s Anglular speed is the angle an object rotates . *60 must be in
0 = — through per second. It is measured in radians | ATC length = 10 radians!
t per second (rads™1)

y | V= Linear velocity: is always at a tangent Circumference of a circle = 2nr
o = — | tothecircle
r

Axis
A The further a point is from the centre of Rad to Degrees = Radian@
B i a uniformly rotating object, the faster its T
Velocity\| " g linear velocity. -
NI Velocit Degrees to Rad = Degree (180)
w=-—=—=2nf
T r The frequency of a rotating object is

Angular velocity defined as
the angular displacement per

second. CI

_an_z
V=5 = nrf

the number of complete revolutions
per second (revs tor Hz)

RCULAR MOTION
A f o

| =

. . For an object swinging on the end
Centripetal Force and Acceleration of a string, the tension acts as the

If an object’s direction is centripetal force.

: : : 2 ' iti
constantly changing, its velocity v For a satellite orbiting around the

— — 2 L
. . . - a = = W*“r | Earth, the gravitational force acts as
's changing. If its velocity is r pragiesuel. co.ul the centripetal force.

changing over time, then it is

accelerating. (ms=2) |
muv? The resultant force which causes an
F = — = mw%r object to undergo circular motion is
r .
Key -called the centripetal force.
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Vertical Circles

Resolving horizontally, the centripetal force acting on the car.

Banked Turns

Tension at the
top of a vertical

muv?
=— —mg

T

Nsin@ + Fcosf = ——

muv?
r

r

v

circle:

Resolving vertically

a——

At the middle T=F,

N cos 8 = mg

Cl

T

—+m
» g

At the bottom T is greatest due to
the added weight component

At a certain speed the
bike could travel
around the track with
no friction

tan @

The speed the bike

RCULAR

would need to be

. travelling at for there
to be no sideways
friction

Jgrtan6

MOTION

Cars Going Over Hills

H

P
At some angle theta, Tension can a br|.dge, with a radius of r the
_ maximum speed thecarwould | Mmoo |
be calculated by: , _
be able to go before it S — mg = —— Which tells us that the
muv? became airborne would be: r centripetal force which causes
T = r + mg Cos 6 the car to travel in a circular
2 h is the difference between
_ v path is
Yo vVgr S=m (— — g) the weight and the support
Ir force.
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For an object to undergo SHM, its acceleration must
a=—w?x =—2nft)’x - - te d
be directly proportional to its displacement from th AL
equilibrium position in the opposite direction. Phase Dif ference = —— = wht
a, .. = w2A Velocity vs displacement graph  »
; £
- < 4 8
The acceleration of the object ' 2
will be at a maximum when it ’ algacamen
v is at its maximum amplitude diplacemeht 5
§
2
O
v=w+ VA2 — x? \ 2
= 5
‘ ©
SIMPLE H’ARMONIC g

The velocity of the object will be at a

maximum when it is passing through the MOTION ‘SHM' The gradient of the displacement grapt

equilibrium position

(X,y) will give you the velocity at any point.
UV, = WA
. - x = A cos wt
| — The variation of
: . the displacement is
| ;: | sinusoidal and is
: : I given by the
| | W Equilibrium following x = A cos Zﬂft
Vmax expression.
Emax Equilibrium Fmax . . .
. ' . - At t =0, the object is at
max max max 1 D —
W; P maximum displacement.
| Bmax This is equal to the amplitude, A
Key !
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mg sin @

Feriod® / 5*

] 4
Gradient = —

SIMPLE HARMONIC

For a simple pendulum, the time period is

only affected by the length of the pendulum
and the gravitational field strength

R

N

~ 2N

N

T =21 |—
Vg

T? = 42—
g

earranged for length
=Y
472

The force on a pendulum is the
component of gravity acting in

Mass / kg

-

MOTION (SHM)

\o

(X,y)

F = mgsin 6

-

the direction that the pendulum
IS moving in.
a=—gsinf
pendulum

This equation only works values
under 10 degrees. SinB can be written

as follows:

Using Newton’s second law, we can
express the acceleration of a

sin@ =

S

mp:

k

For a mass-spring system, the time
period is only affected by the
object’s mass and the spring

constant of the spring Q

k
m

T—Z\/m
_T[k

These equations shows you that the
higher value for k the quicker it will
oscillate. The more massive the
spring the slower it will oscillate.
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Energy in an Oscillator

maximum displacemen
i
i
E isatamaximum = ~._ 1 -7 ©

E,is at a zero
E,isatazero

E, is at a maximum

i
" maximum displacement
[ ]

Total Energy = Ek + Ep

Displacement

Criticaldamping

Lightdamping

Ep Is at a maximum

E,is at a zero

SIMPLE HARMONIC

Energy

—

—_—

Displacement

— Kinetic energy Potentia energy

—Total energy

MOTION (SHM)

(X,y)

Kinetic energy is given by

1
E, =5 k(A —x)2

1 2
Ep =§kx
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The potential energy in a spring is

Heavydamping

Light damping: oscillations of constant time
period continue with the amplitudes
gradually decreasing over time.

Critical damping: the object returns to
equilibrium in the shortest possible time
without passing through to negative
displacement.

Heavy damping: This results in the displaced
object returning to equilibrium more slowly
than if the system was critically damped.

1
_kAZ

ETotal — 2 ﬁ

At the maximum displacement,
the total energy of the system is

-\




K =C+273 AU = AQ — AW |

Absolute zero is the point at which all
molecules have zero kinetic energy

First law = The change in
internal energy, AU, of a

A change of 1K equals a change of 1°C system is equal to the heat,
AQ, added to the system

minus the work done, AW, by

Specific latent heat is the energy the system.
needed per kg to be gained or
lost in order to change state. Itis ,
measured in Jkg!. | 4 ”
Nl .DL
Q = mL THERMAL PHYSICS
o
@ \ ’ ‘
: Liquid boiling / A method used to determine the

specific heat capacity of a substance is
the inversion tube experiment.

Liquid heating

Solid melting

Solid Time Ln
heating g

C

— Covdboard
AT T Lue

Internal Energy

‘ U=E,—Ep ‘

Specific heat capacity is the energy
needed to raise the temperature of 1kg
of a substance by 1K (or 1°C). J

Q = mcAf

A method of determining the
specific heat capacity of a liquid is
by using a calorimeter and a

heater. ) — Ehermomet e
heoter 4 colonmeter
conkacty ™\

o
Li -+ inSulakion
L\'q_un'd —1

some energy is used to heat the
liquid and some to heat the
calorimeter

leod shok
L means the latent heat of fusion (solid toliquid) M f
L, means the latent heat of vaporisation (liquid to gas) Ehermomeker ‘ _ ﬁ:l c AT + mealccal AT \

Key
Blue equation— Given formulae
Red equation — Not given formulae



Boyle's Law states that for a
gas of fixed mass at a constant
temperature, the pressure (p)
and volume (V) are inversely

proportional:

PV, = PfVf

)
+ Tz T

pPressure

e

T3> Tg,)Tl

© Zz Velume

Area under the graph is

Y 4

equal to the work done.

AW =pAV

Charles's Law states that for a gas of
fixed mass at constant pressure, the

volume, V is directly proportional to its
absolute temperature, T.

The pressure law states that for a gas
of fixed mass at constant volume, the
pressure, p is directly proportional to its
absolute temperature, T.

Tis always in Kelvin

V <« T

P, _P,
T, T,

@

3

3

3

o ?

Eemperobure T/ K

P xT

Nyis Avogadro’s number, the number of molecules presentin 1
mole. N is the number of molecules and n is the number of moles

(Relative) Molecular mass, M,-is the sum of the atomic masses

which make up a molecule (measured in grams)

V. _ Vf
T, Tf
1
P «x— x
§
"
e
o ?
Eemperokure T /K
N =nNA
m
n=—
MT'

PV

The molar mass, M, is the mass of one mol of a substance

(usually measured in kgmol™1, but check units inquestions!)

pV =NkT

= constant | |deal gas I pV =nRT

R Kis the
S Boltzmann
NA constant
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Kinetic Theory and Molecular Speeds

Distribution of speed remains the same
provided the temperature is constant.

A

Number of
moleculeswith
speed, v

hotter
colder

Speed (ms™) i

Ideal Gas Assumptions

R — The motion of all molecules is
random.

A — No attraction between molecules
V - Molecules take up negligible
volume.

- All collisions between molecules
and the walls of the container are
completely elastic.

D — The duration of the collision is
negligible in comparison to the
duration between collisions

THERMAL PHY

h — \ I pressure

(C2 + c,% + c3?

rms — N

..)]1/2

The rms speed of molecules in an ideal
gas, this gives a mean of the magnitude of
the speeds:

T always in Kelvin

3

1
pV ==Nm(C,,,)*

Mass of ONE MOLECULE

The kinetic theory equation demonstrates that

that for N molecules of gas at a given volume,
S|CSthe mass and the rm.s. speed affect the

3 , :
_ - microscopic
Ey., = 5 KT
macroscopic Mean kinetic energy of one molecu:e

{

The total energy for n moles of an ideal gas

1

E m(crms)z EK Total —

2

3
—NKT

3
Ex _5nRT
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Coulombs Law: Force between two masses
_ Gm1m2 is d_lrectly proportpnal to the prodgct of AE = mgAh
Fg = > their masses and inversely proportional to po
r the distance between them squared.

Vector quantity

RADIAL FIELD UNIFORM |FIELD Gravitational field

GM strength is the force
g = 72 YYYYYTVYTY per unit mass
@ (Nkg™1) Vector

M quantity
Y T e ERE R ol
g e

GRAVITATIONAL -FIELDS

F
4 Calculating the mass T g = E
— 3 of a planet with its
M = 3 nr-p density A

/

\

 \ . . .
Subbing this int 3 ' The gradient of a graph showing distance
y g;ng > 1Nto : against gravitational potential gives you
g =—z youget: =1 : the gravitational field strength.
S |
2 I Area = work done
@ I
¢ I
4‘ v I
_ — S I
g 3 GTtrp 3 |
+ T T v —>
r
Ke v
EJYe equation— Given formulae r=R

Red equation — Not given formulae




Gravitational Potential is:
the work done per unit mass in

bringing a point mass from infinity

to a pointin a gravitational field

Ukg™)
Scalar quantity

S|

AE, =AW =mAV

Gravitational Potential is always negative GRAVIIAT i

as by convention, zero potential is at a
point which is an infinite distance away

from a gravitational field

o

Gravitational potential (MJkg™*)

&
<

>

Gm

Gravitational
2| Potential Energyina
radial field

& aravitational field strength g

\
\ du

dr

—___ radial displacement I

_-—-_-_-_-_.
_.___,_.—-—'_' ' . -
A U=0 at infinity

du
dr

/

+ | gravitational potential U

Gravitational potential gradient: the
change of potential per metre at that

. . AV
point (E)'
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Gmm,
FE =
21
GM
V= [—
V r

vT
—---‘-__~

= =
-~
-&@

—
2GM

r

Total energy INPUT required to put a
satellite into an orbit of radius r around a
planet of mass M and radius R is therefore
the sum of the gravitational potential
energy and the kinetic energy of the
satellite

The orbital speed of a satellite
is inversely proportional to the
square root of the radius of its
orbit

The escape velocity of an
object is the velocity needed
for an object to be completely
free of a gravitational field
from a planet

Centripetal Force = Gravitational Force

4

. GRAVITATIONAL FIELDS
" o —

mv? Gm,m,

r r2
2
2T Gmym,
mr | —| =
T r2

The time period of a satellite’s orbit

around a planet squared is directly to
proportional to the radius of its orbit
cubed (Circular motion applies)

A2
2 _ (XT3
T _(GM)r
GM
FBZ(W)TZ
r3oc T2
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Coulombs Law: Force between two charges is (—Fo o; k 1

F =4 leQZ directly proportional to the product of their charges ~47e 0
= 72 and inversely proportional to the distance between .
them squared. Vector quantity, 00
RADIAL FIELD UNIFORM FIELD

++++ +++ ++

i

_kQ

E=7

Ty
1

Q| ™

Electric field strength in a radial field
is inversely proportional to the
distance from the charge squared

Electric field strength is the force per unit
charge (NC™1) Vector quantity

The electric field
strength, E, is equal AV
to the negative of E= —
the potential Ar
gradient

AW = QAV

Electric Potential is the work done per
unit charge in bringing a positive charge
to infinity from a point in an electric field
(JC~1or V) Scalarquantity

kQ

Electric fields when there is more
than one charge

= + —
V=4 . 0 0
! T4 7"2
Depending on the charge, electric potential may be
positive or negative as it is the work done in bringing a Ql QZ

positive point charge to a point in afield | e E1 — E2 = k| ——

- x> (D —x)2
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C

Q
%

(Farads, F or CV1)

Capacitance is the charge stored per
unit potential difference by a capacitor

~—

Relative permittivity is the ratio between the permittivity of
a material and the permittivity of free space (Fm™1)

of the plates, and
inversely proportional
to the distance between

. €1 . Q C
r = r T A é;T‘ - -
2 Q, C
Capacitance is directly
Agogr proportional to the area

CAPA‘ CITORS

il

them

~o
~

‘ Time to

100% charge = 5(RC) ‘

The greater the relative permittivity
of a material, the higher the
capacitance

/

time constant

RC = 0.370,

The time constant is the time taken for the
voltage/current/charge of a capacitor to = 37%

The Gradient is
equal to the
Capacitance

Charge (C)

Voltage (V)

The energy stored is equal to the work
done to force extra charge

Area under the graph is
equal to the energy stored

_ %QV Plat:p.d
=~ (V2
2
10’
2 C
N~

q

>

q q+4q

Charge on plates
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Series Parallel
1 1 u
CTotal=C_+C_+"' CTotal= Cl+C2+°“
1 2




CHARGING CAPACITORS

C&

0.632 C€ |

Charge (C)

Charge vs. Time Capacitor

Voltage (V)
o
D
w
N
™
1

Time (s)

Time (s)

The equation for capacitor charge is:

V = Vo(l — e_%)

Q:

Qo(l — e_R_tC)

tl/Z —_ anRC

<
The half life of a capacitor is the et
time taken for the §
voltage/current/charge of a o
capacitor reaches half of its original
value
=
Q
g
S
__t
V= Voe Rc
_t
| = loe RC

DISCHARGING CAPACITORS

Current vs. Time Resistor

Time (s)

(b)

Voltage vs. Time Resistor

17 2T 3T 4T 51
Time (s)

t
Q= Qoe_ RC

For a discharging capacitor, the rate at which charge
and voltage change over time obey an exponential
decay relationship
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The force on a charge in a magnetic field is
affected by the magnetic flux density, the
size of the charge and the velocity of its
motion perpendicular to the field.

F = BII F = (BIDn

F = Bev

The force on a current carrying wire is directly
proportional to the magnetic flux density (field strength),
the current in the wire and the length of the wire.

Dee Dee

— Magnetic Flux Density is measured in v = velocity
d = BA Teslas, T or NA-'m™! Vectorquantity V =Voltage >
Magnetic Flux is the total magnetic flux passing

through a given area. It is measured in Webers,
Wb or Tm™2 Scalar quantity

Path of charged

T ¥y Particle is circular from
M AG N T continuousB field into the L o Alternatingelectric field
. diagram (green region). U acceleratescharge across
il

~ the gap.

N®=BAN cos 6
1 2Tm
—_ = T = —
The emf of a coil rotating uniformlyin a f BQ
ce=BANw sin 8wt | magneticfieldis dependant on the flux
- linkage and the angular speed.
- The time period of a charged particle moving
Fleming's left hand rule through a magnetic field is independent of its
I .
Applied for charges moving g ) velocity.
through conventional current
+ve = -ve g
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XX X XXXXXXX XX _
O —xx XXX XXXXX X X muv V =Voltage Current going ~ Current coming
8" XX X X X X X r = —— into Page out of Page
X X X X X X X X X X BQ
XXX XXXXXXXX X _
Bfield ntothe pege NA® | Theinduced emfacross a
The radius of a charged particle moving through a € = @T conductor is directly proportional
magnetic field is directly proportional to its momentum / t.o the rfa\te of Change Qf flux
and inversely proportional to the magnetic flux density linkage in a magnetic field
. ’
and its charge. Lenz’s Law
Magnet leaves coils. Moving faster so higher p.d.
DETECTION
Faraday .
ra5 46—
M‘“H""E
Myt | -
b :
:‘a&% | Mégnetenterscoils | |
lon repelier o} |
\ Gas inflow (from behind) Induced emf :: r::\oor?zo?lte
lonizing filament A € >
R T, oo

AC Generator

Flux linkage through the coil is

N®=BAN sin 6

[
?
|
[
[
|
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Primary coil

Secondary coil

From Faraday's
law the

induced emf
in the
primary and
secondary
coils are:

B field

Assuming that a transformer is 100%
efficient, the ratio of the number of turns
on the primary and secondary coil is
equal to the ratio of their voltages

J MAGN

N _ V N, V.

N, V, N, V,
. x ISVS

Efficiency = ——x100
LV

_ v, A
p = P A¢
Vo= N AD
s = NS¢

Effective voltage, V, ...

/ a A & \
Voltage = |/ |\ 1\ RMS
Peak Voitage / \\\ ll \\ // \ l Q
\ /l \\ / \\ | Time
L [ 4
=R

Peak voltage is V,

The r.m.s. current/voltage of an A.C

supply can be directly compared to its DC
equivalent

I v
I.=— |V,  =—
V2

rms
We use the rms value because its use
allows us to do electrical calculations
as if they were direct currents.

Using a CRO (Oscilloscope)
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£ - 35 3m The nuclear density
| 5 B p = of a nucleus is
— E Gradient = 1/3 4.71"”' approx 18 X 1017
— 0
Inr,
= InA 4.
r, = 1.5fm V = g TL'T'OA
3 The radius of a nucleus is directly
& ¢ proportional to the cube root ofan RUTHERFORD’S SCATTERING EXPERIMEN
& . atoms nucleon number
Deflected >90°= concentrated mass & +ve
2 (1in 10,000) \}
0 loo A 100 , loz |
Nuc L&R YSICS ) Deflected <90° = +ve nucleu:s
CLOSEST APPROACH OF a PARTICLES e nennnnns
Initial Ek 1 ) SN
x k = -
. kQ1Q2 4re 0 T \
— T J Pass through = empty space
| (1in 2000)
Due to the conservation of energy, ELECTRON DIFFRACTION
assuming no energy loss, the .
electrostatic potential energy will §_ . . F o . zatemsity
be equal to its initial kinetic energy. 3 T Qm_)_ .
¥ %gi( ---- .
kQ.0 trraek 0.61sin6 .,
r — 12 When determining the radius of a r = 1
E I nucleus through electron diffraction,

the minimum angle of diffraction is _=7
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Alpha Decay, a
Nucleon number decreases by 4
Proton number decreases by 2

Beta minus decay, -
Nucleon number stays the same
Proton number increases by 1

Beta plus decay, 57
Nucleon number stays the same
Proton number decreases by 1

X{ >X9 2+ a; X4 > X4+ 0 +V, X4 - X'4_, +8*0, +ve

stabili® .
0 1 \ a emitters
- . 234
2 100 .
; B emitbers .. Py =2 232 °
D | \ (T3
£ R /0% w
2 ,( z
§) 60 1 ,’,/ B’emibt@fs 2 298 Ra ’.’o
2 | 4l 5
w ‘},.,l;/ o 2%
7 NUCLEAR"PHYSICS: . :
Z
T r T T > 222
206 4 0 %0 oo <
Prokon number ( z) v 220 Rn
: Z
Q .B Y 9 218
_— . b : 9 216 Po
Description | 2protonsand2 | f isanelectron. f" isan |High frequency &
. L 214
neutrons pOsitron. photons @)
z 212 o)r Bi » Po
Rangeinair | <10cm <Im Follows inverse square =)
o 210
a | @O
Deflectionin | Easily deflected Opposite directionto @ |Not deflected 206 |
80 81 82 83 84 85 86 87 88 89 Q0
magnetic field and less easily NUMBER OF PROTONS
Absorption Stopped by paper | Stopped by thin sheet of  |Reduced by several
- , O ® @ ® ~ ® © O .
aluminium centimetres of lead THORIUM ACTINIUM RADIUM  RADON POLONIUM BISMUTH  LEAD  THALLUM a-PARTICLE  B- PARTICLE
EMITTED EMITTED
lonisation Intense, produces | Less intense, produces Weak ionising effect

104 ions per mm

about 100 ions per mm
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The intensity of radiation ~ Nuclear decay is random and
k is inversely proportional ~ Spontaneous. The decay

I = — | tothe distance fromthe  constant, A is the probability of |1u=931.5MeV =1.661 X 10~ kg
X source squared a nucleus decaying in a given

_ 1 atomic mass unit has a binding energy
/) time. d 0f931.5MeV

The activity, A of a radioactive
sample is directly proportional to AN

— 2
Ebind = mc

A= NA the number of nuclei present. It is At = —AN The binding energy of a nucleus is the
measured in becquerels, Bq work that must be done to separate a
nucleus into its constituent neutrons and

protons.
The number of nuclei and activity

of radioactive substance follow
an exponential decay relationship

over time a_ NUCLEAR p" slcs Mass defect of nucleus, the difference between

Am

I ] the mass of separated nucleons and the mass of
H(N) = IH(NO) _ /u.l the nucleus )
_ —At — In(V)
N'=Noe I E,. in Mev = Am in u x 931.5M
] . inMev=Aminux SMev
\$ Activity e L‘\\ g Ny) bind
counts per \N
unit ime Aln(V)
_ . gradient = —1 x
m — moe At Ne-'2< : At \
N4 - E. Mev
N8 1 E in Joules = —d
? ] 1.6x10713
t 2t 3(,‘_,’ time t
A=A M
In? The half life of a radioactive substance is
t1, = — the time taken for the activity/ number
Key / A | of radioactive nuclei present to half
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Nucleons with a mass
S’ICS number greater than the

. eak release energy (Fe-
Nucleons with a mass P gy (

th h nucl
number less than the peak 56) through nuclear

fission.
(Fe-56) release energy \ ission
g B5

NUCLEAR"PH

through nuclear fusion | AT = e i .
g | - Fission: In this process,
| ——
. -— | T =y a large unstable
Fusion: two light s s |- Energy released by fission nucleus is split into two
S 6 2 .
nuclei fuse together to g 1 lighter, more stable
form a larger, more ﬁ 5 2 nuclei.
o ) |
stable nucleus % 4 g :
5 3 o - mc?
E 2 | Ebind per N — A
Oxygen-16, i
Carbon -12 and t :
|

He-4 are Very 0 20 40 60 80 100 120 140 160 180 200 220 240
stable isotopes Mass number (A)

The binding energy per nucleon is the average work
done per nucleon to remove all the nucleons from a
nucleus. It is a measure of the stability of a nucleus.

Neutrons have ZERO binding energy
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The lens equation 1 | Diverging lenses have a negative power
1 1 171 fisthefocallength P = — | Converging lenses have a positive power
f  u ' V| uistheobjectdistance from the lens f
v is the image distance from the lens [ 7. _ 7\? Z =pc
v | Magnification p The intensity of a sound wave is I_r = (ZZ T Zl)
m = — | of 3 lens [ = the energy transferred per i 2 1 l
u A | second per metre squared
oerpendicular to the directionof ~ The larger the difference in acoustic impedance
_ _ - -2 between two materials, the higher the intensity
IO =1.0x10 12Wm : wave travel. Measured in Wi of the reflected ultrasound wave, [

The threshold of hearing is the lowest
intensity sound which the human ear can
hear at a frequency 1kHz

The intensity of X-rays
I =Ige H* | through a material
follows an exponential

intensity level = 101og .| MEDICAL BHYSICS decay relatonshi

IO The half value thickness is
The intensity of sound can also be measured Ln2 the thickness of a material
in decibels (dB). The intensity level follows a X1/, = needed to reduce the
logarithmic scale. This is for going from H intensity of an X-ray beam to
intensity in Wm~—2todecibels W, = [ad half its original value
_ _ P | The mass attenuation coefficient is a measure of how
[ = I.x 100-1(dB) Converting d_ECIbe|S much radiation is absorbed per unit mass of a material
0 back to Wm™2
The effective half life of a radioactive
Perceived loudness in 1 1 1 tracer depends on the physical half life of
AL o log 1_2 decibels is proportional = i the substance and the biological half life
I, logarithmically to the ratio T, Tz Tp |whichishow longthe body’sbiological
of intensity before and after processes take to remove the substance
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