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CONTENT CHECKLIST LFROM TEXTBOOK )
GRAVITY $ MOTION
0 the force due to gravity
0 motion in a gravitational field
o equilibrium of forces

÷:* : fun"
o magnetic field $ emf

WAVE-PARTICLE DUALITY $ THE QUANTUM THEORY

o wave- particle duality $ the quantum theory

%: } unit
THE STANDARD MODEL

• the standard model



Tips for solving projectile 
motion questions pg . 47 pearson

i. construct a diagram showing the projectile 's motion to set the problem out

clearly . Write out the information supplied for the horizontal and vertical

components separately
2. in the horizontal direction

,
the velocity ,

V
, of the projectile is constant

,
so

the only formula needed is vav = I
3. in the vertical direction

,
the projectile is moving with a constant acceleration

19.8M Is
'
down )

,
and so the equations of motion for uniform acceleration

must be used
.
These include :

✓ = u tat

S = at + Eat '

✓
2
= U2T 2AS

4 ' in the vertical direction
,
it is important to clearly specify whether up or down

is the positive or negative direction . Either choice will work just as effectively .
The same convention needs to be used consistently throughout each problem

5- if a projectile is launched horizontally ,
its horizontal velocity throughout

the flight is the same as its initial velocity
6 . Pythagoras

'

theorem can be used to determine the actual speed of the

projectile at any point
7. if the velocity of the projectile is required ,

it is necessary to provide a direction

with respect to the horizontal plane as well as the speed of the projectile



TEXTBOOK NOTES - CIRCULAR MOTION IN A HORIZONTAL PLANE
<
25M IS B

← hammer throw event

125mV w/ constant speed of 25M Is
•
C

A as it travels in the circular path :
↳ speed is constant

ism
" ↳ velocity is constantly changing ( vector )

✓ velocity @ any instant = tangential to the path
25M Is

>

PERIOD + FREQUENCY SPEED
f- = I T= ft circumference = 21Th per revolution

←mTH2 Is
speed = distance = circumference v=

LT1R

time period
y Tres

WORKED EXAMPLE 1 mis

wind turbine
,
55M long , f- 20 revolutions lminute

find V of tips of blades answer in km/h

① calculate period G) ② sub r + T into the formula ③ convert m/s → km/h
¥0 = 033 H2 for speed , solve for v

✓ = 2T 115-2×3.6
1- = I = = 35 T = 415km/h

= 2¥55)
3

= 115.2M IS

CENTRIPETAL ACCELERATION
since velocity is changing ,

it is accelerating
- the object is continually deviating inwards from its straight - line direction $ SO has

an acceleration towards the centre

↳ this is centripetal acceleration Fnet = ma = m¥ = 4tm
a = ¥ v= IT a = I t.net = centripetal force LN)

= 2¥
.

× I
= 41Th

IT

WORKED EXAMPLE 2
mass = 7kg , ball is moving at 20mA ,

radius = 1.6M

a) calculate the magnitude of the acceleration of the ball
① write variables given ② find centripetal acceleration

✓= 20M IS W/ the variables you have
✓ = them

a = I
A- ? r

=
202

-1.6
= 250M Is

'



b) calculate magnitude of tensile ( tension) force in the wire
① identify unbalanced force that is ② equation for centripetal force $ sub

causing the object to move in a variables

circular path Fnet = ma

m = 7kg ③ calculate the = 7×250

a = 250M Is
'

magnitude only
= I. 75×103 N

Fnet = ? - the force of tension in
the wire is the unbalanced

force that is causing the ball

to accelerate

FT = I.75 × 103N

BALL ON A STRING WORKED EXAMPLE
µ mass 150g ,

cord = I.5M
,
0=600

I a) calculate radius of the circular path
I ① centre is not @ the top end but is where the pole is
' level w/ the ball ,

use trig to find r
I t= 15 sin 160)
' c = I. 3M-r →

b) draw $ identify the forces that are acting on the ball at
c) determine the net force the instant shown in the diagram
that is acting on the ball T Ft tension)

@ this time
① calculate weight force lfg )

=mg ✓
Fg (gravity)

= 0.15×9-8
= I. 47N d) find the size of the tensile force

② the ball has an acceleration that is 1.47
F
,
=

towards the centre
,
net force also cos 160)

lies in this direction
= 2.94N

Fg = 1.47N Too FT = ?

7
Fhet = ?

Fnet = I.47 tan 160)
= 2.55N left



TEXTBOOK NOTES - CIRCULAR MOTION ON BANKED TRACKS
- enables vehicles to travel at higher speeds without skidding

BANKED CORNERS
when cars travel in circular paths on horizontal roads , they are relying on the force of
friction between the tyres and the road to provide the sideways force that keeps the

car turning in the circular path
top viewF- net

rear →

view The acceleration towards the centre (c) Fnet

;←a fr
Ff

y go

C

✓ Fg

v= constant speed
normal t reaction forces = balanced
gravity

> design speed :
FN ' t the G @ which the car can travel at a speed so
/ thet FN -0

a→ q
F9 that there is no sideways frictional force

F9 too
, v ↳ i. e no tendency to drift higher or lower

F-net on the track



projectile motion - -

-

- '

, /
'

- i r
'

x x
X x

the horizontal motion of the launched projectile has NO EFFECT on its vertical motion

land vice versa )

←
normal +

• , gravity forces
are balanced

vertical + horizontal 246ms fh!IYnYffhf
are separate and time • ss.IM/s • 78.7ms

T 7

is what links them @ same displacement ,
same vertical

"

speed (but pos-24.com/s
us . neg )

180
°

8001

PROJECTILE MOTION
- if air res is ignored , Fg is the only acting force during flight

vertical component 9.8M Is downwards horizontal component uniform

can be used to find : can be used to find :

- time of flight -

range (horizontal s )
- max height - angle of projection

- initial velocity
- time of flight

vector components

- horizontal and vertical components must be at right angles i
- horizontal = vector cost

- vertical = vector sine

IQ must be the angle adjacent to the horizontal component



projectile motion examples 

TYPE 1- VERTICAL a) VERTICALLY b) t=3s

4=25m/s @ 600 to the horizontal v. 2=42+294 VH - 2510560

gv =
0 - 1255in 60)

'

vv= ?^25sin60 n+
2×1-9.8)

-

- I - .
.

VERTICALLY

25M!
/ .

.

> Sir .

= 23.9M Vv -_ Uvtat
7) 60

'

f
'

. = -7.75M Is
> ×

2510560

✓
'

c) St, = ? 7.75 d ' V'- I4-7MH
-

-
-

T
- VERTICALLY (fort) HORIZONTALLY

v
Els
,/ ,

if ← equal
→

f.
,

Vv= -255in 60 5- Ht 2505601
to the horizontal

•
+ vs - vv= Hut at = 55 -2M

UH - 2560560 sv=O t=4'425

HORIZONTALLY

S=ut + Eats -
no acceleration
horizontally

. :S - ut

TYPE 2- HORIZONTAL uH=3Ocosl65) , VERTICALLY
30

Sti - 67M Sv (aiming for )= 6.9M St, -_ Hat 1650 sv= ? 9=-9.8

H=3Om/s f- 650
t=

67 Uv -305in 65 E- 5.285

3010565 5- ht + Eat '

= 5.285 = 695M

304" " 4 (misses by 5cm)
6.9M

1650 1/1
67M sv= ?

TYPE 3 - COMBINED a= -9 -8m1s
'

H = ?
UH - UC05 35

uv=usin35

-

-

- SH - 2.5M
-

-

-

- ①%m sv=osm

T
# 350

I. 3M 2- 5M I
1- I 1

HORIZONTALLY VERTICALLY

SH=UHt sv=Uvt- Eat '

2- 5 0.3 -usin35xt-EL-9.se/t2t--
7

UC05 1354%+0 combined

os=usin35x %, -496%5,1
'

2- 52
sin35 0-3=2-5 tan 35 -4.9 ×

u2cos2z5
( 0535

=tah35
30.62¥ 2.52 ✓ 1.451

4.9 ×u4os2z5
= 2.Stan 35 -0.3

30.625
= 1451

21.106 =U4OS23542105235

u= U -_ 5. 6h15
0.671



horizontal circular motion > 7

3 TYPES
i. e. HCM

pendulum banked leaning into
track a bend

Tv

distance
=
2Mt I

✓ =
time period T

CENTRIPETAL FORCE
( center - seeking force )

a what causes the centripetal force ?

a Is a
ball on a string - T in string

a moon in orbit - gravitational F
electron in orbit - electrostatic F

"
circling ice skater - N reaction force of iceAc =

r

racing car turning on banked track - N force of track

Fc=ma , = MY =
M4T't

T '

TYPE 1- PENDULUM TYPE 2- BANKED TRACK

usually given G to pushes
, ,µ

it 7 the verticalthifwayioxed.roi
n v=rgtanol

T L ' > Fc
5
" ti e w

o , >friction
't get rid of reliance

•
'
c

- - - - ¥ v
on friction

' t ' Ttw M9

( Fc ) 7

✓weight N f w
- - →V

TYPE 3- LEANING INTO A BEND general steps for solving :

< Fc resultant

0 ground
reaction

NR ① draw vector diagram
^ reaction FC = FF f
force

-
^ ② solve w/ trig

✓ friction (or can use pythag )
weight ↳

provides Fc



derivations & examples - HCM

Fc - mac v=I PENDULUM
=mx ¥ =2 a) r=t5sin6O d) T= ?

T Vol'5m
60

'-1.3M ¥ (05/60)
4172hL

vi. = • c) Fc = ? 1- = M9

T' I r I
+ an g) =

COSIBO )

-
= 1.12N

F=mx (4%1) Fc=Wxtanl6O)

=mgtanI6O) e) V= ?
+

= 57×10-3×9 '8tan(60 ) Fc=m¥ For - MV2
4IT't

F- =
µ

=O' 968N towards centre
✓=fT

m

PENDULUM EX2 a)v=" v=4.IM/sr=t2m--3-77m/sc) ac= I
MV2 r

• b) T
T Fc=

r = 12.03M Is
'

m' 250×10-3 -1=25 W
'-3N

Vt - - -

Fi

tant - I BANKED TRACK BANKED TRACK EX2
W

n
R REN

Fc -_ Wtahf ,¥a
" 60M '

fo Tko
MV2

V' 40km/h 142 - Fg
-420 FN

f- =MgtanQ i r - ing IF9
,

1 V2=rgtanG m=75k9 FC

radius of t - 50M
=gtanG curvature f- tan

- ' (¥ ) a) Fc=wtanf b) v= rgtano

V2=rgtanG = 11860 -_ 7519.8)tahl42) =2Im/s
'-662N

LEANING INTO A BEND
m -_ 110kg a) r

it - - -
tane =

r=5Om O f w f- tan
- ' I )

Ff 600N - E T -
= 290

× v

if FF , find G I 50M I

b) V - km/s f= ? Eitan
- ' ( Ig)

FF0 tanG=
'

' 16 -40
←

⇐ I =
knv
'

fFw ring
)f

design speed
= I
g

EXAMPLE
m=I6Ot

,
r - 350M ,V=I8mfs ,

a) a= ? b)
p of

R= ?

a- I
← - -
I tanG=¥g RC05 -O=mg

=O-926µs
'

m¥ 0=5.40 12=1.57×10 'N

vmg



vertical circular motion
> I

i.e. VCM

BALL ON A STRING ROLLER COASTER

✓
tF( =-1W -1+-1

Fc = 1- + W
in place of Tltension) ,

R (reaction force
TM9

-

from the ground)
T

if I

M9
✓

T
,my
✓

F- Fc

v Mg -
+Fc = -W ++T

Fc = T- W

ABOVE THE TRACK mv
'

T
- mg

v
>

+
V
"

m÷ ¥
✓W

If-1mg

WHY YOU DON'T FALL OUT - ROLLERCOASTER LOOPS
hmm

t.mg
normal force = Fc - weight N = 0

I
+ "" if Fc = W then you feel weight , egg

✓
at this point ,

i. the rails are no

longer pushing onif Fc was a tiny bit less ,
the

the rollercoaster cart
cart would be falling off the rail

only by maintaining a high speed can the cart successfully negotiate the loop
↳ go too slow and the cart falls

G- FORCES

g , =
R

Fg
It . 9 , = µ



derivations & examples - VCM
EXAMPLE I
m- 0.2kg ,t=O-6M ,V=3m/s a

a) T= ?
• ++

b) KITT T'
WHUT i

Fc=WtT Kfc IVW
1- = Fc - W a= E F- ?

MV2
+ mg

m
Fi - Ttfw)

v Fc -_ T- W
=/ -74N T=m +mg

'-4.96N

EXAMPLE 2
m=I0Og ,

r - 80cm

a) f- 2 , find T b)
⇐µ ,

Max F- 18N

• T@top= ? bottom -_ Max tension
+ + T@ bottom = ? • 18=4172mrf

'

-1mg+W
= 4172×411108)f ' -10.98

✓ =
I plug

v=Iif m¥
-M9 f=

18-0.98

4172×0.1×0-8

f.
4mF 'VE

- mg
= 2. 32th (rotations per second)

T24

=
4Mt 't

- mg
T ' fn= m¥ - mg II

T= II. 6W
my

2

O= T
- mg

EXAMPLE 3ttosolvetormax.speedr-7.cm/T=I0s,m--65kg
a) @ top , find N b) N=Fc+W m = 49

yweigntiessnessFc= W -1N • MV2
+ mg v2= rg

N=Fc - w t
v=Fg

"

In
=m¥ - mg @ bottom find N

- - →

= - 444.74N N= 829.26N up
i. 444N up

any faster $ you
would fly off

(down - pas @ top)
max to not become a projectile
min to clear upside-down section

EXAMPLE 4
F- 22M

, find min . v as it enters the loop
@ top : kE=kE+PE × 14.68mV

✓2=rg Imµ2=fm/v'+ Hgh
':*:S" u :L

"" ÷hkm""m



Gravitational fields + satellite motion
strong weak

fundamental forces

electromagnetic gravitational

✓
gravitational force IN )
- mass of 1 object IK91

or Fg = GMMZ
f- =

GN1M
- mass of other object 1kg ) ya

• ( distance between centres

gravitational of mass cm )

constant
( 6.67×10

- ' ' N.im?kg-Z

GRAVITATIONAL FORCE = IT ( inverse square law )

SATELLITE MOTION

,}D⑤
" ' Fg

'II:[
motion

KEPLER 'S 3rd LAW

MY = 4M¥ y
'

=
GM

geosynchronous satellite r

over the same place always 4514×4
=
GRAM

(T of 24 hours ) T't R2

4TI '
=
GM

1-
2

y3
Areas [

constant

are equal g vs
=
GM value

sun
t ^ T

'
4172

equal time

perihelion↳ ✓ intervals
(
orbital r 3

^
o - - - o r

'

=
v

/ orbital T T' T'

✓ = fastest out
here

how fast must a satellite be travelling
in order to remain orbiting @ a particular height ?

MV2
= G MM

✓ ✓
2

✓
2
=

GM

r



derivations - satellites/
gravitational fields

[ =
GMM Fi = F9 M¥ =GMMH

m = GY1
t
'

GN1M 4IT't'm GmM
ma = =

✓
2

✓
2
= 4¥ T2# r

'

GM
g= a =p v = 41T

'

=
GM

T2 T3

orbital r→¥, = Guy ✓
'Fastnet

Orbital T
] 4172



torque



torque examples

STRUTS + TIES CABLES SUPPORTING A LOAD
find tension in wire

t
tension , 351,500
t r '

✓ 304
①nI-i5•m -1 ' I. 5M
^ 1441N
1- Im 2 1

sin 1301 = 1¥ T27
'
50°C

h= 0.75M In 500 sin title :[ '
ignore

'm "
t'

'

r" so
44 '

sin,f5o) =

sin 1951

reaction force
not rotating T

,

I 441
i. ITcw=Iccw T, = 339N

reaction force from F1K-1EK -_ The sin 135 )
=
sin 195 )

the wall y=
110×9.81121+125×9814 )

0.75 Tz 441

7

¥
"

i. 981,3 ,
T= 588N T

,
-254N

58869245 T
,

I tT
3001 v 7

"" ' "" IE1Ecos rule :
I

R= 58843432-21588113431105160) I w÷2
= 512N symmetrical T=

sinzo
sin rule :

= 34.3N

Sina
=

sin 160)
840 ,

588 512 I

A- = 840 from wall



electric fields + forcesr
^
7 ✓

t
L

L ) ) - C

L
✓ J 7 ~ r

any charged object has a REGION around it - an ELECTRIC FIELD

↳ exerts repulsion or attraction forces tis a vector quantity

FIELD DIAGRAMS
^ n

,
← moves in the ,

< + . I 1%4 tire repulsion

L
✓ ✓

charged plates >

+ + + + + + + +

-

ft . . - v. µ
-
'II - - -

¥;#
attraction

equidistant lines

EQUATIONS
+ t t t t

plates : Coulomb 's law611111 ,
electric

- - - - - charge (c)
I 9192

electric r
Force IN ) F =

417g ,

-

r2

field
- E = ¥ -✓ electronic constant

strength - electric
permeability of

(Nc
- i ) charge " '

k
! coulomb 's free space (see

also expressed as : constant formula sheet )
(9×109 NM26

- t )
E= AI

d

also through combining :

F- = GAV

d

and to find work :

Wd = GAV
and since W=AE :

AEK = GAV
( kinetic energy



magnetic fields + forces
wefoqkce MAGNETISM

if electrons spin in the
same direction (or aren't
cancelled by another e- )

from motion a spinning electron -_ magnetism
of electric causes a magnetic
charges field around it

magnets are BIPOLAR Inorthlsouth poles ) MAGNETIC DOMAINS
magnet : non - magnet :

< s N N s >

alignment random arrangement
s n→ ← s n of magnetic of magnetic domains
I 1 domains

opposites attract

MAGNETIC FIELD LINES exit north and enter south

magnetic field strength - B. unit - Tlteslal

④
s n THE EFFECT OF THE EARTH 'S

MAGNETIC FIELD ON MAGNETS

Hit
'

n

← Hain
S N

x-

' ' N se

At
MAGNETIC FIELDS DUE TO

ELECTRIC CURRENT AND MAGNETS ELECTRIC CURRENTS

TI If
- the wire must be magnetic

w w w
there is a lmust have its own internal

w
B E w • E w E

connection between magnetic field - attracted or
moving charge -1 repulsed by the external field )

s s s
magnetism

If 11
MAGNETIC FIELD CAUSED BY A
STRAIGHT CURRENT -CARRYING WIRE

RIGHT -HAND GRIP RULE
13=1

← current

Tdi stance from
the wire



MAGNETIC FIELD IN LOOPS SOLENOIDS AS ELECTROMAGNETS

0

RIGHT HAND RULE MAGNETIC FORCE ON A

• ×
MOVING CHARGE

out of page into page FB on a moving charge q is ↳ to :

-

velocity
only for positive charges - magnetic field

external ←
absolute value

magnetic F=9VBt
fields

MAGNETIC FORCE + CIRCULAR MOTION

for NEGATIVE CHARGES
use left hand

UNIFORM ELECTRIC
FIELDS

*
same (uniform)

Fps = qvB , Fc = MY
'

,
FB = Fi

E '

' electric qvB = MY r= 45
field INC' ' )

ELECTRIC FIELDS
E= AI

d

y
work

F- off wI=qav
also :

W=AE .

'

.AE : QAV



MASS SPECTROMETERS
✗ ✗ ☒ ✗ ✗ ^qvB
" " " " " " " "

|
" "

"
"
" = "

" I
- ✗ at > v

✗ - X - -✗ - -

✗ ✗ + - .> -

x x x x x
v9E

p +

. ,
.
p
,

AV13
'
= MY

"

£ =
B' v

+ ) - f
FB = FE AV13 =qE +. I -

E- = v13 v=É photographic +. e.
plate 1 ÉB

you want the sample to go
' '

* IT i.
.

STRAIGHT through the plates
. ?

•
: need to have an electric

'
' '

I 1

field ( creating a magnetic field )
' ' '

'
'

that CANCELS out the FE

FORCE DUE TO CHARGES MOVING IN A WIRE

✓ current carrying note : the MAGNETIC FIELD
wire III is produced by some EXTERNAL AGENT

>

>

FB = 9vBsinGxÉ
"

if s
^ ^

Force on wire

F4F} FB = (E) (A) Bsino
FB = IEBSING current

✗ ✗ ✗



magnetic fields + forces questions
EXAMPLE 1 EXAMPLE 2

proton
✓=/ ✗ 105m15
B--55Mt = 4.8×10 -14N
when proton moves eastward , magnetic force
is a maximum

,
when moving north ,

no

magnetic force acts upon it
FB = ?

FB=qVB
FB :( 1.6×10

- ' "111×1051155×10 - b) EXAMPLE 4
= 8.8×10-19N mass -_ 2.5×10-26kg 9=1.6×10

- ' " C

V
--56,568mV

EXAMPLE 3 enters magnetic field 0.5T

r= ?

FB = Fc ✓ =
(2.5×10-261156,568)

qvB= MY (1.6×10-19110.5)

✓ =
MV = 0.0177m

913

r
-

EXAMPLE 5 - B

1=100-1 F=hIlB
,

"=

13=5×10-5-1 =/ ✗ 100×1×5×10
-5 > I

find FIM = 5×10 -3N
.
: f- = 5×10 -3N per
metre of powerline

EXAMPLE 6 IB

s N

" B ' Ii 3.2A

E
7) 55.9° I B 5×10-5 ✗ sin 55.9

= 4.88×10-5-1
> F=IlB

> =/00×1×4.88×10 -5

= 4.88×10 -3N



the motor effect
electrical motors : converts electrical energy to mechanical energy


