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Teacher’s Introduction

This Topic-on-a-page resource has been designed to help your students revise the key points of each topic and
test their knowledge after you have taught each section of the IB Physics: Theme D - Fields specification from
topics 1 to 4. Each page is closely tied to the IB specification, ensuring all aspects of the course are covered.

Two of the topics are covered by two pages each, while the other two topics are covered on a single A3 page each.

There are four sections to this resource, each with its own features:

1. Topic-on-a-page sheets: these are the main pages which intend to clearly
consolidate and recap all the key information from the IB Physics course.

2. Activity pages: these are identical to the Topic-on-a-page sheets, but contain a

variety of tasks, from filling in missing words to performing calculations.
The activity pages aim to ensure the student understands all the key knowledge [ AT ) .o >
required of them and gives them the opportunity to demonstrate how well they

have remembered and understood the content of the course.

3. Outline-only pages: these are the Topic-on-a-page sheets, but with most of the
content removed. Students can research the topics, e.g. for homework, and fill
in as much information as they can.

4. Mark scheme: full answers for the activity pages.

The ‘Topic-on-a page’, ‘Activity’ and ‘Outline-only’ sheets are designed to be A3 size, although they are still usable
at A4 with no loss of detail. When photocopying activity pages on A3, we suggest photocopying the relevant
worksheet on the reverse. If using at A4 size, we suggest photocopying each A3 activity ‘worksheet’ (for writing
answers) as a double-sided A4 page to avoid shrinking the space available for answers.

Each page presents information in a variety of ways, including:

e  Bullet-point processes — complex processes and lists have been summarised into quick, easy-to-learn points.
e lllustrative diagrams — detailed diagrams that visually represent a concept or an event.

e  Method and calculation boxes — concisely state the equations used in required calculations.

e Tips and tricks — extra useful information that can help students when solving problems.

We hope you find these pages useful during your teaching and your students’ revision.

H Sproul, May 2024
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The gravitational field strength, g,

at a point in the field is the force per
unit mass that acts on an object at
that point.

Field
of th

)

.
%
.
|

.
/
|
-
.

e

All gr
force

2

o
3 2
LR

gravit -
lin
A v SE

s s towa

o

o
1 Combining this equation with Newton’s law of gravitation gives: From |
gravit:
 lines ax
. point &

.
/ fromzs

© ZigZag Education, 2024

L]
|
]
y
/
////

S
]

.

Y

SN
b

"

G

S

NS

|

A

I

S

R

[

//////////////////

i

@\\\\\\\\\
) -

=

T,

f

L]

V4

/
W
7/////////////////////////////

/////////%
i

Wy
/////////%

\\\\\\\
A
\\\\
s

SR

S

=
S
s

.
T

///////////////////

&
&
s

]

|
J

%
/””//////////////

S
¢

\

%//////////////////////////////%

o
ST

7 4

i
%///////////////////

a
iy
iy,

COPYRIGHT
PROTECTED

S

Qg9

Education



Gravitational Fields 2 — Additional Higher [
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. P 4 . The work
A mass, my, is an infinite distance away from . i m,
s T ¥ L s 2
another mass, m,. A gravitational forc... . 6 - . g
s . f h‘e 4
. n & . . rom this
between my and m,. Therejen« ot itialer g r=o00
- n ) 4 4 = oy The gravit
stored between my AT A r=0 %////Z %
" . ,,/////// - %
(L ] L Z B,
; g .
; o . . . P
Q@Wﬁ ught closer to m,, a gravitational force my . —
£duee oo F F ™ .
\% PPiween my and m,. Theworkdoneto 4 N 4O _____ «—0 . /
e . . / Z% p Aw—
bring m, closer to m is now stored as potential 4 .
r =1Kkm | Ty "
energy between mq and m,. r=40 . & ¢
% The gravi! e
% pointin 2 m———
If the masses are free to move, the attractive gravitational force will do work to bring m; and m, even closer, % W |
|
storing more potential energy. The potential energy stored g . —
between two masses is called gravitational potential energy, E|,. / . . | I
The gravitational potential energy O R
: -%/ P
; Frn stored between two masses is: J / %
b= e larger and m10re negative if | /%
eitt . islarger Doind [
g 7 . . . Y T,
P 7la & %nd _«ore negative if the oing .
S oy /%/SG/S/ are closer Tomoveamasstoa s,
L . . . iy,
. . . .« o 0 y .
o q zero if one mass is at infinity gravitational field, yo1 // \
11 R on the mass. A rocke’ |
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The work done, W, moving a mass m to a new & W%
potential is calculated using: /
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accelerate itself off E2
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W //{h _rocket, in the gravitational field of another
. _ach as Barth, will have gravitational potential energy.
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If the rocket wants to move away from Earth, the rocket will
need to do work to decrease the magnitude of its
gravitational potential energy, thereby increasing its
distance from Earth.
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The work the rocket does during lift-off is first converted
to kinetic energy, moving its position away from Earth.

The faster the rocket travels, the more kinetic energy the
rocket has to convert to gravitational potential energy, so -
the further away from Earth the rocket can travel. /
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4 rocket can completely escape the ora” giatic (il fie ~| "A stationary object will fall towards a larger object, su¢

Earthifithas enaugh Kinetic - specimidied along an equipotential line, perpendicular to the gravi
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to this amount of kir. . « 3yit & >a .aeescape . o ;
T 3% /f - P Earth. This curved path around a large object is callec Q
speed, Vag, . o - - - ————
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¢~ Derivation of the Orbital Speed Equation EdUCC}tEOﬂ
IFor a satellite to stay in orbit, the centripetal force causir;
j circular path must equal the gravitational force between !
1 satellite and the larger object.

. . . ! Fo=F g
This equation depends on the distance I
between the two masses. Therefore, it canbe | >
used to find the escape velocity from any ! r r

. L . I The orbital velocity of the satellite must therefore be:
point in a gravitational field. I

I GM
Vorbtial = |—
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EIectrlc and Magnetic |
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’ =1

I : .

Coulomb’s law states that the force betwee In 1910, B

Electric charge, q, is a property of
an object that allows the object to
interact with electric fields.

([T B

two point charges depends on theiz -he ~

chargeis ¢

¢1 and g3, and their separ-
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wit F Like charges (two positive or two At the top
ch @Q negative) repel each other. Millikan el s— //
y y )\ % electric fie! /
ike ! priectric charge depends LY % would fee! L
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Opposite charges (one positive and’
one negative) attract each other.

-

only on the object and not on the
situation the object is in.
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The law of conservatlon of electrlc charge o
| states that the total electric charge in a
closed system will stay constant. The
charge of an object will only change if it
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Objects can gain or lose electric charge via
three ways: friction, electrostatic induction,
and conduction.
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75 7 Electric charges can pass from one Millikan £ P

. . /////
Rubbing two objects together A charged b e - -t 8| | charged object to another when the potential & / %/
: . . i |
can cause electric charge to be N S o 3 A Nl /t Lt ( B g objects are in contact. increased // % /
picked off one object and /4 Cish Charges will transfer . . %/////////

A Adren o _Xges in the
transferred to the other.  ° y /A, /(; i /Mob]ect If the charges
Insulatoregill ste ; “are free to move, the second

\ Pt 1 o a \ object will become charged.

quantised

/
We now ki //é
// /,,,JM ]

until the electric charge |
of each object is equal in |
\both sign and magnitude.
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Grounding 7\
A build-up of electric charge in an object %// //%
Electric field strength, E, at a point can be dangerous. Large transfers of charge Just lik A R 4
. . . i iy,
is equal to the force per unit charge transfer a lot of energy which can burn Just like %i / ”/@// COPYRIGHT
. .
that acts on an electric charge at people or start fires. Objects are grounded ¥ 1n space. 2 % ?
that point in the field. ’ by connecting the object to the ground — //f//,///,////// PROTECTED
q with a conducting wire. Any excess charge .
2 ]
: ;—‘ will flow to the ground, so no charge builds %//// /%
\up in the object.
- 3 /// ) Uy, %/ »
This is like the gravitational field ' ad 5 ) Y | 9
strength, which is equal to the force . 7

4
/The"'f:/['e/hsity of electric field lines between parallel
plates is constant. Therefore, the electric field strength
between parallel plates is constant.

per unit mass.
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Electric fields can take any shane

dependmg onthearraroe = ~At S e

electrir 2 “ S ) T You can calculate this electric field strength from the N
i 1 Electric field

opp(| cha: > ill createa gap between the plates, d, and the potential difference Field lines 41

unrfo o0 eld /f'he field lines all between the plates, V. forming loc

Near an ele:
electric fie¢
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Electric and Magnetic Fields 2 — Additional Higher L
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A test charge, q,, is an infinite distance away frr- r ir

between these charges, so ther- i’ . tent’ P =

. ; ,////// / i
energy storedbetwee Jik /// J .

/////////

// >

‘ 27ht L/@s/ér to g4, a repulsive electric

¥ between both charges. The work done
to -y, doser to g4 is now stored as electric
potential energy between g, and q;.

another charge, q;. An electric force wﬂ/ e, %%
4 b
4

r=20

r=20

The electric potential energy, £, stored between two charges is calculated using:

E
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/ 2/(
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=
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r=1km
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Moving an electric charge in an electric field will result in a change in e}~ “'Y /fm )
potential does not change). This change in energy comes from tk ele( fc cﬁg

new electric potential.

// /

The work done to move a charge .~ W/}/ ot /)uétct of the charge and the change in the
i i ,‘////

/

,,,,,,,,,,,,,,,,,,, oy ﬁ
Doing Work to Move an Electric arqe

|
//////////////////////////////////////////////////////////////%

///él e //;rgy (unless the electric
/ilrﬁ work, W, to move to a
i/

’

electric potential. A

////////////

//

w

= qAV,

P o
%@ nits-tor Work Done

WoRZaaag W transfer of energy. Therefore, work is
measuted in units of energy such as joules, J.
Sometimes, problems involve tiny electric charges, like
electrons. The energies involved are also tiny, so you
may find it more convenient to use electronvolts, eV,
instead of joules.

Remember, one electronvolt
is the energy it takes to move
an electron across an electric
potential of one volt.

1eV=16x10"1]

What is a Test Charge?

How would you measure the strength
of an electric field at a point near an k

unknown charge in the real world?

The easiest solution is to place a second
charge at that point and see how this @ O

second charge behaves.

The more the ¢« d charge accelerates,

the stigeo (2 Pl 'd at that point.

= /1 fecc ‘/,A {garge ‘15 a test charge.

Just like gravitational fields ¢ /h VL Aes w1th

constant cogmic pe 2 bl o 41pocént1allmes
N e

4
ial licee:

- electric potential at any point
alo®®the Tine

e isalways perpendicular to the electric field lines

\ ® always forms a closed loop

Moving an electric
charge along an
equipotential line takes
no work because the
electric potential does

not change.
W = qAV
W =q(0)
W=0]

© ZigZag Education, 2024

/

4
\
4 .
\  Howare elo
% uniform el:
as %
’ .
%
.
.
Vl V2 é
< W .
.
Ar %
/
0
.
.
0
.
.
The

- ////

The real v
dimensio’
dimensioz:
equal pot
do not fo::
surface th:
These sur.
equipote:

o

/

//////////////////////////////%

\\\\\\
S

AN
Nt

a

s
T

@

/////

//////////////////////////

S
s
e

/////////

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

o

L]

/
////////////////

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

\\\\\\

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

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

//////////////////%////////////é

W
/
_— ///

/
iy

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

\

A
.

COPYRIGHT
PROTECTED

9

Qg

Education



™

Motion in Electromagne

=

Charged Particle Moving Through an Electric Field

Any charged particle in an electric field will experience an electric forro

. . : . iy
including those in motion. 7 ;.
- ’ .
The direction of this electric force relative to tha ¢ - =
motion of a charge will make the charc“ . v » dr J(, -
it /

-

slow down (2) orstay ataern. .41 ‘peed ).

//% d //‘,,,/

. AW .
. fla1 __.he direction of motion of the
- setake a curved path (3).

-

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\w\\}\\\\\\\\\\\\\\\\\\\\\\\\\\\
L

An electn @S will In both electric and magnetic fields, if a
accelerate or decelerate a charge moves at an angle to the field, the v
charge if a component of charge will follow a curved path. Why does .
the charge’s velocity is the charge take this curved path? For a charge moving at an ,,//
parallel to the field. . o angle through a magnetic
@ ’ For a charge moving through an electric field, field, the force acts .
= \ the force acts in the direction of the field. If the perpendicular to both ”//
gy charge is moving at an angle to the field, there the field and the motion ’;
The electric force will will be a force component that acts of the charge.
do work on the charge, ., perpendicular to the motion of the charge.
changing the charge’s s am—— L —
kinetic energy and speed. . Sy Y The
| Conservation -4 9 ) B

In any interaction, energy

‘ 7
of Ene rgy| Themagpi*=4' = :m. ./ force that acts on a moving charge depends on four
must be conserved.

 foca £m: 1. _of the charge, g, the speed of the charge, v, the magnetic field

. g . k. B
When an electric field does work on an electW; %/”’s*{n 8, Jid the angle between the velocity of the charge and the magnetic field, 6.
charge, electric potential energy is trc e .

" | N
w0 4 -
; - /

. ,,,,,/////

to kinetic energy. { A 4

.
:

]

. ]

. .

F, = quBsin8

J
A magne o el on an electric ~ The more perpendicular the charge moves relative to the magnetic field, the stronger the
charge so &%;d":wﬂ /;transferred to the charge. | magnetic force because 8 is closer to 90°. %
You can ap L ,,/,,//«%servation of energy to

Magnetic Force on a Current-Carrying Wire

st
problems to gain new information.

Ma gnetic Field around a A wire carrying an elfectn.c current, /, is a thin piece Just like for inc
C +.C ina Wi of conducting material with many charges moving /{% g”  charges,youcan
yrren (‘gr ;;ymg e J along its length, L. If a current-carrying wireisin a o1 - ' | left-hand rule to
. . Gl ol A A . . . 7 : .
An electric currentin et I magnetic field, B, a magnetic force will act on each P ;/% % determine the ¢
. \ i P . y . ;
motion also hasits & @O > charge. The sum of all these forces results in a net % éf L %S the magnetic for
I3 i3 - i 1 : 1 1 ? / /
own magnetic field. da magnetic force acting on the wire. , % Za% % 4, force
¢ i v ) . 2 4
This means a current- g% B F. = Z pose ;7 - S / % Iéé\ %
i 1 b — 4 | ! 4 i ] i
carryingwirehasa | [& ¥ > : ‘ ol J = %N é Fy | .
. o iy - |
magnetic field. e A | g | v ;
. ol D, o no 4//( ) % ) ////////////////////////////
You can find the s Dl B 4 5 qL‘ At Z ol %
. . . . - ,,// 4 . i . ¢
direction using the - o1 I The magnetic field iy - // ﬁ///(z _) (Ax)sin@ % % v
L “@-+* flows anticlc. s |/ i At “ @4 .
right-hand thumb rule. "¢ - ™ .
PRESSEVRA 5 N /\ F, = BILsin6
all =y : o L / i i
A - 4 . . 1 .
The ma gl¥ aro. '« w _u.cént-carrying wires NN AT If two parallel wires carry a
will inte Y5 . exert a force on each other. @ X & @" Y @“ e{ )' = i EQ current in the same direction,
P A0 F ] T e ee "elo o8 o ic fi
The force «iﬁ%ﬁ"" Wioth, o between two parallel wires U U Yry U the overall magnetic field
. B 2 IREE M IS Y makes the wires attract
separated by 7 can be calculated using: 2 ~ XF Ty
R P R e = each other.
F L1, ?» 69090 ®eYg%00°0 ) ) L
— = llg=—— v Uy VU If two parallel wires carry a current in opposite ¢:
L Znr —_ the wires will repel each other.

© ZigZag Education, 2024 I,
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Induction — Additional Higher
. B

//,///////////////////////////

Moving a Conductor in a Magnetic Field

® Tf- 1 onnect the conductor to a closed
If you move a conductor through a magnetic field, the field will o ”‘ﬁ fu an electric current will ﬂc?w ' An emf
induce an electromotive force (emf) on the electric charges in o 2 roug the conductor and the circuit. this can
i i > J - 1. The
the conductor. The charges will start to move, creating an j . ,/
imbalance of charge. One end of the conductor will > =c & o B 2. The
positively charged while the other end will - iy < / - / X Electric ¢

/ 5 ,///} , :
e
/// =

-

. 4
negatively charged. \
- = ,/'/// 7 ;

. A ; . .
For a straigktcondr 1~ 2. . mo.xg perpendicularly through a uniform
mag g Lata o . uwCemf, € induced in the conductor is calculated using:
2 € = BuL

L]
]

7///////////////////?7
magnetic field forms closed loops in all space around a /
net or an electric current. A magnetic field will pass ™~ | Lo

. ) Ty .
through surfaces or objects, like the conductor above. Z / }
s o Yt &
The measure of a magnetic field, B, that passes through a specific == Whe.n the S—
area, 4, is called the magnetic flux, ®. moving ¢/ % é
; . 4
moving ¢
b ]
® = BACosO Every area has a Vect‘or that left-hand i Z/ g
shows how the area interacts carreni B BN
The magnetic flux through an with other vector quantities. nticlocll P
area depends on the angle of B . ' 4 %
h ¢ lati h , The direction of the | )|
the area vector relative to the / . ’
- field & ‘area vector points 1 When the \ 7/
/ magnetic field. v . z
/ Ana |Ogy & S o/ perpendicular away bottom e/ ///////////////////////////////g
The more perpendicular a surface | The more parallel the area vectoris to th  aeid, ner /1 | ftrom the surface area. parallel to —
becomes to a light beam, the higher the | magnetic field lines that pass t' 1 1th ~ve 8¢ 6 larger zero, thez
> . 3 ) : % S
amount of light that hits the surface. | & . B \ i & The magmtude of the area vector ’ . / - %
& the magnetic flux. - . . sono em/ | |
) - is equal to the size of the area. ! . | |
, - ) 2 at this pai i X |

.

Z
g . 3 ol M - Fl Ty
4 . <hanging Magnetic Flux 7
o " ), ,///////// /
) As the co . —

# 4 - . I3 I3
1, _uierlux passing through an area can change with time. For example, a permanent magnet can

again in¢:

2500 N use a slip /////%
The rate of change of magnetic flux through ~ This maki \ /
e rate of change of magnetic flux through a 1s mait.: L Y é
conductor is proportional to the emf induced MMB smooth & ////////%
in the conductor. s N f | COPYRIGHT
% J

o The coil # S PROTECTED

is vertical %/ ||
Z
; induced # A 4
This relationship is called Faraday’s law of induction. X //
Do you notice the negative sign in Faraday’s law? This A® : o e c01ét g 9
. 4 i id 4
shows that the current from an induced emf always /\ - o
has a magnetic field that opposes the inducing i , - .
o) . Q
magnetic field. This is called Lenz’slaw -~ 4 ‘ p 3 t v v 9
. o 4 At o
from the law of conservation of 1. v - o N
., 7 JZmagnet moving towards the conducting coil on the left induces an A coil is made up Ed ucao | 10N
i S s | ]
- When a current !

" electric current in the coil. Due to Lenz’s law, this induced electric current
must flow anticlockwise, so the current’s own magnetic field points in the
opposite direction to the magnet’s field.

P

generates a mag!
loop induces an ¢
Lenz’s law, this ¢

If you connect multiple conducting loops into
a coil, each loop will experience a change in
magnetic flux, further increasing the emf.
Hence, N, the number of loops, is added to . V
) . . inductance mea:
Faraday’s law of induction. . lectri .
electric currer:
© ZigZag Education, 2024 -
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Gravitational Fields 1

Universal Law of Gravitation /
1 . ////~ = - //;, \
7 @
1. A36 000 kg massis placed 1.2 km away from a m.n /f/ é /i . .
; 5 P aces 2y F—Ce-02 0 Vjuwds student must 7. The following st
8.2 X 107 kg mass. What is the magnitude of the 4 consider the 2D : .
“ Which are true
gravitational force between these masses? & L w object below as a
;o » .
‘ 4 point mass to solve a
~ ,, i = .
36 000 kg ., problem. Mark the The Sun orbitsa ¢
/ i . . . : = =
g L // C location of this point An elliptical orbit
A ) - :
e mass on the object. Planets travel fas?
s BB
% The area covered | e o
planet’s orbit. /
If a planet’s peri W
y 4 iy
The electromagne ¢/ Y 4 %
Kepler's ] ! 7
epler s laws only | W/////M
-
w
N % (W
i
/ 8. The mass of Ea: ,
o r | | The mass of the . g/ %
m ; I
; Ll G i, around the Sur. ST
/3. Fillin the gaps below to complete the sentence. ” % /// Pan®
‘ | my Y, ; / %
% % st
[ A bject can be considered I .1 \1} \
/ Any object can be considered as a | | // S
] | | P
/ - \ 4 > // sm—_
/  point if the distance from the obje ., [ - // // i
' ; 4//// WY / /
; J /////%
\y / compared to the “zc v » . = %/////////////////// //// / \
] o 1 s | ) | | |
// L0 / | | © |
- 4

o o
. . 2

>y Gravitational Field Strength

4. What
happens to NN ,
the Moon’s e |
. . . L
gravitational 5. The mass of Earth is 6.0 X 10?4 kg and the mass of Mars is 8 Eillmth % // %
. . . . Fillin thegap t¢ | |
field 6.4 X 1023 kg. Will a rocket require a different amount of fuel to &3P 18 | //é
. "
strength at take off from Earth compared to taking off from Mars? Field lines show tht > 4
the position Explain your answer below. // \ COPYRIGHT
of a rocket . L |
show the directicz % //
as the rocket % UtV PROTECTED
% TR,
move?s % Z/ %
v 7
away? ) 10. Draw the grav%/% e
. ///» ; /// ] %
7 A 9
. 4
//// % /, W
N\, R\ Qg
/// Y . % 6 V iacds 1 u o utional field strength 8000 km
| . ! Ae f ? .
| ¢ . i . av_ p_.tre centre of Mars? _ /
i ° | A A4 G = 6.67 x 10~*'Nm? /kg? ucation
7 7 | » o s
% 7~ (9 3 L i oM
% W o & _
% . 1 g 9= r2
% i
//
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Gravitational Fields 2 — Additional Hig

7

Gravitatio

.

e \db o
2 | . -
. e " j - 5. What s the
1. A 2.0 kgmassis moved from infinity to 7.5 m away froma 6.3k-m" s. = 4 .
. o . J Write your
What is the gravitational potential energy stored between <+ ASSEu e
. 4 -
A\ \"4 o
- » — -
ntsl o5 Q)| 6 =667 x 1071"Nm?/kg
T 2 2. 4
4 o i
2  d Gm1m2
L A Ep - b
o

"// r /////////////////@7

6. A1lkgmas:
. g' 4 Pa
2. Fill in the blanks to complete the sentences. What is the & P |
&
mass? Wha' I
The gravitational potential energy stored between two masses is negative unless one g/ |
7 |
¥
mass is at infinity. The two masses are, or the their mass, the higher e
] Z
the gravitational potential energy stored between the masses. 7~ -
2
! |
- : / X . /////////////////////////////////%
// VR

2
W =mAl,

‘ i g,
.»////»///// // %f
/ %,

i ; B,
Esca ping a Gravit~ 4 -~ P 10 7. How much work should a 430 kg rocket do to mov { )
e 4 e . . . %
N ad o a gravitational potential of 65 J/kg to 78 J/kg? /%////
L A .

3. Aprivateror’ *t ) _/tulaunch a satellite into s
“ i B . y i . . /

anecvl 4 o % “frcfarth’s centre. How fast should / /
the [ i _#to place this satellite into its orbit? @ e
. //////%
26M { ) |
Vesc = % é

r it
() COPYRIGHT
o/ PROTECTED
T,
4. A satellite is currently orbiting the Moon 650 km above //
GM ) . ///////////
- the Moon’s surface. The satellite wants to move to a new e 4 2 g, .
o i 3 . /, 4 / . ///4
orb r orbit, 5400 km above the Moon’s surface. By how muct //I s He / //stlgnﬁst a planet travel to orbit the Sun 20 ‘9
should the satellite decrease its speed? The Mv ~  sa 4 7% 10"® m? The mass of the Sun is 2.0 X 10% kg.
radius of 1737 km and a mass of 7.7 Frhney 1 Q
- - yh - = Cl/
i 7 ] ] .
A’ A A ucation
‘lL -
it
.
A

© ZigZag Education, 2024 \




Coulomb'’s Law
1. Two charges, both 1.9 C, are separated by 4.3 m.
What is the force that acts between the charges?
In what direction will these charges move?

N

I,  Concoroiion of Elociric Chargs

3. Match the description to the type of electric
charge transfer.

Electric charges can pass from one
charged object to another when the
objects are in contact.

1 4
et /e _~the two charges change?

A charged object near a second Conduction
object will attract and repel charges

off one object and .
the other.

7 . . i
| in the second object. If the charges g
| . - 2 i

| are free to move, the second object 2\ Ty
. ’ o s 4
7 . 7 1

| will become charged. ~ A7

. ; | i

7 . . g

g Rubbing two objectg r

7 . i

% cause electric chai b Induction
Z

.

Electric Field Strength

5. An electric field exerts a 1.5 mN force on an electron.
What is the electric field strength at the position of the
electron? The charge of an electronis 1.602 x 10719 C,

A
A

6. Fill in the blanks to compete the sentences.
Objects are grounded by connecting the object

to the ground with a wire.
Any excess wilt « w. the
7 ’ ’/ /)/
g . -
round, so. vch gebr. *p1ifi the object

‘ 3 .ot distance. The force the electric field exerts on the
“charge is 75 mN. What is the potential difference

N

N

Electric and Magnetic Fie

2. A physicist has two equal charg~-. 1192 f

. ; F—

g1 = g, separatedbv-.Yg ~ o, . 72
- iy N 9. Intheboxbe.

The physicist . % the - ‘ge 0 ‘ .
. - b 0 his observatiz

gz ar’n’ ves b tv. ;. saraway k = = =

a2l w duesthe force 4me,

b

£g =885 %10 /N’

a) the force doubles

O
b) the force quadruples O
¢) theforceishalved O

O

d) the force does not change

7

%,
%,
U,

4. Inthe box below, write down the law of
conservation of charge.

i
;
- i /
7 ;
1

1 | |
I o 10. On the axes |
4‘ // /»/////
//
i

Charge

7. 1

I
O
di

T
I 7

N

+3 /1 T waarge is accelerated by an electric field across

between the start and end position of the charge? (//

l A
//.»/
Y e B
. 4 o A . S/
7. An electric field between two parallel” 1. £ g o
: i
strength of 84 V/r g « L A

What is the potef > _een the plates?

© ZigZag Education, 2024

L 4
%////////////////A
//////

S

e
S

-

7
bty

]

s
s
foa

/////////%

y

A

S

%///////////////////////////////%

.

VR

///////%
&

y
/”/////////////////

o 4
//////////////////////////////,

s
s

o
&

S

-
-

F .
\\\\\\\\\\

i,
4

N\

S
-

sy
S

) |
”/////////////////

L]
7

P
%///////////////
o,

Uy
“y

S

N

COPYRIGHT
PROTECTED

i9

Qg

Education



Electric and Magnetic Fields 2 — Additional

| Electric Potential Energy

1. How much electric potential energy is stored
between two -7.4 C charges placed 62 cm apart?

s //
///// l

“t i

ﬁ o cnc{ées'?

2. A+1.6 mTC cl rge 1d”

9192

/KZ cﬁarge are held
S orirmg= ZgJ of electric potential
_t15the separation distance between

T Sy
. ; i
.
.

, B
7

.

a) 15evV 0O
b 7ev Lo}
o 19eV O , ////

D loey B & A @ T

,,,,,,,,,,,,,,,,,,, o e

A
-
iy
i

ﬁ S—
Doing Work to Move an Electric Charge
3. What is the change in electric potential energy of an

electron when it is moved from an electric potential of 15V
to an electric potential of 8 V? The charge of an electron
- 0

4. An electric field does 25 ff work on a proton.
Whatisthecb- . ° :cu < potential between
the star. —~ i qd} ; /of tige proton? A proton
hy ac. rgF /1 M%Z x10 '

%
7

-

[ s

6. Fill in the blanks to complete the sentences.

e hasthe

e isalways__| to the electric field lines

® always formsa loop

o

Electric fields have lines with constant electric -~ . 7
. . . v // w
Every equipotential line: X ~A A7

. J
_‘"«fé{ﬁed equipotential lines.

i

¢ ctric potential at any point along the line
.

© ZigZag Education, 2024
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9. Fill in the blar:
The work dor2

10. A studer..
finds tha
by3.6V.

. _

b

/
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|
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Y,

S
&\\\\\\\\\\\\\\\%
s

/////////

\%\\\\\\\\\\\\\\\\\\\\\\\\\
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Motion in Electromagnetic

Charged Particle Moving Through an Electric Field

1. The diagram on the right shows three charges moving through a
uniform electric field. Which charges experience an electric force?

a) only chargel O
b) charges1and?2 O

' 3

/////»

] .
b4

4 ,
4 .
: »,,,,,////////
o /

N 4 / i
v o i '///
// - : ////

i

i

4
/////////

@H®

S————————

AN

_

i

el
3. Explain why a station®erectric charge
will accelerate if placed in an electric field.

W

What Causes Circular Motion of Charged Part

4. Fill in the blanks to complete the sentences.

Vo
7/////////////////////////////

/////////
i

Y

i
=

) |
% For a charge moving through an field, the force acts in the direction of the field. | ——
w

St
to the motion of the charge. For a charge moving at an angle through a magne gy
ma

charge. In both cases, a force acts to the velocity of the charge. This force acts as //////%

////
1 |
. 5 . ] |
constantly turns the charge, making the charge take - « rved, circular path. N\
e e :%A / M///% %
sy (BT > The Magne
. fE 6. An electron is moving throu a1 ignet © Aac3.5km/s and at a 60° angle % —

% i

Conservation of Energy to the field. The m~ ~ “i 'ss. _¢his 50 mT. What magnetic force acts Ep = i /////%

5. Which of the following statements is true? on the elect- ¢ 8 o g { %
e 4 7

a) The energy of a closed isolated system
must always stay constant. [

b) The energy of ;
system is alwa’ ‘

2.

Pol o /(

¢) The energy of a C\PPisolated system

depends on the charge of the system. O

Magnetic Field around a
Current-Carrying Wire
8. Which set of field symbols shows the

=

o i

. .

o ///////

. /A/; 3 :
w . .
l i / . B

7

.

Magnetic Force on a Current-Carrying Wire

9. A wire carrying a current of 25 mA is placed perpendicular to a uniform
magnetic field. The field has a strength of 7.5 mT and 15 cm of the wire sits
in the field. What is the size of the magnetic force that acts on the wire?

F .

A /
W
%/////////////////////////////
]

///////f/%
4

Sy
s

o
\\\\\\\\\\

//////%

S
st

SN

) |
%
%/////

|
|

.

\

&

.

R
S

COPYRIGHT
PROTECTED

|
. . . . 2
correct direction of the magnetic field % 4
around this current? ol W/////
14 '\ A S "'
O O ~)¥ 9
. // it
»////»/////

LN OXOJXO,

11. Two wires each
1.0 A in the samn.
parallel to each o
What is the force perunit length that
acts on these wires?

v

© ZigZag Education, 2024
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/,
| |
/WWWWWWW i

2. A conductor is moved pe‘m ¢ ular through a uniform )
magnetic field at ~ = A7y ‘length of the 7. Describe tw
conductor 7~ Jaar /l = flel(f has a strength of

Moving a Conductor in a Magnetic Field

1. Which direction will a current flow around this circuit if the
wire is moved to the left through the magnetic field?
Draw arrows on the circuit to indicate the current’s direction.

24019 . Vi dat st _hduced in the conductor?
- - 4
L @ - e

I

v
«////4///////////

e |
How ¢

//////////////////// ; B = Byl 8. Drawthecu /
| Magne FI\..--— T N 8 D Z

\

rotating in - -
. -2 2 :

3. A sheet of copper w1th anareaof 25cm?is 4. A magnetic flux of 6.4 X 107 Tm* passes electric curr Ve %
. . 7 )
placed in a magnetic field at a 45° angle to through a conducting sheet with an area of %// 4
the field. The magnetic field strength is 0.75 m?. The area vector of the sheet —
. . . s B
350 mT. What is the magnetic flux through makes a 30° angle with the magnetic field. (W
the copper sheet? What is the magnetic field strength? N
-
mm
a) 6.2x107*Tm? O

A
// ///////////
b) 6.2Tm m| ) ) |
¢ 51x10 3 Tm? O i . 4 ////////////////////////////////%
/ ; )",‘, b 4 0
2 / h // L 4 R

d) 51 Tm O W A Pt

- 5 4 // %
3 7
—— 1 L % /%
. 7 .3 3 ///// %/ /

i //”///////////////

. A o | AD

A T; JATR /g’/Magnehc Flux e=-N—  ._Ip /

. " ///////// At /

5. The north p daladn /)Vfards a copper ring, inducing a current in the ring. The ring has an area of s

L 4

sun  de ring is perpendlcular to the field lines from the magnet. The magnet moves

//////////

\\\\\\\\\\\\\\\
\
s

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

P,

o
N

COPYRIGHT
"t PROTECTED

//////////////////%////////////%

/////
/

//
iy,

S
\\\\\\\

N
N

// ; it i
> v : /j 4 -
% ////M“‘)// % .,,,,///// e .
A , LD 6. Fill in the gaps to complete the sentences. .
A4 A N . ucation

, \ a8 A coil is made up of multiple loops of a conductor. Wi

i . . .
1 - from each loop induces an emf in the loops next to it.

The magnetic field from loop 1 induces an emf in locg

This self-inductance means coils resist changes in

© ZigZag Education, 2024



Universal Law of Gravitation

o

4

.
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EIectnc and Magnetlc Fields 2 — Addltlonal Higher Level Cc

o i
- 4
Y o8 4
: . B
. J 7
. S ,,/////
i - o
- 3 i
A

X

Doing Work to Move an Electric Charge
; ]
; s .
wir W0 > ectric
Wal®)! g
o ,,,M,/// &‘
7’
4 L 4
///
d 4 / vt V- \
A
A7 ~ 4
A
o S V1 V2
Units for Work Dc > »®
44—

What is a Test Charge? ar

\
y ////j///ééé/?//?é////% pe AN o " /;

]
K 04 Lot | Equipotential |

.
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Motion in Electromagnetic Fie

Charged Particle Moving Through an Electric Field

 Accelerating Chorae |
///;////é//// | -aige /

3
3
3
.
U

Y

e

.
o

Conservation
of Energy

Magnetic Field around a
Current-Carrying Wire
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Magnetic Force on a Current-Carrying Wire
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Induction — Additional Higher Level
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Moving a Conductor in a Magnetic Field
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IB Topic on a Page, Theme D: Mark

I Gravitational Fields 1

1.

g .

8.

9.

10.

m1m2

F=6G6—7F=

(3.6 x 10* kg)(8.2 x 107 kg)

(1.2x 1032

- e &
F=14x10"*N o A

e

F = (6.67 x 10""'Nm?/kg?)

Any extended object can be considered as a point mass if the distanc:
compared to the size of the object.

At the position of the moving rocket, the Moon’s gravitational field st
Yes, a rocket taking off from Earth will need more fuel because Earth

than that of Mars. The rocket must overcome a larger gravitational fo

__GM
9=z

(6.4 x 1023 kg)
(8.0 X 106 m)?

g = (6.67 x 10” "' Nm?2 /kg?)

g = 0.67 m/s?

~

Statptu .‘ w

An elliptical orbit has * < ( ﬁ‘ \)mts
Planets travel f 5 ,,L_'nh A mey areclosertothesun. @ &
. « /vy a line connecting the Sun and a planet randor
B ut the planet’s orbit.

gd\x(‘.o‘
If a Planet’s period of orbit increases, its radius of orbit also increas

The electromagnetic force between a planet and the Sun is what all
to orbit the Sun.
Kepler’s laws only apply to planets orbiting the Sun.

r-E)r

_ s|gMT?
"= 412

*[(6.67 x 107 Nm2/kg?)(2.0 x 1030 kg)((365 X 24 X 60 X 6(

"= A% BN

r=15x%x10"m oY A4
Field lines show the stren"’ aAd b tL’(lOﬂ of the field at all points in
direction of the fio*. % u1S1ty of the field lines represents the fi¢

Topic on a Page for IB Physics — Theme D: Fields Page 1 0of 8
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I Gravitational Fields 2 (Additional Higher Level Content)

1.

G 1772
By = — Smums
_ iy o (20kg)(63 ke)
E, = —(6.67 X 10 ""Nm?/kg*) 75 m)

E,= -11x1071%] o |

o . -\ h .
The gravitational potential energy stored oci v« e two masses is alwai
at infinity. The closer/nearer t+:c av . - 5 are’j or the larger/greater their

gravitational potential « .« f"g‘j ;‘xm'eé between the masses.
T 2 ’; .

(42107 m)

Vesc = 4.4 km/s= ,g
oM oM
Avgr, = /? - /r—l

. |(6:67 % 107''Nm2/kg?)(7.3 x 1022 kg)  |(6.67 x 107N
Vorb = (5.4 x 105 m + 1.737 x 106 m) (6.5 % 105 1

Avg, = 602 m/s = 600 m/s

The gravitational potential at a point in space ‘s - ¢ :york done per uni

infinity to that point. oA" A
M M ™Mo\
Alg= =G~ (‘Gr,.) oA\l
) L o w
)
AVg = (— - »-)
T
SO 3

AV, = _(6 67 x 10" 'Nm?/kg?)(180 kg)( ! 1 )

g ’ 760m 750 m

AV, = 2.1x 10713 J/kg

The change in gravitational potential is 2.1 x 1072 J/kg. The gravitatic
these points is:
_4%
Ar
_ _21x107"]/kg
- 760m—750m
g= —21x10"" m/s

W = mAV, oY .
W = (430 kg)(78 ] /kg — 65 /1) 7

W =5590] ~ 56001 =~

R )

g:
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GM

Vorb = -

_[(6.67 x 107" Nm?2/kg?)(2.0 x 103° kg)
Vorb = (1.7 x 1028 m)

Vorp = 8.9m/s /

10. If a satellite is slower than the calculated ¢ il (1 ,eu; the satellite will &

1.

Earth’s atmosphere. Earth’s atmor, % - e....(s a drag force on all nearby

speed and fall out of orbit Lut 1w méed to accelerate every so often to
A% e >
3 s
ae N

Electric a@‘g‘n@tzc Fields 1

(1.9C)(1.90)

F = 8. 10° N m?/C?
8.99 x 10° Nm?/C?) @3 m)?
F=18x10°N

The direction of the force will be along the line joining the charges, aw
charges are positive.

c) the force is halved

Electric charges can pass from one charged object t¢

Conduction .
are 1n contact.

Rubbing two objects to‘m v zar cause electric cha

Friction
object and transf - »a ‘o e other.

A Charf A0 ‘;if Jwear a second object will attract ar
Induction ) ﬂ .)ject If the charges are free to move, the s¢
I‘_,Acome charged.

stay constant.

E=EL
q

_ 15x107°N
T 1.602x10°19C

E =9.4x 10 N/C

charge will flow to the ground, so no charge builds up in the ob]ect.
AV = Ed

AV = (84 V/m)(0.18 m) o
AV =15V ‘ S/

av = (5)d ’ e
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9. e Millikan sprayed oil into a chamber, creating very small droplets

¢ Millikan also aimed an X-ray source at the chamber.

¢  X-rays knocked electrons out of the atoms in the oil droplets. Rex
charged electrons from the oil droplets left the droplets positivel

* At the top and bottom of the chamber were tw 5 parallel plates. &
these plates, creating a uniform elecfv'v it /0 ,,plde the chamber.

¢ The positively charged oil drr s v ;cf feel an electric force fr

e Millikan ad]usted thea *fj ot the electrlc field until the electr|
droplets was oo w’- me‘ gravitational force pulling down on the
P O 3 w,»»fn‘oat in position inside the chamber.

. il»ca :his happened Millikan could use the potential difference
piates to calculate the charge of each oil droplet.

e Millikan found that the charge of oil droplets did not increase stt
difference between his parallel plates. Instead, the electric charge
that electric charge was removed from the droplets in quantised

10. A
Charge

Potential differ.

11.

12,
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I Electric and Magnetic Fields 2 (Additional Higher Level Content)

_ 0t
L By = k™

(=7.4C)(=7.4C)

E, = (8.99 x 10° N m?/C?)

(0.62 m)
E,=79x10"] o g»j“:f 5
2. E,= k&E e Sl
o kq1q2 VO 2, x; 0 " 4
- LA 4"
- e
., zaﬁ%ﬁg 10O N m2/C2) (+1.6 x 10 3_6)22—]7.8 x 1073 C)
r =4.5km
3. b)7eV
4. W =qAV,
av, =2
q
Ay = (25eV) X (1602 10719]/eV)
¢ (1.602 x 10719 C)
AV, =25V
5.  One electronvolt is the energy it takes to move an electron across an | N
17
29 %1077 J= 22
2910717 ] =181 eV . O E—

6. Electric fields have li-.« il \ surétant electric potential called equip
Every equipcte v fie:

. e . w.me electric potential at any point along the line
. ¥y s perpendicular to the electric field lines

. alx};zays forms a closed loop

__kaq,
7. Ve=—+

(-1.602 x 10719 C)

V. = (8.99 X 10° N m?/C?) A5 X100

V, = —96 mV

8.

Electric COPYRIGHT

potential PROTECTED

—r Lv- A - >
. S a Distance
9. ' A
' i

10. E 9

a9

Education

E = 360 V/m
11. (Third option)
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Motion in Electromagnetic Fields

1.
2.

—
e

—
=

c) charge1,2and 3

| Statement

If the charge moves perpendicular to the magnetic ﬁeld no magnetic
on the charge.

-\
The magnetic force does not incree-e th (s Seed of the charge.
A charge moving perpenfJ € ’r;g uﬂagnetlc field will follow a cury

The electric fio' 1 > x "i vt eléctrlc force on any charge in the field, ever
This {@¥d Cpmﬁes the charge.

For a c\5¢ moving through an electric field, the force acts in the dire
is moving at an angle to the field, there will be a force component that
motion of the charge. For a charge moving at an angle through a mag
acts perpendicular to both the field and the motion of the charge. In b
perpendicular to the velocity of the charge. This force acts as a centrip¢
direction of the charge’s velocity. The field force constantly turns the ¢
a curved, circular path.

a) The energy of a closed isolated system must always stay constant.
Fy, = quBsin6

Fy, = (1.602 x 1071 €)(3.5 x 103 m/s)(5 X 1072 T)sin(60°)
F,=24x10"17N

b) -z direction o P :
808 ®8® . -
0,000 ‘? oMl o %@;w&_’ ueft optlon)

-\
J

F, = (7.5 x 1073 T)(0.025 A)(0.15 m)sin(90°)
F,=28x%x10"*N

q _ v

m ~ rBsind

q _ (1350 m/s)

m "~ (1.0 x 10~* m)(0.14 T)sin(90°)

q

— = 9.6 x107 C/k

m /kg

Fo o ke

L 2nr

F (1.0 A)(1.0 A) e )
_—— 4 X1 -7 A ; ¥
[ = X a0 2m(0.2m) _, AN

F e o ) W
T=10Xx107°N/m, o) = =
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I Induction (Additional Higher Level Content)

1. —»

v
- ¢ ;
oy
4 = jj
2. 8=BUL {'\_}“'w Nﬁfw”’
- -
£=(024T)(0.12 % A “>5m)
o
3.
4, & = BAcos6
5= )
~ Acos@
_ 64x1072Tm?
~ (0.75 m2)cos(30°)
B =99 mT
- _pN&2
5. IR= —N "
(BAcos6 — 0)
|]= ~-N—rounounununn ©
RAt
P ((6.0 x 1072 T)(3.0 X 10™* m?)cos(P) v
=- Boy@Ass .
I= -13x10%A o0 o

6. A coilismade -xi O f wjf‘L fi;ipl‘éj ibops of a conductor. When a current flo
gene1 @I,  etic field. The magnetic field from each loop induces

o8
WA
v

Wnz's law, this emf opposes the initial current. The magneti

emf in loop 2 that opposes the initial current, and vice versa. This self-
changes in electric current flowing through them.

7. o The source of a magnetic field and a conductor move relative to ¢:
¢  The magnetic field from a source changes with time.

8. Mark graphs only:

y

______ COPYRIGHT
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9. Electric generators allow us to generate electric power from a variety
burning fossil fuels, nuclear energy, or renewable resources such as i
Electric generators are therefore behind the vast majority of our energ
power all of our devices and machines across the world.
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