H2 Physics 2025 Revision

Chapter 1: Measurement

1. S.I. Units

The seven base units are: metre (m), kilogram (kg), second (s), ampere (A), kelvin
(K), mole (mol) and candela (cd).

Derived units are defined in terms of base units. They are expressed as products or
quotients of base units.

An equation is said to be homogeneous or dimensionally consistent if every term
on both sides of the equation has the same base units.

A homogeneous equation may not be true or correct.

2. Errors and Uncertainties

Item Accuracy Precision
, . . Smallest division of
Instrument Calibration of instrument )
instrument
Closeness of average to Closeness of measurements
Measurements
true value to one another

Systematic errors result in all readings or measurements being always smaller or
always larger than the true value by a fixed amount.

Random errors result in readings or measurements being scattered about the true
value.

Accuracy is the degree of closeness of the average value of the measurements to the
true value. It is affected by systematic error.

Precision is the degree of agreement between repeated measurements of the same
quantity. It is affected by random error.

Calculations:
IfQ=aX=bY,then AQ = |a] AX + [b] AY.
If Q=aX" xY"or Q:aX—,then £=|m|g+|n|£.
Y" Q X Y

Percentage uncertainty of Q = %x 100% -

» Absolute uncertainty AQ should always be expressed to 1 s.f.

» Quantity Q should be expressed up to the same decimal place as AQ.
Eg: g +Ag =(9.81+£0.02) ms™

» Fractional and percentage uncertainty is expressed to 2 s.f.

.89 002465000 (25.£)=0.20 % (2 s£)
g 9.81

3. Scalars & Vectors

A scalar quantity has a magnitude only.
A vector quantity has both a magnitude and a direction.
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Chapter 2: Kinematics

1. Interpretation of Graphs

s —tgraph

Gradient = L7 a
dt
= instantaneous = instantaneous
velocity acceleration
Area under the graph Area under the graph
2 ty
t t
= change in displacement = change in velocity
2. Rectilinear Motion (1-D)
V‘?IOCIty gradient=a = (v;u)
%
Sv=u-+at (1)
area:s:%(u+v)t --(2)
u
substituting (1) into (2),
™ s=ut+%at2 ++(3)
0 + >
t and v =u? +2as ++(4)

Equations (1) to (4) apply only to motion in a straight line at constant acceleration.

3. Solving kinematics problems
e Draw diagram(s) and transfer data from the question onto the diagram(s).
o Indicate positive displacements along the vertical and horizontal directions.
e Ensure that sign conventions are applied consistently to all quantities.
e Apply the above equations independently along the vertical and horizontal directions.
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4. Projectile Motion (2-D)

Revision

In the absence of air resistance, the path/trajectory of a projectile is a parabola.
The magnitude of acceleration due to free fall (acting vertically downwards) is g.

Ya
V2 = Ux
V1
V1y |
V3x = Ux
—_——
1 _____ u - Ux V3y| 93 :
1
1 - V3
Uy :
0 _, > X
0 ux "
Vertically Horizontal
Initial velocity uy =usin @ Ux = u cos ¢
Acceleration a, =g (downwards) ax=0
Final velocity v,=u, +at v, =u +at
2 _ 2 . =
v, =u,+2as, LV, =U
Displacement 1
P s,=ut+-a t? Sx = Uxt
2 y

Time

1
S, =E(uy +vy)t

Maximum height (max sy) is
reached when v, =0
t
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Chapter 3: Dynamics

1.

Important Laws and Definitions

Newton’s First Law states that every object continues in its state of rest or uniform
motion in a straight line unless it is acted upon by a resultant external force.

Newton’s Second Law states that the rate of change of momentum of a body is
proportional to the resultant force acting on it and the change occurs in the direction of
the force. That is,
Fnet = d_p
dt

Newton’s Third Law states that if a body A exerts a force on body B, then body B
exerts an equal but opposite force on body A.

Since the internal forces of a system always add up to zero vectorally, Fne: = 0 as long
as there is no resultant external force acting on the system. When this happens,

d

% = F,.. =0 which means that the total momentum of the system is constant.
The Principle of Conservation of Momentum states that when a system of bodies
interact, the total momentum of the system remains constant, provided no net external
force acts on it.

Impulse is defined as the product of a force F acting on an object and the time At for
which the force acts.
Impulse = F At

Applications of Newton’s Second Law

A System of Objects

One example is shown in the figure on the right.
1. Identify forces acting on each object.

2. Write down the “F = ma” equation for each object.
3. Solve the simultaneous equations to get the answer.

Force due to a Fluid Jet
Consider a continuous stream of fluid of density o moving with

velocity v. After striking a surface, its velocity becomes v’ °
Force experienced by the fluid

= (mass of fluid flow per unit time) x (its change in velocity) v

= (Apv)(v'-v)

In most questions, V' is either 0 or —v. So F = pAv? or F =2pAv?
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3.  Momentum and its Conservation
i.  Momentum is defined as the product of the mass of an object and its velocity.

ii. Momentum is a vector quantity and its unitis kg m s~ or N s.

iii.  The impulse of a force = IF dt = area under the F—t graph. The impulse exerted on a
body is equal to the change in momentum of the body.

iv. In collision problems in which external forces are absent or negligible, the total
momentum is always conserved. On the other hand, the kinetic energy of the system
is conserved only of the collision is perfectly elastic. We may classify the types of
collisions as follows:

Type of collision Meypnturp K.E. conserved?
conserved?
Elastic v 4
Inelastic v x
Completely inelastic v .
(bodies coalesced)

v. A head-on collision between two objects is shown below:

Before collision @—» U1 @—» (7]
After collision @—> V1 @—» V2

Since momentum is always conserved in such a collision, we can always write down:
myu, + myu, =myv, + m,v,

It is important to remember that the equation is written down with the figure above in

mind, i.e., all the velocities are rightward. If, for example, the question specifies that

my is moving at 5 m s~ to the left, then you should substitute u, by —5.

If the collision is also perfectly elastic, then one can write down an additional
equation

1 o 1 5 1 5 1 5
§m1u1 +§m2U2 sz,lv.] +§m2V2

This new equation is slightly difficult to solve due to the squared terms. However, we
can combine the two equations to obtain a third, linear equation:

u—u, =v, -V,

relative speed of approach = relative speed of separation



H2 Physics 2025 Revision

Chapter 4: Forces

1.

Vi.

Important Formulae and Definitions

Hooke’s Law states that the extension x of a spring (or wire) is proportional to the
applied force F, if the limit of proportionality is not exceeded.

F = kx
where k is the force constant.

The weight of a body may be taken as acting at a single point known as its centre of
gravity.

Pressure is the normal force acting per unit area, where the force is acting at right
angles to the area.

P=Z

A scalar quantity.
S.1. units: N m=2 or Pascal (Pa)

At a given depth h, pressure due to the fluid column above is given by p = pgh, where

p is the density of fluid. Note that the total pressure at depth h also includes the
atmospheric pressure.

Upthrust is the vertical upward force exerted on a body by a fluid when it is fully or
partially submerged in the fluid due to the difference in fluid pressure.

Note: “Due to the difference in fluid pressure” part is important. A fluid exerts other
kinds of forces on an object submerged, e.g. the drag force, which is not due to the
fluid pressure but rather due to the motion of the object relative to the fluid.

Upthrust is equal to the weight of the fluid that is displaced by the body.
U=pgV
where V = volume submerged in the fluid,
p = density of fluid,
g = acceleration due to gravity.

Principle of floatation: For an object floating in equilibrium, the upthrust is equal in
magnitude and opposite in direction to the weight of the object.

Moments and Torque
Turning effect of a force

The moment (or torque) of a force about a point is defined as the product of the force
and the perpendicular distance from the point to the line of action of the force.

Moment 7 of force F about O, r=Fxr

A vector quantity (clockwise or anti-clockwise moment). ]
Sl units: Nm
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Torque of a couple F

A couple consists of a pair of equal and opposite parallel forces
whose lines of action do not coincide.

Torque of a couple F
= magnitude of one force x the perpendicular distance between the two forces.
Torque of the couple shown, 7=d xF

Principle of moments

For a body in rotational equilibrium, the sum of all the clockwise moments about any
point must equal the sum of all the anticlockwise moments about the same point.

Forces in Equilibrium

For a body in static or dynamic (constant velocity) equilibrium, the necessary conditions
are:

i. The resultant force on the body is zero, 2F =0
i. Resultant torque on the body about any point is zero, X7 =0

For 3 non-parallel forces acting on an object in equilibrium: F,
. The resultant force on the object is zero, XF =0, implies
that the forces, when taken in order, form a closed
triangle. F1

Fs

o The resultant torque on the object about any point is
zero, X7 =0, implies that their lines of action must all
pass through a single common point (if they are not F,
parallel).

Solving Problems Involving System in Equilibrium

Select a body or system of bodies for analysis.

Draw a free-body diagram showing all the forces acting on the body or system. Take
care to draw the arrows for the forces starting from their correct points of action, as

these will affect the moment calculation.

Select a positive direction each for forces and moments. A wise choice of the point of
reference (a.k.a. the pivot) simplifies the calculation for moments tremendously.

Evaluate the type of problem to be solved and form the equations using:
IF, =0 and Xf, =0 and X7r=0

F

F3



Chapter 5: Work, Energy & Power

1. Work done (W) by a constant force is the product of the force and the displacement in the
direction of the force.

,:/v W = Fs cos@
6

E Notes:

| 1. Work done becomes negative if 6 > 90°.

2. The above formula applies to a constant
force. For a variable force, W.D. is equal to the
area under the force-displacement graph.

2. The external force needed to stretch a spring by an
extension x (from its unstretched length) is proportional Force4
to the extension x.

»

F = kx
where k is the force constant of the spring.
The work done by such an external force is stored in
the spring as its elastic potential energy (Ug). It is given
by the area under the force-extension graph (see
right):

U =W e
2

The same formula applies to compression. 2 extension

3. Work done by a gas expanding against a constant external pressure p:
W= pAVvV

where AV is the increase in volume of the gas. Note that W.D. by the gas (on the environment)
is the negative of the W.D. on the gas by the environment. For example, if the gas contracts,
AV is negative, W.D. by the gas is negative, and W.D. on the gas is positive.

4. Energy is the capacity to do work. It exists in various forms, including kinetic energy,
(electric, gravitational, elastic) potential energy, nuclear energy, chemical potential energy and
internal energy. Energy cannot be created or destroyed. It can only be converted from one
form to another. This is known as the law of conservation of energy.

5. The sum of kinetic energy (Ex) and the (electric, gravitational, elastic) potential energies (E,)
together is called mechanical energy of a system. In a non-isolated system where there is
work done by an external force, Wk, the energy equation is as follows:

(Ep + Ek )initial + WF N (Ep i Ek )final
One may understand this equation by considering Wr as the external energy input due to the
external force, which becomes part of the final energy of the system. A system with no net

external force acting on it is known as a closed system. For such a system, W =0, the energy
equation becomes

(Ep + Ek) = (Ep + Ek )final

initial
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6. Derivation of E, :%mv2

Consider a body of mass m that is moving with an initial velocity u. Itis acted on by a constant
resultant force F which is parallel to u. The body accelerates with a uniform acceleration a to
a final velocity v over a displacement s.

a
— >
> F —> F
u v

Since the displacement of the body is in the same direction as the applied force,
W =Fs=(ma)s ..... (1)

From v?= u? + 2as (applicable since a is constant),

v —u?
S=—— ... 2
2a @)
Substituting equation (2) into (1),
2,2
W =(ma) i :1mv2 —1mu2 ..... (3)
2a 2 2

Thus, the work done W is equal to the change in the quantity %m x (velocity)?, which is termed

the kinetic energy, Ex:

E . =—mv

7. Derivation of gravitational £E,= mgh

Consider an object being raised upwards, at a constant velocity, from a height of hs to a
height of h. near the Earth’s surface. Since the velocity at which the object moves is constant,
the external force, F, required to lift the object must be equal to its weight, mg.

_______

_______

mg
hy

Work done by F in displacing the center of mass of object vertically upward,
W =Fs=mg(h, -h,)=mgh where h=h,-h,

In raising the object, the work done by the external force F (given by the expression above)
is the gain in the gravitational potential energy of the object.
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8. For a field of force (such as a gravitational field or an electric field), the relationship
between the force F and the potential energy U for one-dimensional motion is given by
_du

dx

From the relationship, we can infer:

1. The magnitude of the force at point x is equal to the gradient of the potential energy
curve at x;
2. The direction of the force is the direction of decreasing potential energy.

9. Efficiency gives a measure of how much of the total energy may be considered useful and
is not “lost”. It is given by the expression:

ful
n = useful energy output <100%

total energy input

Which form of energy is “useful” depends on the scenario. The difference between total energy
input and useful energy output is the energy loss.

10. Power is defined as the rate of work done or energy conversion with respect to time:

pal?
dt

The above formula yields the instantaneous power. What is frequently useful is the average
power, given by

AW

avg At

11. If a constant force F is applied and does work by moving its point of application a
displacement s in time ¢, the power supplied is given by the following derivation:

_dW d(Fscos#) _ds

P ot 3t = Facosﬁ =Fvcos@, (Note: g is the angle between F and v or s)

where v = ((ji_j is the velocity of the point of application.

P =Fvcoséd

12. Problems related to mass flow rate C;—T (such as energy conversion in a wind turbine):

1. Calculate the amount of mass passing through per unit time (E.g.,1 second).
2. Hence, calculate the amount of kinetic energy, passing through per unit time.
3. Write down the corresponding Conservation of Energy equations for the unit time.

10
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Chapter 6: Circular Motion

1.

2.

10.

Angular displacement: angle an object makes with respect to a reference line.

One radian : angle subtended by an arc length equal to the radius of the arc.
0 :é where s : arc length; r: the radius of the circle.
7 radian =180°

Angular velocity w, of an object in circular motion is defined as the rate of change of its
angular displacement with respect to time.

w:ﬁ (units: rad s)
dt
Linear velocity v = ro (units: m s™1)
, 2 .
Period T =— =2xf (unit: s)
@

Frequency f =% (unit: Hz)
V2

Centripetal acceleration a=vo =ro’ = — (units: m s72)
r

mv’*
Centripetal force F =ma=mveo =mro’ = (units: N)

r

An object in uniform circular motion is accelerating because the direction of its velocity is
changing continuously although there is no change in its speed.

Problem-Solving Strategy for Uniform Circular Motions:

o srONM=

Draw a free-body diagram of the body under consideration. Label all forces acting on the body.
Identify the centre of the circular motion.
Resolve the forces along two perpendicular axes according to each scenario.

Find the expression for the resultant force towards the centre of the circular path.
2

Equate it to mac, where m is the mass of the body and a. = Y= ret
r

Problem-Solving Strategy for Non-Uniform Circular Motions:

1.

o hrobd

Draw a free-body diagram of the body under consideration. Label all forces acting on the body.
Usually there are some special conditions such as “just in contact” which implies N = 0 or
“string is just taut” which implies, T = 0.

Identify the centre of the circular motion.

Resolve the forces along two perpendicular axes according to each scenario.

Find the expression for the resultant force towards the centre of the circular path.

' mv? 2
Equate it to /or mao-r .
(Take note: for Non-Uniform circular motion, the speed v or angular velocity w is
NOT constant through the motion. Hence, when equating to mv% or me’r , we are

finding v or w only at THAT instant).
Using Conservation of Energy, form another equation for the motion.
Solve them simultaneously to find the unknowns.

11
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Revision

The centripetal force for the following Uniform Circular Motions are:

(i) Conical Pendulum:

is the resultant force

force
pointing towards the centre of rotation.
Therefore, the centripetal force is provided by
the horizontal component of tension Tsiné.

Centripetal

(i) Roller coaster (top):

N+mg:mv
-

Centripetal force is the resultant force pointing
towards the centre of rotation. Therefore, the
centripetal force is the sum of the normal
contact force and weight.

* Minimum speed to stay in contact at the top

For the roller coaster to just stay in contact,
N=0

(v) A car going over an arch:

Normal contact
force from bridge,
N

mg —N =

(ii) Celestial Objects:

Mm

GMm mv’

r? r

Centripetal force is the resultant force pointing
towards the centre of rotation. Therefore,
centripetal force is provided by gravitational
force.

(iv) Roller coaster (bottom):

mg

Centripetal force is the resultant force pointing
towards the centre of rotation. Therefore, the
centripetal force is the normal contact force

minus weight.

* Minimum speed to enter to keep in contact at
the top

By Conservation of Energy,

Ek(bottom) Y Ek(top) =+ GPE(top)
1 1
Emvlfottom = Emvriin +mg (2r)
Viottom » Vriin + 29 (zr)

Vbottom = \Irg+4rg = \/5rg

mv?

r

Centripetal force is the resultant force pointing towards
N the centre of rotation. Therefore, the centripetal force is
the weight minus normal contact force.

weight, W

12
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Chapter 7: Gravitational Field

Revision

1. A gravitational field is a region of space in which a mass placed in that region

experiences a gravitational force.

2. Definitions

Newton’s law of gravitation states
that two point masses attract each

The gravitational potential
energy of a mass at a pointin a
gravitational field is defined as
the work done by an external
force in bringing the mass from
infinity to that point.

-m

other with a force that is directly Fo—_ (4%
proportional to the product of their ¢ _ _adr
masses and inversely proportional
to the square of the distance ST \
between them __GMm \y__ GMm |
Fs = > U=-———
r | r I
|
m = l l
|
N | |
GM [ GM |
g=-—7 =
r - ro
\

The gravitational field Vectors

strength at a point in space
is defined as the gravitational
force experienced per unit
mass at that point

3. Force & Field Strength vs Potential Energy & Potential
Consider a point mass of mass m placed near 2 large uniform masses of mass M and M-
respectively, where M, <M, . The distance between the point mass and each of the

masses’ centre of mass is r1 and r; respectively.

Resultant Force & Field Strength

Fret is the vector sum of F7 and F2

~
7

The gravitational potential at a

point in a gravitational field is

defined as the work done per unit

mass by an external force in
bringing a small test mass from
infinity to that point.

Total Potential Energy & Potential

A Utotal =U,+U,
. h ! GM,m [ GMZm]
N = — +| —
[ r,

N

Usotar is the scalar addition of U; and U:

4. For motion of a celestial object in orbit, gravitational force provides centripetal force.

2
GI\/Ign:mv
r r
_ [em
r

e This is the orbital speed of the object

Mm

r2

T? :[27;;}3

G

= mrw?

This is Keplar's 3™ Law

Note: for the object to be in orbit, it is bound within the gravitational field and cannot escape.
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5. To obtain the minimum speed required for an object to escape its orbit,
Principle of Conservation of Energy
Gain in GPE =Loss in KE

0—[— GMmj :1mv§sc -0 v, = ,/@
r 2 R

6. Energy of an orbiting satellite:
~ GMm

potential energy, E, =

kinetic energy, E, = %mvo2 = % GMm
p

GMm+1GMm__1GMm
r 2 r 2 r

total energy, E; =E, +E, =—

Objects that are bounded (cannot escape the field) have negative total energy.
Objects with E; >0 will be able to reach infinity and escape.

7. A geostationary satellite is one that is always above the same point on Earth’s surface
as it orbits the Earth and satisfies the following conditions:
¢ Its orbital period is the same as that of the Earth about its axis of rotation (24 hours).
e |ts direction of rotation is the same as that of the Earth about its axis of rotation (from
west to east).

¢ lts plane of orbit lies in the same plane as the equator (i.e. the satellite is above the
equator).

14
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Chapter 8: Temperature and Ideal Gases

1.

When an object gains heat from its surrounding objects at the same rate as it loses heat
to them, then there will be no net flow of heat between the object and its surrounding
objects. They are all now in a state called thermal equilibrium.

An ideal gas is a gas which obeys the equation of state pV = nRT at all pressures, volumes
and temperatures. (pV = nRT = NKT)

A temperature scale is a system of measuring temperature. Most of them rely on
measuring the changes in some physical property of a substance that varies with
temperature. This is known as thermometric property.

The thermometric property of a gas thermometer is the pressure of a fixed mass of gas at
constant volume. Experiments using gas thermometers show that the thermometer
readings are nearly independent of the type of gas particularly when pressure is low. This
is because the lower the pressure of a real gas, the more linear is the variation of pressure
or volume with temperature, as the behaviour of real gases approaches that of an ideal
gas.

Absolute zero on the thermodynamic scale is the temperature at which the molecules of a
substance have the lowest energy and hence, the substance has the minimum internal
energy.

The Thermodynamic Temperature Scale is an absolute scale of temperature that does
not depend on the thermometric property of any particular substance.
T/K=6/°C+273.15

The mole is defined as the amount of matter containing the number of particles (atoms,
ions or molecules) equal to the Avogadro’s constant (6.02 x 10%3).

Assumptions of the kinetic theory of gases:

1. The gas consists of a large number of molecules in random motion.

The volume of molecules is negligible compared with the volume occupied by the gas.
The molecules exert no intermolecular forces on one another except during collisions.

Collisions between molecules and the container are perfectly elastic.

o b~ N

The duration of an intermolecular collision is negligible compared with the duration
between collisions.

Explanation and derivation of pV = %Nm<cz> .

e Consider a cubic container of side d with N molecules of an ideal gas.
e Consider a molecule with mass m and velocity c, in the x-direction.

e For each collision event between a molecule and the wall, the impulse of molecule is
AP =-2mc,

o The time between two successive collisions by the molecule is At = 2d

Cc

o The average force exerted on the molecule by the wall is given by Newton’s Second
-2m mc,?
Law, Fon molecule — AP = 2 == x
At 2d/c, d

15
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The average force exerted on the wall is given by Newton’s Third Law

mc.?

F SIS

on molecule d

F

onwall —

i _Fo Nmy, . Nm, ,
The total pressure p on the wall is p = = <Cx >—7<Cx >

By considering all the N number of molecules, the total force acting on the wall,

2 2 2 >
Ft =—Nm<cX2>,Where <C 2>=Cx1 +Co "+ CLT +...+ Cy
d g N

Applying the Pythagoras Theorem, ¢ =c¢’ + Cy2 +c/

Since N is large and the molecules are moving randomly, with no preference in any
. . d 1 1

drection, (o) =(5,)= o) and (e)~ 1(e*)

Hence, p = N7m<cf> = %NTm

<CZ> and pv :%Nm<cz>

9. Mean translation kinetic energy of a molecule of an ideal gas

1 1 3
(E¢) =5m<c2> =§mcrms2 =§kT

16
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Chapter 9: First Law of Thermodynamics

1.

6.

The numerical value of the specific heat capacity of a substance is the quantity of heat
required to raise the temperature of unit mass of the substance by one degree.
Q=CA@, Q=mcA@ (C: heat capacity, c: specific heat capacity)

The numerical value of the specific latent heat of fusion (or vaporisation) is the quantity of
heat required to convert unit mass of solid to liquid (or liquid to vapour) without any change
of temperature. Q=mlL

The internal energy of a system is determined by the state of the system and it is the sum
of the random distribution of kinetic and potential energies associated with the molecules
of the system.

A rise in temperature of a body implies an increase in the average kinetic energy of the
molecules, which in turn implies an increase in the internal energy of the body.

The First Law of Thermodynamics states that the increase in the internal energy of a
system is equal to the sum of the heat supplied to the system and the work done on the
system, and the internal energy of a system depends only on its state.

AU =Q +W (increase in internal energy = heat supplied + work done on gas)

V2
Work done = jv P dV (Area under P-V graph)

Work done by gas is positive for expansion, negative for compression
For an ideal gas, internal energy = total KE of molecules

7 Nx1m<c2> NSkt =3 nkT==3nRT=3 pv
2 2 2 2 2

Change in internal energy of ideal gas, AU =%NkAT =%nRAT

Special Processes:

Isobaric Change in volume occurs at constant pressure
Isovolumetric Change in pressure occurs without a change in volume
Isothermal Change in pressure and volume occur without a change in

temperature

Adiabatic Change in pressure and volume occur with no heat supplied to or lost
from the system

Cyclic System goes through a series of processes and ends at its original
state

17
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Chapter 10: Oscillations

1.  Amplitude x; is the magnitude of the maximum displacement of the particle from its
equilibrium position.
Period T is the time taken to complete one oscillation.
Frequency fis the number of oscillations per unit time.
Angular frequency o is the rate of change of phase angle of an oscillation.

1
T=— a)=2—7z=27rf
f T

2. Simple harmonic motion is defined as the motion of a particle about a fixed point such
that its acceleration is proportional to its displacement from the fixed point and is always
directed towards the point.

(Note: the fixed point is the equilibrium point)
3. The defining equation for a particle undergoing simple harmonic motion is
a=-a?x
This equation tells us that:
¢ The magnitude of the acceleration a is directly proportional to the magnitude of the
displacement x.
o The direction of the acceleration is always in the opposite direction to that of the

displacement.

4. Variation of displacement, velocity and acceleration with time:

For a particle that begins its oscillation at the maximum displacement, i.e., x = xo when

t=0s,
XA ) . :
N RS
0\ 5 > X = X, Cos ot
! Ta i 2T t
wf o NN
VA i i i

+wXo /\
0

V = —mX, sinot

0 /
—@?Xo

; T\/ 2Tt
—@Xo i i i
aa | | E
+aPXo : i .
i i : . > a =-w’x, cos ot
| | ! 2T t

18
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5. Variation of velocity and acceleration with displacement:
For any oscillating particle,

V‘

A
®Xo|

/ \ ______

> X +X X

0 —

-Xn 1

1

|

—OX0 :

6. Mass spring system
The motion of an oscillating mass-spring system (both horizontal and vertical) depends
only on the mass m and spring constant k.

m k

Simple Pendulum system
The motion of a simple pendulum system depends only on the length L and the

gravitational acceleration g.
L g

(Note: the natural frequency of the oscillating system can be found from the above
equations.)

7. Variation of energy of an oscillating particle

Ex is converted into Ep Ex is converted into Ep
] [ )
amplitude amplitude
—Xo equilibrium +Xo
| | ;
E,=0 E, =max E,=0
E, =max E. =0 E, =max

Ep is converted into Ex Er is converted into Ex
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Variation of E with time for a particle that
begins its oscillation at the maximum
displacement, i.e. x = xo when t =0 s,

Variation of E with displacement for any
oscillating particle

&

energy total E total E energy

\ /&
\V4 AV

/\ /\
N

Total energy = Ey ..o = Ep max = %mcazxo2

8. Damping is the process whereby energy is removed from the system.

amplitude
critical heavy
damping damping
\/ ~— > time
light damping
Light Damping:

Amplitude of the oscillation decays exponentially with time.
The object undergoes oscillations until they stop.

Frequency can be taken to be constant (or decreasing slightly).
Example: a simple pendulum oscillating under air resistance.

Critical Damping:

e The object does not oscillate.

o |t takes the shortest time to return to its equilibrium position.
o Example: car suspension system.

Heavy Damping:

o The object does not oscillate.

o It returns to equilibrium very slowly.

e This occurs because the resistance to its motion is very large.
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20
i amplitude remains constant
1.04
00t
A.0+
8 no damping
2 ' ; ; ; 4 : : ; ; ; tis]
Effects of 4 20 40 5.0 80 10 12
different degrees 30
of damping *Im)
. amplitude decays exponentially
201
1-0;\
0.07
.04 = :
critical damping
! ' ; ; } 4 ' } ' " i ts)
> 20 40 B.D 8.0 10 12
20
10‘\
004
.0+
heavy damping
: ; } ; ; 4 ; ; ; Lis]
245 20 40 B0 8.0 10 12
9. Asystemis under forced oscillations if it is caused to oscillate by an external periodic

10.

driving force, which supplies energy to the system.

Resonance occurs when a system responds at maximum amplitude to an external
driving force. This occurs when the frequency f of the driving force is equal to the

natural frequency f, of the driven system.
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11. Frequency response curve of forced oscillations

amplitude
A

lamping

P
nt

mping

Moderat
comme \.

i\ \
— ,,_/ 1
Heavy damping \
1 \
I \

: | | » driver frequency
fo

Effect of increased degree of damping:

e Amplitude of oscillations decreases.

¢ Resonance occurs at a driving frequency lower than the natural frequency.
e The peak of the frequency response curve shifts leftwards and downwards.

12. Useful resonance: radio receivers, magnetic resonance imaging, musical string
instruments

Harmful resonance: oscillations in bridges, vibrations in buildings during earthquakes

22
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Chapter 11: Wave Motion
Important Terms
Symbol | Description S.1. Unit
X Displacement: the distance in a specific direction of a particle | m
of a wave from its equilibrium position.
Xo amplitude: magnitude of maximum displacement of a particle | m
in the wave from its equilibrium position
A wavelength: distance between two consecutive points which m
are in phase, such as two successive crests or two
successive troughs
T period: time taken for a particle to complete one oscillation S
f frequency: number of oscillations made per unit time Hz
v speed: speed at which the wave shape moves. ms™
A phase difference between two particles in a wave or or rad
between two waves at a point is a measure of the fraction of
a cycle which one is ahead of the other.
Wavefront: line or surface joining points on a wave that are in | -
phase. The wave travels in a direction that is perpendicular to
the wavefront.
Relationship
T ot - 2 AL X ) Y
f T 279 Nrvdevt AN

In a time of one period T, the waveform moves a distance of one wavelength A.

distance A

Since speed=— , v:?:\/:m (since f:%)

time

A progressive wave is the movement of a disturbance from a source which transfers
energy from the source to regions around it without the transfer of matter.

For progressive mechanical waves, the medium itself does not travel through space; its
individual particles undergo back-and-forth or up-and-down motions around their
equilibrium positions. The overall pattern of the wave disturbance is what travels.

Waves transport energy, but not matter, from one region to another.

A transverse wave is one in which its particles oscillate in a direction perpendicular to the
direction of enerqy transfer.

A longitudinal wave is one in which its particles oscillate in the direction parallel to the
direction of energy transfer.
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7. Graphical Representation of Transverse & Longitudinal Waves

o crest : : crest L
; f ; ; f ; . The dots show the positions of
M t T * * % the particles at a particular time
5 [ * | * | for a transverse wave
Dlls\plaécer?enté trough. trough i
>Distance
' OR
Position

T T R A rarefractlon AN URVE R
,_..,_..;_. |- <—' <l | i s w-wi=d | Thedotsshow the positions of
j fe—to i @1 Lo @o— | the particles at a particular time
for a longitudinal wave

compression ~ compression

8. The intensity / of a wave is defined as the rate of transfer of energy per unit area normal
to the direction of propagation of the wave.
__P
Area

The power P delivered by any sinusoidal wave is proportional to the square of the
amplitude A. Hence,

1 = kA?

If the power P of a point source is constant and there is no loss of power when the wave
propagates (in all directions), then the intensity decreases as the inverse of the square of
the distance from the source r:

e k

r2

9. Polarisation is a phenomenon associated with transverse waves.

e Malus’ Law: When polarised light of amplitude A, is incident on a second polariser
(usually called an analyser) placed with its polarising axis at an angle 8 to the
polarising axis of the first polariser, only the electric field componenet parallel to the
polarising axis of the analyser will be transmitted.

Un p_olarised
light Polariser
A P / Analyser
— - As
P
N Y
¥ A4 / 9
y
3 4 Accos 8
Yy A y'
. . (
Polarising Poﬁﬁm 4 ' }‘;
axis

Resultant amplitude A of the transmitted wave is therefore A=A cos®
Since I = kA?, resultant intensity 7 of the transmitted wave is therefore I = 1, cos® @
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Chapter 12: Superposition

1.  The principle of superposition states that when two or more waves of the same kind
meet at a point in space, the resultant displacement at that point is equal to the vector
sum of the displacements of the individual waves at that point.

2.  When two progressive waves of the same type, same amplitude, same frequency
and same speed travel towards each other along the same line, they superpose and

form stationary (or standing) waves.
A A
A graphical representation of a stationary wave The waveform (displacement-position) of a

(where the maximum displacement is drawn on a stationary wave at equal time interval of T/16.
displacement-distance graph)

A .. A

3. The waveform of a stationary wave has the following features:
(i) The wave profile does not propagate.

(ii) Every particle of the wave merely oscillates about their respective equilibrium
positions with the same frequency, but different amplitudes.

(iii) An antinode is a point in a standing wave where the amplitude is the maximum.
Particles at the antinodes vibrate with the greatest amplitude. These are labelled
‘A

(iv) A node is a point in a standing wave where the amplitude is zero. They are
labelled ‘N’.

(v) Distance between two adjacent nodes (or antinodes) is 2A.

(vi) Within two consecutive nodes, every particle oscillates in phase. Particles in
neighbouring loops vibrate 180° (or « rad) out of phase with each other.

4. Comparing progressive and stationary waves:

Property Progressive Wave Stationary Wave

Waveform The disturbance propagates with The disturbance does not propagate
the velocity of the wave across across space.
space.

Energy Transports energy Does not transport energy

Amplitude Every point oscillates with the Amplitude varies from 0 at the nodes to
same amplitude. the maximum at the antinodes.
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Property Progressive Wave Stationary Wave
Phase All particles within one wavelength | All particles between two adjacent
have different phases. nodes have the same phase. Particles
in adjacent segments have a phase
difference of = rad.
Frequency | All points vibrate in s.h.m. with the | Except for the nodes which are at rest,
frequency of the wave. all points vibrate in s.h.m. with the
same frequency as the progressive
wave that gives rise to it.
Wavelength | Is the distance between adjacent Is equal to twice the distance between
points which have the same phase. | a pair of adjacent nodes or antinodes.
5. Stationary waves in strings and pipes:
Stationary Waves on a String
Modes of Graphical Wavelenath Frequehc Also known
Vibration Representation 9 9 y as...
L A
Fundamental n 2 L= ) - My 1t ,
frequency P ——, T harmonic
______________________ = A =2L
(n— 1) ral e Ve L:”(%nj
n— RIS A v th i
overtone N AN\S A2l ! n(ZLj qrarmonte
=
Stationary Waves in Closed Tubes
Modes of Graphical Wavelenath Flaflehc Also known
Vibration Representation 9 9 y as...
AN B i
Fundamental L= 1(—j v o :
; L LAY - 4 f=— 18t harmonic
requency — 41
___________________ = A=Ak
(n—1)" f\v /\ o VAL 22 (2n - 1)
overtone 4L V 4L harmonic
SN
(2n-1)
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Stationary Waves in Open Tubes

Modes of Graphical Wavelenath Frequenc Also known
Vibration Representation 9 9 y as...
Fundamental L= 1[£j v
frequency 2 f,= rT 1%t harmonic
=>4 =2L

10.

1.

/ln
(n—1)y" o (7] v .
/\ /\ f,=n|_— n'™ harmonic
overtone 2L 2L
=

The displacement antinode at the open ends of the pipes are actually located slightly
outside the pipe as shown below. This results in a small end correction c to be included
in the calculation of the wavelength.

Diffraction refers to the bending or spreading of waves when they travel through an
aperture or when they pass round an obstacle. It is a phenomenon of waves.

Waves or sources are said to be coherent if they have a constant phase difference.
This implies that coherent waves or sources must have the same frequency, but the
reverse is not true. Velocities of the waves are assumed to be identical.

Constructive interference takes place when two waves arrive at the same point in
phase (i.e. their phase difference is zero). A maximum is obtained.

Destructive interference takes place when two waves arrive at the same point with
a phase difference of & rad. A minimum is obtained.

Conditions for observable interference:

(i) The waves (or sources) must be coherent.

(ii) The waves must have similar amplitude.

(iii) The waves must be unpolarised or polarised in the same plane for transverse
waves.

(iv) The waves must overlap and be of the same type to give regions of maxima
(constructive interference) and minima (destructive interference).
(This point is very trivial and should be the last point to write in your answer.)

Conditions for path difference AL for constructive and destructive interference:

2 sources in phase | 2 sources = rad out of phase

Constructive Interference

= - + 1
. AL = nA AL=(n+%%) A

Destructive Interference

= + 1 =
() AL=(n+%) A AL = ni
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12. Single-Slit Diffraction and Interference Pattern

sin 0= 24/b

sin 8= Alb

y = 2Dtané
sin =0

v sin 0= Alb

v

<

D

sin 8= 2A4/b

For b << D, the positions of the two first minima for single slit diffraction are given by

bsing =1
Width y of the central bright fringe
y =2Dtané
Since @is usually very small,
y ~2D6

Resolving power of a single slit:
The resolving power of a single slit is the ability to distinguish between closely spaced
objects.

Rayleigh’s Criterion:

Two images are just resolved when the central maximum of one image falls on the
first minimum of the other image. The criterion is satisfied when the limiting angle of
resolution Gnin (or minimum angular separation of the sources) follows

9. . zi for sin@~ 6@
b

min

13. Young'’s Double-Slit Experiment

)) )
diffracted light acts as a

i . f destructive
coherent light source for the region o interference
double slits interference

intensity distribution for \

interference fringes

/— double slit

single slit acts
as a point
source of light

~— constructive

interference

o ..
———— central

bright fringe

monochromatic
light source

N

screen
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path difference

n"—order maximum

Revision

<

central maximum

-

For a << D, constructive interference (maxima),

Fringe separation,

asin 6,=nA
AD

X=Z 4

a

The formula x = % is applicable only if

» a << D (rays are approximately parallel)
» a>> A (for small angle approximation to be used)

Single-slit intensity pattern

Double-slit intensity pattern

wheren=0,1, 2, ...

Single slit envelope
2 g p

Double slit

S
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14. Diffraction Grating

T~ diffraction grating n =2< 2"_order max

Pidmmnd -
7 N position of
~N .
/ NN maxima n=1
- =
NG ~—— 1°“order max
\ ~ 0,
e”

~o. 01 intensity

< central maximum
‘ n=0

Re) )
9,, st
¥ ~=——1 1%-order max
\ > , n=1
\ B e narrow beam of
AN iz —
N monochromatic light
So— nd
~< _ - . . =———1 2™ -order max
e d = grating spacing sereen ] n=2

For d << D, constructive interference (maxima),
dsingd, =ni wheren=0,1, 2, ...

To determine maximum order of bright fringes:

From sing, = % we see that the larger the value of n, the larger the value of 6.

Since 6, < 90°, sing, <1 = %<1 = n<%

An even easier way to remember or understand the formula n < % is to recognize that

the slit separation d represents the maximum path difference between adjacent rays
(when the rays bend by 90° to the original direction).
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Chapter 13: Electric Fields

Electric force and field strength

Fe =qE
Electric field strength, E Electric force, Fe
Q Q qQ
t int ch =
due to point charge Q 472'801'2 q(47rgor2j 472'80f'2

Electric field strength and electric force are vector quantities.

Tip: when using above equations, substitute numerical values of charges into
equation. Direction of force/electric field strength is determined by looking at
diagram. Like charges repel, unlike charges attract. The above equations give
magnitudes but do not indicate direction.

Electric potential energy and potential

U=qV
potential potential energy
Q Q qQ
t int ch =
due to-poIgIEhArap 2 4re,r q(47zgorj 4reyr

Electric potential and potential energy are scalar quantities.
Tip: The signs for Q and q have to be included, which will determine the sign for U.

Important relationships:
golav
dr
The electric field strength at a point is numerically equal to the potential gradient at
that point. The gradient of a V—r graph gives the magnitude of the electric field strength.

The negative sign indicates that the electric field strength points in the direction of
decreasing potential.

BBl
dr
The gradient of a U-r graph gives the magnitude of the electric force.

The negative sign indicates that the electric force points in the direction of decreasing
potential energy.
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4. Uniform Electric Field
Within a region of uniform electric field:
(a) the electric field strength at any point has the same magnitude and direction;
(b) the equipotential lines are parallel and equally spaced.

Two equal and oppositely charged parallel plates of infinite dimensions can produce a
uniform electric field between them.

\ 4

+ —

\ 4

+ —

A 4

Since the electric field between the parallel plates is uniform, the potential gradient at any
point within the plates is given by
AV
AXx
where Ax is the perpendicular distance from the plate with the higher potential.
If we know the potential difference AV between the two plates and the separation d of the
plates, the magnitude of the electric field strength E between the parallel plates is

=—E =constant

z_ L
d
Electric field strength, E Electric force, Fe
due to parallel plates
of p.d. AV and 5 qﬂ
separation d d d

5. Motion of charged particle within the uniform electric field between two parallel plates:

positive plate
v

charged
g " =

particle

negative plate

If the electric force F is the only force acting on the charged particle, then the acceleration
of the particle is also constant in the direction of the force. Thus, the equations of motion for
constant acceleration may be applied.

Perpendicular to electric field: constant velocity
Parallel to electric field: constant acceleration (equations of motion applied in this direction)

Trajectory: parabolic

Motion of charged particle beyond the two parallel plates:
Trajectory: straight line
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Chapter 14: Current of Electricity

1.

Electric current is defined as the rate of flow of charge. Average current is given by

total charge divided by total time. / =%

By convention, the direction of current is defined as the direction of flow of positive
charge, regardless of the actual sign of the charged particles in motion.

The free charges in a conductor move with an average velocity vp called drift velocity,
which is on the order of 10* m s

Consider a conductor with cross-sectional area A (perpendicular to the direction of current
flow) and n charge carriers per unit volume (or the number density).

vopAt

A'q')—»

v 4 ’;T- | i !
i — & 'I Uy
k. 6 d '-ﬂ 4 / 63_»‘

¢ In atime interval At, each charge carrier, assumed to be positive, moves a distance
vy, (Af) to the right. Thus, in At, charges within a distance of v, At to the left of the cross-

section A (the shaded cylinder) will pass through A.

e The volume of the shaded cylinder is Av,, (Af). The number of charge carriers passing
through A in At is thus nAv, (Af).

e The total charge passing through A in At is nAvy q(At), where q is the charge carried
by each charge carrier.

Total charge through A in At nAv,q(At)

Time interval At At
I =nAvpq

e Hence, current [ =

The potential difference V between two points in a circuit is defined as the amount of
electrical energy per unit charge that is converted to other forms of energy when
charge passes from one point to the other.

One volt is the potential difference between two points in a circuit when one joule of
electrical energy is converted to other forms of energy as one coulomb of charge passes

from one point to another (1V=1JC™"). V = %

The electromotive force (e.m.f.) of a source is defined as the amount of electrical
energy that is converted from other forms of energy when charge passes through the
source.

The resistance of a circuit component is defined as the ratio of the potential difference

across it to the current flowing through it. R =¥

Ohm’s law states that the potential difference across a conductor is proportional to the
electric current passing through it, provided that its temperature remains constant.
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10. One ohm is the resistance of a conductor when a potential difference of one volt across it
causes a current of one ampere to flow through it (1 Q =1V A™).

11. Resistance of a uniform conductor (at a given temperature) is inversely proportional to the
cross-sectional area A, and directly proportional to the length L:
R L
=/
The proportionality constant p is called the resistivity.

12. [-V characteristics

Ohmic conductor Semiconductor diode
L~"""2 .
I A i
1 ! 0 I >
0 vi W Vv pA 07 v
reverse-biased i forward-biased
Filament Lamp NTC thermistor
TN
_________,.--" /A
}2 ! 172
I |- | i
! | ! I
oV V, v -
v

13. To determine the resistance of an electrical component from the /-V curve, read off the

values of V and I required and calculate R = % Note that R is not the gradient of any point

on the /-V curve.

2
14. Electric power =1V = [°R = VF

15. A realistic battery can be modeled as an ideal e.m.f. source E in series with a
resistance r, which is called the internal resistance of the battery.
If the current flowing through the circuit is 7, the p.d. across the battery (which is called the
terminal p.d.) is given by
terminal p.d. = E-Ir.
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Chapter 15: DC Circuits

L |
. 1
Equivalent Resistance | I
! | 1 I
! | R |
I
| R |
R+ R> Rs I3
— LR I —
4
Resistors in Series Resistors in Parallel
1. Magnitude of current, 7 flowing through the 1. Potential difference, V across the resistors is the
resistors is the same. same.
2 L | + L +...+ /
2. Rg=Ri+Rx+...+R, s T p T p T o
q L 2 Req R, R, R,
Potential Divider Potentiometer Principle
I v ! |1
1
I-——— - K | | | I |
C
A B
R1 R2 R3 Circuit whose
E ;|—| |_| pr';mdel\ssfjc:'ebde
Vi
v 1. Sliding contact is moved along resistance wire
1. Resistors are in series. AB until a point C is found such that there is no
V, = LV current in the galvanometer.
R +R,+R
! R2 3 Point C is called the null point or balance point.
V= Length AC is called the balance length.
R1 + R2 + R3 = : .
R Potential difference across AC is equal to the
= 3 V : . . .
3 —R1 TR, +R, potential difference across the circuit to be
measured.
2. Ry or Rz or Rz may be replaced by other 5. If wire AB has uniform cross-sectional area,

components such as LDR or thermistor. 4
potential difference across AB and the length of
*Light intensity increase, R.or decrease. AB remains constant with time.
*Temperature increase, Rinermistor d€Crease.
VAC — RAC = LAC
L

VIVR

AB AB
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Solving Potentiometer Questions

Generally there are 2 scenarios:
1. When switch S is opened.

E;
|
|

1
I
L1

S

R> TS

| |
| I

2. When switch S is closed.

E4

|

|
L

L

D
r
H—
S
R,
| I |

Revision

With switch S open, no current passes
through the internal resistance r. Hence,
there is no potential drop across r.

With switch S closed, current passes
through internal resistance r and resistor
Ro.

The balance point is now at point D and
the balance length is L.

L,
EVig=—==xV,,

AD
LAB

Since battery E; and resistor R; are all
parallel to AD,

Vio=E,—Ir
andalso V,,=IR,
R
or =—2_F
Y reR, ?

(potential divider)
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Chapter 16: Electromagnetism

A magnetic field is a field of force produced by current-carrying conductors, moving charges
or permanent magnets. Magnetic field pattern due to various configurations of current-carrying
wires:

(a) a long straight wire (b) a flat circular coil

Current flowing Current flowing
into paper into paper

HNT
g Mol = : .
2r Current flowing
at centre of coil out of paper

(c) a long solenoid

=
\

S~
g
/,- AW AW AW AV AN AN AV AV AV AW AV AN AV A)
'\ AAANA VVVVVV;)

B = u,n! : uniform inside a solenoid

L=
L=

Right-hand grip rule
The directions of the current and the flux density follow the right-hand grip rule. When using
this rule, your right thumb must be straight, whereas the fingers of your right-hand curled.

thumb points in the direction of fingers curl in the direction of
straight wire current flux density
coil flux density (at centre of coil) current
solenoid flux density current

Definition of flux density B

The magnetic flux density of a magnetic field is numerically equal to the force per unit length
per unit current acting on a long straight current-carrying conductor placed at right angles to
the magnetic field.

Fleming’s Left Hand Rule (FLHR)

To determine the direction of the magnetic force, FLHR is used. The directions of your left
thumb, index and middle fingers are the directions of, respectively, the magnetic Force (F), the
B field flux density (B) and the current /.

In the case of a moving positive charge, the direction of the middle finger is the direction of v.
If the charge is negative, then the middle finger is opposite in direction to v.
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5. The magnitude and direction of force F acting on a conductor carrying a current / placed at an
angle 6to the magnetic field of flux density B:

1

Note: The sin 6 factor yields the component of B
B perpendicular to 1.

F =BILsing

6. Measuring flux density using a current balance
A current balance is shown below. With no current through PDAQ and no rider (the small
mass) on the right, the loop ABCD is horizontal and balanced.

A z Q/B

N S rider on a non-
> conducting rod

With current / turned on, side AD experiences a downward magnetic force, which yields an
anticlockwise torque about PQ. The clockwise torque due to the weight of the rider on the right
is needed to balance the system:

Sum of clockwise moments = Sum of anticlockwise moments
mgqgy = Fx
mqgy = BILx
e mgy
ILx

Hence, the magnetic flux density B of a magnetic field can be determined with the appropriate
quantities known.

7. Forces between two long straight current-carrying conductors:
currents in the same direction: the wires attract each other;
currents in the opposite direction: the wires repel each other
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Forces on a coil in B field:

I
(a) éide view (b) top view

Torque on the coil due to the couple
= F x perpendicular distance between line of action of forces

=Fxbcos¢=NBILbcos¢g =NBIAcos¢

The magnitude and direction of the force acting on a particle of charge Q moving at an angle
61o a uniform magnetic field of flux density B.
F=BQv sing

When a charged particle is injected at right angles into a uniform magnetic field, it
experiences a force that is perpendicular to the velocity of the particle.

The velocity changes in direction and not in magnitude.

The particle hence moves under the influence of a force that is constant in magnitude (since
F = BQv and speed is constant), which is at all times perpendicular to its velocity, and always
points towards the same point (centre of the circle). The trajectory is therefore circular.

When a charged particle is injected at an angle @ to a uniform magnetic field such that
0° < 8 <90°, its motion is the result of superposing
(i) a uniform circular motion in a plane perpendicular to the direction of B (due to the
component of velocity perpendicular to B)
(i) a steady axial speed along the direction of B.
The trajectory is a helix.
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12. A Velocity Selector uses an electric field E and a magnetic field B at right angles to each other.

(a) orientation of fields:
B-field acts into the page
E-field acts downwards

(b) forces acting on a positively-charged particle
on entering the cross field:
Magnetic force Fg acts upwards
Electrostatic force Fe acts downwards

(c) For a particle to pass through undeflected:

Fy=F.

BQv =QE

V=—

B

13. A mass spectrometer separates ions according to their mass-to-charge ratio.

jon source
®

collimator

magnetic field ~-L -~

Y4 . ! . E
-~ ~. 1. velocity selector: ions of velocity v = —
\

1

pass through undeflected.

photographic plate

B, directed
into the page

magnetic field
B, directed
into the page

40

I 2. ions are then deflected into
a semi-circular path in B,

|

|

i magnetic force provides the centripetal force
|

: Fg, =Fc
|

|

2
BZQVzmv
L_mv _ m E_Ml’ E )
QB, QB,| B, QlBB,)
r e M constant!
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Chapter 17: Electromagnetic Induction

1.

Magnetic Flux and Magnetic Flux Linkage

Magnetic Flux through an area is the product of the
area and the magnetic flux density that passes through

the area perpendicularly.

¢ =BAcosé

Revision

N

Note that @is the angle between the magnetic field and
the normal to the area.

\ \ Area, A

The magnetic flux linkage of a coil is the magnetic flux passing through each turn of
the coil multiplied by the number of turns of the coil.

@ = NBAcos@

Both @and ¢ are measured in webers (Wb).

Faraday’s Law

To find the magnitude of the induced e.m.f., we use Faraday’s Law:

Faraday's law of electromagnetic induction states that the induced e.m.f. is
proportional to the rate of change of magnetic flux linkage.

Lenz’s Law

Induced e.m.f. = _d_cD
at

Lenz's law states that the direction of the induced e.m.f. is such as to cause
effects to oppose the change producing it.

From point 2., applying Faraday’s Law to determine the induced e.m.f. for the following
situations, the corresponding expressions for the induced e.m.f. are obtained:

Situation

Formula for induced e.m.f. E

1 | Moving rod

Emf = Blv

2 Generator

Emf = NBAw sinot

3 | Rotating Disc

Emf = BAf = % Brrw

The direction of the induced e.m.f. can be determined by:
Fleming’s Right Hand Rule (in exams, right-hand rule cannot be used to

(a)

(b)
(c)

explain the direction of induced emf or induced current)

Lenz’s Law

Considering the magnetic force acting on the individual charge carriers of

the conductor.
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Chapter 17: Alternating Currents

1. Important Terms

Term Definition

Period, T Time taken for one complete cycle.

Frequency, f Number of complete cycles per unit time.

Peak current, Io Amplitude of the current.

Root-mean-square value | Value of the direct current or voltage that would produce
thermal energy at the same rate in a resistor.

2. Mean power for a sinusoidal a.c. (P)=1,,V, . = (I—OJ (ﬁj K
V2)\J2) 2

3. The sinusoidal alternating current and alternating voltage can be represented by

I I=1I,sinet v V =V, sinomt
N n

ANANEE AWA

T ! T !
. : . : I, Vv,
4. For a sinusoidal current and sinusoidal voltage: /., =—= and V . =—%
2 V2

5. A transformer is a device that uses mutual electromagnetic induction to vary (either step

up or step down) an alternating voltage.

e The a.c. voltage source (primary voltage) Ve causes an alternating current Ip to flow
through the primary coil.

e This sets up a varying magnetic field in the iron core which links the primary coil with
the secondary coil.

¢ In accordance to Faraday’s law of electromagnetic induction, the changing magnetic
field induces an alternating e.m.f. across each turn of wire in both the primary and
secondary coils.

iron core

!
Magnetic flux : Magnetic flux :
linkage for @\ | linkage for 1
primary coil i secondary coil !
=N, @ 1 =N@ :

Ve 9§ 1
LB 4 I
e.m.f. induced in < I'e.m.f. inducedin ,
primary coil Np ' secondary coil 1
do - E= da :

Ep ==-Ny, — : e ==N,—

P P at i s St

—— =

I, N
Iy N

, V.
6. For an ideal transformer, —= =
P
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Revision

7. For a constant power supplied by the generator P and transmission voltage V, the current

in the cables is [ :5.

If total resistance of cables is R, the power lost across cables is P___ = I’R

loss

8. Rectification is the conversion of alternating current to direct current. Diodes are used for
rectification. A diode is a device that conducts current predominantly in one direction.

VA_ VB

7N
/o

|

.'{'-\

\'u

I | I
I I ]
I I ]
I I ]
I I ]
I I ]
| I ]
| 1 ]
1 [ 1
0.5T T 1.5T 2T t
1 [ a /
I I ]
I I ]
I I ]
| | ]
| I ]

[
\ /!
\‘,._/" A\ :
R
Ve-Vo
R
B D o\
1 | | |
1 | | |
| | | :
0.5T T 1.5T 27 t
l I I I
| | | |
| | | |
| | | |
| | | |
First 7z cycle: The diode is in forward bias.
t=0tot=0.5T The current flows round the circuit as the diode acts like a closed switch.
V. sV The a.c. source applies a potential difference across the load and drives a
A B

Second’: cycle:
t=05T tot=T
V, <V,

current through the load. The p.d. across R is the same as the voltage of
the a.c. supply given that the diode is ideal.

The diode is in reverse bias.

No current flows as the diode acts like an open switch. The p.d. across R
is zero.

This is repeated for each cycle of a.c. input. The current through R is
unidirectional and so the p.d. across R is direct. Although it fluctuates, the
p.d. across R does not change direction.

43



H2 Physics 2025 Revision

Chapter 19: Quantum Physics

1.

A photon is a quantum of electromagnetic energy.
Energy of a photon E = hf, where h is Planck constant and f is frequency

Behaviour Evidence
Light behaves as a wave Interference / Diffraction of light
Light behaves as particles Photoelectric effect

Electrons behave as particles

Electrons have mass and charge, and undergo
collision

Electrons behave as a wave Electron diffraction

Photoelectric effect

The photoelectric effect is a phenomenon in which electrons are emitted from a metal

surface when light of sufficiently high frequency is incident on the surface.

It provides evidence for the particulate nature because:

1)

There is a minimum frequency, threshold frequency, of the incident
electromagnetic (EM) radiation, above which only then will photoemission
take place, unlike wave theory which predicts that if light of sufficient intensity is
used, the electrons would absorb enough energy to escape.

There is an almost immediate emission of photoelectrons from the material
surface even with low intensity EM radiation that was above the threshold
frequency, whereas classical wave theory states that electrons should absorb
energy over a period of time before it gains enough energy to escape the metal.

There is a maximum kinetic _enerqgy of the photoelectrons which is
dependent on the frequency of the incident EM radiation rather than the
intensity of the incident radiation, unlike classical wave theory which believes
that by using light with higher intensity (i.e. larger amount of energy striking the
metal surface), the kinetic energy of an ejected electron can be increased.

The threshold frequency (fy) for a metal is the minimum frequency of electromagnetic

radiation below which no emission of photoelectrons occurs.

Work function (@) : the minimum amount of energy necessary for an electron to escape

from the surface of a material.

1
Photoelectric equation: hf =@+ Em v_?

® = hf,

e max

44



H2 Physics 2025 Revision
Stopping potential: the negative potential of collector with respect to the emitter which
prevents the most energetic photoelectrons from reaching the collector and hence
results in zero photocurrent.

1
—my,. > =eVs

2 e’ max

1
where Emevmax2 is the Ex max Of the photoelectron and Vs is the stopping potential

A
A V
EK, max S
gradient = h gradient=h/e
7l > P >
/7
P f0 f //, fO
it 4
‘ 4
-® 1% - dle t
current4
current 4
High intensity at constant frequency
S ~~~~~\.
of the same
Low intensity ==~~~ frequency
Vs 14 Intensity

The intensity / of a beam of photons is the energy E, transmitted per unit area, A per
unit time t,

power =£=N—hf=nhf

area At At

where n is the number of photons passing a unit area per unit time.

Intensity 1 =

An increase in intensity (at constant frequency) of incident radiation means a greater
number of photons striking the metal surface per second and therefore a greater number
of photoelectrons can be emitted per unit time, hence a greater photoelectric current.

4. Electron Diffraction

When a beam of electron falls on a thin layer of graphite
atoms, the electrons disperse and their pattern is
captured on a coated fluorescent screen. The pattern
is identical to that obtained due to interference of
electromagnetic radiation. This is known as electron
diffraction which provides evidence for the wave nature
of particles.

h
mv

de Broglie wavelength 4 =

S|
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6. Line spectrum

Discrete electron energy levels exists in isolated atoms (e.g. atomic hydrogen) and
electron transitions between these levels leads to spectral lines.

The emission line spectrum consists of discrete bright lines of definite wavelengths on a
dark background.

The absorption line spectrum consists of dark lines on a continuous bright spectrum.

diffuse gas
diffraction
grating
© emission line spectrum
o
< — I
IS
spectral lines dark
background
E-M waves of same cool diffuse gas
frequencies re-emited absorbs characteristic
in all directions frequencies

diffraction grating
absorptlon line spectrum
= | | |
\ spectral line continuous

white light source background

remaining light

Energy of photon emitted when an electron transits from energy level E; to E;
hf= Ez — E1
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7. X-ray spectrum

e Continuous spectrum sr K
Electrons emit electromagnetic radiation when
they are slowed down upon hitting the target
metal. X-rays are emitted if the incident
electron had been accelerated by a high
voltage. Not all electrons are stopped in a
single collision. Thus, X-rays cover a wide | Grenmstrahiung
range of wavelengths, giving rise to the continuum
continuous spectrum. ~

o

Characteristic
X-rays

o
T

X-rays from a
molybdenum
target at 35 kV

Relative intensity
A
=

-

.02 .04 06 .08 10 a2
¢ Minimum wavelength Wavelength (nm)

When an electron loses all of its kinetic energy
in a single collision with target metal, the
energy of the electron (eV) is transformed
completely into the energy of the X-ray photon

(hfmax).
eV = 1meve2 =hf_, = h-<
2 min
hc
Arvin oV

o Characteristic peaks

Incident electron knock an electron out of the
K-shell (n = 1) of the target metal.
Characteristic x-rays are emitted when
electrons from other levels (e.g. n = 2 and
n = 3) transit to fill the vacancies in the K-shell.
Characteristic peaks depend on the nature of
the target material.

8. Heisenberg’s uncertainty principle states if a measurement of the position of a particle
is made with uncertainty Ax and a simultaneous measurement of its x-component of
momentum is made with uncertainty Ap , the product of the two uncertainties can never
be smaller than h (Planck constant).

Ap Ax = h

The uncertainties do not arise from imperfections in the measuring instruments but
rather is an inherent property of matter.
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Chapter 20: Nuclear Physics

Rutherford’s Alpha Particle Scattering

1.

Revision

In Rutherford’s alpha particle scattering experiment, most alpha particles pass through
the gold foil with little or no deflection. About 1 in 10* alpha particles are deflected by

angles bigger than 90°, including 180°.

> The fact that some are deflected by 180° shows that the nucleus must have the
same type of charge as the alpha particles (positive) so that the alpha particles

experience a coulombic repulsion.

» The nucleus must be very small as very few alpha particles come close enough to
the charged nucleus to experience the large coulombic force which causes the

large deflections.

» The atom is largely empty space as most of the alpha particles through gold foil
with little or no deflection.
» The nucleus must be very massive so that when the alpha particle approaches the
nucleus, the nucleus will not recoil too much/ get knocked out.

The Nucleus

1.

The atomic nucleus consists of

nucleons charge rest mass
(a) | protons 1.6x107"°C 1.672622 x 10?7 kg
(b) | neutrons 0 1.674927 x 10?7 kg

The nucleons (i.e., protons and neutrons) attract each other with the strong nuclear
force. It is ‘strong’ because it is able to overcome the colossal coulomb repulsion
between the protons that are separated by a mere 10~ m and hold them together.

The strong force is very short range and its effect is negligible at distances greater
than 10-" m. This explains why atoms with very large atomic numbers are unstable —
the short-range strong force is overwhelmed by the long-range coulomb’s repulsion
when there are too many protons in the nucleus.
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Mass Defect and Binding Energy

1.

10.

11.

When Z protons and (A-Z) neutrons (A is the mass number) form a nucleus, the mass
of the nucleus is less than the total mass of the individual protons and neutrons. This
mass difference is known as the mass defect (4m).

The mass defect is consistent with Einstein’s famous mass-energy equation: E = mc?.
When nucleons form a nucleus, they are bound to each other. This means that they
have less energy as compared to the state in which they are separated far from each
other. Less energy implies less mass, and hence the mass defect.

Nuclear binding energy is the energy equivalent of the mass defect of a nucleus. It
is the energy required to separate to infinity all the nucleons of a nucleus.

B.E.= Amc?

The larger the binding energy per Graph of Binding Energy Per Nucleon
nucleon of an atom, the more stable R ===y o
the atom will be. e

Since the graph of BE per nucleon
against mass number peaks at about :
A = 60, both fusion of light nuclides and S i
fission of heavy nuclides are energy- i -
favourable. J

A nuclide (not to be confused with nuclei) is a species of nucleus or atom characterized
by a specific number of protons and neutrons. E.g. *3U, %°U and *2Th are different
nuclides.

Isotopes are nuclides that have the same number of protons but different number of
neutrons.

During a nuclear reaction, a loss of mass implies that energy is released (in the form
of KE or gamma-ray photons). Mass-energy (conversion using E = mc?) is conserved
in nuclear processes.

The mass of nuclides is often expressed in terms of the unified atomic mass unit
(abbrev: u).

1u :%x mass of a carbon-12 atom =1.660539 x 107" kg

Mass of proton and neutron are less than 1% more than 1 u. Hence, for rough
calculations, mass of one nucleon can be taken to be equal to 1 v.

In a nuclear reaction, both atomic number and mass number must be conserved:
e.g. ""N+3He— 70+ H

Nuclear fission is the spliting of a heavy nucleus into two lighter nuclei of
approximately the same mass.

Nuclear fusion occurs when two light nuclei combine to form a nucleus of greater
mass.
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Radioactivity

1. Radioactivity or radioactive decay is the process whereby a radionuclide is
transformed into a more stable nuclide by emitting some forms of ionizing radiation.
Radioactive decay is spontaneous because the probability of decay of a nucleus is
unaffected by any external factors such as temperature, pressure or chemical
composition.
Radioactive decay is random as it is impossible to predict which nucleus will decay
next even though the probability of decay per unit time is identical for all nuclei. This
results in fluctuations in the count rate measured by a detector.

2. The 3 types of radioactive decays in the H2 syllabus are:

(a) Alpha Decay — the spontaneous emission of an a-particle (helium-4 nucleus) by
a radioactive nucleus.

(b) Beta Decay — the spontaneous emission of a B-particle (electron) by a radioactive
nucleus.

(c) Gamma Decay — the emission of a y-ray photon when a nucleus at a higher
energy state (after nuclear reactions) de-excites to lower energy states. This
process is analogous to the de-excitation of electrons in atoms.

(d) Comparison of Properties

Properties Alpha Beta Gamma
Nature He-4 nucleus electron y-ray photon
Charge +2e —-e 0
Energy well-defined range from discrete energies
4 -9 MeV 0.01 to 5 MeV (keV — MeV)
lonizing power strong moderate very weak
Range in air a few centimetre a few metres very long
Penetrating power low medium high

Existence of neutrino
1.  Conservation of Energy:

(1) The sum of the kinetic energy of the daughter nucleus and the B-particle is less
than the total energy released in a given decay process = this violates the
Principle of Conservation of Energy, if these are the only two particles produced
in a B-decay. Therefore, another particle, the anti-neutrino, must have been
emitted and it carries away the rest of the energy produced.

(2) The kinetic energies of the B-particles emitted in a particular decay reaction are
not fixed but range from zero to a maximum value = the energy is shared
between the B-particle and the anti-neutrino.

Number of A

p-particles
Total energy of = Max possible kinetic
ihe decay Process " energy of p-particles
0 KE cori p-particles
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2. Conservation of Momentum:

(1) The tracks (formed in a Cloud Chamber) of the daughter nucleus and the
B-particle alone do not form a straight line = momentum is not conserved, if
these are the only two particles formed after the decay. Hence this violates the
Principle of Conservation of Momentum.

(2) Only by including the momentum of the invisible anti-neutrino can the Principle
of Conservation of Momentum be satisfied.

daughter nucleus :

anti-neutrino

Radioactive Decay Law
1. Decay constant /1 is defined as the probability per unit time of the decay of a nucleus.
The activity A of a radioactive source is the number of radioactive decays per unit
time or rate of radioactive decay in the source.
For a sample of N radioactive atoms, the rate of decay is proportional to N.

A=AN (1)
ﬂ:_gN (2)
at
N=Noe’“ (3)
where N, is the number of radioactive nuclei at time t = 0.
A=Aoe’“ (4)
Half-Life
1. The half-life ti» of a radioactive nuclide is the time taken for the number of

undecayed nuclei to be reduced to half its original number. ¢, = %

2, 4Ty
Since 1= B we can show that e * = (Ej . Equations (3) and (4) can be written
12
1 t/t1/2 1 t/tﬂ/z
as N=N, (Ej and A=A (Ej

These formulae offer very quick ways to compute N and A compared to equations (3)
and (4) because usually exam questions give ti» rather than A.

Effects of ionising radiation on living tissues and cells
1. lonizing radiation can cause cancer and other health effects.
lonizing radiation can break chemical bonds in atoms and molecules. Damage
occurring at the cellular or molecular level can disrupt the processes that control the
rate at which cells grow and replace themselves and permit the uncontrolled growth

of cancer cells.
Acute health effects include burns and radiation sickness. Radiation sickness can

cause premature aging or even death.
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