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~—& Heat up blocks of different metals using an electric

4 Learning ﬁbjectives - ) _ m[q u|pmer|t & Appuratus

heater o ' . .
—=& Measure the mass and temperature of the block Me‘lf.l| blocks Thermomehr Ly Lﬂ;?mn
x1 copper
—p Calculate the work done by the heater x1iron :
—p Plota graph of temperature change against work x1aluminium .;-": .

done and use the gradient to calculate specific heat Insulation Pipette (for

\____capacity of the metal. | inks the decrease of the metal energy store Ke) material water)
(work done) to the increase in temperature and

Method: subsequent thermal energy stored,

1) Measure the mass of the copper block in kg. . .Bulun:a

2) Wrap the insulation around the block. r Heatproof mat

Stopwatch

Snfety Independent variable
Do not touch the block or . Time
henter Whﬂn hﬂt If burnt, Dependent variable
run area under cold water for
at least five minutes.

3) Place the immersion heater into the larger

hole of the block.

4) Connect ammeter, power pack and heater in series, » Change in temperature

Control variables:

5) Connect the voltmeter across the heater. Bk T e - Block materials
heatproof mat and allow . Current

6] Use the pipette to put a small amount of water . timefor equipment to cool . Voltage /PD

in the other hole. J before deconstructing. Thermometer Power

- Avoid water spills near
power supply - clean up

7) Put the thermometer in the same hole@
This will turn spills,
8) Set the power back to 12V. Switch it on. on the heater . Wear eye protection around

supply
4 Firt
series)
Immersion

9‘] Record the ammeter and voltmeter reudmgs. hetiwatar heater
10) Take the starting temperature reading and ﬂl’hase shouldn’t change Water— s Tleti!
start the stopwatch. oc!
'“] Rg:ord thg tgmpgrqturg REQUIRED PRACTICAL 1 ea'tprw[- \|n5u!a-ti0n
every minute for 10 minutes. SPECIFIC HEAT CAPACITY mat
s hecter in et o Condlusion
ﬁpawer (watts) = potential difference (V) x current (1) anmdﬂQﬁ “"William ‘t:lﬂ'ﬁ Type of IDean
13) Calculate energy transferred (work done, J) by the heater. tbgilter i’;i:ﬂﬁl:ia!s ave '::: (gfem?)
ﬁw::rk done (joules, J) = Time (seconds, S) x Power (watts, W) capacities. Using the density
values of the metals below ~ | Copper | 8.96
14) Plot a graph of temperf::ltrure ("C) against work done (J). ﬁnd the values ﬁf SPEC"F‘hc laminiaml 2,70
. 1@ o eat capacity that you have
15) Draw a line of best fit %e beginning of the graph may be curved calculated, do you agree with Iron 7.87
him?'

16) Calculate the gradient of the straight part of the gruph Example: No - copper has the highest density

of 8.96g/cm’ but the lowest specific heat
capacity of 385)/Kg/"C. Also, aluminium has

the lowest density of 2.70g/cm’ but the
lowest specific heat capacity of 913 J/Kg/'C.

5o, this hypothesis would be rejected as
QH results suggest the less dense materials have

eat capacity = 1/ gradient- g'ﬂ'le amount of heat energy (J) needed a higher specific heat capacities.

‘o increase the temperature by 1°C

13] Calculate the spemﬁc heat capacity of the copper block.

o Random errors
ﬁ;ier;;“a;n:;[]::it SPElelc heat » Some heat will dissipate into the surroundings

. capacity = s Insulation minimises loss,
increase the temperature Enerqy transterred (J) > Actual specific heat capacity is likely higher

et-iradumt = change in temperature rise (°C)

P work done (J)
CEHHE in x

1?] Calculate the heat capacity of the copper block.

Evaluation

of 1!{9 copper bﬂ 1°C mass (I"-S} X temperature change (°C « Errorsin measurements from ammeter,
. ‘s . voltmeter and stopwatch
19) Repeat steps 1-18 with aluminium and iron blocks. s & atdomn ater ta crleulate oraeay dis ectly
Type of metal block | Specific heat capacity (J/Kg/°C) - Human error of temperature reading
IE Copper 385 Systematic errors
I Aluminium 913 » Zero error - could occur if the ammeter and
D iron 500 voltmeter are not initially set to zero. 2




B Exam Style Questions - Specific Heat Capacity

1. What is the independent variable in this experiment? (1 mark)

2. State two control variables in this experiment. (2 marks)

3. Why is the block wrapped in insulation? (1 mark)

4. What measurements are needed to calculate power? (2 marks)

5. Describe how to calculate the energy transferred by the heater. (2 marks)

6. A student records a voltage of 12 V, a current of 2.0 A, and heats for 600 seconds.
Calculate the energy transferred. (2 marks)

7. A graph is plotted with temperature ('C) on the y-axis and energy transferred (J) on the x-axis.
What is the gradient of the straight-line section used for? (1 mark)

8. Give one source of random error in this experiment and how it can be reduced. (2 marks)

9. A student wants to compare the specific heat capacity of copper and aluminium using the same
method. Describe the method they would use and explain how they would ensure the comparison
is valid. Include how they would use the results to calculate the specific heat capacity. (6 marks)




— 1 . — .
E earning Objectives Equipment & Apparatus
IF Measure the rate of cooling of a beaker of hot N
D water that is insulated with different materials. . . | ;ismrs Piece of i
Use your results to plot cooling curves to S5x _l:'.'li'ge The Sx - c'c;rfnb;ﬂi:‘d{mr'l
determine which is the best thermal insulator. beakers rmometers %
Method: T 5% Small v
Sh P
1) Put the small beaker inside the larger beaker | 'Measuring EEe
beaker. cylinder  Selection of

B Stopclock Insulation material
Kettle (to e.g. cotton wool, bubblewrap

heat water) sawdust, polysterene balls,
newspaper

2) Use the kettle to boil water.
Put 80 cm’ of this hot water into the small

beaker. Safety:

3) Use a piece of cardboard as alid for the - Do not touch the beakers when hot - if skin is scalded, run
large beaker - there must be a hole for the area under cold water for at least five - ten minutes.
thermometer. + Keep the beakers on the heatproof mat and allow time for

) equipment to cool before deconstructing.
4) Put the thermometer through the holeinthe | .,/ eye protection around hot water.

cardboard lid so that its bulb is in the hot + If there is cracked or broken glass, inform a supervisor
water. immediately.

5) Record the temperature of the water and Thermometer -

start the stopwatch. —~—

L 3 )

\Cardbnard

6) Record the temperature of the water every
3 minutes for 15 minutes.

7) Record your results in a table. :e:ruu might find it easier Water
. . k
8] Repeﬂt Steps 1_6 Uslng :: ::I: :-fa?::h:lr baa ers Insu!atgr matErFa! Sma” bBBREr

(e.g. cotton wool)

REQUIRED PRACTICAL 2

THERMAL INSULATION P1
- DIFFERENT MATERIALS

different materials each time
to fill the space between the
small and large beaker.

Large beaker

Make sure you use the same
volume of water each time.

The shallowest curve
(material 1) is the material
which is the best insulator

Material used for insulation 3 because it takes the |C-I'138 st
Time (mins) No insulation I Bubblewrap I Cottonwool I Newspaper time For water temperature
Temperature (°C) () to r_a"
o] g
2
3 g
o -
6 g e
£
9 " “::::w.___‘
12 “1,.__‘
15 T
Change in
temperature (°C) Time (minutes)

® Material1l @ Material 3 @ Material 4
Random errors

- Some heat will dissipate into the surroundings ® Material 2 Material 5
= Make sure the hole in cardboard is a small as possible.

. Errors in measurements from thermometer Temperature fall is quicker at higher temperatures than

= Use a joulemeter to calculate energy directly lower temperatures
. Human error of temperature reading - When water temgerature is high, there is a greater
- Take repeated readings and obtain a mean. temperature ditference between it and room temperature,

» Read values at eye level. L
cimidmtailinchel delucivie so there is a higher rate of energy transger.

Independent variable

- type of material Systematic errors

Dependent variable + If the starting temperature of the water is different for each material, this will affect the rate
- temperature, T ('C) of heat loss - work in pairs to coordinate the starting of the stopwatch and point at which the
Control variables - temperature gets to the starting point used in the control.

volume of water, » Make sure only the top of the beaker is covered so energy is transferred through the glass.

temperature at the start, . A thermometer has a resolution of 1°C, a data logger connected to a digital thermometer 4
thickness of each material would get more accurate readings.



% Exam Style Questions - Thermal Insulation P1

1. What is the independent variable in this experiment? (1 mark)

2. Why is a lid with a hole used during the experiment? (1 mark)

3. Describe how you would compare the effectiveness of five insulating materials using this setup.

(3 marks)

4. A student finds that the temperature of the water drops fastest with newspaper and slowest
with bubble wrap. What conclusion can they make about the effectiveness of these two materials?
(2 marks)

5. Look at the graph. Which line shows the best insulator and how do you know? (2 marks)

i ® Material 1 ® Material 3
— ‘:"‘-.,_
ot '{:\.\:\"-1 @ Material 2 @ Material 4
S \\\K . '\_.-‘-
£ \.:\:"- - Material 5
3 R w e
T L .-
5 o, e
E \‘\:‘ ‘ - e
=3 L e S
E "‘-\,‘ = e
L b .
- -t

Time (minutes)

6. Explain why it is important to use the same starting temperature of water in each beaker.
(2 marks)

7. The student notices the thermometer readings vary slightly each time they insert it. Suggest one
reason why this happens and how it could be reduced. (2 marks)

8. A student finds that the temperature of the water drops quickly in the first 3 minutes, then more
slowly afterwards. Explain why this happens using ideas about temperature difference and
energy transfer. (3 marks)




Learning Objectives -

—& Measure the rate of cooling of a beaker of hot
water that is insulated with different thicknesses of
the same material

~& Use your results to plot cooling curves to determine
the effect of :hungﬂ, the thickness of the insulator.

Method:

1) Wrap two layers of insulating material
around the beaker, holding it in place with a
rubber band. Do not add insulating material to
the bottom of the beaker.

2) Put 80 em’ of this hot water into the beaker.

3) Use a piece of cardboard as a lid for the
large beaker - there must be a hole for the
thermometer.

4) Put the thermometer through the hole in the
cardboard lid so that its bulb is in the hot
water,

Safety

+ Wear eye protection around

5) Record the temperature of the water and

Stopclock
Kettle (to

Equipment & Apparatus
e T
5x

Piece of
cardboard with
a hole in (lid)

Scissors

“ Measuring m'& *
cylinder |nsulation material

e.g. cotton wool, bubblewrap
sawdust, polysterene balls,

heat water) newspaper

. Do nnt touch the beakers Inde?:::z:;:::ur;ﬂbh
when hot - if skin is scalded, A
material

run area under cold water
for at least five - ten minutes.
- Keep the beakers on the
heatproof mat and allow
time for equipment to cool
before deconstructing

hot water. \ J

Dependent variable
- temperature, T('C)
Control variables
- volume of water,
temperature at the
start, type of material

Thermometer

start the stopwatch. « Ifthere is cracked or broken ] b

6) Record the temperature of the water every 3

minutes for 15 minutes.
ETuu can use the ‘no
7) Record your results in a table. =

8) Repeat steps 2-6 using
adding 2 more layers of
insulation each time.

volume of water each time.

glass, inform a supervisor
immediately.

insulation” results from P1
for ‘O layer’ to save time.

REQUIRED PRACTICAL 2

e ol THERMAL INSULATION P2
- DIFFERENT THICKNESS

] \Cardbc-ard

Small beaker

""-Large beaker

Water

Insulator material

(e.g. cotton wool) ™~y

The curve for zero layers of

insulation has the steepest

gradient. As the number of

layers increases, the gradient

Random errors
» Make sure the hole in cardboard is a
small as possible to minimise heat
dissipation
« Human error of temperature reading
- Take repeated readings and
obtain a mean.
= Read values at eye level.

Systematic errors

» Make sure the starting temperature is the same
every time.

» Make sure only the top of the beaker is covered
so energy is transferred through the glass.

» A data logger connected to a digital

D thermometer would get more accurate

. readings.

Also, similarly to
temperatures than at

Material used for insulation (layers of bubblewrap) \ of each curve decreases at
Time (mins) O layers 2 layers 4 layers 6 layers . every interval.
Temperature (°C) E
v
- E
- §
""-\._'-\-‘-
& E .\.\\1 -
| = “\\‘ e
12 ‘:::-1.
15 -.
Change in temperature (°C) Number of layers of insulation
® 6layers @ 2layers @ 4layers @ O layers

More layers of bubble wrap increases. insulation increases which means

the temperature falls more slowly.
part 1. the temrerature falls faster at higher
ower temperatures.

Energy is transmitted by conduction. convection or
radiation. Comparing the time taken to transfer energy
from the inside from the house to the

environment by conduction helps us =

decide the most energy efficient materials

which are suitable and affordable for

different parts of a house. >
G4

It is essential to combine the knowledge of which materials
and thickness create energy efficient homes without being
so expensive to install it d%esn "t outweigh money saved

from energy loss. 6



% Exam Style Questions - Thermal Insulation P2

1. What is the independent variable in this experiment? (1 mark)

2. A student finds that the temperature change over 15 minutes is 16'C with 0 layers and 6'C with
6 layers. What does this suggest about the effect of thickness? (2 marks)

3. Explain why energy is transferred more slowly with more layers of insulation. (3 marks)

4, What is the purpose of using the same lid and beaker type each time? (1 mark)

5. Suggest one way to improve the accuracy of this experiment. (1 mark)

6. Why does the temperature drop more slowly when more layers of insulation are used?
(2 marks)

7. The experiment is repeated using water at 100°C instead of 80°C.
Explain how this might affect the results. (3 marks)

8. The student is told to repeat each test three times. Why is this good experimental practice?
(2 marks)

9. A student finds that the temperature drop between 0 and 15 minutes was 17°C with 0 layers,
12°C with 2 layers, and 8 C with 4 layers. They then add a 6th layer but find the temperature only
drops by 7 C. Explain why adding more layers becomes less effective at reducing heat loss.

(3 marks)




4 Learning Objectives - A

—+p Set up a circuit which can measure the potential ". Eqmpment & Apearatus
difference and current across a wire at different = P T4 Connét:tin
lengths along the wire. Voltmeter £ |e-ucg
—3 Calculate the resistance of different lengths of the - measure potential Ammeter T
wire and state the relationship between difference throughthe _ measure current
| resistance and length. resistors through the circuit
Independent variable - length of wire (cm) Metre ruler
Method: Dependent variable - resistance ((2) e
1) Set up a circuit Control variables ] || II E
according to this P et SO = Resistance - .

. - PD of power suppl 2
diagram: po PPY Crocodile 12V power supply

- source of potential difference

clips

E Resistance wire Ruler
Potential . .
Length o : .| Current | Resistance in
2) Connect a lead from the negative side of the Wiregin CFEI difference in in amps AR
ammeter to the crocodile clip (A) at the zero end of volts
the ruler. e.g. 100 120 0.16 7.5
Connect a lead from the other crocodile clip (B) to
the negative side of the battery. &g 90 Ll il 68
Use this lead as a switch to disconnect the battery eg.10 0.41 0.63 0.7
between readings. )
Safety Tips:

3) Decide the interval distance (e.g. 10em) you will R=
investigate and connect the first distance to be -
tested between crocodile clips A and B.

« Avoid touching the
resistance wire when
connected or hot; run any

4) Measure the readings on the burns under cold water for
voltmeter and ammeter at this REQUIRED PRACTICAL 3 5-10 minutes.

distance. RESISTANCE P1 + Keep liquids away from

equipment to prevent

Record in a table. - LENGTH OF WI RE electrical damage if spilled.

5) Move crocodile clip B and record the readings for
the different lengths of wire e.g. 20cm, 30cm etec. Random Errors
« Limit current flow to maintain consistent wire

temperature and resistance.
» Turn off current between readings to prevent
temperature-related resistance changes.

6) Calculate the resistance for each length of wire
using the equation:

ootential difrerence in V
current in A

resistance in () =
Systematic Errors

7) Plot a graph of resistance against length of wire » Ensure the first crocodile clip is at 0 on the ruler

and draw a line of best fit. to avoid zero error in length measurements.
Describe the relationship between resistance and + Check that both the ammeter and voltmeter
length. start from 0.

The longer the length of
wire, the higher the
resistance.

The graph may not pass through the origin due to
confounding variables that impact both the independent
and dependent variables, such as temperature affecting

c
" resistance.
¥ : — « Increased temperature raises resistance as the wire
8 Resistance is directly P
g | :
a proportional to length Longer wire lengths lead to higher resistance and
o as the graph gives a more heating.

straight line through To minimize confounding variables. it's best to take

the origin. readings quickly and allow the wire to cool before

i measuring again, though time constraints in class
UJ Length of wire (cm) often make this difficult. 8




.

=

0 Exam Style Questions - Resistance P1

1. What is the independent variable in this experiment? (1 mark)

2. State the equation used to calculate resistance. (1 mark)

3. A student tests 50 cm and 100 cm of wire. The current is 0.3 A and the voltages are 0.90 V and
1.80 V respectively. Calculate the resistance for both lengths. (2 marks)

4. Explain why the wire should be left to cool between measurements. (2 marks)

5. What is the relationship between length of wire and resistance? (2 marks)

6. A student plots a graph of resistance against length of wire. The line does not pass through the
origin, as expected. Suggest two reasons why. (2 marks)

7. Why should the wire used be the same thickness throughout the experiment? (1 mark)

8. A student finds that resistance is higher at longer lengths.
Explain this using particle theory. (3 marks)

9. Suggest one way to reduce random error when measuring current and voltage. (1 mark)




Learning Objectives -

—& Use circuit diagrams to construct circuits with qu.l Ipme“t & Apgaratus
resistors in series and in parallel o o J C ét‘l:'
—=& Measure the potential difference and current in Voltmeter onn |e,::§
circuits with resistors in series and then in parallel. - measure potential Ammeter - ——
Method: difference throughthe _ . o rrent W %
; seet od. A L—HI'I_@)_ resistors through the circuit | SWitch
) up @ cireur \, —_ . 12V power supply
according to this e batt
diagramin order to [—1 — — clips aln J ),
connect the circuit R, R, 210Q resistor . - Source =
for two resistors in Independent variable - number of resistors potential difference
series. @ Dependent variable - total resistance (1)

Control variables - Temperature of the resistors and

2) Switch on and record the reading of the potential difference of the power supply
ammeter and the voltmeter.

3) Calculate the total resistance of the series circuit. I In ser:IES: ; )
+ Resistance of combined resistors

4) Set up a circuit = sum of two individual resistances !_HH_@_‘
uccording to this diugrum ——-b\‘l_l'l |'|_®7 + Electrons, therefore the current, .
in order to connect the circuit ﬂ:wmmuth:?; ik i< soli ' 2
for two resistors in parallel. — * The potential di m..eme EREE Fon

R . across the two resistors. ey
5) Switch on and record the Combined resistance in series (R) = R,+ R,+ R,
reading of the ammeter and ’ Therefore. increasing the number of resistors
the voltmeter. ©® increases the overall resistance.

6) Calculate the total :

resistance of the parallel REQUIRED PRACTICAL 3 'Lﬁw can continue this
circuit. RESISTANCE ~ experiment by adding additional

resistors in series and parallel

7) Write a conclusion about - SERI ES AND PARALLEL to determine the effect.

the effect of adding resistors ..

i) In series -g?ou can check the value of the resistance of Riand Ry in either circuit by
i) In parallel V ) } ) S ) i
putting each resistor in the circuit on its own and recording the ammeter and
| voltmeter. The calculation R = V / | should = 1002

A
1l

ii. In parallel Svst "
» Combined resistance of resistors in I kH—® oSl

q 5 . . N « Check that the ammeter and voltmeter
parallel is less than if they were in series > . .
. ? are calibrated to zero before taking
because there is an extra path for the = di
- any recordings.
electrons (therefore current) to flow. - >
» Therefore, currentis split and more R,
charge can flow at once, giving a ®
reduced resistance. Random errors

A circuit in parallel is
advantageous because it
allows components to be affect resistance

mdw'dua"_a switched on and o Minimise current size through wire
_ 1% Off and if one component o Switch off circuit between
RS e stops working, they others readings of temperature reading
| can continue to work.

+ The potential difference across each
resistor will be the same as the power

supply or battery pd.

« Temperature of the wire can increase
when currentis applied which can

With the current (I) increasing but Do tential Current in
potential difference (V) staying the Resistor . . Resistance in ohms
same, the denominator in this diference in volts amps
equation is being split into larger Series 4,45V 0.22A 20.2
= parts, therefore the calculation
results in a smaller number, Parallel 3.94V 0.794 49

L_TCs)
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I Exam Style Questions - Resistance P2

1. What is the independent variable in this practical? (1 mark)

2. Describe the difference in current between a series and parallel circuit. (2 marks)

3. A student sets up two circuits: one in series, one in parallel. The voltage is the same in both.
Explain why the total resistance is lower in the parallel circuit. (3 marks)

4. What is the equation to calculate resistance, and how can it be applied in this practical?

(2 marks)

5. A student finds the total resistance in a series circuit is 9.0 Q and in a parallel circuit is 4.9 Q.
What conclusion can they make about adding resistors in parallel vs series? (2 marks)

6. Why is it important to use identical resistors in this practical? (1 mark)

7. In a parallel circuit, the voltage across each resistor is the same. Explain why this means the
total current is higher than in a series circuit. (3 marks)

8. A student adds a third identical resistor to a parallel circuit. Predict what happens to the total
resistance and explain why. (2 marks)

"



Learning Objectives -

—— Use circuit diagrams to construct appropriate

circuits to investigate the |-V characteristics of a =
variety of circuit elements: 1. a filament lamp, Voltmeter

2. resistor, 3. a diode, at a constant temperature. Resolution = 0.1V

Chciviy 1:

Lof
onnectlr‘lﬂ

Ammeter -
Resoll.ltlon = 0.01A "

Filame
Iump Variable resistor

Activity 1 (Filament lamp):

1) Set up acircuit
according to this

Resolution = 0.0050
diagram: ey, | :
2) Record the readings ., :
on the ammeter and voltmeter. 0 'Q., /N Two
Take three readings from the ammeter . & resistors '
to calculate an average current. *"J 12V power supply

3) Adjust the variable resistor
and record new readings on the

- source of potential
difference (battery)

ammeter and voltmeter. @ The variable resistor  [\oltage| Current I [Current I, [ Current ;| Average

4) Repeat this to obtain varies the potential (V) (A) (A) (A) Current 1 (A)
of readings for 8 voltages. di|'-|'-Erertce o5

5) Swap the connections /N'ﬂfehf TIPS= - .

on the battery/power supply =\, A\:'Dld touching the resistance _|
so that the ammeter is connected Independent variable - Potential RS ‘f"he" connec-tecl or hot,

to the negative terminal and difference, V especially under high voltages;
the variable resistor to the positive terminal. Dependent variable - Current, | run any burns under cold water

for 5-10 minutes.

Control variables - Using the same .
+ Keep liquids away from

wires and components

6) Repeat steps 2-4 with the battery reversed.
Readings on the voltmeter and ammeter equipment to prevent electrical
should now be negative. damage if spilled

7:] P‘Iot agra Ph of current REQUIRED PRACTICAL 4 . Switch off the circ.uit between

against potential difference. readings to prevent the circuit
) |-V CHARACTERISTICS Jrtwseishtobauy

8) Draw a line of best fit through

the origin - this is the characteristics  Actjvity 2 (Resistor) & Activity 3 (Diode):

f a fila tl .
bk The method for taking readings (steps 2 - 8) is the same as activity 1
1 and should be completed in succession. However, make sure 1ou set

4@ @Th’" origin of the ;5 eqich circuit correctly:
graph is in the Activity 2:

v middle of the | |- . swpﬁ“ S — P
paper because the battery back to
their original
there hare positions,

negative values. - Replace the filament

lamp with the
Note: the resistance at any point on the resistor. Activity 3:
graph is the inverse of the gradient of a line. i mpt;";'ﬁﬂds on “‘I'B bﬂt:ﬁf')"
; i i eir original positions.
;::Err; :::;}pomt of origin (not the gradient of Reduce syslemu.tic _:'_ IS bmtfw B ;"—‘h sty
errors by checking Qﬂlnlmls& the current through the diode.
that both the + Swap ammeter for the
ammeter and 9 milliammeter
Rondom Errors - yolimeter sar bl focbain s o curent g
+ Limit current flow to maintain | diode
:or':sistent wire temperature and Variable Resistor Yy 9 . Connect the extra resistor, P.
resisance. + The variable resistor varies the=S A ‘protective’ resistor to protect the diode.
» Turn off current between readings to potentml difference.
prevent temperature-related . If using a battery or power | ﬂ The diode behaves
resistance changes. pack with a single setting, the = different depending
» You cannot completely have zero variable resistor allows you to _®_ on the polarity of
resistance through the ammeter and change the p.d. from the fixed the power supplﬂ.
voltmeter, therefore readings will voltage. V
have some inaccuracies. - i you are using a 2l pack E
» Take three readings for each voltage with a dial, you can s'mF?IY =
to reduce anomalous results change the p.d. on the dial D 12



% Exam Style Questions - |-V Characteristics

1. What is the independent variable in this experiment? (1 mark)

2. What component is used to vary the potential difference across a circuit? (1 mark)

3. Describe the shape of the |-V graph for a filament lamp. (2 marks)

4. Explain why the filament lamp’s resistance increases as the current increases. (3 marks)

5. What would a graph of current against potential difference look like for a resistor at constant
temperature? (1 mark)

6. Explain why the resistance of the resistor remains constant during the experiment. (2 marks)

7. The student plots a straight-line graph through the origin.
What does this show about the relationship between current and voltage? (2 marks)

8. Why is there no current when the potential difference is negative in a diode circuit? (2 marks)

9. A student says, “The resistance of a filament lamp increases as current increases, but the resistor’s
resistance stays constant.” Use the |-V graphs to explain why the student is correct. (4 marks)
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d Learning Objectives - A
—» Activity 1: Use a ruler and a balance to determine
the density of a regularly shaped object
—P Activity 2: Use a displacement method to determine
the density of an irregularly shaped object
Activity 3: Use measurements of volume and mass
\ to deter mine the density of a liquid. y

Activity 1:
1) Measure and record

the length, width and
height of your selected objects.

2) Calculate the volume of each

DbjEd' Independent variable (IV) - Volume (type of sha |-"]

Dependent variable (DV) - Mass of object
3) Measure the mass of each object
using the digital balance.

4) Calculate and record
of each object using the formula

P= — density (kg/m’) = mass tk kg) j

- ~ volume (m?)
5) Convert g/m’ to kg/m’.

i
L—b—l"’

Evaluation
Random errors

+ Errorsin measurements of length of objects (incorrect
volume)
« Take multiple readings to calculate an average
» Dropping irregular objects from too high a height may cause
water to splash out, therefore the volume is incorrectly
determined.

Systematic errors
« Zero error - could occur if the digital balance is not
initially set to zero.
. Different balances may not be identically calibrated
Rounding errors
» Resolution of measuring cylinders may be different

Analysis - Explain the differences in
density between solids and liquids

E.g."The density of a substance depends on how
closely its Ear’uc!es are packed. In solids, particles are
tightly packed in a fixed structure, making them
denser. In liquids, particles are still close but can
move aruunj creating small gaps and lowering

Si._aped L(eng*)ch H{eug‘r;t \E-'idt:h \.Earug;e I“Ea-;»fa I{::ens density. For example, ice is less dense than liquid
oRyect em cm cmy | \em 9> |lg/em water because its particles form an open structure.’
Sphere ! tem = 0.0Tm —
Cylinder 50cm =0.5m -@Record results
Cuboid | | = as yougo)
EQUIRED PRACTICAL 5 [ e
. . . olume ot water a
ACtlvrtY 2- DENSITY Dependent variable (DV)-

1) Measure the mass of one

of the irregular shaped
objects.

2) Record in a table.
3) Put the displacement can

on your desk. Put an empty
beaker under the spout

\ Duplucemnl
&

Balance
-

Paper townh

. Beaker of
water

extra)

(&1 empty Mnummg

Mass of cylinder

Activity 3:
1) Measure the mass of the
empty measuring cylinder.

2) Record in a table.
3) Pour about 100cm’ of

wait until you see this stop.

4) Put a measuring cylinder that you think will give the most
accurate reading under the spout instead of the beaker.

5) Very carefully lower the object into the displacement can so
that it is completely 5ubmerged Collect all of the water that
comes out of the spout in the measuring cylmder

6) Measure the volume of the collected
water. This volume is equal to the volume

|-Make sure the can is
= full before adding the

the sugar solution into the measuring
cylinder. Record the volume accurately

4) Measure and record the mass of the
measuring cylinder and liquid. From this
calculate and record the mass of just the
liquid.

5) Calculate the density of the liquid.

6) Standard units of density are kg/m’. Use
the data above to calculate the density of the

of the object. object. otherwise the liquid in these units.
7) Calculate and record the density of the wan wil cur_rtmue -\:u_
object. fill. before it can spill
out!
8) Repeat the activity for some other objects. ":;f;ﬁf Volume o; ﬂiﬁi:’f | Mass of Dens«‘tiof
Remember to refill the can with water each time. cgrlnderslgj liquid (cm quid (g) liquid (g) {51'
Volume of liguid | Censity of irregular
Shape Mass (g) collected (cm®) shape (g/cm)
Eag Mass of liquid = Mass of cylinder with water - mass of empty cylinder
Crorstop IV - Irregular shape / mass M=,
Stone DV - Volume of water displaced B
=
114

L -




% Exam Style Questions - Density

1. What equipment is needed to measure the volume of a cube or cuboid? (1 mark)

2. A metal block has a mass of 540 g and measures 5.0 cm * 3.0 cm * 2.0 cm. Calculate the
density in g/cm’. (3 marks)

3. Give one reason why it is important to take repeat readings of length when measuring a solid.

(1 mark)

4. A student places a stone in a displacement can and collects 120 cm’ of water. The mass of the
stone is 300 g. Calculate the density of the stone. (2 marks)

5. When using a displacement can, explain why it’s important to wait until water stops dripping
from the spout before taking a reading. (2 marks)

6. A student pours 100 cm’ of liquid into a measuring cylinder. The mass of the cylinder is 50 g.
The total mass of the cylinder and liquid is 130 g. Calculate the density of the liquid in g/cm’.
(3 marks)

7. Explain why solids usually have a higher density than liquids, using ideas about particle
arrangement. (3 marks)

8. A student records the following data:
+ Mass of empty measuring cylinder = 60 g
+ Mass of cylinder + unknown liquid =180 g
« Volume of liquid = 150 cm’
a) Calculate the mass of the liquid
b) Calculate the density in g/cm’
¢) Suggest one source of error in this method and how it could be reduced (4 marks)
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" Learning Objectives - Investigate the relationship

. i Heavy weight
between force and extension of a spring.

- or G-clamp
) ) !
O - Metre |y -

A spring ruler . p/o
Splint and tape

Apparatus

1T

—#Hang different masses from a spring and measure the
extension of the spring for each mass used.

—PConvert mass into weight.

k—b‘USE your results to plot a graph of extension against weight. J

Safety goggles

Method:
1) Set our a ratus as in the diagram Independent Variable:
nlukingpsr;r: th;':u N I 19 ClamE Clamps and bosses . Foree, F (N)
* The ruleris vertical. g Dependenlt VuriiclHe: .

» The on the scale needs to be at the Sorin - Extension of the spring, e

as the op of the spring e Spring L":Of fi‘"\a —
* The splint is attached securely to the — ) -
bottom of the spring. Hela\;‘{--. e ¥~ Splint and tape « Spring I.:ISE{’ (spring constant, k)
+ Make sure that the splint is wel » Ruler alignment

« Initial length of spring
. Environment (e.g. no air
movement, stable temperature)

and that it rests against the scale
of the ruler.

2) Take a reading on the ruler - this is the
length of the unstretched spring.
Record this reading in your results table:

—Metre ruler

Safety precautions for the
experiment include:
» Wearing goggles protects

@A force that stretches or

e Length o Extension o . .
Weight in N 5.“""""% in ‘F'“ spring in ‘"E < compresses a spring does work, ::fii::_l-'e pring snaps

0.0 (No weight stack added) 220 0 storing elastic potential energy. Placing some soft material

10 (weight stack added) 250 30 Idf:he b below the apparatus catch
formed, the work done equals falling weights

2.0 280 o the stored en ergy. c Using alG CIC"‘I"IP to secure

the clamp stand to the desk.
REQUIRED PRACTICAL 6

- Avoiding excessive pulling
on the spring.

3) Carefully hook the base of
a 1.0 newton (1.0N) weight stack
onto the bottom of the spring.

This is the length
of the spring when
a force of 1.0 Nis

5) Add further applied to it.

weights. Measure and record the
length of the spring each time.

FORCE AND

e

EXTENSION AN
Evaluation
Random Errors

. Use a pointer, such as a fiducial marker to increase
the accuracy of the experiment.

- Repeat the measurements for each force three
times and calculate an average extension.

4) Take a reading

on the ruler.

.., The force, F added to
igithe spring is the weight

= of the mass, F = mg

Systematic Errors
» Ensure that measurements on the ruler are taken at
eye level to prevent parallax error.
. Before starting, check for a zero error on the ruler

ﬁr each weight and "@"Don't forget that the
record it on the table. ~ mass added will have to be
converted to newtons.

Extension = Stretched length - Criginal length
Hang an object on the spring to measure its extension,
then use the graph to find its weight and verify with a

to ensure it starts at true zero.

A digital displacement sensor or video analysis tool
can enhance precision and eliminate human error in
measurements compared to using a ruler.

new+ton meter!

Analysis of Results
a) State the relationship between force and extension of a wire.
The force applied to a spring or wire is dire:tlg proportional to its extension,
(- provided the material is not stretched beyond its limit of proportionality.)

Cbserve the point
where the spring
doesn't return to its
original length to
identipy the limit of

b) Calculate the spring constant (force = spring constant x extension).
K = E Example: If a force of 20 N causes a spring to extend by 0.04 m:
RT e k=20/004=50Nm
¢) Caleulate the work done in stretching your sprin(g using the equation:
Elastic potential energy = 0.5 x spring constant x extension)’
Example: Using k = S0 N/m and e = 0.04 m:
E=05 x50 % (0.04)= 05 x 50 x 0.0016 = 0.04 J
So, the work done (energy stored) is 0.04 joules.

proportionality and
determine i inelastic
deformation has
occurred.

Force (N)

Extension {cm)







