%9 Physics A Level | Edexcel | 9PHO

Electricity and Magnetism
Technical Topics
Worksheets

for A Level Edexcel Physics

Toby Brown

Publish your own work... Write to a brief... |
Register at publishmenow.co.uk f?

[JEE Follow us on Twitter @ZigZagScience ]

Photocopiable/digital resources may only be copied by the purchasing institution on a single site and for their own use



Contents

Thank You for ChooSIing ZigZag EAUCAtION ........uuiiiiiiiiiiiiiiiiiiiniiitttct ittt sssees s se e sassees e s s se s s s saase e s s s ssessssanssssssssssssnsanns ii

Teacher Feedback OPPOrtUNItY.......cciiiiiiiiiiiiiiiiiiiiiiir ettt e s e et e e st e e e s e e et e e st e e s s e e s s et s s e e e s e esseesseessens iii

Terms and CONAITIONS OF USE....ccciiiiiiiiiiiiiiiiiiiiiieiiceieeenieenceeeeeeseeeseeesseeseeeseeesseesssessessssesssessssssssssssssssssesssssssessssesssssssssssssssssssssssssssans iv

Teacher’'s INtrodUCtion .....cccceciieiiieciieciieciiecnrecnrecnseenseesseesseessessssssseenns

Skills and Specification Links

STUAENT INEFOTUCTION.....ccceeeneeenreenreenreenreensecnsecssecssecssecssesssosssesssosssesssosssosssesssosssosssosssosssosssssssosssosssssssssssosssssssssssssssosssssssosssosssossssssse 3

Background — GCSE EIECIIICIY ..ocovunrruriiiiiiiiiiiiiiiiiiiiiineticiinecnnteetecsnnsssaesees s sess s sssassees seessssssssssesssessssssssessssssssssasssesssssssssssanss 4
The DASICS OF EIECTIICITY veivriiiieiiiiieiiitirttece et see ettt s it st e e s b e e s b e e s b e e s b et e bt e sbeesb s e e beessbeesbeeaabaesasaessseanseesseeessesesseessseenssensseesseeessesesseensseenses 4
[@0e] 0 g oToT aT=T o | - PP OPPPPPPPPPTPPPTRE 5
LT 151 7= ol PSRN 6
SEIIES ANT PATAIIEL. . veiieriitiieeieece ettt erteeeteecteeereesreesbeestseeetee e baeesssessesessaeasseeasseentasesssessssersesassesasssensseessesssesessesanserasseentesessessresessesenseensseensen 6
[T rel ol a o i M = 1T £ OO USSR URUPRURRRURNt 7
A 11101 7= ot OO OSSO SRURURRURRRURRNt 8
Measuring current, potential difference aNd MESISTANCE . ...ui it re e st e e s e e ssbe e sbe e s ae s baessee e baessbassssaessaessenessenan 9
Transmitting electricity..
LR (LA T=L o] =Y i L= Tot AU PP USRS POSTRUPPPUPON

POP QUIZ ccoueeiiiiiiiiiiteiiiciiiiteeuneciieeiieetssessssssesssosssesssssssssssssssssssssssssssssssssssssssssssesssssssssssssssssssssssssssessssssssssssssssssssssssssssessssssssssssssoes

1. Resistors in Series and in Parallel

B o T S

T B VA o T-T - Tt =1 13 1oL N

B T Y 3N

5. POtENHIAl DIVIHEIS ccceeeeeeeereeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeseseeesssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssessssssssssnss

6. IMUILIPIE POWEK SOUICES....cuueeueeemeennmennsenssenssenssenssenssesssesssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssssssassssssnns

2 = o - T 1 7 14 ot

8. Capacitors in Series and iN PArallel...........eeeeeeeeeeeeeeneenneeeneeeneenneeeeeemneeessenssesssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnns

9. Charging and Discharging Capacitors

10, THANSTOIMEIS ..cceeieicecrereerereieeesrrnnnreeesssesssssnereessssssssssnresssssssssssnsnsesssssssssssnnsesssssssssssannsesssssssssssnsesessssssssnsneesssssssssssnnneessssssssssen
11. Electromagnetic PRENOMENA ........cceeeeeeeeeeeeeeeeeeeeeeeeereeeemeeeeeeemeeseessssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssass
12, ElECHriCItYy GENEIAtION ..cceveeeiiiiiiiiiiitiiiiiiiitrteesseeitttteraessssessstsetnssssssssssesessnssssssssseeenssssssssssssssnssssssssssesssnssssssssssessnssssssssssssssnnses
13, OSCIIOSCOPES .cceuvriiiiiiiiiruniiiiiriitttnnieeistettrtesssssssssseersssssssssssssssssssssssssessssnssssssssssessssssssssssssssnssssssssssssssssssssssssssssnssssssssssssssnnses
EXAM-STYI@ QUESTIONS ...iiiiiiiieeniiiiiiiitiieieiiiieittteasseiesiteesasssssssssssstsssssssssssesessnssssssssseessssssssssssssssnssssssssssesssnsssssssssssssnssssssssssssssnnses
Answers............

GCSE Pop quiz
. ReSISTOrs iN SEHES AN TN PATAIIEI ....civiiiiiicie e e e st e st e e s be e st b e et e e s b b e e b eeasbaessbeessaeesbaesseeasseeassaessseanssesseessenansesanen

B T ] A1V OO P OO PPROPP PP PPPPRPPPPPOON
POTENTIAL AIVIAEIS ...ttt b e et s bt et e s bt e bt e bt ebeeaeese e e eeshe e Rt s as e b e eae e b eeaeeebeesEeeaeeehe e b e ease bt emeebeeneesreesbeeneenreenranen
. Multiple power sources....
O] oL o) -] o Lol PO PP PRSP
. Capacitors iN SErES AN TN PATAIIEI........o et eete et e st eete e e tte e beessa e e saessse e seeansaeasseeassaessaessssasseansaannseanssanseesssnasenanes
. Charging and diSChargiNg CAPACIIONS....cciuiieiieeieeceeere e rteete et e et e et e st eertee s et e s steeesae e beeassa e saessssassesansaeasseeassaesssessssasteansaeanseanssansseesssnansenanen
KO R =T a1 o Ty 01T 5= USROS
I = (o Tot o] o T4 o[- ol o] o T=T o o T 4 1-Y o - TP OO OUR PO RO
A = [ Tot g ol AV d=T =T =Y i o PO USROS
13, OSCIllOSCOPES. .uvietririiisieiieeiirtisttsetescteesreesreesreesbatassaesateesssaesseessseassesasssesseessseessessseeessesesssessseessesessesessesssesesseesnseessseessesesseessseesssesseessseessens
EXQIM STYIE QUESTIONS ..veiveiiireiiiiiicitesittesieeiee st e sat e st e seteeseeesbeessbeesbeeesssesabeesseeesbaeaseeessseesssssssessseessesassesssseesssessseessseessesessesssseensseesssessseesenessenses

©ONOUAWNR



Teacher’s Introduction

This activity pack is designed to help your student develop skills both
during class and in an extracurricular setting. The content covers a Always check the exam board website
range of topics across the A Level Edexcel course, specifically for new information, including changes
including content from Topic 3: Electric Circuits, and Topic 7: Electric | to the specification and sample

and Magnetic Fields. assessment material.

Although each worksheet does cover a specific section of the A Level resource, the exercises are primarily skills-
focused. These skills are all relevant to the A Level Edexcel examinations. The competencies which are developed
and tested by this resource include:

Understanding and analysing resistance changes with current, temperature and other factors for a variety of
components

Calculating resistance and resistivity of components, including components with changing dimensions
Analysing circuits with multiple resistors in series and parallel

Understanding and calculating how power is dissipated in components and circuits

Analysing circuits with multiple power sources

Analysing and design potential divider circuits

Understanding how electric fields in dielectrics produces capacitance

Analysing circuits with multiple capacitors

Understanding how capacitors charge and discharge over time, including analysing graphs

Analysing AC signals for information on circuits

Calculating potential differences and currents in transformers, including cases where the transformers are
not 100% efficient

Calculating the e.m.f. induced in a coil rotating in a magnetic field

The resource opens with a student introduction followed by a refresher for GCSE Electricity topics. This is
followed by 13 worksheets, each of which covers one or more skills outlined above.

Each worksheet contains a short section of background information, followed by worked examples and then in-
depth questions to test students’ knowledge (an answers section can be found at the end of the resource). The
questions are split into three levels of increasing difficulty, illustrated using the headings Bright spark, Charging
up and Shocking!.

The pack also includes three full exam-style questions, which closely replicate the style of question found in an
examination paper.

We hope this resource will be useful to your teaching, and help your students to tackle an area of physics which
many find challenging, so that each student gains a deeper, holistic understanding of the subject.

Free Updates!

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

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

Go to zzed.uk/freeupdates
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SKILLS AND SPECIFICATION LINKS

This table is for either teachers’ or students’ use. It should help you to quickly see which topics are covered
by this pack and which parts of the specification they relate to. As a result, you can identify areas which
require improvement and use the appropriate worksheets.

Topic . . Specification
No. Page Title Page No. Skills Covered Link
Resistors in series Performing calculations for combinations
1 13 ) ) ) 3.36
and parallel of resistors in series and parallel
2 Power 15 Performing calculot.lon? |n\{olvmg power 3.37
and energy usage in circuits
3 IV characteristics 17 Drawing and interpreting |-V graphs 3.38
for a range of components
4 Resistivity 20 F’erfor:mlng calculations using resistivity, 3.39
including for non-regular objects
Interpreting and designing potential
divider circuits using thermistors and
5 | Potential dividers 23 LDRs L 3.43-3.44
Performing calculations to find
resistances and potential differences in
potential divider circuits
Analysing circuits with more than one
6 Multiple power 2 power s?urce . . o 3.45
sources Performing calculations using circuits
with more than one power source
Understanding how capacitors use
7 Capacitance 29 potentials fo sf0|:e chf:rge . 71167117
Perform calculations involving
capacitance and dielectrics
8 Capacitors in series 32 Perfor.m ca!culotions involving multiple 7116-7.117
and parallel capacitors in series and parallel
Charging and Analysing capacitor charge and
9 discharging 34 discharge graphs and using them in 7.118/7.120
capacitors calculations
10 Transformers 38 Performing calculations using 7.125
transformers
. Analysing and interpreting situations
Elect t
11 eciromagnetic 41 involving Lenz’s and Faraday’s laws of 7.122/7.126
phenomena o X
electromagnetic induction
12 EIecfrlcrr.y 44 Perforn[ung calcula.hons relating to 7.124/7.127
generation electricity generation
Reading and setting up oscilloscopes
13 | Oscilloscopes 48 Performing calculations using 7.129
alternating currents

Electricity & Magnetism 'Technical Topics' Worksheets for A Level Edexcel Physics
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STUDENT INTRODU

The effects of electricity and magnetism have
years, from lightning in the sky, static charge ca:
objects, and fish such as the elzctric eel which ¢
it wasn’t until the eight~ « - ¢ ntury, with the w
Franklin, thon‘ tho ¢ ft‘i‘r”igfﬁi . between all of the

L

k) e"zn 1 nem‘h century, inventions such as Ale
s .niists to generate electricity, while Michael
“Edison’s filament bulb harnessed electricity for
from scientists such as Galileo Ferraris, Anyos J
Westinghouse allowed electricity to be reliabl
over large distances for use in industries, publi

Today, the applications of electricity and magn::
cables which transfer power across countries to
and hugely complex circuits which use, store an
display videos of cats on smartphones.

¢

Electricity and magnetism come up in a few different sections of your A Leve
of different forms and applications. Electricity and magnetism topics inclu
tricky to use, and require a strong understanding of the principles involved
on electricity and magnetism, you'll have to be able to rearrange equatio
recognise how the different equations can be used together.

This pack will help you develop several core s 4 J,“d to electricity, mag:

e understanding and cnalysmg lfv* BACT nce’changes with current, temg.:
variety of componenfc. i “

® calculaticgares’s ~ <. . nu'resistivity of components, including compone

e analysing circuits with multiple power sources

e analysing and designing potential divider circuits

e understanding how electric fields in dielectrics produces capacitance
e analysing circuits with multiple capacitors

e understanding how capacitors charge and discharge over time, includ

e analysing AC signals for information on circuits

e calculating potential differences and currents in transformers, including
are not 100 % efficient

¢ calculating the e.m.f. induced in a coil rotating in ., ;ignetic field

Electricity & Magnetism 'Technical Topics' Worksheets for A Level Edexcel Physics Pag
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BACKGROUND - GCSE EL

If you studied GCSE Physics, you'll probably be familiar with some aspects
have seen circuit diagrams with the associated symbols, and designed and
You may have come across energy transfers, and calculated power dissipa
and circuits. You'll probably have learnt about resiste. - and how resistor
the current and potential difference in circuits. 2’3 'n . ¢ c.so have come ac
magnetism are connected in the mo’ror ,.; * @ ~generator effect, and ho
transformers and the national ¢ - i

The next few pages o« A 4u . summcry of what you may have already ¢

your memg; 3o :.gndo’re your knowledge before moving on to the mo
you're not ! R conﬂdem‘ you should go slowly and spend some time bui

knowledge dTid understanding before building on these topics with the A Le

Electricity is the movement of charges through a material, which transfers

Materials which electricity can flow through are called conductors. Conduc
metals or electrolytes.

e In a metal such as copper, negative electrons move round from negativ
e In an electrolyte such as salt water, ions flow from one electrode to an

e In insulators such as rubber, electrons are tightly bound to individual a
cannot move around freely.

A current will only flow through a circuit if there Is S e of potential di
closed loop. ,

Circuit A Circuit B

A current will only flow through Circuit A.
i Circuit B is a closed loop, but there is no power source, so current will not
Circuit C has a power source but is not a closed loop — there is a gap in the

e  Current, |, is the rate of flow of charge, Q, around a circuit.
e  Current is measured in amps, given the symbol A.
e Charge is measured in coulombs, given the symbol C.

The charge transferred around a circuit is given by

G o

‘Q=#

So if a current of 5 A Ao x-d":sééonds, Q = 5 X 10 = 50 C of charge

o 9 i
Z};ﬁm e at qli points of a loop of a circuit.

Current is #

Potentiai difference or voltage, V, is the energy transferred to a charge ¢
Potential difference is the driving force behind the current in a circuit.

Potential difference is measured in volts, given the symbol V.

Electricity & Magnetism 'Technical Topics' Worksheets for A Level Edexcel Physics Page
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Each electrical component has a specific set of properties, and, therefore, ¢
specific effect.

Voltmeter
Ammeter @
Ohmmeter

Resistor S T —

O ®
AdOO NOILO4dSNI

Diode —E‘— A

Light-emitting diode (LED)
|>| COPYRIGHT

PROTECTED
Thermistor -——————L__%_ e

'9

)

Education

Variable resistor

Electricity & Magnetism 'Technical Topics' Worksheets for A Level Edexcel Physics Pag



Resistance is the tendency of a component to oppose current.
Resistance, R, is measured in ohms, given the symbol Q.

For a given potential difference, a component with hw" > ‘resistance will h
through it. -

The relationship between currer® [ 5 - 2t i aifference and resistance is

will have a poTennai difference of V=3 X 4 = 12 V across it.

Resistors and other components can be put into a number of different arran
are placed in the same loop of a circuit, they are in series with each other

—

When components are placed into different loops of the same circuit, they

When resisi\ ore placed in series, the total resistance of the arrangement

The current 1hrough a series arrangement is the same aof all points, and the
between the components.

For a series circuit, the total resistance is given by

Rigtad =Ry + Ry + R3 +...

When resistors are placed in parallel, the total resistance of the arrangem
the current has more paths to flow through, so each path rzeds to carry les
difference needed to power the same current. Potr * - ¢ Fference is the sa
parallef circuit, while current is split across eac b-

Electricity & Magnetism 'Technical Topics' Worksheets for A Level Edexcel Physics Page
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All circuits obey Kirchhoff’s first and second laws. You may not have come
across these laws by name, but you’ll probably have used them before.

Kirchhoff's first law states that the current into any pom? of the circuit is
equal to the current out of that point.

This means that charge is conserved thrau ¥y # s Greuit,

: The current into a point must equal the current out of the point.
\ In the circuit on the left, I, =1; + 1, + 15.
In the circuit on the right, the current at point A = the current at point B.

Kirchhoff’s second law states that the potential difference lost by charges
potential difference gained by the charges in the power source.

This means that energy is conserved throughout the circuit.

i In this circuit, the potential difference supplied by the cell exactly equals t
across both resistors.

Each resistor has a proportion of the potential difference across it — if the
the potential difference across each would be half the potential differenc
by the cell.

Electricity & Magnetism 'Technical Topics' Worksheets for A Level Edexcel Physics Page
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Components respond to increasing current and potential difference in diffe

An ohmic conductor is one that has a linear relationship between potential
resistance of an ohmic conductor is constant, no matter the current through it

<v

A filament lamp has increasing resistance with increased current. This is b
filament lamp increases as the current increases and a higher temperature

Resistance is lower
closer to zero current

A diode ont\#®ows current to flow through in a single direction above a't

Tt

No current flows below the /

threshold potential difference

Thermistors and nghi-depeﬂ'l . e ors (".I.DRs) are components that che
their environment.
é;gaon Therm:stor decreases with increasing temperature. Th
¥ oture, or build a circuit that responds to changes in tempe

The resistance of an LDR decreases with increasing light levels. This mea
light intensity, or build a circuit that responds to changes in light levels, suc
on automatically in the dark.

Electricity & Magnetism 'Technical Topics' Worksheets for A Level Edexcel Physics Pag
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The potential difference across a component or section of a circuit can be m

A voltmeter should be placed in parallel with the component or circuit secti

— Component @

The resistance of a component can be measured with both an ammeter an

The ammeter is placed in series and the voltmeter in parallel with the comp

4
equal to R =

N
\Y,
Component @

A device called an ohmmeter can measure resistance directly. An ohmmet
is a digital device that uses the same principles as using a voltmeter and
ammeter. An ohmmeter is placed in parallel with the ¢ 1. onent.

Power A
As a current passes through OC i) i €ne
of energy can be mto voq e seent forms — for example, as light, heat, o
kinetic energmilih e

ae

geuc“ P transferred by o component is given by

The amouni

P=1IV=I°R

Power is energy per second. The energy, E, transferred by a component in
E=Pt=QV

A component with a resistance of 8 Q and a current of 2 A through it

will transfer a power of P = 22X 8 =32 W.

Over one minute, this component would have transferred £ = 32 X 60 = 1

Not all power transfer in a component is useful. S .o« on ifgy will be trans
considered waste energy. For example, ~ "l vi, " sroduce light but also
and sound. All components with o -« 2r . 1,..ning through them will produc

Efficiency is 1he ratio of .. - ; ¢ 'aris transferred by a component or appl
> 7 J;,‘aponen’r or appliance.

b useful energy fransferred < on
efficiency =
’ fotal energy used

A bulb that uses 50 W of electricity to produce 40 W of light would have
;’_g X 100 % = 80 %.

Electricity & Magnetism 'Technical Topics' Worksheets for A Level Edexcel Physics Page
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All electrical circuits need a source of potential d:
batteries are sufficient for small portable devic
an external source of power.

Electrical energy production is one of the largest
electricity is transmitted o= n National Grid.
wires and transfesm +s” b L transfer electricity f
businessec.

; 1% fransmitted as an alternating curre
irection of the current changes direction repea

4

Alternating current is converted 1o direct curren
This means that the current supplied is a single,

The electricity supplied to homes in the UK is AC, with a potential difference of

Transformers
When transmitting electricity, the current needs to be as low as possible to

power, low current means high voltage (because P = IV so V = ?).

For this reason, electricity in power cables is transmitted at 400 kV, where
reaches homes at 230 V, or large businesses at 33 kV.

This change in potential differences is achieved through the use of transfor

A transformer consists of two coils of wire linked by an iron core.

}lIron core

Secondary coil

An alternating current in the primary coil induces an alternating current in t
the number of turns in the primary coil to the number of turns in the second
the potential difference across the primary coil to the potential difference

The equation linking the number of turns in a transformer to the potential di

in the conductor.

g\ a'effect and is how most electricity is generated.
B\ c.ofs, steam is heated up, creating high pressures and
@ e used to rapidly rotate a coil of wire in a magnetic
field, generating a current in the coil.

This is calledt

The generator effect is also used in microphones, and other appliances
where motion needs to be turned into a signal.

Electricity & Magnetism 'Technical Topics' Worksheets for A Level Edexcel Physics
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POP QUIZ

You can use this quiz to test how solid your knowledge of GCSE electricity i
content well, you’ll have a much better shot at getting top marks in your A L

1. Fill in the gaps.

Current is the rate of flow of ____

—_—

is the enr .y 1 ‘"“_,_,.:’EEI"TAeﬁd to a charge.

1 > fference, o lower-resistance component will have ¢

2. 23 C of charge flows through a bulb over the course of one minute.
Calculate the current flowing through the bulb.

3. For each of the circuits below, state whether or not a current will flow,

S b T

Circuit A Circuit B

4. Match each component with its symbol and use.

Component ~__>ymbol

Thermistor

LDR (licq

Variable resistor

Ohmmeter

Cell AR Re
Switch ~ — C

Diode Al

“~ Lot with a potential difference of 52 V ac
Calculyg =34 s.cé of the resistor.

5. 850 mA flows thr> w4 ’*

P

@¥te the total resistance of the resistors below.

630Q 6800 820 Q

—{ +C L +—

b) What would the effect be of putting the resistors in parallel2 Expl

Electricity & Magnetism 'Technical Topics' Worksheets for A Level Edexcel Physics Page
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7.

10.

11.

12.

13.

Calculate the value of | in the section of circuit seen below.

Fill in the gaps to describe ¥ 4 “ $ WS,

,esfhof the current info o junction equals

;‘coﬁ& law states that the potential difference provided by a

Match the components with their [-V graphs.

Ohmic conductor

Filament lamp

Draw a circuit which could be used to measure the resistance of a comg

a) A 220 Q resistor has 190 mA flowing through it.
Calculate the power transferred to the component.

b) 370 J of energy is transferred to 8.3 C.
Calculate the potential difference which transfers the energy.

Describe how and why transformers are used in the National Grid.

State a use of the generator effect.

Electricity & Magnetism 'Technical Topics' Worksheets for A Level Edexcel Physics Page
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1. RESISTORS IN SERIES AND |

BACKGROUND

Current =
In series... Current is th-. {n\_ v il points | Potential difference is s
Currer i ¢ “ucross each Potential difference is th
In paraliel ) ¥t SR o
‘b + 1 a0t the circuit of the circuit

The total re ®¥dince of components in series is The total resistance of ¢

= 11 & 1T &1 parallel is
1 1 . 1 .
Riot = Ry T Ry + R3 +... Ristt R1 R
Example 1 . The current is the same at each g

Calculate the potential difference across | we can treat all three resistors a

the section of circuit below. i These components are in series,

: 7400 9400 880 : e
1%8_/}_4 ] ] R :Rfofal_R1+R2+R3

Substituting in values gives

Pl 9401880

fol.

Q

: "“i'om,w
" Use V=R

and substitute in values to give

V=1.8X2560

V=46kQ

Another method would be to ind
| difference across each resistor a

Example 2 These components are in parallel, so we need tc
Calculate the total | 1 1 1

resistance of the section R = R_ + R_ 55 R_
of circuit below. ;o P2 4

: We first need to rearrange for Ry,

10.5Q o = 1
o e 1 L G
§ It IRt L
15.5Q

. then substituta - aleo

-

+ iost Visst!/ 21.0
Ry = 4.820

' Note: for components in parallel, the total resista
i resistance of any one component!

You might find it easier to first find

I/R, + 1/R2 + 1/R3 (in this case 0.207 4) and :

Electricity & Magnetism 'Technical Topics' Worksheets for A Level Edexcel Physics Page
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QUESTIONS

Bright spark
1. Calculate the combined resistance of the components below.

3.98 Q 2.22 0 4.01 Q

—C T 1+

3.530

~ eats below.

2. Calculate the combined resistance of th» ¢ sm

2220

4.01 0

3.53 0

2.80 Q

Charging up

3. Caleulate the value of | in the circuit below.
| | 300V

s i IO

e E
R By o
4. Calculate the value of R- i i u.n‘ below.
o [180Vv
'
Ry
356 Q 114 Q

Shocking!
5. Calculate the value of R in the circuit below.

. 1 u power source, an ammeter, a 12 Q resistor an
M records a reading of 5 A,

The resisfé}; R;, is replaced with another resistor, R, and the reading on

A new set up was then arranged with a new power source, which supp
26 V, an ammeter, and the two resistors, R; and R,, in series. The am

Calculate R; and R,.
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2. POWER

BACKGROUND

. snurgy. This can ei

A potential difference across a wire causes a transfr .
3 energy, suchasaw

useful energy, such as causing a motor fo turn o0, w~
heating when a current flows throuct. > 7~ .

The power transferred ir a5 w,

P=IV
P = I°R
or:
V2
P= —
R
Example 1 ' Wehave V=15V and R = 40 Q.

There is a potential
difference of 15V
across a 40 Q
resistor.

transferred across
the resistor over one
hour.

Example 2

rating of 80 W.
The element of the
kettle has a
resistance of 600 Q.

transferred to the
element over two
minutes.

! i Ve .
i The equation P Y will give the power transfer

want the total energy.

Power is defined as the energy transferred per
Calculate the energy | v

: Substituting in values gives

' W= — x 3600
| 40
W =20250)

We have P = 80 W and R = 600 Q and want ch

A kettle h :
e i Current is defined as the charge through a compo

o1
In this example, f = two minutes = 2 X 60 = 120
' To find current, we can use

Calculate the charge |
P=1PR

| Substituting in values gives

Q= /ﬁ X120
3 600

Q@=438C

_ént is given by:

2

th icése, t = 1 hour = 60 X 60 = 3600 s

52
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Example 3 There are two powers in this situation — the p
A power station produces | power station, P, and the power dissipated

2.0 MW of power and It’s important not to get these two mixed up.
transmits a potential

difference 275 kV through : The power dissipated by the cables is given
wires with o resistance of !

650 Q.

Calculate the power
dissipated by the cables.

QUESTIONS

Bright spark
1.

2. ,
Calculate the enern;, 'edby the resistor.

Charging a

3. Acrar@®Bowered by a cable which has a resistance of 855 0 and
across it.
Over five minutes, the crane lifts a 3150 kg crate by 9.39 m.
Calculate the efficiency of the crane.

4. 146 ] of energy is transferred to a heating element over one minute.
resistance of 95.4 kQ.
Calculate the charge that passes through the heating element.

Shocking!

5. While being used, the cables that power magne’. s a particle accel
MW of power, and have a potential diff ¢ ce i $30.9 MV across th
The cables have a resistance . O s
Coleulate the eff'c o & cables which supply the magnets used

6. A ma) l;:)r‘c‘ipulsion system consists of a track which accelerates 10
68.6 N, 536 <,

i — 32
Pdissipuied =R

! Substituting | = Jove .

Substituting in values gives

| P?R

L2 —

| o
L (2.0x10%) %650
| (275%10%)"
PR =34 kW

A bulb gives out a power of 40 W, It is connected to mains electricit
difference of 230 V.

Calculate the resistance of the filament in *he «

g2 -
5

A resistor has a resistance -9 « . 5! [ and a current of 77.1 mA runni

The tracks dissipate a power of 721 kW, and have a resistance of 9
of 25.6 kV across them.

Calculate the efficiency of the magnetic propulsion system.
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3. I-VCHARACTERI

BACKGROUND

Different components respond to high cmd O . u:'iffé‘renfly, which can

be shown on an -V graph.

_«ur'is seen below.

The I-V graph of an oh~i =

Current /A A

Potential differe

Resistance is given by R = —, and for an |-V graph grcd;em \—/ soR =

You may encounter i—V graphs with potential % re *—“ e The y-axis and

is called a V=I diagram. For a V=l greni = o _aufent.

Example 1 | For an |-V graph, gradient = — =

\fo o osent lamp s _
. gradient means a lower resistance,

i gradient means a higher resistance.
Current /A :

A The gradient is shallower at more p
. and potentials than near zero, so th
i lamp increases with current and pot

:1 i i EXTENSION:
orentia H . . &
difference V| At higher currents, more power is di

| heats up.

As the filament heats up, atoms vibr

Describe the resistance of a filament | of electrons and Increasing resistan

lamp at different currents.

EXTENSION:
Explain the properties of a hlr"t. i
lamp in terms of chcnfon '
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Example 2 A V-| graph has potential difference,

Current only passes through a i and current, I, on the x-axis.
semiconductor diode above a

positive potential difference A current will only flow above
threshold, V. | Vy, so below this value on the y-axis, |

Above this threshold, the
resistance of the diode
decreases with increased currer?

- Above V, .: is 1 ce decreases. R =

PR Ajljenr,":sgfhe gradient will decr

Current will flaw =+ / gi - At high negative potential differences,

g ¢ . itrerences.

This means that the V—I graph for a se

: Potential A
expect for a semiconductor ; difference /V
diode. :
VO_
QUESTIONS
Bright spark

d * aaeasure the resistance of a

1. The circuit to the righf i :
wnit potential differences across the

As the Q¥ through the resistor increases, it heats up.
Sketch the -V graph you would expect for the resistor.

2. Explain the features of the graph seen below.

Current /A

3
o3

o

3. The current through and potential across a negative temperature coeff
measured at a number of currents and temperatures.

Charging ¢

Sketch the |-V graphs you would expect for the thermistor at different
features of the graph.
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4. Describe an experiment you could perform to investigate the -V char

5. Calculate the resistance when the component shown by the graph belo
through it. I/A

e

L8

AdOD NOILO4dSNI

Shocking!
6. A component consists of a negative region with an excess of electrons
lack of electrons.

Electrons can flow easily from the negative region to the positive regi
as the electrons are attracted to the positive region.

COPYRIGHT
PROTECTED

As the current increases, more electrons are liberated from atoms in th
resistance. ‘

Predict the shape of the I-V graph of this .t ‘6r_ Lt

7. A memristor is a componem Wl cc . record its previous resistance, a
accordingly. i

g

)

Education

high currents.

Sketch an |-V graph for a memristor.
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4. RESISTIVITY

BACKGROUND

The resistance of an object — how well it car s sp

depends on a couple of duffmem‘ fot o

¢  Material: A conductor < .! cxf atal, w1|i have a lower resistance tha
an insulator, siich v wo or rubber because it's easier for a current

_sonduct a current —

[ =
e Dimen g@o@“ A longer wire will have a higher resistance because there

current. A narrower wire will have a higher resistance as well becau
current to pass through.

The resistance of an object is given by the following equation:

L
po
A
or by rearranging it as follows:
_RA
£t
Example 1 ' We have R =277 . “1030, L, = 1.55
Copper is used in electrical e me ‘o 00 X 102 m

wires. 1.55 km of copper has

a resistance of 20.7 w7 - | st, we need the cross-sectional area o

o A=t
The cross-YEM o the i —2,2
copper wire#®q circle witha | A= T X (200X 1077)

radius of 2.00 cm. A=1.257%x102 m2

Calculate the resistivity of the | Now we can calculate the resistivity of t

copper wire. § RA

P
EXTENSION: | . .
An additional 380 m of wire | 20.7X107 X 1.257X10"
is added to the copper wire. g 1.55%103

e -8
Calculate the new resistance | p=168%10"QOm

of the wire. |
: EXTENSION:

i The resistivit ~ui th ,bp'ber is constant
hosr ‘1 G unged

"T < new Iengfh of the copper wire is 15

5 _pl
R=C

A
L 1.68x1078 x 1930
H R —_ —_3
3 1.257x10
'R=257mQ
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Example 2

A cable consists of a central wire, with a
conductive ring around the central wire. An
insulating ring lies between the wire and
outer conductive ring.

The cross-section of the cable is seen here.

Conductors

e In the cable, the inner wire is made of

copper, with a resistivity of 1.68X 1080 |

m. The cross-sectional area of the inner
wire is 2.80 X 105 m2,

® The outer ring is made of iron, which has
a resistivity of 9.71 X 108 Q m. The
cross-sectional area of the outer ring is
1.60 X107% m2.

e A potential difference is applied across
the cable.

Calculate the total resistance of 1.00 m of
the cable.

. The resistance of an object
' R

i So the resistance of the inn

| Ry = 6.000X1074 Q)

| And the resistance of the o

: Roufer

The wire and ring are in p
resistance is given by

1 1 1
: = +
Rfofdl R inner R outer
H R it 7
P Rtotal = 7 ‘ ]
: ! + / Roufer

o Emﬁlfotcsf =

R =302%10%0Q

_pl
A

68%107°x1.00
2.80x107°

_ 9.71x107°x1.00
1.60x107*

outer T

=6.069%x1077Q

Rinner

/
(6.000x107%)
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QUESTIONS

Bright spark
1.

3.

The resistance of the wire decreases by 83.4 Q.
Calculate the resistivity of the wire.

4. The resistivity of lead is 2.20 X 107 Q' m. A lead pipe has an inner rq
radius of 8.30 ecm for a length of 1.60 m. The pipe then widens so that
cm and an outer radius of 9.31 ecm for 23.0 cm.

Calculate the resistance of the lead pipe.

Shacking!

5. A cable consists of a carbon wire, with a resistivit . - 4.56 X 104 Q
wires, with a resistivity of 2.82 X 108 Q¢ o~
The radius of the carbon wire is 8.50 mm. The radius of each qluminiunﬁ‘z
Calculate the power dissipated by 200 m of the cable carrying 320

6. A lump of conductive putty is moulded into a cylinder. The length of the

An iron bar has a length of 37.1 ¢cm, and its cross-section is a square wi

The resistivity of ironis 9.71 X 108 O'm.

Calculate the resistance of the iron bar.

A wire has a resistivity of 6.72 X "v ) t.“,.nénél/a resistance of 92.3

“ th~ yyre'is 7.07 mm2.

The cross-sectional are o

> 1> Loor'the wire.

A 3.00 em diameter wire is cut from 2.40 m to 1.90 m.

the radius is 0.662 cm.

The resistance of the putty cylinder is 31.8 7~

The same volume of putty ic =, - fl‘r{_gz; Mo cylinder with a length o

_ 1 3 ur'the new cylinder.
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5. POTENTIAL DIVI

BACKGROUND

—

A potential divider is used to create an oty ut 50t - iui difference that is
a specific fraction of the input pote=i 4 , rence.

The equation for the output voltage
of a potential divider is

Ry
Voui = vin
—— R; + Ry

R2 R' or

The derivation
This can be derived by considering the current through the -entire circuit.

vin = ’Rfofui = i(RT+ R2)

I= Vi
= R] - R2
V=1IRso
Vouf = vm b3
RTR,

You should understand how to derive these equations.

Example 1 We need to use
A circuit is shown below. |

| R2
vouf = vin R.+ R
Calculate the value of V. : 1T Ra

With V,, = 50 V, R, = 30

| [50 v : ;

! [  We w1 7 50 there’s n
T o) e T

T Putting the numbers in give

30
30 + 45

vouf = 50 X

V=20V
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Example 2 . We need to use
A circuit is shown below. R,
Calculate the value of R. - Vour = Vin R.+ R

: 1 2

 WithV_,=1.8V,V, =8.0Van

' We wantR = °  so we'll need to

V(a4 DJ = VinRQ [mu
‘ fA' InKQ :ﬁ‘voufRQ = voule [mu

| Yo

R2(Vin_ vouf) = voufRZ [ta

i voufR)

PR, = di

‘ vm - vouf [ b

and substitute values in
. 1.8x32
R=———
8.0 -1.8

R=930

Example 3 . We first need to find Rpz at 30 W
A light-sensing circuit is seen below. R,

; Vom‘ = vin

: Ryt Ry

I IgOV ! g
| | Rearrange f o

Vc 4( 14_ ﬁz) = VinRQ [mult
{ R; = ViR — ¥

= But out

R2 [mulf

AdOO NOILO4dSNI

: V..Ry - VouR o
R} — 2v oyt 2 [leId

out

| and substitute values in
;R _ 80x 20 40 x 20
i 40

At1=30 W m2,V,,is 40 V. Ry =200

= -2
Calculate R;pr at | = 20 W m2, - We know that Rypp |

o e i so
For this circuit, R proC | ;
t Riprso  _ lso

e COPYRIGHT
Rearrange for Ripg 99 PROTECTED

{

; _ o deguziges
i Riproo = 0 R zr30 [mult

- 'Substitute values in ig

Riproo = gXQO 0‘9
Riproo = 60 Q EdUCO‘UOﬁ

Electricity & Magnetism 'Technical Topics' Worksheets for A Level Edexcel Physics Page



QUESTIONS
Bright spark

1. Calculate the value of V_; in the circuit below.

560 Q 680 N .o

Charging up
3. Caleulate the value of R in the circuit below.

I|<55v
'|

R 1350

Shocking! . o
5. At200 kg, . 100 6. At30.0W

AdOD NOILO4dSNI

: H
g o -,
T

@ of the thermistor is Ry,

Vi = 170 V.
230 v
'l
therm 78.4Q
o — COPYRIGHT
PROTECTED

g
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6. MULTIPLE POWER S

BACKGROUND

Power sources can be placed in series or in oc il

L

=

Eoial — &1 T Ex T 5 4.,

For power sources in series, the current can actually decrease — adding ce
also adds internal resistance, so the total resistance of the circuit increases

Parallel

Only cells providing the same e.m.f. can be put into porcliei and the em.
equal to the e.m.f. of a single cell.

When putting power sources g o 1he cunenf tends to increase com
putting the cells in pars e w~ases the combined internal resistance, so
decreases. .

@\,@w
Internal res¥%nce

For a cell with a non-negligible internal resistance, the e.m.f. of the cell is

e=Il(R-r)
Example 1 - Circuit 1
Calculate the currents through the For a series circuit

resistors in the circuits below. |
CErotal =€) T EQ T E3 T £y

Circuit 1 Substituting in values gives
120V 9.0V 80V 3.0V  Epi =120 +.9.0+ 8.0+ 3.

_ vhwt means there’s a potenti
‘ " difference of 32 V across the
| resistor.

Circvuit 2 EVZIR—>1 :E

Substituting gives

36 Q i = _— ‘
: 32
==
64
1=050A
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Example 2
In an experiment, the
following components must be

used:
Eisis 8228\/
8 x % r=080Q

1x 1+ gr=1400

Determine whether the cell-
should be placed in s 4

WD e rgy in the

The power dissipated by a resistor is give

 For cells in series
€
50
| Eoeries = 8 X 28
.

P FRar il

(s anl — €17 €3 = €3 =,
Epcmllel =28V

for a cell with non negligible internal resis

Le=1(R-r)
which rearranges to
-

R-r

|

However, we can’t use r = 0.80 Q as this i
| have to use the effective internal resistanc

. For cells in series
b
Fseries — 8 X 0.80
Fseries =6.40Q

,series -
:

Iseries =1.68 A

i For cells in parallel

P

. For n power sources in parallel

b

b

[}

1 n
parallel r
i r
parallel _;
| 080
Foarattel — T
rpcxrcllel = 0'100
o E gt
) ’9’/ R ~ Fparaile!
; _ 28
Ipqrollel - m
parallel =020 A

1

The parallel arrangement draws less cur
| arrangement, so this dissipates less pow:
. placed in parallel.

=g +E,+ e+

series

series

=224V

=rptry+r3t...

series

_ Eseries

1 T 1 1
=—t—t—_
ry rp rs

parallel
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QUESTIONS

Bright spark
1. A circuit consists of 54 separate 18 V cells in parallel.

These cells are connected to a 13 0 resistor.

Calculate the current through the resistor and a sirz'- cell.

2. Calculate the current in the circuit k=i o -

“B1V 35V 42V 54V

¥

[, ! ||
I | P I

"1
S |

120

Charging up
3. Calculate the power dissipated by the circuit below.

230v__— 230vV____ 230vV____

4. Calculate the power dissipated by the circuit below.

vooflCY 1870V

{; |:

AdOD NOILO4dSNI

Shocking!
5. Calculate the current through each resistor in the circuit below.

500 75Q

COPYRIGHT
PROTECTED
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7. CAPACITANC

BACKGROUND

A capacitor is a component which stores chcrg 4,
over time. we

—

f’,,éfssiﬁd?es that charg

_nc {an insulating material) between two

A capacitor consists A1 7
conducting Tf s
oS T

The capacitance of a capacitor is given by

The energy stored by a capacitor is

a»s<pD0O

AdOD NOILO4dSNI

Example 1 g
A capaciib® o - ]
cczlpclci*hcxru’E : W= EQV
840 UF and stores a
charge of 32 mC.

but we need it in a form with charge and capaci

 difference.
Calculate the energy V= 9
stored by the C
capacitor. 5o
i 1 Q 1Q?
W=39Xc=3¢
| COPYRIGHT
. Substituting in values gives PROTECTED

1 (32x107%
— %

| 2 W
w0 7

'9
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i . Q : .
Example 2 i To do this we can use C =—, but first we have to fin
Calculate the : v

capacitance of a |
metal sphere the I Q

The potential at a distance r away from a charge is

size of Earth. 4Trey r

Putting this into the equ . a ,fff::‘ccfpcxci'rance gives

5 ¢

l'41T"50 r

" i Rearranging, this gives

| C= — X 4meyr = 4me,r
| Q 2 9

For a sphere the size of Earth, with r = 6.37x 10°m
' C=4xmx885x%x107'2 x6.37 x10°

. C=708x107*F

AdOD NOILO4dSNI
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QUESTIONS

Bright spark
1. The plates of a parallel plate capacitor have an area of 1.44 cm? an

The capacitance of the capacitor is 963 F.

Calculate the relative permittivity of the dielectric ' 1e capacitor.

e

2. A capacitor has o capacitance of ! q fF =

i stores a charge of 81.4

Calculate the potential =

JP L ucross the capacitor and the energy -

3.

41.6 mA ﬂowmg through it.
Calculate the energy stored in the capacitor in J.

4. Using your knowledge of electric fields, show that the capacitance of t
given by

5. A storm cloud covers an area of 134 km? and is 40.6 km above the g
Calculate the capacitance of the storm cloud ond the ground by mode
capacitor.

Shocking!
6. A capacitor consists of fwo cxr' e

pqmllel plate capacitor with a dielectric is given
Ag,E,
- d

where &, is the relative permittivity of the dielectric between the two

Calculate the energy stored in the capacitor in kJ when there is a pote
across the two plates.

7. A spherical capacitor consists of a small metal sphere at the centre of
larger, hollow metal sphere, with a vacuum between, as shown.

R; = radius of internal sphere = 2.43 cm

R, = radius of external sphere = 6.09 cm

Calculate the capacitance of the spherical car . .
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8. CAPACITORS IN SERIES AND

BACKGROUND

Capacitors are often only available in specific val.. - /« 3pacitance, but a
or lower capacitance than those available, . Lil & v “Jiurs, capacitors can b
arrangements, allowing a wide ror- = o1 L ., acitance from few capacitors

For capacitors in serier . For capacitors in parallel

(1o N S
R R

1 1 1 1

et P E e B
Ciotst €1 Cp Gy Crott =) T Co +
Example 1 i For capacitors in series
Calculate the total capacitance of the | 1] 1 1 1

arrangement of capacitors below. : Co = C_r + C_2 + C_3
. ofal

500 yF 400 UF 300 LF i Substituting in values gives

dile et e
| | ' | ' ‘ Cfotol 50(‘5 1 }.qé oo 70_6
| I o * & o

Rearranging for C, ;. gives
C.clzex10
' Ciotat = 128 IF

As with resistors in parallel, you mi
i rearranging and then substituting o
prefer to start by substituting in va
i answer, but both methods need yo

i your calculator!

Example 2 For capacitors in parallel
Calculate the total energy of the GGt

arrangement of capacitors below. ;
i Substitute in values

: — o -3
35mF  42mF 68 mF i ot = 30 22 + 42 X100~ +

fohi T

The capacitors act like one single,
i stored by the arrangement of cap

EW—?C v2
_2 fotal

Substituting in values gives

; 1 = 5
§W=§X745X10 X 28

w=571
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QUESTIONS

Bright spark
1. Calculate the combined capacitance of the arrangement of capacitor

% fmF 66 mF

.,_«f:.d‘ﬁééﬂ in F of the arrangement of capa

255 pF  310pF 41
I 1 |
| 1 |

T pF 220 p
|

Charging up
3. The capacitors below can have a maximum potential difference of 50
Calculate the maximum total charge stored in the capacitors.

357nF 182nF 60.3 nF
| ] |
| i i

4. Calculate the potential difference across all of the capocnors below
whole arrangement is 6.36 1. ~

Shocking!
5. The energy stored in the capacitors below is 65.0 J. 382 mC of char
total.

Calculate the value of C.
83.8 pF

64.1 mF

] i_{%__

6. The total capacitance of an orrgesat ot five capacitors is C; sy

A capacitor with a ~2 - 4w e of Cns in series wnth a ccxpacnor W|fh

Find an expression for Cy in terms of the other capacitances in the circ
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9. CHARGING AND DISC
CAPACITORS

BACKGROUND

Capacitors charge and

o~ exponentially.

D A on mgmg’ Charging

i L
Voltage V = Vye RC V=Vl —e ’Q)
. e
Charge Q= Qe KC Q = Qp(l —e KC)
; t
Current | = lpe RC | = lpe RC

lo, Qp and V, each give the initial value of /, Q and V.

When charging, the initial value of Q and V is zero. In this case,

Qo and V, are the maximum charge stored by The car or and the
potential difference across the capacitor. 18 9

RC is known as the time conster i ,‘,, qpac:tor and is the time it
takes for the capuca?c £y

s muige to ™! = 0.37 of its initial charge.

Understanding and controlling the time taken for a capacitor to discharge ¢
signals or store energy for use later.

Example 1 . We need to use an equation
A capacitor is discharging through a . involves potential difference
resistor, as shown below. : ot
V= Voe RC
Colcul(.::fe t!?e time taken for the . Rearrange for #
potential difference across the capacitor v 3
to reach 10.0 V if the initial potential e
difference across the capacitoris 120 V. ' V. -+~

700 UF 2.801 7
| e

F= -RCXin(Vio)

Substitute in values

=-2.80x10%%x700x 1

1=487s
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Example 2
A capacitor charges through a resistor with a resistance of 30 kQ), produ

9

0 100 200 300 400 500 600

This graph is approaching 8.0 C, which means this is Q.
We can either look for the half-life, T7/2, which, here, is # e time taken to c

We know that T1/2= 0.69RC, so

AdOO NOILO4dSNI

Alternatively, we can look directly for RC, which is the time taken for a ¢
0.37 Qq, or charge to (1 -0.37)Q, = 0.63Q,

0.63Q, = 0.63 X 8.0 =5.04C

This again gives us an RC of about 115 sl

We then use our value for RC to find C COPYRIGHT
_RC_ 115 PROTECTED
R 30x10°
C=0.0038 F = 3.8 mF g

Education
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QUESTIONS
Bright spark

1. A capacitor discharges with a time constant of 38 s with an initial curre
Calculate the current out of the capacitor after one minute.

2. Calculate the time constant and half-life of the co~. - tor shown in the

Charge /C
w
(@]

0 50 100 150 200 250

Charging up :
3. A 450 UF capacitor discharges through a resistor . ducing the graph

AdOD NOILO4dSNI

Voltage /V
N
o
o

150

100

50
0 COPYRIGHT
° % 100 1% 200 PROTECTED

Calculate the resistance of the resistor in kQ.

e

4. A 400 UF capacitor discharae- * 01 L 4 2 resistor from an initial potent

It takes 108 store 24 w0 Y

» 's.anice of the resistor in kQ.

)

Education

After 64.3 s, the charge stored in the capacitor has reached 81.9 % o
the capacitor.

Calculate the capacitance of the capacitor.

Electricity & Magnetism 'Technical Topics' Worksheets for A Level Edexcel Physics Page




Shocking!
6. Calculate the time taken for the charge in the capacitors below to rea
of 37.8 C.

. "?iowi' shows a capacitor charging through a resistor with a

Charge /C

AdOD NOILO4dSNI

100 200 300 400 500 6
Time /s

a) After what time will 1.81 J of energy be stored?

b) Calculate the percentage of the potential difference across the ¢
compared to its initial value.

COPYRIGHT
PROTECTED
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10. TRANSFORME

BACKGROUND

A transformer consists of two coils of wires ~rc o =

Ztivon core.

A transformer can be used toal ;‘ré\ 5. or decrease a potential difference;
this is because transmi L5 5 _.er at low currents reduces power loss, and

appliance < "specific potential difference to function.
(AR : N, =n
The relcxt;onsmp between the number of turns in the coils of a N, =n
transformer and the potential difference across the coils is Xp =P
=P
I, = cu
P
N Y L=
N, Y,

Each coil of a transformer dissipates energy, with the power transferred by

power = |V
Example 1 Use =¥
Electricity is transmitted at a M Y
potential difference of 11 kV. ' with N. — e ~? 4/ =230V and v,

Electrical substations convert fh:s tro
the 230 V used in homes A L ¢

AdOD NOILO4dSNI

: v,
businesses. T N, = N2 [multiply both sid
The secor el e such : Vs
substation D0 turns

i Then substitute in values

Calculate the number of turns in the N. = 500 X 11x10°
primary coil. 230
Np = 23900 turns

Example 2  Efficiency is given by
A transformer is 80 % efficient. power output

The primary coil of a transformer is | efficiency = ———
: power input

connected to a 50 V power supply, |, to g transformer COPYRIGHT
and has 80 A running through it. 5
= Y PROTECTED
i efficiency =
The secondary coil provides 90 V. ,ﬂj'/i

Calculate current through the

. - {1,780Aand V, =90 V.
| Rearrange for | 9
I, = efficiency X {PVVP Qg
80 X 50 5 EdUCOtIOn
1, = 0.8 %
| 90
1, =36A

Electricity & Magnetism 'Technical Topics' Worksheets for A Level Edexcel Physics



Example 3

A transformer is 75 % efficient.

The potential difference across
the primary coil is 300 V. The
resistance of the primary coil is

100 Q.

The primary coil has 80 turns
and the secondary coil has 15.

Calculate the current .
second ar il

. As in Example 2, we can use

efficiency =

but we don’t have anything in the corr
 efficiency = 75 % = 0.75, v, =300
N, =15

IV o * a2 jives us the power transfe:

| We can write

e P
 efficiency = —

. which we can rearrange for [

I, = efficiency X

. But we don’t have V! Instead, we nee.

LN Y
b Y

N
. which rearranges for V,

LV

| Substitutiz . 1y . Uev gives

\ and substituting values into our earli

: vZ
|, = efficiency X —*

i pY¥s

| .
e e
100 x 56.25
1L,=12A

1sVs

p¥p

e 2
HE 2 V-
soexpressed as I°R or =

- 2
Po Vt/
Ry

2
\

pYs

_ Vs

5
Np

Electricity & Magnetism 'Technical Topics' Worksheets for A Level Edexcel Physics Page '
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QUESTIONS

Bright spark
1.

Charging up

3. A transformer is 94.2 % efficient. The potential difference across the s
The power supplied to the primary coil is 6.50 kW.
Calculate the current in the secondary coil.

4. The number of turns in the primary coil of a transformer is 400 and the
secondary coil is 700.
The current through the primary coil is 84.3 A and the current through t
Calculate the efficiency of the transformer.

5. The power supplied to the primary coil of a fransf~. - er is 850 W.
The efficiency of the transformer is 0.0 9 0
The resistance of the secon” - - "o v /30
Calculate the cirin f’\gu’rhe secondary coil.

Shocking! G

6. There is a potential difference of 230 V across the primary coil of a tr
of 34.0 A running through it. The primary coil has 180 turns.
The secondary coil of the transformer has 66.7 % more turns than the g
resistance of 77.8 Q.
Calculate the efficiency of the transformer.

7. In a step-down transformer, one of the coils has 1.76 times as many coi

A transformer has 350 V across its primary coil, which has 240 turns.
The secondary coil has 140 turns.
Calculate the potential difference across the seconi- 'y coil.

A transformer has o current of 13201 % “w 15 hrough its primary coil
secondary coil. e

The potential diff . re -wss the primary coil is 7.5 kV and across th

e aiciency of the transformer.
1oh

The primary coil of a transformer has a resistance of 640 Q. The prime
The transformer is 72.0 % efficient.

Calculate the current in the secondary transfor

Electricity & Magnetism 'Technical Topics' Worksheets for A Level Edexcel Physics Page &
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11. ELECTROMAGNETIC PH

BACKGROUND

Electricity and magnetism have a strange connf., dor :m electric current
can generate magnetic fields, and mo~=< - fil' s can generate currents.
Meanwhile, an electric current - .. 5 . f’_. 20 movmg charge — in a magnetic

A moving celrg i.»agnetlc field

°guo<\ )

a ,novmg charge in a magnetic field is given by

F = Bqvsin 8

Fleming's left hand rule gives the direction of the force felt by a movin

v

T ¥ Hold your left ha
F i

e  Your thumb r
force felt.

/@.Q_
o~}
\ A /

A//
<
v

v

of the magn
e  Your second

Magnetic fields and moving charges
A moving charge, or a current, gene~c e . aaynetic field.

The direction of the maers uanbe determined by the right hand g
your right thiegs 01 * ¢ : rl your fingers around; your thumb is the directi
current andib flr Jers pomf in the direction of the generated magnetic fi

(=3

Faraday's law
Faraday’s law describes how an e.m.f. is generated across a conductor a
through a magnetic field, or as the magnetic field changes around the cond

The e.m.f. induced in the conductor is proportional to the rate of change
of magnetic flux in the conductor — the magnetic field passing through a
cross-section of the conductor.

Lenz’s law
Lenz’s law states that any change in e.m.f. or magnetic field will oppose
the source of that change.

Example 1  This effect isn* # ¢ with friction, air-r
A copper ball is passed through | inthe tib & 'v,a;t might expect, but r
a copper tube. bao : ' ?Uue are made of.

- As“sr?\e copper ball passes through the

:L:'II;ZZ s;rgmf:cczfn;lv ! b conductors move relative to each othe
%‘?’ e 5 . a magnetic field.

w@\ | it just been 3

dropped in*ree space. - The copper ball falls through the mag

. tube, so that it experiences a force.

Explain this effect, Lenz’s law states that the change bro

. field will oppose the change, so that t

Electricity & Magnetism 'Technical Topics' Worksheets for A Level Edexcel Physics Page
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Example 2
A solenoid consists of a wire wrapped into a coil.

A current flows through the solenoid, generating a magnetic field.

Draw the magnetic field around a solenoid, explaining its shape.

In the diagram, current is travelling right to left
across the front edge of the solenoid, and le -
right on the back edge. L

A single straight wire pro a *x :_:igﬁ"é‘fic field

around it as shown {:y

Coil of current-
carrying wire

Multiple wires placed next to each other (or a
single wire wrapped around itself) would produce
a single magnetic field that was the sum of each
individually produced magnetic field.

Using the right hand grip rule, the magnetic field
travels up on the outside of the solenoid and down
on the inside of the solenoid.

AdOO NOILO4dSNI
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QUESTIONS

Bright spark
1. Two wires lie next to each other, with currents facing in the same direct

Draw the magnetic field generated around both wires, and explain its

2. An antiproton travels through a magnetic field .~ wn below.

The magnetic field faces into the »~ >

Complete the diagram *..- towtepcn‘h of the antiproton as it travels t

m
X X X X
X X X X
X X X X
X X X X

Charging up
3. As a plane flies, it passes through a magnetic field, which points directl

Using Fleming’s left hand rule, explain why the plane experiences a fo
backwards due to Earth’s magnetic field.

4. Two identical copper balls are dropped through two metal tubes.

Both tubes are identical, except one is made £~ - r and one is mac
Copper is a better conductor than stee! g 7 1

Describe and explain the eff. «* ”‘i\.,.SOﬂ the balls as they fall throug

Describe and explain the effect of an AC current being applied throug
6. A Halbach array is an arrangement of magnets th~ jenerates a stron
the array, and a weak or zero magnetic f?;;,',:' O ;jié sther side.

A Halbach array is shown belov, w0 ¢ | = urfows showing the direction
magnet.

Electricity & Magnetism 'Technical Topics' Worksheets for A Level Edexcel Physics Page &
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12. ELECTRICITY GENE

BACKGROUND

Electromagnetic induction is the production of ¢ .« fe 4l uifference across -
magnetic field. Power stations rotate enl £\ '.¢ 1n magnetic fields to g

»
»

»

o Uniform
¥ magnetic field,
» strength B

e
Rotating coil W

Faraday’s law states that the magnitude of the e.m.f. induced in a coil is

dND)
o

»
>

This equations states that the potential created in a coil is equal to the
change in magnetic flux linkage through the coil (N®) over time, where

NQ® = BANcos @

This means that the magnetic flux linkage is relote J . ae strength of the
magnetic field, the area of the coil cmd th= . 1b~ ot furns in the coil.

Lenz’s law states that any e.am f i ) ; 7 wrii oppose the change that induce
the e.m.f., which is whV '.'. = e .Sgative sign in Faraday’s law.

A coil rota “ oy ina mqgnehc field will have an induced e.m.f. of

£ = BANw sin wt

This relates the change in magnetic flux linkage of the coil to the rate the
coil is rotating at.

Example 1 Usep= dve) _ _ AND)
A coil has 80 turns and a cross-sectional dt At

area of 0.85 m2. but instead of being given A

The coil is in a magnetic field with N® = BAN cos 0
magnetic field strength 36 mT. § AD s the diffnrence  fox b

The coil’s cross-section initially makes an A(" ﬁf A <05 92 -cos ;)
angle of 20° to the magnetic ﬁeid. 3
3@ £ 36 % 10 X 0.85 X (c

" .....~1?faf its A(D — _0.0158 T m?

The coil then rotates ova

- Putting this into our original e

“ Ao
Calculate the e.m.f. induced in the coil. = At
o= _ gox o018
| 15
£= 0.084V

Electricity & Magnetism 'Technical Topics' Worksheets for A Level Edexcel Physics
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Example 2
A coil rotates in a magnetic field, producing the graph below.

800

600

400

e.m.f. [V

-800

Time /s

The flux of the coil, @, is 0.0128 T m2.

Calculate the number of turns in the coil.

From the graph, peck em.f. = 615 V and the period of the em.f. is 0.2
The period of a sine wave is 2w radians. :

Here we have sinwft, so wt = 2w

AdOO NOILO4dSNI

o oq

.
t
Sraay

The peak of the e.m.f. at 8= 0 or wt = = is &€ = BANw

2
BA = @, which is given, and we found w in our last step

So rearranging for N gives

o £
 Quw

Substituting in values gives
615

N=——
0.0128 x 31.4

COPYRIGHT
PROTECTED

N = 1530 turns

'S
ag
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QUESTIONS
Bright spark

1. A coil of wire with a cross-sectional area of 3.6X10~° m2 and 200 turn
of magnetic field strength 19 PT.

The cross-section of the wire makes an angle of 0.40 ‘ad to the mag

Calculate the magnetic flux linkage in the v

2. A coil with 38 turns cmd 0o onol area of 12.6 cm? is perpendic
field. The mogneﬂ A ' :_\ sases from 14.1 mT to 93.7 mT over 60.0

o mduced in the coil.

3. Acoilhas 120 coils and a cross-sectional area of 728 ecm?. The coil ro:
magnetic field strength 407 mT at a rate of 170 revolutions per minute

Calculate the e.m.f. generated in the coil one minute after it starts rotouf
cross-section facing the magnetic field.

Charging up
4. The diagram below shows a coil of wire in a uniform magnetic field. Tk

AdOD NOILO4dSNI

5. The gmph. below shows the em.f. of a coil rotating in a magnetic fiel
0.8
0.6
0.4

0.2

COPYRIGHT
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e.m.f. [V
o

-0.2

-0.4

-0.6

-0.8

g

Time /s

5 e

)

Education

‘ c;'zgufd} frequency of the coil.

6. A coil has 50 turns and a cross-sectional area of 300 mm? and is pla
perpendicular to a magnetic field of magnetic field strength 20 mT.

The coil is pulled 15 cm up and out of the magnetic field, inducing an

Calculate the speed at which the coil is moved.

Electricity & Magnetism 'Technical Topics' Worksheets for A Level Edexcel Physics




Shocking!
7. The graph below shows the e.m.f. of a coil rotating in a magnetic fiel

20000

15000

10000

The number of turns in the coil is 3000 and the cross-sectional area of t

Calculate the magnetic field strength.

ié‘}c -' ‘.:.j . . . . . ¢
The e.mX induced in the coil is 55.6 mV as the coil moves from maximu:

linkage.

Calculate the effective area of the coil presented to the magnetic fie

Electricity & Magnetism 'Technical Topics' Worksheets for A Level Edexcel Physics
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13. OSCILLOSCOP

BACKGROUND

An alternating current can be dnscussed intorm o~
voltage and root mean square volf'" o ¢

An oscilloscope can be used to show an alternating current on a screen.

The oscilloscope needs to be set up to show an appropriate potential diff
and an appropriate time per division (horizontally).

Vi

Vo

LN A

Being able to describe and analyse alternating currents lets physicists
and engineers know about the energy the National Grid is supplied
with, and how it needs to be modulated for appliances.

Example 1 We use vrms -
Electricity for domestic uses in the UK has f

a root mean square potential difference | w* i e . cmges to

of 230 V.
‘/0 i \/‘_vrtns

ialé

Calculate the peak pe*>. - & e

of domestizlh-h . /- 1. UK Substituting in values gives
V,=325V

Electricity & Magnetism 'Technical Topics' Worksheets for A Level Edexcel Physics
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Example 2
An oscilloscope screen can be seen below.

State how the oscilloscope should be set up to show a single wavelength ¢
frequency of 50 Hz and a peak current of 4.0 A.

Draw the pattern you would see on the oscilloscope.

The oscilloscope is split up horizontally into 10 sections — there are 10 div
The period of a wave with a frequency of 50 Hz is given by

T=1=1 —002s
f 50

This means that to show a single wavelength on the oscilloscope, the 10 di
represent 0.02 s.

0.02
So, a single division represents 0 0.002sdiv'.

This is called the time base sefting.

The oscilloscope is split == = y info 'eighf sections — there are eight d
The peak cugien® ! > lughest amplitude of the current.

Ip, |
=

y= positive direction, so while I, is 4.0 A, we actually need

This is on:

., 80 ,
So the current base setting is g 1.0 A div-l.

(These are only the minimum required settings -2.0 A div!, for example, «
but it’s important to show the wave as large and in as much detail as poss

On the oscilloscope, this would be seen as

Current /A
4.0 [~ ]

3.0 //
RV

- 4.0

Electricity & Magnetism 'Technical Topics' Worksheets for A Level Edexcel Physics Page
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Example 3 The period of the AC voltage is given by
The uncertainty of an . T = number of divisions for one cycle X ti
oscilloscope will vary from | 3

model to model. The T=6.0x04x10

uncertainty will usually be i T=24ms

given somewhere on the :
oscilloscope or in @
handbook.

For a particular oscilloscor ..
the uncertainty in h¢¥ ~

vertical (g i 4 o
o8

; "bé;cenmge uncertainty of period = o X

divisions | ?.éoc,oi\‘-’ éii’:zisions. percentage uncerfainty of period = 1.7 %
An AC vohage is inputted to
the oscilloscope. . The frequency of the voltage is given by
E 1
L f= -
The time base setting is T

0.4 ms div'. Asingle cycle | f— !
of the AC voltage appears | 2.4%x107°
over 6.0 div. f=417 Hz

The voltage base setting is
0.5 V div-l. The peak-to-
peak voltage is measured
over 3.5 div.

The percentage uncertainty is the same f
i so the percentage uncertainty of the freq
' corresponds to 417 X 0.017 =+ 7.0 Hz

| The peak-to-peak voltage is given by
Calcvlate the frequency and ! o

H = £ ,{' 5 "i :
voltage of the AC voltage, . numbef O;‘ '“ :
including uncertainties. PV = "" , ')v

i The percentage uncertainty of the voltag

unce

| percentage uncertainty of voltage
' nu

0.1

— X
3.5

2.9

percentage uncertainty of voltage

percentage uncertainty of voltage
This corresponds to 1.8 X 0.057 = 0.0
' Sof=417+70Hzand V=181 0.05
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QUESTIONS

Bright spark
=110V.

1. Several countries use mains electricity with V,

rms

Calculate the peak-to-peak potential difference of the mains electricity

2. A student wants to use an oscilloscope to show .
an AC current with a peak current of ,q = ? /*
and a period of T= 12, 5 ms. ;

Describe the minimy s /: Lo requ:red to show
25 ) o cdrrent.

_5?he osciiloscope is shown on the right.

Charging up
3. An oscilloscope is set up with a time base setting of 0.2 ms div-! and a
0.8 V div-l. An AC voltage is produced on the oscilloscope screen, as <

Shocking! V&S
4. An alternating current is displayed on an oscilloscope, with a peak curr
base setting is 3.0 A. The uncertainty of the oscilloscope is £0.5 div.

Calculate the uncertainty of the root mean square current.

5. The time base setting on an oscilloscope is 1.5 ms div-'. The voltage b
The uncertainty for the time setting is £0.2 div. The uncertainty for the

An AC potential difference is inputted to the oscilloscope, and the scree

Calculate the frequency and peak potential difference of the AC pote
absolute uncertainties.

Electricity & Magnetism 'Technical Topics' Worksheets for A Level Edexcel Physics Page &
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EXAM-STYLE QUESTIONS

1.  The diagram below shows a circuit.

(a) Caildiate the combined resistance of the three resistors.

(b) The 21 V power source has an internal resistance of 0.68 Q.
The 18 V power source has an internal resistance of 0.34 Q.

Calculate the current through the power sources to an appropriate num

(c) Calculate the power dissipated by the total circuit.

2. A block of tungsten has a square cross section with a side length of 8.3 ¢cm, a
The resistance of the block is 1.1 X107 Q.

(a) Calculate the resistivity of tungsten.

(b) The tungsten is streiched out to a new ler ;th‘a m.
Calculate the resistance of the rov . isten wire.

(c) The wire transm's ¢ w6t 45 W, with o potential difference of 92
Cogglie i« - 2o dissipated by the wire.

AdOD NOILO4dSNI

e :

3. Three identical parallel-plate capacitors and one resistor are placed in the ai:
—i }—l:kl*

(a) Each of the capacitors has a capacitance of 850 [F.

COPYRIGHT
PROTECTED

Each plate of the capacitors is a circle with a radius of 4.1 mm, and the

Calculate the relative permittivity of the dieleciric between the plates.

't seen in the diagram &

(b) Calculate the total capacitance of the ar i ap

g
)
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(c) The capacitors discharge through the resistor, producing the graph seen

300

250 -\

Potential difference/ V

0

0 100 200 300
Calculate the value of R. Time/ s

4. A coil with a cross-sectional area of 0.16 m2 and 320 turns rotates in a mag
strength B, producing the graph seen below.

S0 T

100

AdOD NOILO4dSNI

2100 |-

2150 L

(a) Calculate the angular frequency of the coil.

COPYRIGHT
PROTECTED

(b) Cealeulate the value of B.

(c) The e.m.f. produced is put through a transformer. .
secondary coil. 1

The current through the primz oy <6 ' o :,,ﬁ:he T'Faﬁsformer is 210 mA, and

'9

Calculate the cur=¢ . . < a4he secondary coil of the transformer.

)

Education

Describe how the oscilloscope should be set up to show a single wavele
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ANSWERS

1. Current is the rate of flow of charge. 3. Cireuit A—no, the ¢
Potential difference is the energy transferred to a charge. Lircuit B — yes, the
For a given potential difference, a lower resistance ... 7 Hifference source a

Circuit C — no, there

component will have a higher current flowing thron i

L

2. Q=#h

Thermistor

LDR (light-dependent
resistor)

Voltmeter

Variable resistor

Ohmmeter

Ohmic
6. a) Ry =R; +R,+R; =630+ 680+820=2130Q conductor
b) The resistance would decrease as each branch of the
circuit would have less current, requiring less potential Filament lamp
difference to push the current through each branch.

7. lin = ’ouf Dladie

85+63=41+1
1=85+63~-41=107A

8.  Kirchhoff’s first law states that the current into a ;uncﬂon
equals the current out of the junction. ;
Kirchhoff’s second law states that the potent.al lif. ‘rf s
gained in a power source is equal te s opcioacal
difference lost in the cu’cunf g id 1.

12. Transformers are used to incre
reduce power loss in cables. T
voltage of eleciricity for use in i

13. Generate electricity for the N
convert motion to electricity fo
vibrations to signals
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Bright spark
1. Rigqg =R; + R, +Rz;+R,+R;s

Rigy = 3.98 + 2.22 + 401 + 3.53 + 2.80
Rioiet = 16.5Q

Rtotai Ry Ry Ry Ry Rs

Riotss =
Rfoici! =

Riotct =

Charging up
3. Rioia! = R1 + Rparallel

1 1 1
=—+4+—
Rpm'u/!e/ Ro R3
1
R wratiel = T
parallel 7 7
/R2+ /R3
1
Rioia! - R1 + 1/ +1/
Rz ™ /R3
1
Rigiq = 34.9 +

V78.2% /56.4
Ry = 67.67 Q

V= IRfofcu'
1=
Rfo?ai
| = 300
T s7.67 A
| = 443 mA

Rfofal = Rseries + Rparallel

Rporal!el = Rioia! - Rseries
Rooroiel = 230.8 114
Rpcrollel =116.80Q

1 1 7 1
=— + =+ —
Rparatiel Ry R2 R3
]
R7
7 1 ]
/Rpamﬂe! /Rz fRs
1
R;
H 1 T
/116.87 /356' /383
R;, =318Q

Shocking!

5.

R=

vfoicl = v1 + v2
Vi = Vi — V2
V, =185 -96.5

'V, =885V

I=3.016A

VT = IRfofaI
Vi

n
88.5
3.016

Rior = 29.34Q

R total =

R total =

1 1 1 1
Riotal Ry Ry R3

1 1 1 1
Rtotol Ry Ry Ry*

T T
R4tRs Rtotat  R7 R

7/Rfom/ N I/Rv
.
R ——mM8 —
7/29.34 - 1/76.0 -
R=141Q
V=IR
Vcn'gincl =5X (12
von‘gincl =20 x (72

26=0.25x% (R, +

5x (12+4R,) =2
60 + 5R, = 240 +
R; = 36 +4R,

26 = 0.25 (36 + 4
26 =9+ 1.25R,

R,=136Q
‘R, =36+ 4R,
"R, =9040Q
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Bright spark

v2
1. = —
R
v2
R=—
P
_ 230°
40
2.

W =63.8kJ
Charging up
v2
3. = —
R
W =Pt
2
w= 24
R
2
W= 1090% 5% 60
855
W =416.9 x10%)
Wgrdv = mgh
Weraw = 3150 X 9.81 X 9.39
Wy = 290.2 X 10° ]
of ffciency — useful éufpuf ‘envnsr;?v”
fotal inrut 3
efficien m—v
A
efﬂc;ency - m
efficiency = 0.696 or 69.6 %
4. P=I°R
W =Pt
W= 2Rt
1=2
t
w= R
¢
= ¥
Q= R
_ j146x60
Q= 95.4x 108
Q=0.303C

Shocking!
5. PR==
I3
(309 x 10

PR =262.8 kW

efficiency =

efficiency = £

efficiency = p

efficiency = 0.991

p= f(25.é X 103)2 x
907

L P=7218kW

W = Pt
w=721.8%10°
W = 3.869 x 10°

efficiency =

efficiency = U

2.435 X

efficiency = 3800 77

efficiency = 0.629

_ (248 x10%)° x

309 X1
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Bright spark
1.  As metal heats up, its resistance increases.

R= TV so the gradient of an I~V graph is %.

At higher currents (and temperatures), resistance
increcses and the gradient of an I-V graph decreases.

<V

2. Current only flows above a threshold potential difference
(Vo) or at very high negative potential differences.
Resistance decreases with increasing current.

Charging up
3.

4 High temperature

A thern é,sisfdhce decreases with temperature. For
Y i .
an [-V g_..,-,-rr',‘ grad:enfofE so a lower resistance means g

higher gradient.

R

o Place ammeter
voltmeter in pa

e Take readings
* Repeat with inc

1

gradient
Gradient at tangen
Gradient = 0.76
R=1.3Q

Shocking!

6.

The component des
This means that the
below a threshold
current.

Current /A

Current
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Bright spark

pL
1. R=~-—
A

R = 271 %1078 % 37.1 x 1072

(8.43 % 1073)2
R=507x1074Q

Charging up

ot
3. R=7
2R =% (z-1y)
_ ARA
- Lo-1y
_ —83.4><(1.50><10’2)2
- 1.90 -2.40
p=01180m

4, Section 1
ot
N
2.20% 107 x 1.60

% (8.30 x 10’?)2 - x (506x% 10’2)2

R, = 2.588 x 107°Q)

Section 2

£ L =

L9 0 X107 % 0.230
P P
X WG X 1079) ~mx {6.64%x107)

R, =3782%x107°Q

Total
R=R; +R,
R=297x10°Q

Shocking!
5. =

>R

=4.018Q

carbon

R

R

aluminium —

R

aluminivm

i -] 1

Rictat Ralyminium Rear

] 6
Riotal 49.87 x 1072

L =1206

Riotal

Rigr = 8.295mQ

P =/%R
P=(320%107%)°
P=849%x107*W

6. A=mr?
A; =mx (0.661 x
A, =1373x107

. _RA
SoPET
_ 31.8x1.378X10°
8.51 x 1072
p=51.29mOQm

Cross-section of ne
V=1A,

vV =2851x107%x
V=1.168x107°

%
A2 = —
Lz
_ 1168 %107
A= o To?
5.49 X 10

A,=2128x%x 107

Resistance of new ¢
RA

X
5
]
hs}
3
)

A2

512910 x 8.
2.128 x 1

=13.20Q

b
"
|
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Bright spark
R2

1. vouf = Vin
Ry +Ro
V., = 200 x —=2
560 + 680
Vo =903V

Charging up

R2
3. Vou=V,——
out mRI + Ry
VoutR
R= outi7
Vin = Vour
34.6 X 135
R= ="
65 -34.6
R=154Q
R2
4. V=YV,
out lnR]+R2
VinRo
R]=L_R2
vnm‘
120 x 287
= - 287
41.6
R=5410

Shocking!
5. ForV,, =170V
R2
Vo = Vi ——
out in Ry +Ry
VoutR
E:RQ = outR71
i Vin = Vout
_ 170x78.4
therm T~ 230 - 170

therm T 222.1Q

1

therm & ;
Rierm200k _— _T
Riherm T 200

T= 200 X Rtherm 201

T=200x L

222.1
T=132K

RipR
6. vouil = vin
Ry +Ripr

At 30 W m2

(Vm - Vouf) Ro
Vout

R LDR

R
LDR 30,

Ripe =119900

“For V,

=541V

— (Vm_ Vou )R
RLDR - Vouff 2

_ (85.0 -54.1)
Ripp=—",~+

54.
Rior = 3735 kQ

Ripe o I°
R,pr decreases by

I changes by a fac
0.6779 X 30.0 =

(85.0 -30.0)
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Bright spark

1.

For cells in parallel, €,y =€; =€, = €3 =18V
E=IR
1=:
R
18
I=— ;
13 .

cell =

For cells in series, €;,q) = €7 + €5 + €5 +...
Eiotgt =31 +35+ 42 + 54

€ = 162V
e=1IR
1=:

R
— Ie2
T2
I=T14A

Charging up
3.

€=230V

£=984+ 2140+ 810+ 1870
£=5804V

R=R; +R,=36.4%10°+233x10°=59.6%x10°Q

2 2
p =Y _ 2004 i

R 59.6%10
P=565W

Shocking!

5.

According to Kirchh
all the resistors is e
cell, and the curren

out of a junction.

80=50x%1,+10

160=75% 1, + 1

(1) x2 = (2)

100 X I, + 200 X
I, =-8 %1,

Into (1)

I, =-0.1231 A
I, = 0.9846 A
ls=1,+1,=1.11

e=IR+r)
£=543 + 496 =
R=2580
r=9.61 + rygqiiel
1,0
: Fporciie rpoor
vt = 675 Q
r=16.360Q

= =—=3787A

R+r

P=FR+r)=39
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Bright spark
1. c=2=

-

Er - ALg

_ 963%x7107% % 1.98x 107
.44 % 1074 x 8.85x 10712

g, = 1.50 x 10°

5.2
1(81.4% 107%)

W= 2 185x 107
W=179])
Charging up
3. w=lqv
2
w=lcv?
2
W= 1C(IR)?
W= é X 249 X 1070 X (41.4 o LT
W = 25.7%3 r?—S 1 .:‘ &
QY
4.  Electric ._gl in a uniform field is given by
V=Ed =
Electric field strength is given by
_Q
- E0A
Capacitance is defined as
c=2
%
Q =EgpA
_ oo
T
C = 2%
d
__ Agp
5. C= y
Cc= 134%10%x 885x1072

40.6 x 103

C=292x10%F v

Shocking!

6.

1

w=1lqv
2
W= lcv?
2
E

,22
mX(7.24X]107¢) X 885X%X1

C=

14.1 %1072
C=07070F
= 2 X 07070 x 85.0°
W = 2550
W =255k]
V= e _ 1 Q
4meg r 4meg Ro — Ry
Q=cv=Ccx—=2
4meg Rp — Ry

C = 4n£o(R2_R1)

C=4mx 885x107% x
C=407%x107"%F

o
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Charging up
3 1

Bright spark
1.

Cfom/=C7 +C2+C3+C4
Cioiy =82%X10°+26%X10°+31%x10°+66x%x107°
C,om,=205mF

T 1 1 1
Crotai Ty € C3 Oy
1 1 1 1 7

= —+ —+ o —

Clotal 255X 10 310% 10 415% J0 T g

1 ) -

=1.410x% 10"

Cfofai

Ciot =

[p=1

Cfo?u!

1 1 1
= —+—+—
Chotal C; Co C3
T _ 1 1 1

- < o + 2
Chotal 357%10 18.2% 10 60.3% 10

L =99.54% 10

Crotal

Cioer = 10.05 nF

<10

C
Q=Cv
Q=10.05% 107 x 500 x 3
Q=151x%x10°C

Croy =C; +C, + G

C
2 X 6.36
Vo=
1640 X 10

v=3881V

Shocking
5.

i Oy Crotal ~Cs

C? = 7 [

CptC
7
CoHC
7
CptC

C,+C=1.142

C=1.142x10
C=1.06mF

The circuit descri
Cs

1

Ciotal =C5  C2
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Bright spark
t
1.

I = ,Oe_E
60

[=72x10°% xe 38
I=15mA

Qy=50C

T1/2=255

RC= 2 = 36
0.69

Vo = 37
Vee =
RC=325s
325
T 450x 107
R=722kQ
t
V= Voe RC
AL
Clnv—\;
_ 108 e
T Twox100 T 100
250
R=295k0

1
Q = Qp{l —e &)

Q
RxIn(1 -5

64.3
C=

C=154%x107°F

24.5%10% X In(1 -0.819)

Shocking!
6. —

1 1
= —+4—
Riotal R R

i 1
R, 54.5x 10°
otal

R = 29.22kQ

i 1 1
Croto! < C

Cfo!cv! =132.5nF

Q= QoeR_fC

t= -Rcm(o%)
t=-29.22x 10°
1=0.685s

a) Q,=0.085

QRC =0.085
RC=140s

3C
93.0X 10

C=1.51x1

For W = 1.81

Q=v2wC=
Q =0.0739

This value of

b) V=Vo(l -e

f
l =1 -e rC
Vo
~ =0.865
Vo
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Bright spark

oMo
NP VP
VN,
— 'ps
Vem
f=3
350 % 140
V, =
240
V, =204V

‘S VS

2. efficiency =

S 4
efficiency = 0.37 or 31 %

Charging up

.. 15V, IRY
3. efficiency = — = ==
,PVP PP
. . Pp
I, = efficiency X —
Vs
6.50x 10°
I, =0.942 X
192
I,=31.9A
No ¥
- V. 1N
efficiency = =—= = ==
Ve pNp
. . 37.6 x 700
efficiency = ———
84.3 X 400

efficiency = 0.78.1 or 78.1 %_

I, = [efficiency x =
I = /0.900 x 220
77.3

I,=3.15A

1? 570 U ox
W < 0 x7sx10°

Shocking!
6.

1,=0720 %
U, =1.57A

.. 15V,
efficiency = ==~
A
2
. . \Z
efficiency = == X

RS

5
Ny _
Ne
V.=
230 X 300
vV, =
180
v, =383.3V
.. 383.37
efficiency = ——
77.8

efficiency = 0.241

v, = 794.0
1.76
V. =451.1V
.« . — lsvs
efficiency = =Y

P

he]

.. /
I, = efficiency X p7~

1.241
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Bright spark
1. Directly between the wires, the two magnetic fields generated by each wire oppose
other, cancelling out.

Further from the wires, both magnetic fields have the same direction, adding to a lar
magnetic field.

The overall magnetic field is the same shape as for o &

XX X X

Charging up
3. The charge carriers (electrons) in the plane’s metal frame are moving forwards with 1
simulating a current.

Using Fleming’s left hand rule (with the magnetic field upwards and positive current
the electrons experience a force to the left, creating a positive current to the right.

A current is now set up to the right. Using Fleming’s left hand rule again for this new

magnetic field, a force is experienced to the back of the plane — opposing the plane

4. The balls dropped through the tubes create a magnetic field by the charges moving
other.

The copper tube has more charge carriers thon steel as it is a b&‘ﬂer conductor, so a
magnetic field is produced. .

Because a stronger magnetic field is producm:l o - ,,.,-"fo'i'ce.is felt by the ball pa

This force opposes the motion of A " 1) Lenz s lcw — the force opposes the ¢
This means that the ba!l ir L hea tupe moves more slowly than the ball dropped

Shocking!
5. Asana

ae
é\,ca‘p“ g current is passed through the coil of wire, an e.m.f. is induced in the
This e.m.f. changes direction with the change in direction of the AC power supply.
This induces a current in the brass ring.

The magnetic field produced by the changing current in the iron core interacts with th
upwards.

As the current or frequency of the AC power supply increases, the brass ring experie

If the current or frequency of the AC power supply is high enough, the brass ring cou

6.  Taking a small section of the array:

zd- * g Grrow, the arrows surrounding it add to the magnetic field a

focmg arrow, the arrows surrounding it add to the magnetic field ab

Where the mogneﬂc fields add, the magnetic field is much stronger. Where the mag
is weak, or zero.

This means that the magnetic field is much stronger above the array than below it.
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Bright spark

1.

N@ = BAN cos©
NO =19 x107° % 3.6 x 102 x 200 cos 0.40
NO=1.26 x 1075 Tm?

d(ND )
£= ———
ot -
AAB .
€= -N—
At
126 1074 x 72
= -38 T
£=-6. 22
Q}&‘fp ;,:5
£ = BANWsin wt

w=170 xg =17.80 rad s’

£=407 X 102 x 728 X 107 X 120 x 17.80 X sin(17.80 X 60)
=-13.2V

Charging up

4.

_dmo)
- di

N@® = BAN cos 0

__ BANAcos®
At

At
BNAcosB

130% 1073 x 2.50 -
84% 1078 % 85 X {c0s36 - c0s0) g

A=0.238 m?

Period = 25

T=0.:
wt= 21
2n
w=—
0.32
w=19.6rad s’
_ _dNo)
- di
At = m
£
NBA
t= —
50 X 20x 107 x 300% 10°°
At = ~
70x10
At = 4,29 ms 4

Ax 15x1072

ve— =2 i
At 4.29 %10

Shocking!
7. T=125s
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Bright spark Shocking!

_ Y = lo
1. vrms - \/5 4, Irms \5
- 38.4
VO - ‘/Evrms l!;'ms = f
peak-to-peak voltage = 2V, s = 27.15 A
peak-to-peak voltage = 2 X \/2V, ‘

number of divisions

peak-to-peak voltage = 2 x /2 x 110700

peak-to-peak voltage = 37 ¥ number of divisions

number of divisions

2 % period percentage uncertai

number of divisions

2% 125% 108 percentage uncertai

9
time base setfing = 2.7 8 ms div™!

time base setting =
percentage uncerfaint;

absolute uncertainty

Vertical absolute uncerfainty
Six divisions .
absolute uncertainty
. peak-to-peak current 2l
current base setting = — = —
number of divisions number of divisions L. 5 :
2 x o4 5. 4.9 divisions horizont:

current base setting = 6.3 divisions vertica

S .
current base sefting = 3.13 A div T = number of divisi

Note: These are only the minimum base settings. It's T=49X%X15%10
much more likely that higher, more rounded settings T=735ms
would be used in practice, such as 3 ms div-! and

4.0 Adiv. .
percentage uncertai

Charging up
3. Horizontal .
One cycle is 3.8 divicx

percentage uncertai

percenfage uncen‘aim‘;

AdOD NOILO4dSNI

f=1
T
=1
T 7.35x 107
Vertical N
Peak-to-peak voltage is 6.6 divisions f=136 Hz
V = number of divisions X voltage base setting absolute uncertainty

Voeak = 3.3 X 0.8 absolute uncerfainty
Voeak = 2.6 V absolute uncertainty

1

VO = ; Vpeck to peak

COPYRIGHT
PROTECTED

Vo = number of div

Ix63x%x2
2

Vo =788V

Il

percentage uncertai

g

percentage uncertai

)

Education

percentfage uncertaint;

absolute uncertainty V.

absolute uncertainty

absolute uncertainty V
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Rfofcl = Rseries + Rporcllel

1 1 1

Rpm'a!lel Rj Ro

1 - 1 H
R T o2x10% 1 24% 108
paraifel

1

=871 x107% v

Rpw'cl’le]

R

paroife

,=115000Q Y

Ejotal =214+19
E'otal =40V v
e=I(R+r)

Fiotal =11 +I'2

Mot =0.68 + 0.34
Froe =1.02Q Y

&
I= R+r
40
[-:'—3
28.5% 10° +1.02
=14x]03 AV

¢ P=PR+r)
P={(1.4x 10—3)2 X (28 7 ,
P ::0'056\1\/ 1‘ Sk o

T
2 a sgw
s g

AdOD NOILO4dSNI

w107 x Bax1072) v
- 12 x 1072

p=631%x10°QmVv

bl v=aL =12x102x (83x102)
V=827%X10"*mv

v _ 827x107*

A= T

A, =6.36% 1074 m2 v COPYRIGHT
N PROTECTED
R, = 631 %10°% 1.3

6.36 % 1074

R, =1.29x1072Q Vv

A9

— 2 G
¢ Pdissipctfed =P E

.
Y Education
Pdissipctfed - 7
452 % 1.29 x 1072
Pclissipafed = 922 v

Pdissipcfed =3-7 X 70_3 W v
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3 |a |c-Zn

d
dC
g =—V
Agg
-3 -
6.5X 1077 X850X 10
£ = v

{41 % 70‘3)2 % 8.85x 10712
g =1.18%x10"°V

b | Cogara =C; +C;

Cperatiel =2 % 850 % 107° e
Comrater = 170X 10 £t/

paralle

y0x 107 170 % 1073

Chofal

Cio) =5.65 X 1074F vV

€ | L =20 —q4vv
2 2
T1/2 =105sVv
T1/2 =0.69RC
T]/2
T 0.69xC
105

T 0.69x5.65x 1074
R=270x10°QV
4 a wT =2w

w==2y
T
2
w=—=v
1.3

w=483rads7 v . »
b | £ =BANwsin wt L
LI

AdOD NOILO4dSNI

_310
51v

X 4.83

efficiency =

I, = efficiency X ’F;\Iﬁ v
-3
520.83X210X10 x75 ,
110
L.=0.12AY

d _ T

Horizontal divisions _—
number of divisions
. o 1.3
Horizontal divisions = s

Horizontal divisions =0.1 s div:? v/
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\'4
T number of divisions EdUCOtion
198
Vertical divisions = vy

Vertical divisions =25 s div-!' v
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