is driving at a speed of 30 m/s. Calculate th

1
K.E.= > mxv® =0.5x 1,500 kg x (30 m/s)> = 675,000 (675 k

Teaching Pack for BIEC Applied Science Level 2 Unit 6
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Gravitational Potential Energy

Gravitational potential energy is the energy stored in any object in a gravitatio
If work is done on an object to move it further out of the gravitational field, its g

R

increases. \\\\\Q\
. = -
If an object is allowed to fall in the gravitational field due to gravity, its gravitati \\\ \\\
- W
NB:  Asan object falls due to gravity, it speeds up — its gravitational potentia; : \‘&\\\\\‘%
kinetic energy. "
T
An ob h | ] | % . §
n object’s change in gravitational potential energy is calc
J geing p gy : @\\\\
=
i
&\\\\\\\\\\\\E
where: e
%
\\\\\\“\
] \i\;\
On Earth, the acceleration due to gravity g is approximately 10 N/kg. \\\
/ @\\\\\\\\\
Did you know? § §
When you .are .riding on a.roll.ercoaster, ti?e rollercoaster is converting energy . %\\\\\\\\
between kinetic and gravitational potential energy as you go round the track. § \%
St
The higher the rollercoaster gets the more gravitational potential energy it S \\
gains — this gravitational potential energy is then converted back into kinetic . N
energy as the rollercoaster falls, which is the reason why you go so fast at the i \\\\\ﬁ
Kend of a vertical loop! 55 Sy

Worked example
A ball with a mass of 2 kg is dropped from a height of 1.8 m. Calculate its loss in

PE.=mxgxh=2kgx10N/kgx1.8m=36J

If all the gravitational potential energy lost is conver
before it hits the ground.

etic energy, calcu COPYRIGHT

PROTECTED
KE=PFE =361

m

={2x36)/2=36; v=6m/s
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Conservation of Energy Questions
1. Name the types of energy input and output for each of the following i

a) an electric kettle boiling S
b) acymbal being hit \\\\\\\Q\
c) adesklamp - -
i ' O g
d) askydiver falling \\\\ §
2. Copy and complete the phrases using some of the following words. \\\Q\\*
= &\\:\\\\&\\\\\\
creafed electricify equal heat R
potential surplus transferrer! useful \

/////////@
”%f//

Energy cannot be an only be or

- &\\\\\\\\%
ofa to the total energy output. SR
> ‘ ‘ - &

Energ Reegosses transfer energy, which is in the form we w: \\\\\@\”
—usually as or sound [ost to the surroundings. \\\\\\\
. # w
3. A stationary car has a mass of 2,000 kg. 900 k] of work is done by the ¢ @&\\\\

energy is wasted, what is the speed of the car after this work is done?;

////////
="

4. A ball is stationary on a desk. 80 | of work is done on the ball to make% %‘\\\\ \
a) How much useful energy is transferred to the ball? \\\\\\\\\
b) What do you think happens to the wasted energy? B \\
¢) The ball moves off at 16 m/s. Calculate the mass of the ball. x\\\\

\\\*\

\\\\\\\\\

R R

5. A skydiver with a mass of 75 kg jumps out of a plane and falls 500 m &

parachute. :
a) Calculate the gravitational potential energy lost by the skydiver bt
(g =10 N/kg) -

b) Assuming all gravitational potential energy is transferred to kin
calculate the speed of the skydiver just before the parachute op

6. Group Activity: In groups, discuss a wide range of appliances you ha
what types of energy transfer are taking place wheniyou use these a
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Conservation of Energy Questions
1.  Name the types of energy input and output for each of the following
a) an electric kettle boiling SRR
R
INPUL oo 5 e
= -
OUEPUL oottt & \\\
7 &9
e
b) acymbal being hit \\\§
, TN
Ipiit v revrrirens SO RUUOOSPO S et . § §
Oﬂtp”t B L T R R P : PP PP @'\\
L
c) adesklamp —
. = ; %
Input .. s R T e S
.............................................................................. \ .
\\\\\\@
d) \
= -
S
S
2. Complete the phrases using some of the following words. %‘\\\\ \\\
o
\\\\\\@
created electricity equal heat = \\
potential surplus transferred useful x\\\\
\\\\\Q\ﬁ\
Energy cannot be or destroyed; it can only be
energy of a process is always to the total e
Energy processes transfer energy, which is in the form
also —usually as or sound lost to the surro
3. A stationary car has a mass of 2,000 kg, 902 k is done by the COPYRIGHT

rer this work is done?:

PROTECTED

9

QQ

Education

Teaching Pack for BIEC Applied Science Level 2 Unit 6 Page 23 of 100




4. A ball is stationary on a desk. 80 | of work is done on the ball to make.§ ;

a) How much useful energy is transferred to the ball?

¢) The ball moves off at 16 m/s. Calculate the mass of the ball.

5. A skydiver with a mass of 75 kg jumps out of a
parachute.

a) Calculate the gramtaﬁon;ﬂ

(g=10 N/kg)

b) Assuming all gravitational potential energy is transferred to Kkinet

calculate the speed of the skydiver just before the parachute openr:

6. Group Activity: In groups, discuss a wide range of appliances you ha
what types of energy transfer are taking place when you use these a

Teaching Pack for BIEC Applied Science Level 2 Unit 6 Page 24 of 100
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Lesson Plan 4: Investigate Motion: Energy

Learning Aims e

\\\
All students should: Understand the concept of a vehicle’s stopping i \\\

& \\\
. . . &
Most students should: | Identify the factors affecting transportation and:: g
e ' &
Explain how changes in energy will affect trans :
Some students should: | ' * ’ .
distances. § \\
- § \\
Keywords: brakes, kinetic energy, speec ¢, thinking dist \§ §
Starter S
Review of ol g. Recap ‘work done = energy transferred’. \@\\\\\\\
Main \

1. &% Introduction to braking. Discuss with students the energy trans \\\\\

= brakes. s

2. &, Introduction to stopping distance, including safety implications.. g\ \\\
’ft . o X @
3. &= Discuss with students the different factors that may affect think @N‘\\\\
= = \
4. & Discuss measures that could be taken to reduce stopping distan;: \\\ \\
= A

5. Stopping distance experiment: Students roll a trolley or toy car ¢ s

\\\\\\\\\

types of surface and measure the stopping distance once it has 1
students should comment on how the stopping distance is affec
relate this to the stopping distances of vehicles under various r

6. Discuss results of experiment with students.

7. § % Answer Questions 14 from the pack.

8. Elicit answers during class discussion.

COPYRIGHT

1
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Stopping Factors List: Create a |
Students must sort the :
distance, ti

“‘which may affect the stoppin .
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Energy and Braking

Braking

To stop a vehicle, the driver has to apply the brakes. The brakes do work againstésfssf

decelerate.

D

When the brakes are applied, they provide a frictional force be
wheel tyres. This frictional force does work to convert kinetic
(and some sound) which is transferred to the

Stopping Distance

The stopping distance of a vehicle is the shortest distance in which it can safely s
Stopping distance is very important for road safety —a shorter stopping distance
driver can stop their vehicle more quickly, so they are less likely to run into an ury

hazard (e.g. a person crossing the road).

Stopping distance is made up of two different components:

¢ thinking distance — the distance the vehicle travels during the time it takes

driver to react

¢ braking distance — the distance the vehicle travels while the brakes are beir%i

The total stopping distance is the sum of these two components:

stopping distance = thinking distance + braking d

Thinking distance and braking distance are each affected by a number of factors:ég

brake pads, Whee‘;

Thinking distance B

Alcohol and drugs — these slow down the reaction time | Road conditions — if
of the driver, increasing the thinking distance.
Tiredness will also slow down reactions, increasir

thinking distance. braking distance.

Distractions in the car — like usias Sphone, or
fiddling with the car ra ase the thinking
distance b, is not paying full attention

Brake condition — if
they will not be as ef
vehicle down. This in

Visibility — fo, heavy rain and snow can make it harder
for the driver to see what is ahead so their reaction
time is likely to be affected. This increases the thinking
distance.

Tyre condition — if ty
they will not slow do
increases the brakin

Speed — the faster a vehicle is travelling, the greater the thinking and braking d
travelling fast, the driver travels further while reacting to a situation, so the think:
takes more energy to stop the vehicle, so the braking distance will also be greatée:

Teaching Pack for BIEC Applied Science Level 2 Unit 6 Page 26 of 100
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Energy and Braking Questions

1. Copy and complete the phrases using some of the following words (

once): e
R
S
braking chemical distance energy \\\ S
heat kinetic mass potential \\\ \\\
speed stopping thinking tyres \\\\ .
R
&
When a vehicle brakes, its energy is converted into \\\\\\\
g
a vehicle is travelling, the more needs to be done ti )
24 §\\\\\‘\\
The 1e sum of the thinking distance “\\\\\\\\\\\%ﬁ
cthe distance, while the condition oi: @\\\
. o
o distance. The greater the \\\\@
will be. \\\\\
s \\\\
2. A vehicle is' travelling at 30 m/s before the driver spots a hazard in th %‘\\\\\\\\\\
a) The driver takes 2 seconds to react to the hazard. Calculate the diy \§ §\
this time. - w W
TR
b) What is the name of this distance? E §‘\\\\ \\\
c) The driver then applies the brakes — the vehicle travels a further & \\\\\\Q“
complete stop. Calculate the total stopping distance of the vehicl. e \\
d) State a precaution the driver could have taken which would have x\\\\
stopping distance. \\\\\\\\\
3. List and explain three factors which affect a) thinking distance, b) br
4.  Group Activity: Prepare a group presentation on the different factors
stop over a greater distance. Do some group research on the energy ¢
vehicle brakes and suggest how stopping distances can be reduced.
COPYRIGHT
PROTECTED
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Energy and Braking Questions
1.

Complete the phrases using some of the following words (words may%

braking chemical distance energy
heat kinetic mass potential
speed stopping thinking tyres
When a vehicle brakes, its energy is converted into
energy. The a vehicle is travelling, the more

over a certain

The distance of a ‘sum of the thinking dist

Alcohol and drues, distance, while the conditi

distancogwill be.

A vehicle is travelling at 30 m/s before the driver spots a hazard in th
a) The driver takes 2 seconds to react to the hazard. Calculate the d
this time.

b) What is the name of this distance?

distance. The greater the oi

c) The driver then applies the brakes — the vehicle travels a further .
complete stop. Calculate the total stopping distance of the vehicle

d) State a precaution the driver could have taken which would have%

stopping distance.

Group Activity: Prepare a group presentation on the different factors

stop over a greater distance. Do some group research on the energy c
vehicle brakes and suggest how stopping distances can be reduced.
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Assignment A: Velocity, Acceleration and Energ

Learner's name:

Start date: Deadline:

Velocity, Acceleration and Energy Tra

Scenario

You have joined your school science club. The school open evening is coming up.
make some posters of experiments they have done. Youg ask is to carry of

investigates speed and acceleration, and create
about the subject.

gn to promote safer driving in local resid

Your science club. is part s
' wareness of the issue by explaining its scientific b

to produce
g
transfer. 11

Task 1
Carry out one of the experiments you have studied during this unit and creat;
experiment you carried out.

You may find it helpful to split the poster into different sections, e.g. aims, apt
discussion and conclusion. -

1. Your poster should explain what you did, including how all your measurs
time) were taken. You should also explain what you can conclude from
Remember to include units with your measurements.

2. You should include a distance-time graph of your results.

3.  You should also include a speed-time graph for examples of motion whe:

4. Include calculations of speed/velocity from your distance and time data.%
Show the formulae you use and remember to give units. -

5. Use your graphs to describe the type of motion that is occurring at each
You should be able to highlight parts of the graph which show when an o
constant speed, accelerating or decelerating.

6. Use the gradients of your graphs to calcuia
speed-time graph to calculate t
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Task 2
1. Describe the energy transfers that take place when a car brakes; illustra
energy transformation diagram. Provide a description of an experiment

investigating energy conservation (e.g. measuring K.E. and P.E. of a falli s

transformation diagram for this as well. \\\\E\é\
- -
2. Describe the law of conservation of energy and describe how your ener @ \\\
represents it for your experiment. \\\\ L
3. Use the equation for kinetic energy to calculate the kinetic energy of a caf 5 \\\\i\\
the gravitational potential energy of a falling object is converted into ki e
BOR OB
calculations. o
Show the formulae you use and remember toin §‘ \\
1,500 kg, although you don't have to stivk u don’t want to. § §

&\\\\\\\\\\\\X‘k

\

\\\\\\

-

\\\

\\\\\

\\\*\

\\\\\\\\\

R

Lted" by the speed /kinetic energy o
pping distance.

4. Explain how stopping di
be addressed tn
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Learner’'s hame: Start Date:

Learner’'s declaration: -

| certify that the work submitted for this assignment is my own. | have clearly refes{s R

work. | understand that false declaration is a form of malpractice. s \\\
£33 \

'S Sj -
Learner's Signature: Dateff e \\\\
Learner's comments for the assessor: \\\ &

e \\\.\\\\
L
%\ e
-
Teacher's/assessor’'s name: T
&\\\\\\\\\\\\§
: i -
Marking Criteria —
Task: \\@g\\\
e accurate graphs to represent uniform and non- umforr\: |
motion using primary data. \\\\\\\\
2A.P2 Calculate speed and velocity for simple experiments. . S \\\\
1 2AM1 Interpret graphs to ident.ify ob}ec’Fs that are stationary, .moving \\\
constant speed and moving with increasing or decreasing spe
Calculate the gradient for distance—-time graphs and the gradi S
2A.D1 graiet grap 9 N
and area of speed-time graphs. \\ §
Describe the conservation of energy for simple experiments, W W
2A.P3 \g\\\\\\
including energy transformation diagrams. § o
|
2 2AM2 Calculate kinetic energy and changes in gravitational potent|a| \\@
energy. . \&Q\ \
i i i i = g
2A.D2 Explam how changes in energy will affect transportation and \\\\
stopping distances.

Summative feedback:

Date assessed:

ey

Internal verifier's name:

COPYRIGHT
PROTECTED

Internal verifier's feedback:

Dateé

} @t met the Level 2 criteria, they can be assessed on the Lev
1A.1 | Produce accurate graphs to represent unifarm motion using primary data
1A.2 | Measure distance for simple experiments. :
1A.3 | Draw energy transformation diagrams for simple experiments.

If a learner’
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Lesson Plan 5: Investigate Forces: Resu

Learning Aims

All students should: Identify the forces on objects.

Describe the effects of balanced and unbalancec%

Calculate the force on objects, in relation to the
application.

Identify “pairs’ of forces that act on different ob
forces are equal in size and opposite in directio

Most students should:

Explain the various forces,} red, and their

Some students should: L
of applications.

Keywords: force, weight, r sattant, equilibrium, mass, accelera

Starter
Review of pe

Main

2 §g§j Introduction to resultant forces, including implications of zero c
7 a stationary or moving object. .
3. :’: Use free body force diagrams to allow students to calculate resué
% asa class. 5

4. Resultant force experiment: Students place a weight on a set of

meter onto the weight and slowly apply a lifting force to it. Ho
newton meter relate to the reading on the scales? Draw a free b
experienced by the weight — does this explain the results?

5. Discuss results of resultant force experiment (including the free body
Discuss how we can tell that the forces are balanced and what might

6. §;§§7 Explain how weight is not the same as mass and demonstrate th

10. Elicit answers during class discussion.

Plenary
True or false: Ask students a series of true or false statements about resul
move to either end of the room to vote.

ous learning. Discuss forces acting on an object at rest, e.g.

i, Brief introduction to ‘pairs” of forces (every action has an equal ¢
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Resultant Forces

A force is an interaction between two objects. If two objects collide, rest against
gravitational pull on each other, forces are acting between the two objects. Forc

One of the most important rules about forces is that every action has an equal
® Ifablock is resting on a table, the weight of the block is acting downwards
opposite normal reaction force is exerted on the block by the table, in resp

NB: A normal reaction force from a surface always acts in response to an a

* If a horse pulls a cart, the pulling force the horse exerts on the cart is matc
pulling force by the cart on the horse,

Most objetts have more than one force acti “once. To simplify a pr
forces with one resultant force, whi me effect as all the forces com

lanced, the resultant force is zero and the obj
tionary, then it will remain stationary.
mvas moving, then it will continue to move at a constant speed

However, if the resultant force is unbalanced, the object will experience an acce
resultant force.
¢ |f the object was stationary, then it will begin to move in the direction of th
¢ [f the object was moving and the resultant force acts in the direction of mo
(accelerate).
¢ [f the object was moving and the resultant force acts against the direction o
down (decelerate).

Calculating the Resultant Force

The resultant force is the sum of all the forces acting in one particular direction
opposite direction, it is subtracted.

50N  Contact torce

The block shown on th
the resultant force on it}
the weight of the block:
cancel each other out.
rersins stationary — if
N TS T N 2aly speed.

......................

.......................
.......................

..............................
\\\\\\

Push force

]
W
The table get¥®®tes 2 frictional force of 20N in the 100 N
opposite direction. The overall resultant force is in

the direction of the push force and its size is

100 N —20N =80 N. T

This means the block accelerates in the direction of y Table Ry
the push force.

NB: These are free body force diagrams. It is always useful to draw a free bo
question about forces.

Teaching Pack for BIEC Applied Science Level 2 Unit 6 Page 33 of 100

S
A

\\\‘:\\

= -
\w\\\\

Wy
R
L ¥

B
iy

\\\\\\

///

Z/////
|

%

\\\\\\\\\
s

\

\\\\\\\
-

"\\
\\\

Hemw

\\\

\\\\\

\\\*\

\\\\\\\\\

///7/3

e
4/”//

///////fffﬁ
K

/

//'//
S

/

COPYRIGHT
PROTECTED

9

QQ

Education




Weight

The weight of an object is the gravitational force that acts on it. It is measured |r

Mass is the quantity of matter in an object and is measured in kilograms (kg). Ars
no matter where it is.

Weight is different from mass. An object’s weight varies depending on the gravit:iai
subjected to. The Earth’s gravitational field strength is approximately 10 N/kg or::

can vary depending on where you are.

Did you know?
Astronauts on the Meon feel incredibly |
field strength of the Moon is only
weight on the Moon that

‘to bounce around —
f the Earth’s. So the astron
Is} the Earth! Although their weight i
hat their mass remains the same whereve

If we know the mass of an object, we can calculate its weight using:
W=mxg
where: W is weight, in newtons (N)

mis mass, in kilograms (kg)
g is gravitational field strength, in newtons per kilogram (N/kg)

Forces and Motion

When a resultant force acts on an object, the object accelerates in the direction

The resultant force is linked to the mass of the object and the acceleration cause\

F=mxa (or a:E)
m

where: Fis the resultant force acting on the object, in newtons (N)
m is the mass of the object, in kilograms (kg) 5
a is the acceleration of the object, in metres per second squared (m/s?).

The greater the force, or the smaifer the mass, th cceleration.

Worked Example
A 2.5 kg block is atre ed and the block accelerates to a speed

20_

Acceleration ¥ v ul/t=15/5=3m/s*

F=mxa =2.5kgx:”>‘m/s2 =75N
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Resultant Forces Questions
1.

Copy and complete the phrases using some of the following words.

acceleration drag equilibrium gravitational
motion opposite redaction resultant
weight
Every action has an equal and reaction. A body resting on
table, but experiences a force from the table in response.

A force is a single force with th

zero, the object is in it remains so, and if it

constant

Fesultant causes an in the direction of

A book with a weight of 5 N rests on a desk. Calculate the reaction fo

A car of mass 1,000 kg begins to accelerate at a rate of 5 m/s?. Calcula
the car.

An object is travelling at a constant speed of 3 m/s. A resultant force
direction of motion. After 5 seconds the object’s speed has increased
a) Assuming the acceleration is constant, calculate the acceleration
b) What is the mass of this object?

An object is falling through the air, accelerating at 8 m/s2. Its mass is 4 |
a) Calculate the resultant force acting on this object. .
b) Calculate the weight of the object (g = 10 N/kg).

¢) What is the size of the force acting against the object’s motion?

Group Activity: Do some group research to investigate the effect of
accelerating mass — examples could include a sledge running down a
kicked through the air.
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Resultant Forces Questions
1. Complete the phrases using some of the following words.

S
\\\\\\\

\\\

\\\\

acceleration drag equilibrium gravitational
motion opposite redaction resultant
weight

Every action has an equal and reaction. A body res

on the table, but experiences a

Z/////

i

iy

A force is a single fos

&\\\\\\\\\\\\X‘k

R

it is zero, the object is 1

continticgas

)

\

\\\\\\\
-

"\\
\\\

Hemw

3. A car of mass 1,000 kg begins to accelerate at a rate of 5 m/s2. Calculat; M\\

the car. \\\\\\\
.................................................................................................................... -y
\\\\

\\\*\

\\\\\\\\\

S
é”//

A non-zero resultant causes an

2. A book with a weight of 5 N rests on a desk. Calculate the reaction fox

///////fffﬁ
K

/

//'//
S

/

4. An object is travelling at a constant speed of 3 m/s. A resultant force
direction of motion. After 5 seconds the object’s speed has increased
a) Assuming the acceleration is constant, calculate the acceleration ¢

5. An object is falling through the air, accelerating 2 /s*. Its mass is 4
a) Calculate the resultant force acting ¢ COPYRIGHT
. PROTECTED

T R

9

¢) What is the size of the force acting against the object’s motion? QQ

Education

6. Group Activity: Do some group research to investigate the effect of
accelerating mass — examples could include a sledge running down
kicked through the air.
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Lesson Plan 6: Investigate Forces: Force “

Learning Aims

All students should:

Describe work done in terms of forces moving

Most students should:

Calculate the work done by forces acting on ob

Identify applications of compressive and tensile%

Some students should:

Understand that compressive and tensile forces
stored as internal energy and can later be trans

Keywords: force, work, energy, distance, ¢

nsile, elastic

Starter
Introductiozsm

4.  Elicit answers to examples during class discussion.
5. ﬁﬁi‘w Introduction to compressive and tensile forces, including exam
6. %%ﬁy Answer Questions 1-3 from the pack.

7.  Elicit answers during class discussion.

Plenary

]

- Calculation of work done by a force over a certain distance. Use |
information sheet to demonstrate. -

‘between work done and energy transferred.

Tensile Force Experiment: Students can investigate the elastic potenfé |
b} extendmg it t0 different lmgths and measurmg

how far it can fir

nergy transfers
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Forces and Work

When a resultant force acts on an object, it does work to move that object. The §
to the energy transferred to the object. :

For example, if a heavy load is lifted into the air, the force that lifts it against gra
work done by the force is equal to the energy transferred to the load — which is
potential energy.

Work Done by a Force

When a force moves an object through a distance

The greater a force, and the fur otﬁ;ect, the more work is done b

We can calcy by a force using the following eguation:

W=Fxd

where: W is the work done by the force, in joules (J)
Fis the force, in newtons (N)
d is the distance moved in the direction of the force, in metres (m)

T S

work on the objectf%

Worked example

A crane lifts a 2,500 kg load to a height of 10 metres. How much work does the c

The force exerted by the crane is equal to the weight of the load. F=m x g = 2,50

W =F xd =25,000N x 10 m = 250,000 J (250 kJ)

Compressive and Tensile Forces

A compressive force is one which does work to squash the shape of
an object.

A tensile force is one which does work to stretch the shape of an
object.

An elastic object stores the work done by a compressis
force as elastic potential energy. When the force
then use this energy to restore its origin :

Examples of elastnc obj ser bands, squash balls,

bungee corg gs.
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Forces and Work Questions

1. Copy and complete the phrases using some of the following words.
e

compressive distance elastic elastic potential e \\\\\\\E\
vi?gzz‘y gravifafi:noczkpofenfial restore shrink 5 \E\\ \\
When a moves an object, it does on the object. The | \\\\\S\E
the - the more work is done., §\‘\\\\\‘\\§
s &
S
A force does work to squash th w1 object; a §\ \§
the shape of an obi . it stores this i \\\\\\\\\\\\\§
which is then its shape once the force is removed. ‘\*\‘\*\:‘;\i\\‘\‘\‘\‘\‘\‘\\
2. A weige e er picks up a dumb-bell from the floor and lifts it 1.5 mety: \\\\\\\%\
bell has a mass of 20 kg. \\\\\\
a) Calculate the change in gravitational potential energy of the dum o
b) How much work has the weight lifter done?
c) The weight lifter drops the dumb-bell. If all the gravitational poteé @‘\\\\\\\\
converted to kinetic energy during the fall, what is its speed just k: \§ §
\\\

//

%
i

i

3. A slingshot has 30 ] of work done on it to stretch it. The slingshot conté

\

force stretching the slingshot is removed. \\\\i\\i\
. . ’

a) What is the name of the force that stretched the slingshot? x\\\\

b) What type of energy was stored in the slingshot while it was bein.:
c) If all the energy is transferred to the rock as kinetic energy, calcu
d) In practice, the rock would probably travel more slowly. Why do::

\\§\

\\\\\\\\\
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Forces and Work Questions
1. Complete the phrases using some of the following words.

e
compressive distance elastic elastic potential R
force work restore shrink I
velocity gravitational potential \\\
& \\\
\\\\ §
When a moves an object, it does o s
&
force or the larger the , the more work is done. "
& §\‘\\\*\\\§
R
A force does work to squa, ape of an object; §\\ \\
work to ject. If the object is T
rgy, which is then used to s
i \%ﬂ\\\ %,
force §\\ \\\
2. A weight hfter picks up a dumb-beli from the floor and lifts it 1.5 met \
"\\
bell has a mass of 20 kg. \\\\\\
a) Calculate the change in gravitational potential energy of the dum
b) How much work has the weight lifter done? \\\\\\\‘
s
............................................................................................................. x\\\
.
¢) The weight lifter drops the dumb-bell. If all the gravitational pote: \\\\\\\\
converted to kinetic energy during the fall, what is its speed just k
3. A slingshot has 30 ] of work done on it to stretch it. The slingshot con
force stretching the slingshot is removed. .
a) What is the name of the force that stretched the slingshot?
COPYRIGHT
PROTECTED
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d) In practice, the rock would probably travel more slowly. Why do
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Lesson Plan 7: Investigate Forces: Resi

Learning Aims

Identify friction forces and situations where th
All students should: Describe how friction and normal reaction forc
an applied force. -

Explain how friction and normal reaction forces .

Most students should: )
an applied force.

Explain the various forces involved, and their

Some students should: . .
of applications.

Keywords: resistive force, triction

Starter
'demonstrate that up toa pomt the mass does not move a1<§

surface it is resting on (could also be used as a simple practical).

Introductlon to resistive forces and friction, including when th

Sy 7 Explanation of static and kinetic friction.

%g Discuss the example of a car beginning, continuing and ending
various forces acting at different stages.

4. Students can fill in the labels on a free body force diagram of a car tr

5. %;? Discuss the example of forces acting on a parachutist during th
terminal velocity.

6. -Discuss the case study of forces acting on a rocket at different s .

7. Drag force experiment: Show that fluids of different viscosities
drag force on a ball bearing / marble. Use about three fluids ea
wallpaper paste of different thicknesses). Studnts can use stopt

8.

9.

Plenary

Parachute experiment: Students design a parachute for a fixed mas
see whose can keep the plasticine in the air the longest (could take

2 Hydrogen rocket demonstration: Set up a hydrogen rocket to show

§ instruction in the YouTube video: http://youtu.be/M_9vTsqp9DO0.

in class.
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Resistive Forces

When an object is travelling at constant speed, the resultant force on the object

driving force causing the object to move is balanced by other forces which oppos:

known as resistive forces.

The most common form of resistive force is friction.
® Friction can occur between an object and a solid surface.
® |t can also occur when an object moves through a fluid — more commonly k
* The drag force on an object by the air is often referred to as air resistance.

Friction

Like the normal reactron icts a‘gainst Weight) fri‘cﬁon onIy acts inr
When a forgeti:
match it. Tt 1}_ ;an as statlc fnctmn Om:e thxs pomt has been exceeded, the

friction stilt &

Imagine pushing a heavy box across the ground. If at first you only apply a small
this is because the frictional force is matching your applied force.

It is only when you increase your applied force to a point where it exceeds the fr
start to move.

When a car accelerates fr
friction and then kinetic f
force of the engine. The fr
contact between the tyres

As the car accelerates, air
against the driving force.
force is large enough to o
resistance, the car will con

The greater a vehicle’s speed, the greater the air resistance will be that opposes
and save fuel, some vehicles are more streamlmed f

the overall air resistance is lower.

Car brakes work by applyin
frictional force does WC

the motio‘n of the car —this work is transfer

Ve between the brake pads and the w

ground. This means that they experience much less air resistance than the aver :
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Terminal Velocity

As a parachutist falls through the air, the weight of the parachutist is opposed by
resistance — a form of friction between the air and the parachutist.

The amount of air resistance acting on the parachutist is relatively small, but gro
as the parachutist accelerates until it matches their weight. At this point the -
parachutist is in equilibrium, falling at a constant speed called terminal velocity.

Once the parachutist opens their parachute, the area over which the air resistan
acts increases dramatically. This means the air resistance increases, so the

parachutist decelerates. As their speed falls, air resistance dsareases until once
it matches the weight of the parachutist. Termmal
but this time it is much slower.

The driving force from a rocket comes from chemicals (such as
hydrogen and oxygen) reacting to form a large amount of very hot
expanding gas. The gas is channelled out through the rocket’s exhaust,
generating a thrust force (a reaction force opposing the downwards
force of the expanding gas). The NASA Space Shuttle was capable of
producing over 17 million newtons of thrust in total.

The thrust produced by a rocket is far greater than its weight and any air resista
upwards until it reaches space. Some rockets aim to enter an orbit around the E
orbit to proceed on into outer space.

For a rocket orbiting the Earth, the only force acting on it is the Earth’s gravity. T
rocket is able to maintain a constant orbiting speed. Technically the rocket is in “
matches the curvature of the Earth, it does not fall closer to Earth unless it redu

When a rocket returns to Earth, its weight is counteracted by air resistance so it
velocity. The NASA Space Shuttle was designed so that it was able to glide back t

D How to explain the various forces involved
You should be able to name all the f

situations too. When consi rces that may be acting on an:;

. The motion of t: hich force is making the object move%

: this force? -

To estimate the size of the weight force acting, think about what the
W =mxX g . For estimating the size of a driving force, it can be useful

N\
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Resistive Forces Questions
1.

Copy and complete the phrases using some of the following words.

dair resistance causes drag force energy
kinetic opposes resistive static termi
Friction is a force which motion. In fluids it is mo

and in air it is usually called

Up to a point, friction matches the

Beyond this limit, frictio

A falling object rea

Whiat 2egetional forces and the normal reaction force have in comm
causes them to act.

A parachutist of mass 75 kg opens his parachute, mass 25 kg, and fal
a) What is the combined weight of the parachutist and parachute?

b) What is the size of the air resistance force acting upwards on the

What is the difference between static friction and kinetic friction? Ex
object along a rough surface.

Explain why an object falling through a fluid will eventually reach te

Group Activity: Discuss all the different forces which act on either a <

stage of its motion. Which of these are resistive forces and what caus

Group Activity: Do some rescarch into the various safety features th

Discuss, in terms of forces, how these safety features protect the passe:

10 an object — th1'=

when its is balanced by res%
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Resistive Forces Questions
1. Complete the phrases using some of the following words.

air resistance causes drag force energy
kinetic opposes resistive static termi
Friction is a force which motion. In fluids ity

-and in air it is usually called

Up to a point, friction matches the

friction. Beyond this limit,

3. A parachutist of mass 75 kg opens his parachute, mass 25 kg, and fal
a) What is the combined weight of the parachutist and parachute?

4.  What is the difference between static friction and kinetic friction? Exp:
object along a rough surface. '

5. i y ¢ ject falling thr wid will eventually reach te

6. Group Activity: Discuss all the different forces which act on either a
stage of its motion. Which of these are resistive forces and what cause;

7. Group Activity: Do some research into the various safety features th
Discuss, in terms of forces, how these safety features protect the pass
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Assignment B: Investigate Forces

Learner's name: S

Start date: Deadline: e
\\\\
I igate F -
nvestlgate orces \x\\ \\\
\\\\ §
. i
Scenario \\\§
You are employed at NASA and your initial duties include showing tourists ar il
suggests that you prepare a presentation describing all the forces experience % T E
ive visit insight into the physics of space travel. oy
give visitors an insight into the physics of space trave @\\\\\\
Task w B
Prepare a slideshow presentation s which act on a rocket. Some c \\\\\\\\\\\\\§
below for you to use. -- s
; SRR
} Mass of rocket § \\
Overall acceleration when launching \\ §
Acceleration downwards due to gravity (all stages) \\\\\\
Air resistance when launching and landing \\\\\\
Lift when landing ol
Total height reached by the rocket

\\\

s

y, A

Your presentation should include the following points. -
1. Draw a free body force diagram of all the forces acting on a rocket during:
Earth, and as it returns to Earth. -

B

/

//'/

j \\

Point out at least two examples of balanced forces and two examples of u \\\\\\Q‘

2. Out of these forces, highlight which of them are friction forces. Describe t: e \\
situations that include friction forces. N

\\\*\

\\\\\\\\\

3. Explain how a force does work as it moves the rocket through a certain
work that is being done at various points.
Also include two other examples of when a force does work to move an objé:

4. Use figures in the table to calculate the amount of work done to propel t
atmosphere.
Also calculate the work done for your two other examples, using estimate
distance travelled (you can research example values for these). Show the f
give units.

5. Explain the way in which resistive forces (i.e. fnctmn and the normal re
You should use examples, e.g. pushing a heavy box. t ‘ibe how resistive
force up to a certain point. Z

COPYRIGHT
PROTECTED

6. Explain how these resistive f
Explain what your exarziss:

9

8. Calculate the sizes of the forces involved during the flight of the rocket.
Use the information in the table to help you calculate estimates of the forc
you use. Remember to include all relevant units.

QQ

Education

9. Explain in detail the nature of all the forces acting, complete with calculat;
the flight of a rocket and for all the other examples you have included. i
Think about all the forces that could be acting at each stage and investiga
their approximate sizes. At each stage, explain the effect that the combina
the objects.
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Learner’'s hame: Start Date:

Learner’'s declaration:
| certify that the work submitted for this assignment is my own. | have clearly refe:
work. | understand that false declaration is a form of malpractice. :

Learner's Signature: Daté:
Learner's comments for the assessor: :

Teacher's/fassessor’s name:

Marking Criteria

escribe the effects of balanced and unbalanced forces on obji:
Calculate the work done by forces acting on objects for simple
experiments.
Describe how friction and normal reaction forces are produceq?
response to an applied force. 5
1 2B.M3 Calculate the force on objects, in relation to their mass and
) acceleration for an application. :
Explain how friction and normal reaction forces are produced i
response to an applied force.
2B.D3 Explain the var.iouis forces involved, and their approximate size:é
variety of applications. :

Summative feedback:

2B.M4

Date assessed:

Internal verifier's name:

Internal verifier's feedback:

Dat é

If a Ieamer has not me riteria, they can be assessed on the Lev

1B.4
1B.5
1B.6
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Lesson Plan 8: Investigate Waves: Reflection o

Learning Aims

Describe, using diagrams, reflection of light in
All students should: applications.

Describe how sound is reflected for simple app

Describe how mirrors can affect rays of light.

Most students should:
ost students shou Draw diagrams to explain the reflection of light::

Some students should: | Explain how reflection of light.and sound can

Keywords: reflection, mirror, cone lane, ray diagram, echo,

Starter .
i : , . . &
Review of 1199 “learning. Ask students to contribute to class discussios;
FoMES =]
about hght,mn nd and waves in general. -

=y Brief introduction to reflection of both light and sound.

- Introduction to mirrors — discuss different basic shapes of mirr
produced.

3. 1% \?*/ Introduction to ray diagrams. Draw a diagram of the image for .
explanation. [t may aid the students’ grasp of ray diagrams if t
diagram themselves.

4. §aw Explanation of how a periscope works.

5. Periscope experiment: Students should build their own basic p

box or carton, by cutting holes and fastening pieces of mirror c
Students can then use their periscopes to look over/around obs

6. §§§f Discuss applications in which mirrors are useful. Encourage cl

7.  Ea Introduction to echoes of sound, includ}
w from the information sheet

8. gﬁ% Answer Ques

reflection of a straight beam of light. With the lights dimmed, studen '
fixed point on the plane mirror and sketch the path of the light on the |

and reflection can then be measured and compared.
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fZfZf35/}/2ZIZIZIZIZIZIZIZIZIZIZIZ

Reflection of Light and Sounc

Light and sound both travel in waves. When a wave hits a boundary that it cann
reflected in a new direction. Everything we see is visible because some light has
eyes.

There are many applications where it can be useful to change the direction of lig
reflection.

Mirrors

the light that hits it. N

A mirror is a surface which is deStgned o,
: irrors (flat surfaces).

inwards), convex {curved ocutwa

We can use straight lines on a ray diagramto r

NM»»*““ Light hitting a .
’ reflected at a
e measured rel
imaginary line .
surface at thei;
shown in the

NN

Sl Angle of 1nudenge Normal
RN The angle at

is called the a
\ Rt
RN The angle at
S
\\\\
\\\\\
—

O RA—Z
7
/
/
/’

mirror is calleg

The angle of incidence is always equal to the angle of reflection

The image shown in a mirror is known as a virtual
image — the light rays form the image in a way
which makes it appear to come from behind the
surface of the mirror, as shown in the diagram.

A plane mirror produces an upright image, as the

diagram shows. Convex mirrors also display upright
images, but images in concave mirrors are upside
down (for example when you !ook into st
side of a spoon).

This means w“ m and nght hand sides have been
switched rou™ — your left hand is your reflection’s
right hand and vice versa.

Virtual image
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Plane mirrors are used in periscc
provide an image of an object w
For example, in a submarine a p
above the surface of the water.

Object

The diagram shows how two pla
simple periscope, to direct light
corner and into the eye of the o

$Observer

4

D Mirrors have many applications where they can show us views that

e Rear-view mirrors in cars give the driver a view of what is hap
mirrors can be useful for this purpose because they provide a w
can also distort the image, unlike plane mirrors which provide

* Mirrors are also used at road junctions where a driver might n

showing whether another car is approaching.

are commonly used in astronomy, since they tend to be more ac;
telescopes which use lenses.

\

ahead. A convex mirror can provide a wide view of the junctior:

» Reflecting telescopes use mirrors to focus an image of a distant .

Echoes

An echo is a reflected sound wave. When you talk in a large room, you can some

voice — these are sound waves from your mouth which have travelled across thei

¢ Bats use echoes of ultrasound — sound waves above the range of human hei
s to return to the |

their surroundings. The longer an echo from an ot
had to travel and so the further away the gb
e Ships and submarines 1mttate this t Sl
use of sound reflection i
Ultrasocund i ts ai

ding pulses of sound wh

tcal imaging, including prenatal scans of un
boundaries are detected and put together to forn

Worked example

A fishing ship uses sonar to detect a shoal of fish. The echo arrives back exactly 6

pulse. If the speed of sound in water is 1,500 m/s, how far away are the fish?

Distance = speed x time = 1,500 m/s x 6 s = 9,000 m. Therefore the sound wave h\

But this is the distance there and back — so the shoal is half this distance away —
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Reflection of Light and Sound Questions

1.

Copy and complete the phrases using some of the following words.

concave echo incidence light
reflected reflection refracted refraction
ultrasound

travels in straight lines. When it is

angle of reflection. A mirror is a flat surface designed for

waves can also be reflected - this i

the angle of _ :

The image shown in a plane mirror is virtual, upright and laterally i
a) Explain what is meant by each of these terms.
b) How would the image differ if the mirror were concave?

Describe three applications in which mirrors can be used to widen o
A submarine detects a large obstacle in its path using sonar. There is

pulse being sent and the signal being returned. Given that the speed
how far away is the obstacle?

Group Activity: On a poster, draw a diagram of an object reflected m

how the paths of the light rays form an image which appears to be b
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Reflection of Light and Sound Questions

1.

Complete the phrases using some of the following words.

concave echo incidence light
reflected reflection refracted refraction
ultrasound
travels in straight lines. When it is
is always equal to the angle of reflection. A mirror is.

of light.

waves can also be reflecte

‘ shine a beam of light at a mirror from different a;
# reflected in a table. Fill in the missing results for them.

Angle of reflection

Angle of incidence
30°
45°
a0

The image shown in a plane mirror is virtual, upright and laterally i
a) Explain what is meant by each of these terms.

VITEUAL et e e s e s

b) How would the image differ if the mirror were concave?

G detects a large obstacle in its path using sonar. There is
pulse being sent and the signal being returned. Given that the speed

how far away is the obstacle?

Group Activity: On a poster, draw a diagram of an object reflected i
how the paths of the light rays form an image which appears to be b
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Lesson Plan 9: Investigate Waves: Refrac‘;

Learning Aims e

\\\\\E\

. . . . \‘.\
All students should: Desc_rlbe., using diagrams, reflection and refrac . \\\

applications. § \\\

_ . . Sl e

Most students should: | Describe how lenses can affect rays of light. s

e

Some students should: | Explain how reflection and refraction of light c T

o % &%

Keywords: refraction, normal, total intern \§ §

i
R
Starter S
, g
\\\\\@
Main \\\
1. g% Introduction to refraction, including what causes it to occur @\\\\\\\\\
2. - Brief discussion of the use of refraction in corrective lenses (alt X &
- more detail in subsequent topics). @N‘\\\\
\
3. =% Explanation of total internal reflection in a glass prism — draw \\\ \\
sheet on the board to aid explanation. x\\\\
o
4. Total Internal Reflection experiment: Students use a light box to \\\
glass semi-circular prism on a piece of paper. They can then ski
and out of the prism, in order to investigate refraction and total
5. » Discuss applications which make use of total internal reﬂection.%
6. =% Answer Questions 1-4 from the pack.
7. Elicit answers during class discussion.
Plenary COPYRIGHT
PROTECTED

Fastest Finger First: Students v :
nd up first and answer correctly get

reflection - the pair wh
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Refraction of Light

When you put a straw in a glass of water, the straw appears to be in a different i

causing it to look ‘broken’. This is an optical illusion caused by the refraction of | \\\\\\\E\
\\\

\\\\ \\\

- &
Refraction g
3 X8

Waves move through different media at Normal & S
1 s Frey o S
different speeds. When a wave moves from 5 % .

one medium into anether, its speed changes
and this can also change the direction in
which the wave is travelling.

\\\\

M
”%f//

A
&\\\\\\\\\\\\E
The change in direction i< S
ool & R
will happen . - es ; %\Q\\\\\\
boundary t 1109 b 1O materials of different & %\\
densities — fa .-ample a ray of light passing \\\\\\\%
from air into water. \
\\\\\
-
The only time a wave will not change direction is when it is travelling along the n
at exactly 90° to the boundary between the media. However, it will still change s @\
o . § \
When a beam of white light enters a glass prism, a \ \\\gk
light are refracted by different amounts. This splits: . E\
can see as they exit the prism. The effect can be se x\\\\

rism.
P \\\\\

\\\\\\\\\

Refraction is used in corrective lenses to improve
of light which would otherwise focus in the wrong
refraction corrects this so that objects appear mo
greater detail in the next section.
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Total Internal Reflection

Incident

ray R
B [4
N R
i
When a ray of light is refracted travelling &\\\f\\\i\\\\\\\\\\\\\
dense one (e.g. glass into air), then as we & %
‘ & &
..Normal | 5 gartially reflected ray. This reflects bac \ " F
\";\R ¢ i the normal rules of reflection (at an equa \‘&\\\\\\\\\:
_\{e r?‘Fte‘ of incidence.) \\\\
ray s
Partially N\ \@\\\\\
reflected ray §\ o
If we gradualbeaar ngie of incidence, eventually we find a \\\\\\\\\\\
point wher pheiciray is refracted along the boundary. The angle of §\ .
incidence w\g#®is occurs is known as the critical angle. \\\\\\\\\\\
Fomm
Incident ray

SRR
-

.

k=~

For angles of incidence greater than the ¢ Y

Normal refracted — instead the ray is entirely refl
e known as total internal reflection.

b

%
i

4

T

i

The angle of reflection is always equal to t

Reflected ray
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From this angle, the surface of the water acts as a mirror because of
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Total internal reflection is useful because it is possible to reflect rays of light alo .
known as optical fibres — without any of the light leaving the tube.

e Qptical fibres can be used to send information, such as phone or internet ¢
* Optical fibres are used in keyhole surgery in medicine, to see inside parts of.;
be difficult to operate on. One bundle of fibres provides light through a narr:
second bundle carries the reflected light back to be displayed on a monitor.i}
what they are doing on the monitor. .

road safetyreflectors, such as the ones a
 series of prisms, which are designed to reflect light b

Total mtemal rm‘iec

Refraction of Light Questions

1. Copy and complete the phrases using some of the following words.

absorbed boundary critical denser di
less dense normal reflected reflection re
total internal reflection

occurs when a wave passes from one mey

m into another.
the wave to change

If the wave is passing _medium to a one, it

angle where the whole wave is deflected a

occurs at the boundary.

2. When is the only time that a wave travelling across a boundary will n:;

3. Explain how total internal reflection can be useful a) in medicine, b) i

4.  Group Activity: On a poster, present a series of diagrams which expl
occurs. Describe a real-life application which uses this.
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Refraction of Light Questions

1. Complete the phrases using some of the following words.

absorbed boundary critical denser
less dense normal reflected reflection
total internal reflection

occurs when a wave passes from one medium into

causes the wave to change

If the wave is passing from a cedium to a

4. Group Activity: On a poster, present a series of diagrams which expla:
occurs. Describe a real-life application which uses this. .
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Lesson Plan 10: Investigate Waves: Lense

Learning Aims

All students should: Describe, using diagrams, the refraction of lighté

Most students should: | Describe how different types of optical lens can 5

Explain how the eye lens focuses light onto the

Some students should: ;
can correct simple eye problems.

Keywords: lens, convex, concave, focus, st

Starter
Provide stz
notice abo! .

concave lenses.

2. §Lax,Useray diagrams to demonstrate the functions of convex and .
7 beneficial for students to copy these diagrams down themselves.

3.

4.

5. §s% Answer Questions 1-4 from the pack.

6. Elicit answers during class discussion.

Plenary -
4 Light Focusing experiment: Students shine light from behind a simpl¢.
form a sitlhouette on a “screen’ (sheet of white card or paper). They ¢
image more into focus by placing a lens (or more than one) in betweex§

Convex and Concave Lenses “Splat”=: 5 1t into two groups, ea
stands by the board. Teacher w *and concave on the board, re
which the answer is eith: concave’. Students must advise th
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Lenses and the Eye

Lenses

A lens is a medium which refracts light to create an image. The purpose of a lens:

certain point to create a clearer image.

Our eyes already contain natural lenses which focus light rays for us. Lenses can
vision or in devices such as magnifying glasses and cameras.

Types of lens

The two basic shapes of lens are convex {convergi tizave (diverging) |

" Focal point ™

Direction of light

Convex lens

Concave lenses are designed to make

parallel rays diverge away from each _ \,.. .
other, so that they appear to have come
from a single point behind the lens. To Focal point
do this, they have surfaces which curve | | e
inwards like the one shown. e

Diverging lenses are primarily used to T d
correct short-sightedness.

Concave

The power mount of refraction it causes; different lenses must
for differen{etsy \auon The power of a lens can be increased by using a more
lens with a more highly curved surface.

Did you know?
When someone goes to the optician for a new pair of glasses, the optician is
correct power by find out how much their eyes need refocusing.
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Correcting Vision

Our eyes work by using a lens to focus light onto the back of the eye (the retina) -
to our brain. However, sight defects are very common and are usually caused by
front of or behind the retina so that the images we receive are out of focus. This
is the wrong length, or because the lens is unable to focus an image in the corre

These defects can be easily corrected by placing a corrective lens in front of the

Short sight is caused by the eyeball being too lang,

or the focusing power of the lens being to
Images of distant objects are focugs
front of the retina, meani
the retina is oy

By placing a a“:' ve lens in front of the eye, the
focusing power of the eye lens is slightly
counteracted and images are focused slightly
further back onto the retina.

e

Uncorrected:;

Long sight is caused by the eyeball being
too short, or the focusing power of the lens
not being strong enough. Images of close

objects are focused slightly behind the

retina, meaning the image detected at the
retina is out of focus.

By placing a convex lens in front of the eye,
the light rays are converged slightly before
reaching the eye, so the eye lens does i}
have to be as powerful. Imag
slightly further forward

Uncorrected ¢

Teaching Pack for BIEC Applied Science Level 2 Unit 6

Page 60 of 100

R

A
\“,\\

\\\
\\ \\
&\\m

s
§ '

\

i

/////////@
”%f//

R

&\\\\\\\\\\\\X‘k

\\

"\\
\\\

Hemw

\\\

i,
’?/f//

s

.

B

//

%
7

i

\\.\\\\\\'

\\\\\

\\\*\

\\\\\\\\\

COPYRIGHT
PROTECTED

9

QQ

Education




Lenses and the Eye Questions

1. Copy and complete the phrases using some of the following words.
e
\\\\\\\

\\\

\\\\

concave converge convex curved
long reflective refractive short

lenses refract parallel rays so that they converge. They are
lenses refract parallel rays so that they

lens can be made more powerful by using a more

Z/////

i

iy

&\\\\\\\\\\\\X‘k

R

2. What are the two possi short sight?

)

\

\\\\\\\
-

 of a lens can you increase in order to increase

S
é”//

4. Expiah{fﬁow different types of lens can be used to treat short sight an

"\\
\\\
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Lenses and the Eye Questions

1. Complete the phrases using some of the following words.
e

concave converge convex curved d \\\\\\\
long reflective refractive short ’ \\\ G

\‘\\\ \\\
; W e £

lenses refract parallel rays so that they converge. They ar: s
. p y y 8 y \\\§
sight. lenses refract parallel rays so that they s
FE R

sight. A lens can be made more pow by using amo

\\\\

2

making the shape more

k7

&\\\\\\\\\\\\X‘k
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Lesson Plan 11: Investigate Waves: Sou

Learning Aims

Describe the importance of a medium for the tr

All students should: :
students shou through a variety of substances for applications;

Describe the propagation of sound waves, incl

Most students should: )
rarefaction.

Some students should: | Explain how sound waves can be applied in eve

Keywords: sound, longitudinal, compressi

Starter
Review of iz

1. & Introduction to sound waves and properties of longitudinal wa

2. Demonstration of longitudinal waves: Use a Slinky spring to d
waves travel via compressions and rarefactions.
3. =¥ Explain concepts of wavelength, frequency and amplitude, and

them.

4. Write example problems on the board for students to solve using thi
during class discussion.

5. > Discuss why sound needs a medium through which to propag
quickly through solids and liquids than through air.

6. Yoghurt Pot Telephone experiment: Students can make a basic
pots by tying a string between the bases of the pots. By holding
should be able to use the pots to hear each other across the clas

7. s =% Discuss applications of sound waves ones previousf:%??

Light and Sound".

observe the effects of pitch and volume of a note on an oscilloscope.
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Sound Waves

Sound waves are waves which transfer sound energy by vibrating through a me R

in our ears as sound. Sound waves cannot travel in a vacuum —they rely onam \\\\:\E\
propagate), so that the vibrations can be passed from molecule to molecule. \\\\
Rarefaction Compression \\\\\N \\\
S
§ T
Sound waves are longitudinal § \§ \\

waves, which mearis they
oscillate parallel to the
direction of propagation. A
longitudinal wave pushes the
air together to form
compressions gad »
to form rar 11
directiori of w

\\\.

/////////@
%

&\\\\\\\\\\\\\
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’?/f//

A
N

Wavelength
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A sound wave has wavelength, frequency and amplitude
—but it is not easy to understand and describe amplitude
when looking at a longitudinal wave diagram like the one
above. However, if you play a sound into the
microphone of an oscilloscope it will show it in the form
of a transverse wave, like the one shown.

COPYRIGHT
PROTECTED

‘wave: its wavelength, ft
tween any peoint on a wave and
dentical areas of compression or rarefa

Now it is easierto look at the three elemen
¢ The wavelength of a wave is th.
example the distancs

9

The frequency ofa sound wave determmes the pltch of the sound. A soun
produce a high sound, while one with low frequency will produce a lower
® The amplitude of a wave is its maximum displacement from its undisturbe
The amplitude of a sound wave determines how loud the sound is. A soun
will produce a loud sound, while one with small amplitude will produce a qu
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We can use the wavelength and frequency of a wave to calculate its speed:

v=fxa SR
- s
where: Vv isthe wave speed, in metres per second (m/s) \\\\\
[ is the frequency, in Hertz (Hz) i
\‘\\ \\\
A is the wavelength, in metres (m) \\\\ i
The medium through which sound travels affects the speed of the sound wave \\\Q\\
through solids and liquids than through air. This is because the moleculesinas %3\\\“\%\\\\\\\\\%
so they can pass the vibrations on more quickly. @\\\\\\
- Bom
For example, the speed of sound in water i 5 ‘faster than in air. This § §
communications and also allows se iike whales to communicate quick \\\\\\\\\\\\\§
’ &\
Sound travels i wiick wall than through air —but the sound we h ~§\\\\\\\\\
because th 11 y reflected by the surface of the wall. § |
W \\\\\@
This partial reﬂect:on is useful in ultrasound imaging, where each reflection of S
boundary is between different types of tissue. \\\\\
y yp \\\
i,
Did you know? § \
Space is a vacuum, so sound waves cannot travel through it. If you tried to m X &
would hear it! Sound itself cannot be transmitted through space — it can only ks @\\\\\\
electromagnetic radiation and converted back to sound waves by a receiver. . \ \§
§ \\\\\‘\
S \\
\\\\
D Z: \l\\\\\
Sound waves are useful for a variety of applications. As discussed
Sound’, sound waves are used for ultrasound imaging and sonar —
used in the following applications: -

¢ Voice recognition is used by police and forensics analysts to ide:
their voice. Each person’s voice has a unique frequency spectr
called a speech signature. The police can use computer softwa
telephone call) to a person using their speech signature.
¢ Ultrasound can also be used to break up kidne
directed at the kidney stone, causing i
fragments. These fragments a
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Sound Waves Questions

1. Copy and complete the phrases using some of the following words.
e

amplitude compression frequency liquid long: \\\\\é\

rarefaction transverse vacuum wavelength \\\\\
\‘\\ \\\
Sound waves are ; they travel by creating areas of compres \\\\ .
. , . SN
medium. Sound waves cannot travel in a . \\\\\\E
o \§
The higher the of a sound wave, the highes Py
a & i
the of the sound. § |
=
2. A wave hasa fr z and a wavelength of 7 m. Calculate { s
s S . = \ W
A Faveis T g ' 3 - "":.‘> e B \ \‘\§
3. Asoule ravels through air at 340 m/s. If its wavelength is 17 s \\\\\\@
the wave: : =

- \\\\\

4. If a sound wave has a very small amplitude but a high frequency, hov il

. _ i
5. Sound travels almost five times faster through water than it does thr § \\\

. . 5 S
6. Name four applications which use sound waves. For each one, explait §~\\\\ \\\\
important role in the application. \@
\\\\

\\\*\

\\\\\\\\\
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Sound Waves Questions

1. Complete the phrases using some of the following words.
e
R

\\\\
\\\

\\\\ \\
\‘x\\\\\‘\

. . =] S

through a medium. Sound waves cannot travel in a . St
= \“\‘\‘\\“\\\‘\‘\\ﬁ

B

\\\\

amplitude compression frequency liquid long
rarefaction transverse vacuum wavelength

Sound waves are ; they travel by creating areas of comprg

Z/////

The higher the of a sound wav

i

iy

higher the of the sot:
&\\\\\\\\\\\\X‘k

\

\\\\\\\
-

"\\
\\\

Hemw

\\\

.................................................................................................................... \\\\\\\

\\\\\

.................................................................................................................... \\\\\\\ﬁ\

R

2. A wavelas yot 50 Hz and a wavelength of 7 m. Calculate 1

e
4/”//

3. A sound wave travels through air at 340 m/s. If its wavelength is 17
the wave.

s

y, A

///’

k-

4. If a sound wave has a very small amplitude but a high frequency, ho

/

//'//
S

/

5. Sound travels almost five times faster through water than it does thr

6. Name four applications which use sound waves. For each one, expl
important role in the application.

1
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Assignment C: Light and Sound Waves

Learner's name:

Start date: | Deadline: | D

Light and Sound Waves

Scenario
You are working at a science museum. You are asked to write an article for th
medical applications of light via reflection, refraction and total internal reflect

Your manager then asks you to coniribute to an e ound waves, by

Task 1
Write an a;
1. For me! ot
demonstrate how waves are reﬂected
Ultrasound imaging is a good example of a medical application which relie

2. For medical applications that use refraction or total internal reflection, s
and total internal reflection in a prism to aid your explanations of how th:
Optical fibres are a good example of a medical use of total internal reflecti

3. Describe the different ways in which lenses and mirrors can change the d
Include mirrors and lenses which are both convex and concave in shape.

4. Relate these processes to their uses in additional medical applications, su
provide.

Task 2

Your poster should include:

1. An explanation of how reflection of sound is used for techniques such as
Relate the way sound is used for ultrasound imaging and sonar to the way

2. Discussion of how it is vital for sound waves to have a medium to travel ti:
this in certain applications.
Describe how the medium affects the way in which sound travels. Include e,§
e.g. air, water, wall partitions, etc.

ate.

3. An explanation of the way in which sound v
: Cand travel via compres,

Refer to the fact that sound waves &
explanation.

nefits of sound waves for medical applicat
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Learner’'s name: Start Date: S

Learner’'s declaration: \\\\:}\\
| certify that the work submitted for this assignment is my own. | have clearly refer; \\\

work. | understand that false declaration is a form of malpractice. \m\ \\\

e §

Learner's Signature: Date:: \K\\\\\\%

g £

Learner’s comments for the assessor: \“\‘\‘\\@‘\\%

3 \

da

o

=

&\\\\\\\\\\\\§

Teacher’s/assessor’'s s

ﬁ Marking Criteria & o

3
Task: | Criter’ Learner must: = \\\\\\
Describe, using diagrams, reflection and refraction of light for .

\@\
simple applications. -
1 2C.M5 | Describe how lenses and mirrors can affect rays of light. -

Explain how reflection and refraction of light can be used in

2

. &
2¢.D4 applications. . \§ §
2C.P8 Describe the importance of a medium for the transmission of scw; \\}\\\\\\\\

waves through a variety of substances for simple applications. % §
2 2¢.M6 Describe the propagation of sound waves, including compressmz{ \\\\\@“

) and rarefaction. s \\

2C.D5 Explain how sound waves can be applied in everyday uses. N
-
5 g

Summative feedback: \\\\

Date assessed:

Internal verifier's name:

Internal verifier's feedback:

COPYRIGHT
PROTECTED

If a learner hogaar 2 criteria, they can be assessed on the Level:
1C.7 | De: 11 sivy diagrams, reflection of light in plane mirrors for simple api:
1C.8 0w sound is reflected for simple applications. -
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Lesson Plan 12: Investigate Electricity: El

Learning Aims

Understand the meanings of common circuit s

All students should: . o
Measure currents and voltages in electric circu

Most students should: | Calculate resistances from measured currents

Analyse an everyday life situation in which the
15 not constant.

Some students should:

Keywords: current, voltage, potential differe irice, chmic, non-o

Starter

Review of g . Provide students with a table containing all

know — stt 1}. ust fill in the name of the component each symbol rep
S

Main
1. Review table of circuit symbols and discuss.

2. - Introduce ‘new’ circuit symbols — thermistor and LDR — and br
cach of these components.

3.  §a% Discuss current, voltage and resistance (this can be treated as rev
Science unit 3 — Energy and Our Universe, but will help with the new:

4. Introduction to Ohm’s law, and ohmic/non-ohmic conductors.

5. . Introduction to current-voltage graphs, and comparison of grap:
wire/resistor and a filament bulb. -

6. Current vs. Voltage experiment: Students investigate the effect

current through a) a resistor, b) a filament bulb, by controlling t;
power supply and using a voltmeter and ammeter to take readi
respectively. Students then plot current—voltage graphs of the r

relationships they find (i.e. ohmic or non-ohmic). -

7. §a Answer Questions 1-3 from th

8. Elicit answers duri

Plenary
Discuss 1‘€S-o Of current vs. Voltage expenment with students. Discuss
do not obey Ohm’s law.
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Electric Circuits

An electric circuit is a complete circuit of electrical components, connected by

Current flows around the circuit when voltage from a power supply is provided. -

Electric circuits can be represented in the form of circuit diagrams.

Circuit Symbols

The symbols shown below are some of the most important circuit symbols use
components of the circuit. You will need to be familiar wi e symbols so thg
of your own.

Circuit Symbol

Function ofi

Pushes charge around a
flows. Current always flo
cell round to

Connects or disconnects t

Filament lamp Emits light wh .

Limits the current that flcu

Resistor .
ci
Ammeter Measures current flowin
Voltmeter Measures voltage
Melts and disconnects the &
Fuse
a set ai
m Thermistor Varies resistance accc:

o .
TN LDR {light-dependent o
' Varies resistance dep
resistor)
Current
An electric of charge around a complete circuit. Current will onk

: ,latectricity —maost of these are metals. The current in a circuit

the circuit witi electrical energy.

Current will only flow in a circuit if it is complete and has a power supply. If any .

there is no voltage supplied to the circuit, the current around the entire circuit

Current is measured in amperes (also called amps, A). The current at a particular§§

using an ammeter. The ammeter is connected in series at the relevant point in
passing through it in amps (A) or milliamps (mA).
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Voltage

The voltage across a component is the amount of electrical energy transferred t

charge that passes through it. The higher the voltage, the more energy the comg: i

- e
The voltage of a power supply is the work done by the power supply on each un \\\\\
around the circuit. The higher the voltage of the supply, the more energy it pro e
\‘\\ \\\

b

Voltage is measured in volts (V). The voltage across one or more components i

voltmeter. The voltmeter is connected in parallel across a component and reads: \K\\\\\\%
millivolts (mV). \“\“\“\\“\Q\“\‘\\i
= i
In the UK, the mains power supply in our homes provides age of 230 V.
\ \
oy
Resistance \\\\\\\\\\\\%
The amount of current ths Sugh a component depends on the resist S
-~ S o y 1 S € i > 3 \'\\\
greater thcaT e 'nponent, the less current is able to pass through §\\\ \
measured i or kilohms (k Q). \ \\x
For a given voltage, the higher the resistance, the smaller the current that flow \\\\\\\
are all related by Ohm’s law: ol
V =IXR @‘\\\\\\\
& =
h Visvolt i Its (V § §
where: is voltage, in volts
. ge, (V) @\\\
lis current, in amps (A) = % o
R is resistance, in ohms (Q) \@
V o
NB: This equation can be rearranged as I =— , to find current, or R = W \\\
R \\\\\

\\\*\

\\\\\\\\\

Did you know? -
When an electrician wires up a circuit in a house, they have to make sure the cii:
a fire hazard. The more current that flows in a wire, the hotter the wire gets — si
resistor in the circuit to reduce the amount of current that flows. -

\_

Ohm’s law states that this relationship bety
at constant temperature. Electrical
conductors.

voltage, current

which follow tk COPYRIGHT

PROTECTED

However, ents do follow this rule. For example

b

9

bu b‘ isa non-ohnuc Conductor

QQ

Education

You can analyse an everyday example of a non-ohmic conductc:
taking measurements of current through it for different voltag
current—voltage graph (as shown below). A non-ohmic conducti;
K voltages, but the graph will change as the voltage increases. .
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Current-Voltage Graphs

Current—voltage graphs show us how the current through a component varies w
component. b

A
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\\ \\
&\\m

s
§ '

\

Current (A)A

A wire in anelectric circuit is
50 the cuzrent—voltage graph
relationship, in

i

/////////@
”%f//

~~~~~~ : — resistoris also ohmic at con: m\
T voltage graph also looks like t *\‘\*\‘\*\‘\*\‘\‘\‘\‘\‘\‘\‘\‘\\
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At low currents, a filament bulb is roughly ohmic. However,
we can see on the graph that as the voltage is increased,
the graph starts to curve because current is not increasing
at the same rate. A filament bulb is a non-ohmic conductor.

This is because as the current through the bulb rises, the
temperature of the filament wire rises. As the temperature
rises, its resistance also rises — restricting the amount of
current that flows.
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Electric Circuits Questions
1. Copy and complete the phrases using some of the following words (
once). R
R
\\\\
current filament bulb fuses Hooke's \\\
Ohm's power resistance resistors \\\\\ \\\
voltmeter \\\\ e
S
5
law states that at constant voltage and a g
Components which obey this rule are called conductors. Th By
SE
Components which e rule are called -
non-¢ through it increases, because its temperature §‘“\\\ \\\
%
s; \\\\\\\‘\
2. a) Whena currentof 2.7 A passes through a bulb, its resistance is 3 ¢ \\\\\
= \
difference across the bulb. . o
b) The current increases to 5 A; the potential difference across the bt
resistance of the bulb now? %\%\\\\\\\\\\\\
3. Sketch the current—potential difference graphs of a) a resistor, b) a fila; \\\\\M’\\\

//'/

//

whether the component is an ohmic or non-ohmic conductor, giving

/

\\\\\

\\\*\

\\\\\\\\\
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Electric Circuits Questions
1. Complete the phrases using some of the following words (words may. |

current filament bulb fuses Hooke's
Ohm'’s power resistance resistors
voltmeter

law states that at constant

voltage and

proportional. Components which obey this rule are called

wires and

Components which do le are called

MOTE Tl through it increases, because its tem

2. a) When acurrent of 2.7 A passes through a bulb, its resistance is 3 .
difference across the bulb. -

b) The current increases to 5 A; the potential difference across the b
resistance of the bulb now?

3. Sketch the current—potential difference graphs of a) a resistor, b) a filas
whether the component is an ohmic or non-ohmic conductor, giving t

a) e
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Lesson Plan 13: Investigate Electricity: Series an

Learning Aims e

R
Describe, using diagrams, how to build series \\\\
All students should: § Clag . ) = -
Measure currents and voltages in series and pat: &
i § \\\
. . T e
Most students should: | Calculate resistances from measured currents \‘&\\\\\‘%
- - - i
Use information about a parallel circuit to cal \\\\_
Some students should: | | . ) . I
through or resistance of a particular appliance BoE o
%@&\\\
Keywords: current, voltage, resistance, ser? § §
g
NB: The section "Series and P ‘ \
Unit 3 — Enerca » .
— Eneroa N
help stude - § \§
- - s
Starter \\\\\\
Review of previous work. Solve problems related to current, voltage and .
discussion. -
W
&% Discuss rules of current, voltage and resistance in a series circui; @\\\\M\\\
4 \ \\
=%, Demonstration on the board using worked example in the pack:. \\\ \\
=" students to solve themselves. x\\\\
o
3.  Elicit answers to examples during class discussion. \\\\\
4. = Discuss rules of current, voltage and resistance in a parallel Clrc
5. &@f Demonstration on the board again using worked example in t
=" examples for the students to solve themselves.
6. Elicit answers to examples during class discussion.
7. Investigating series and parallel circui COPYRIGHT
ways of connecting two filamentJaing | resistor in a circ
connecting in series ang . In particular students shou PROTECTED
brightnesses of, ‘when connecting them both in series a
8. aestions 1-5 from the pack.
9. Elicit answers during class discussion. ‘
g
Plenary Education

Properties Match: Create a list of properties of either series or parallel circy
into the correct category. -
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Series Circuits

N

These two bulbs are connected in series.

In a series circuit, all the components are linked in a
single ‘loop’.

Series circuits have certain rules regarding voltage,
current and resistance.

In a series cCizaa rrent flows through each component.

circuit.

In a series circuit, the total voltage provided by the supply is shared between
The voltage of the cell is the amount of energy it transfers to each unit of charg
round the circuit, it transfers this energy to all the components in the circuit be
Therefore the total energy held by each unit of charge is shared between the co:
If one of the bulbs has a higher resistance, it will receive more of the energy and
across it than the other bulb. -

For cells connected in series, the total voltage is the sum of the voltage of each::
If another cell were added to this circuit alongside the first one, each unit of ch
the first cell and then more energy from the next cell. The total amount of ener,
energy it receives from each individual cell. Therefore the total voltage is the sur::
cells.

Resistance in Series Circuits

Teaching Pack for BIEC Applied Science Level 2 Unit 6 Page 77 of 100
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Worked Example
An electrician sets up two bulbs in series with three identical cells as shown. Thei

measured as 8 V and 19 V as shown. Calculate the voltage supplied by each cell. N—

A
\“,\\

\\\
\\ \\
x‘&\\w\

s
o

\\\\

+! -

prad
ey

:::::EEW//}E:::::::::
V////

i

k7

&\\\\\\\\\\\\X‘k

\

\\\\\\\

e The total voltage provided by the supply is shared between the components.é -
be equal to the sum of the voltages of the bulbs. 8V + 19V =27 V. \\\\\\\
® The 27 V voltage is provided by 3 cells — if they are all identical, then each ¢

voltage—so 27V /3 =9 V. \@x\\\\

\\\

R

e
4/”//

///////fffﬁ
K

The ammeter gives a reading of 5 A. Calculate the resistance of each bulb.

/

//'//
S

v
e R= 7 . We know the same current flows throughout a series circuit, so th

/

8V/5A=1.60Q.Theresistance of the 19V bulbis 19V /5A=3.8Q.

\\\\\

\\\*\

\\\\\\\\\
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Parallel Circuits

These two bulbs have been connected to the power
supply in parallel.

<M

In a parallel circuit, different components lie on different
branches of the circuit. The current in the circuit can
travel down either branch. Y

Parallel circuits have certain rules regarding voltage,
current and resistance — but they are different from
rules for series circuits. ;

A\

anch of a parallel WV

N

In a parallel circuit, the voltage across each component in parallel is the same
Each unit of charge still carries the same amount of energy, regardless of which
above, each unit of charge will pass through exactly one bulb — none will pass th
energy transferred from each unit of charge is the same for each component in

The total current throughout the circuit is the sum of the current through each
When the current reaches a junction, some will flow down one route and some
Therefore the current is split between the two routes.

The amount of current that flows through each component depends on the resi
resistance of one bulb is higher than the other, more of the current will flow thr
resistance.

If the voltage of a parallel circuit and the resistance of a component are known,

|4
will flow through that component using I = E
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Worked Example
Two resistors, R and R, , are set up in parallel with a 9 V power supply as sho

The ammeter reads 5 A. Calculate the resistance of R, .

1y
|
oV

N

|4
e R= 7; we know that voltage is the same across each component as the v

9V/5A=18Q.

R, has aresistance of 18 Q. Calculate the current flowing throughout the ci

\%
® Calculate current through R,: I = E; 9Vv/180=0.5A.

® Current flowing throughout the circuit is the sum of the current through eac

5A+0.5A=55A.

In a parallel circuit, each component receives the same amount of voltage that |t
connected by itself in parallel. This means that a pair of filament lamps connecte:
brighter than a pair of filament lamps connected in series with the same supply.::
i

]

e
e
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Series and Parallel Circuits Questions
1.

Copy and complete the phrases using some of the following words (m
once). .

ammeter components current parallel pow:
series voltage wire =
Ina circuit, the current is the same at any point. The

shared between the individual

A circuit has the same

provided by the The rcuit is divided betwé

that flows in each ¢nds on the of the componers‘és:sj

a) WS the total voltage provided by the cells? o
b) One resistor has a resistance of 5 Q; the other has a resistance of 7.}

of the circuit? 5
c) The current of the circuit is 1.5 A. Calculate the voltage across eac

Draw a circuit diagram of a bulb and a resistor each in parallel with a
a) The resistance of the bulb is 16 Q. Calculate the current through t:

e

)

a) i) Calculate the volt

b) .
ii) “Calculate the current flowing through ammeter A

iii) Calculate the current flowing through ammeter A, .

¢) Calculate the resistance of resistor R.

Group Activity: Draw your own circuit diagrams for certain simple a
how it is best to lay out the components (i.e. series or parallel).

Teaching Pack for BIEC Applied Science Level 2 Unit 6
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Series and Parallel Circuits Questions
1.

Complete the phrases using some of the following words (words ma .

ammefer components current parallel po
series voltage wire

Ina circuit, the current is the same at any point. The§
the is shared between the individual

A circuit has the same across cach

the amount provided by the
between branches — the amy

components.

tdiagram of two resistors in series with two 9 V cells.

a) What is the total voltage provided by the cells?

b) One resistor has a resistance of 5 Q); the other has a resistance of 7

of the circuit?

¢) The current of the circuit is 1.5 A. Calculate the voltage across ea

Draw a circuit diagram of a bulb and a resistor each in parallel with a

Teaching Pack for BIEC Applied Science Level 2 Unit 6 Page 82 of 100
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4. Two resistors are set up in series. A third resistor, R, is added in par

A

b)

Calculate the current flowing through ammeter A

iii) Calculate the current flowing through ammeter A, .

¢) Calculate the resistance of resistor R.

4 diagrams for certain simple
onents (i.e. series or parallel).

5. Group Activity: Draw your
how it is best to I ’

Teaching Pack for BIEC Applied Science Level 2 Unit 6 Page 83 of 100

o

&F 9%

—_—
v
T
S

i

F
s

%,

5

&\\\\\\\\\\\\%ﬁ

s

&

i
S

e

&

p
L
\\\\\\\\\\\

&

A

2

5

i
i

2

P
By

ff///

e

T

COPYRIGHT
PROTECTED

9

Education




Lesson Plan 14: Investigate Electricity: Therm

Learning Aims

Describe the use of a thermistor or LDR for an

All students should:
Investigate an application of thermistors or LD

Mathematically or graphically process the resu
thermistors or LDRs to draw conclusions.

Most students should:

Evaluate the investigation into thermistors or L

Some students should: | - Lo
to a real-life application.

Keywords: thermistor, LDR, resistance, tem At intensity, NTC;

Starter

Review of Drga s with class the basic functions of a thern

=¥, Introduction to thermistors. Explain how NTC thermistors respe\
and that this can be used in applications. .

* can be used in applications.

4. ;s%r Discuss applications in which an LDR could be useful.
5. &% Analyse and discuss the current—voltage profiles for thermistor
6. Investigation into thermistors and LDRs: Students construct a s

NTC thermistor and a bulb and vary its temperature to see the
of the bulb. Repeat with an LDR, by varying its exposure to ligh:
on what this shows about the function of a thermistor and an L

7. Discuss results of thermistors/LDRs investigation with students. Disc
which a thermistor or LDR could be useful, based on the students” fing
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Thermistors and LDRs

Thermistors

S S

A thermistor is a form of resistor. However, unlike an ordinary resistor, a thermi
resistance varies with temperature. :

A negative temperature coefficient (NTC) thermistor decreases in resistance as
allowing more current to flow at higher temperatures. :

NB: There are giso positive temperature coefficient thermist
know about these for your BTEC course.

which do the op

NTC thermistors can be useful inann ich control or monitor temperat .
the thermistor can be use \phance directly, ¢r it can be detected
which controlegthe “iin the appliance.

Uses of NTCRESS

. Air—cand}f}'oning systems / thermostats
When the ambient temperature in a room changes, it will affect the resista
in resistance is picked up as an input signal by a control device, which altersi
accordingly.

® Temperature monitors in cars, e.g. for oil and coolant
Again, any change in temperature in the oil/coolant will change the resistan
is detected by a control device, which can give a reading for temperature ori
temperature is too high.

* Ambient temperature monitors, e.g. in a greenhouse or an incubator
These work in a similar way to ordinary thermostats — a change in ambient
resistance of the thermistor and a control device can interpret this change
a monitor.

LDRs

Another form of resistor is an LDR (light-dependent resistor). An LDR is
designed so that its resistance varies with light intensity.

The resistance of an LDR decreases as light intensity increases — allowing
more current to flow when itis mare exposed to light.

or monitor
tance of the LDR can
of the appliance, or as an input

LDRs are found in many everyday applications wt,
brightness of fight. Like a thermastor thesshitug
be used e|ther to darectiy affi
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Uses of LDRs

® Street lighting
As light intensity drops, the LDR’s resistance increases; at a certain point, th
will trigger a circuit to switch the street lamp on. When the light intensity risg
will drop again and the control device will switch the lamp back off.

® Burglaralarms
Some alarms can be placed in lit areas, where if a shadow is cast by a burgl
intensity. This changes the resistance of the LDR, which sends a signal to th
alarm. “

® Camera light meters
The light meter can use the resistance of the LDR as a measure of the light i
being taken. A control device interprets this as a me ment for the cam

e Solar lighting, e.g. in gardens and in road st
These work in the same way as st

phs for Thermistors and LDRs

Thermistors ‘:; DRs are both forms of resistor and so they are both ohmic con
constant temperature, the current flowing through them is directly proportiona;:
Their current—voltage graphs both show a straight line through the origin. :

Thermistors drop in resist
increases — so the highert
current flows through the

The graph shows how the
affected by a high temper
More current flows at hig
increases as temperature

The lower the temperatur
allows through and so the

h is an easier wayé
g temperature on:

Resistance (£2)

¥ k] <

Temperature (°C)
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LDRs drop in resistance as the intensity of light theyare |
exposed to increases — so the brighter the light that falls on
them, the more current flows. - "
..... E
e
The graph shows how the current throughan LDRis | \\\\\
affected by brighter light compared with dimmer light. \\\
More current flows when the LDR is more exposed to light, i ﬁ\\\\
so the gradient increases as light intensity increases. \\\ i
nE
. PN Y
The dimmer the light intensity, ‘fhe ‘le.ss currentthe LDR lets | @N\\S\\\\\ﬁ
through and so the more effective it is. = \ ;%
e
i
- e
i : 2= @&\\\
This graph is an easier way of showing the effect of \\\\\\\
increasing light intensity on the resistance of an LDR. = \\\
G
w
[ \‘\\
o i
\ \%
\\\\\‘\
. s \\
— \\\\
i
\\\\\\\\\\
D How to Evaluate an Investigation into Thermistors or LDRs

For your assignment you will need to draw conclusions from an in
or LDRs work. From these conclusions, you should be able to descr
which a thermistor or LDR could be used. In each case, you will ne
could be useful based on what you have found from your own wor

COPYRIGHT
PROTECTED

For example, the resistance of a th:
the relationship is, and from
\_ heat that you could g

s on heat — your
d be able to think of som
or for, and suggest improvement
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Thermistors and LDRs Questions
1.

Copy and complete the phrases using some of the following words:

current higher less light intensity
negative positive resistance resistor tem
voltage
The of a varies with temperature. If it has a
resistance will fall as its rises, allowing more to 1l

An LDR is also a form of

exposed to, the

List thre
important part of the application.

List four applications which use LDRs. For each one, explain why an
the application.

a) Sketch and label a current-voltage graph for a thermistor at a hig;

Explain what the graph shows.
b) On anew set of axes, sketch a current-voltage graph for an LDR
intensity. Again, explain what the graph shows.

a};)plicati()‘ns which use thermistors. For each one, explain w

Group Activity: Discuss the types of applications which may benefit
LDRs. Can you think of any new ideas that they might be useful in?
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Thermistors and LDRs Questions
1. Complete the phrases using some of the following words:

current higher less light intensity
negative positive resistance resistor te
voltage
The of a varies with temperature. If it has a:

coefficient, its resistance will fall as its rises, allowing ma:

An LDR is also a form of

it is exposed to, the

3. List three applications which use thermistors. For each one, explain w
important part of the application. -
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5.

6.

a) Sketch and label a current—voltage graph for a thermistor at a hi
Explain what the graph shows.

b) On anew set of axes, sketch a current—voltage graph for an LDR &

intensity. Again, explain what the graph shows.

Group Activity: Discuss the types of applications which may benefit

LDRs. Can you think of any new ideas that thev.zi nt be useful in?
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Assignment D: Electric Circuits, Thermistors

Learner's hame:
Start date: Deadline: : R
\\\\
= -
\‘\\ \\\
\\\\ §
s
Scenario \\\§
You are working for a company that produces electronic components for use in: -
thermistors and LDRs. Your first task today is to check the circuits that run inside N
A particutar product requires three light bulbs — you b n given the job ¢ §\\\\\
both series and parailel circuits and compiling o B &
oth series parallel circuits an piling § §
&
Your manager then asks you to vort on either @ thermistor or an K\\\\\\\\\\\\§
The report must include ¢ on of exactly how the thermistor respond S
ong with a number of suggestions for applicatio @\\
fivg applications which could be improved. & i
\\\\\\\\\\\\
;o
Task 1 \\\
1. Draw two circuit diagrams - one showing how you would set these bulbg
showing how you would set them up in parallel. Build these circuits to tey \\M
You could include photos of your circuits in your report as well - o i
p fy y P | -
2. Puttogether ‘test cards’ for each of the circuits, showing the current and | ey

/

//'/

through each component of the circuit. Test whether these values are coi: \ \:\\?
If. \\\\\
yourself. s \\
&
3. Use your current and voltage values to work out the resistance of each c: \\
Show the formulae you use and remember to give units. \\\\\\\\

4. Explain what a non-ohmic conductor is and explain why the filament b
To do this you will have to measure the current through one of the bulbs
Plot a voltage-current graph for your bulb and use your graph to find out :
law. Describe the effect this will have on the function of the toys.

Task 2 ;;
1. Introduce your report with a description of the basic function of your cop
for in an application. -

COPYRIGHT
PROTECTED

2. With your teacher’s guidance, set up
and voltage across, your compa
light intensities {for an

it which allows you
lings at a wide range of t
i data an the effectiveness of the ¢

A ir("\( K - 5
If time aif®ws, you could compare several different components and use y

best for a particular application.
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4. Conclude your report by summarising what your experiment has :;hown..E 5
them to explain how a real life application using thermistors or LDRs cou
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S

Learner’'s hame: Start Date:

Learner’s declaration: s

| certify that the work submitted for this assignment is my own. | have clearly refet: \\\\\\
. . . % \
work. | understand that false declaration is a form of malpractice. \\\\
& %\
Learner's Signature: Datei \\\ g
Learner’'s comments for the assessor: 5 s
\\\\%
. \
.
\\\\\\\\\\\
8
Teacher's/assessor’s name: i
R
Marking Criteria \\\\%\\\\\\\
|
.earner must: \ y
“Measure currents and voltages in series and parallel circuits. - i
1 2D.M7 | Calculate resistances from measured currents and voltages. \\\\
2D.D6 Analyse an everyday life situation in which the resistance of a -
) conducting wire is hot constant.
Investigate an application of thermistors or LDRs using primary: §\\\‘
2D.P10 & \\\
data. : § \\\x
2 2D.M8 .Mathe.ma"tical.ly or graphically process the results ofthg @\\
investigation into thermistors or LDRs to draw conclusions. : § .
2D.D7 Evaluate the investigation into thermistors or LDRs, suggesting \\\\\\\\\\
’ improvements to a real-life application. : b

=
G

&\\\\\\\

Summative feedback:

Date assessed:

Internal verifier's name:

Internal verifier's feedback:

COPYRIGHT
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If a learner has not met ria, they can be assessed on the Lev
1D.9 | Descy ms, how to build series and parallef circuits.

1D.10 | Ded f a thermistor or LDR for an application.
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Lesson Plan 1: Speed and Velocity
1.
2.

NSO w

Answers to Questions

Distance only has a size; displacement has both size and direction (distance
Velocity is speed in a given direction. It is the rate of change of displaceme
change of distance. The gradient of a distance-time graph represents speed
be stationary.

Distance = speed x time =5 m/s x 30 s =150 m

Speed = distance / time =250 m /100 s =2.5m/s

Distance = speed % time; time = distance / speed =80m/5m/s =16 s
Speed = distance / time (or gradient of line) =8 m /6 s mys (to2 d.p.)
a)

trewelled (m)

Phistance

¢ 5 10 15 20 25
Time taken (s}

b) Speed =distance / time (or gradient of line) = (280 — 40) / (15 -5) =240/
c) The car is stationary.

Lesson Plan 2: Acceleration

1.

Acceleration is the rate of change of velocity. An object is accelerating if it s
direction. If the acceleration of an object is negative, it can be described as d
The gradient of a velocity—time graph represents acceleration and the area
distance.

a) It is accelerating from rest, with constant acceleration.

b) It is moving at constant velocity

c) Itis decelerating to a stop, with constant deceleration.

u
(or gradient of line) = (6 — 0) / 12 = 0.5 m/s?

v
a) a=

Y—Uu

b) a=

¢) Distance travelled = area under line.

(or gradient of line) = (0 —4) /4 =- 1 m/s?, or deceleration of 1

this point its c;peed dramatically increases.
c) Sharp acceleration — the rollercoaster is probably rolling down a steep
d) Distance travelled = area under graph

Area=(0.5x 2 x 4) + (8 x4)+[(5x4)+(0.5x5x30)]+[(5x26)+(0.5x5»§f

Area=4+32+[20+75]+[130 +20] =281 m
e) Average speed = distance / time =281/ 20 = 14.05 m/s
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.
"éi e
£ o3 N
;"\ \“‘\\
5 20 \\
SN2 \\\\ \\\
i
U y v s i 5 S
3 2l 1 IR e s i
i} 3 e L." .\'.0 L0 @\\\\:\\\\\\2
Time taken {s) . RAR
b) The car is travelling at constant velocity § \\
: . . . . =
c) The caris decelerating to a stop celeration \ &

R

0)/10=32 m/s —
o SR

e) Dig ! ier'line ; \“\\%\\\\

52) + (5% 32) +((5 % 30) + (0.5 x 5 % 2)) + (0.5 x 5 x 30)

d) a= f{ (or gradiey;

P
//’

B = 2
= TX50 + 155 + 75 = 550 m \\\\\\\\
\\\
Lesson Plan 3: Conservation of Energy

1. a) Input: electrical energy Output: heat and sound energy {Q\\\\\\\\\\\\\
b) Input: kinetic energy Output: sound energy \\ &
: : % ¢

c) Input: electrical energy Output: light and heat energy x\\

/

S

d) Input: gravitational potential energy Output: kinetic energy

//’//
4//

2. Energy cannot be created or destroyed; it can only be transferred or conver

process is always equal to the total energy output. \\\ \\
Energy processes transfer useful energy, which is in the form we want, but x\\\\

usually as heat or sound lost to the surroundings.
1 2 2 2K-E.
3. K.E. =5><va ; Vo =——— =(2x900,000) /2,000=900 ©v=30m
m

\\\*\

\\\\\\\\\

4. a) 80]x80%=64]
b) Itislost to the surroundings as heat and a small amount of sound ener

2K

0) K.E.:%me#; m= L = (2x64)/(167)=128/256 =05

5. a) P.E.=mxgxh =75 x10x500 = 375,000 ] (375 kJ)

o . ., 2KE. ; _
b) K.szixmxv“; vy = ={2%375,000)/75=10,000 o

bt
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Lesson Plan 4: Energy and Braking :_
1. When a vehicle brakes, its kinetic energy is converted into heat and sound e
travelling, the more work needs to be done to stop it over a certain distance |

The stopping distance of a vehicle is the sum of the thinking distance and b

R

mee R
drugs affect the thinking distance, while the condition of the road, tyres and G
distance. The greater the speed of a vehicle, the greater both distances will be; \\\

2. a) Distance =speed x time =30 m/s x 25 =60 m QQ\\\%
b) Thinking distance s
c) Stopping distance = thinking distance + braking distance = 60 m + 35 m — \\\%

; d) Travelle@ ?ta §lox«fer speed o . o @\‘%\\‘\\\g

. a) Alcohol/drugs - slow down a driver's reaction time, increasing thinkin s e
Distractions, e.g. phone or radio — distract drized §\\
Visibility — poor weather conditions 3 der for the driver to: \\ §

thinking distance.

]
s
b) Read conditions = %
brake more e S
S
o Ped . \\ &
- S
Tyre condition — worn tyres do not grip the road as well, so the vehicle i s
increasing braking distance. \\\\
s \\\
Lesson Plan 5: Resultant Forces
. Every action has an equal and opposite reaction. A body resting on a table \§\ %\
experiences a reaction force from the table in response. X @
S,

A resultant force is a single force with the same effect as all the forces acting

/

//'/

object is in equilibrium; if it is stationary it remains so, and if it is moving i \ \:\\}
.. . S
A non-zero resultant force causes an acceleration in the direction of the forc \\\

\\\\\

Reaction force =5 N.
\\\*\

3. F=mxa =1,000kgx5m/s> =5000 N \\\\\\\\\

2. Thebook is at rest, so the reaction force must be equal and opposite to the w.

4. a) a:v u=(13—3)/5=2m/s2

b) F=mXa; m=F/a=50N/2m/s2=25kg

5 a) F=mxa_gxg«8m/s’ =32N.
b) W =mxg =4kgx10N/kg=40 N.
¢ 40N-32N=8N.

Lesson Plan 6: Forces and Work

1. When a force moves an object, it does work on ¢
more work is done.
A compressive force does work
of an object. If the obj
shape once the to

COPYRIGHT
PROTECTED

b) ; .
.. . _2KE | ig
C) ; Vi =———=(2x300)/20=30 v=5.48
m A, og
3. a) Tensile force i
b) Elastic potential energy - EdUCQ‘tiOﬂ
, 2K.E. )

0) K.E.=%mev2; v = =(2x30)/02=300 v=17.32m/s

m
d) Not all the elastic potential energy would be transferred to the rock; so
sound to the surroundings.
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Lesson Plan 7: Resistive Forces

1.

Lesson Plan 8: Reflection of Light and Sound
1.

Friction is a resistive force which opposes motion. In fluids it is more commé:
air it is usually called air resistance. -

Up to a point, friction matches the force applied to an object — this is known
limit, kinetic friction occurs.

A falling object reaches terminal velocity when its weight is balanced by r
Friction and the normal reaction force are both resistive forces which only ac;
both act against the force applied to oppose motion. -
a) W=mxg =(75kg+25kg)x10N/kg =1,000 N

b) At terminal velocity, forces are balanced so air resistance =1,000 N :
at first the frictio

When a force is applied to push an object across a surfac
and the object will not move — this is static frictionss
If the applied force is increased abov
force and the object will start to
An csbject rallmg throt

he applied force will
on experienced during its
rates due to the weight of the object.
upward resistive force known as the drag force.
rce equals the object’s weight. At this point the object
¥oed known as the terminal velocity. -

pomt
steady <

Light travels in straight lines. When it is reflected, the angle of incidence is &}
reflection. A plane mirror is a flat surface designed for reflection of light. A
Sound waves can also be reflected — this is known as an echo. Bats use ultraO"‘i§
surroundings, while ships and submarines use it in a technique called sonar:

Angle of incidence Angle of reflection
30° 30°
45° 45°
90° 90°

a) Virtual — the source of the light rays appears to be behind the mirror, a
Upright — the image is formed the right way up, not upside down.
Laterally inverted — the left and right sides of the image are reversed.

b) The image in a concave mirror would be upside down. 5
Rear-view mirrors in cars give the driver a view of what is happening behin; :
useful for this purpose because they provide a wider field of view — but they:
plane mirrors which provide an accurate image. .
Mirrors are also used at road junctions where a driver might not have full
mirror can provide a wide view of the junction from a different angle, showi
approaching.

Reflecting telescopes use mirrors to fo
used inastr onomv, since they ten

istant object. Ref
urate than refracting telesc

=3,750m
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Lesson Plan 9: Refraction of Light
1.

Lesson Plan 11: Sound Waves
1.

SANRLEE Y

Lesson Plan 1(: Lenses and th

Refraction occurs when a wave passes from one medium into another. The ¢
to change direction. -
If the wave is passing from a denser medium to a less dense one, it will be px
up to a critical angle where the whole wave is deflected along the boundary::
reflection occurs at the boundary. -

When the wave travels along the normal, perpendicular to the boundary.

a) Total internal reflection is used to send light along optical fibres. This
through a narrow incision into a patient’s body and receive images from
exactly what they are doing on a monitor.

b) Road safety reflectors contain a series of prisms, which are designed to &
of the source using total internal reflection. -

Convex lenses ref 'S 50 that they converge. They are used to
at they diverge, and are used to correct short sigh

¢ a more refractive material, or by making the shape mor
The even being foo long, or the focusing power of the lens being too great.:
Using a more refractive material, or increasing the curvature.
Short sight (or myopia) occurs when the eyeball is too long, or when the foci:
great. This causes images of distant objects to focus slightly in front of the re{
at the retina is out of focus. Short sight is treated by placing a concave lens ir: |
correct the extra focusing power of the eye’s own lens and focuses distant 1n‘
Long sight occurs when the eyeball is too short, or when the focusing power:

causes images of close objects to focus slightly behind the retina, meaning ths
out of focus. Long sight is treated by placing a convex lens in front of the e
divergence of the rays from the near object. This causes the image to focus

Sound waves are longitudinal; they travel by creating areas of compression ;
medium. Sound waves cannot travel in a vacuum.
The higher the amplitude of a sound wave, the higher its volume. The highe
pitch of the sound.
v=fxA=50Hzx7m=350m/s

v=fxA; f=v/A=340/0.17=2000Hz
The sound will be very quiet and high-pitched. ::
The molecules in water are much closer together than in air, so they can pass§
Sonar is used by ships and submarines to send pulses und which reflect::
them the positions of these objects around them .
Prenatal scans of unborn babies are do
boundaries are detected and
Kidney stones can be byt
kidney stege,

ind. The echoes of
form an image inside the body
wang ultrasound. High-energy waves of
bratt si:rongiy enough to break up into smaller

Each person s voice has a umque frequency spectrum (range of sound freq
The police can use computer software to match a voice (e.g. in a telephone
signature.
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Lesson Plan 12: Electric Circuits
1. Ohm’s law states that at constant temperature, voltage and current are dir
which obey this rule are called ohmic conductors. These include wires and
Components which do not obey the rule are called non-ohmic conductors. A

S
A

\\‘_‘\\

-
v s
b) R=— =22V/5A=440 \@k
! s
3. a) Ohmic - current is directly proportional to voltage. \\\i\\*

.

\\\\

non-ohmic as current through it increases, because its temperature rises an
2. a) V=IXR=27A%x3Q=81V

Z/////

i

iy

&\\\\\\\\\\\\X‘k

R

)

\

\\\\\\

-

\\\

\\\\\

\\\*\

\\\\\\\\\

S
'%’//

e

b) Non-ohmic — line curves as current rises, due to the increase in resistandi

////////’

B

currents/temperatures.

/

//'//
S

/
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Lesson Plan 13: Series and Parallel Circuits .
1. In aseries circuit, the current is the same at any point. The voltage provided:;
between the individual components. I
A parallel circuit has the same voltage across each branch of the circuit — eq s
power supply. The current in the circuit is divided between branches — the G
direction depends on the resistance of the components. - \\\
2 7
\\\\Q?
R
N\i‘\*
%@&\\\
& i
]
&\\\\\\\\\\\\E
P
) | \
b) \\\\
C) ? -
5Qresistor: V=15Ax5Q=75V \\\\\\
7 Qresistor: V=15Ax70Q=105V s
3, i
R
(. ()
12V \\@\\
\\\\\‘\\
\\\ \\
A
-
\\\\
L
Vv
a)y [ :E =12V /160Q=075A
b) Cugrent through resistor=375A-075A=3A
v
R=—=12V/3A=40 COPYRIGHT
d PROTECTED
4. a)
b) i)} 50=270 _
i) [=—=9V/270=033A(to2dp) 9
iii) 1=0.33A+0.5A =083 A Qg9
|14 ‘ i
Q) R=7=9V/0.5A=18Q Education
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Lesson Plan 14: Thermistors and LDRs :
1. The resistance of a thermistor varies with temperature. If it has a negative tef
resistance will fall as its temperature rises, allowing more current to flow. I
An LDR is also a form of resistor. Its resistance varies with light intensity. =
to, the lower its resistance and so the more current can flow through it. \\\\
2. a) LDR - light-dependent resistor \\\

\\ \\

b) NTC - negative temperature coefficient
3. Air conditioning systems / thermostats — the resistance of a thermistor will ¢

temperature and this can be sent as an input signal to a control device whiché \\x\i&:\%
conditioning. ; ; s
Temperature monitors in cars, e.g. for oil and coolant — again, the resistance; oE o
control device what the temperature of each fluid is Y
Ambient temperature meonitors, e.g. ina gre ar an incubator — similsy §\ \%
4. Street lighting — once the resistanc seaches a certain amount, a HoE

]
lights need sthchmg on. \\\\\\\\\\\\%E
Burglar alarms i § a shadow ina well-lit area, the LDR resist: e
will tely o set off the alarm. @*\\\\
Came: ymuters — the resistance of the LDR can send an input signal t \\ §
user ho™Sright the light is. - S
Solar lighting, e.g. in gardens and in road studs — simiiar to street lighting,. \\\\\\\

5. a) Current and Voltage are proportional so the thermistor is ohmic. More & S
R
\M\\
%
\\\\\\‘\
\\\ \\

\\\\

\\\*\

\\\\\\\\\

b) Current and voltage are proportional, so the LDR is ohmic. More curreré
SO re51stance of LDR must decrease as mten51ty rises. -

ent (A
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