GE1305 Foundation Physics - Notes

1. Force motion and gravity
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Definition of Physical Phenomenon (P5)

One quantity changes due to another quantity change

Definition of motion (P15)
change of position of an object with time.
where:

e t-independent
e z-dependent

Velocity

Az

= At
Position time graph (z — t)

Slope(R1) = velocity

Newton's First Law: Inertia &% (P11)

an object will continues its motion of constant velocity or remain at rest if it is not under any
force.

Newton's Second Law: Acceleration (P18)

Force o< Acceleration

F =ma
o= 4v
Mass

Larger mass, less acceleration
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Velocity time graph (v — t) graph

Slope = acceleration

Newton's Second law: Momentum ZFjJ& (P36)

Force = rate of change(Slope) of momentum

Av Vi =V,
F=ma=m—=m—
At At
e No external forces,
e between gas and rocket there are internal force
e momentum(gas) backward
o momentum(rocket) forward

Example: Newton's Cradle

Conservation (5F[&) of momentum

Example: Gun recoil Fi§RH
1st Recoil

e Bullet forward, the gun backward
e Bullet go against air, friction heat the air

2nd Recoil

e When bullet leave the gun
e air is suddenly released forward
e gun is heavily pushed back
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What affects the recoil

e Heavier gun, less recoil
e Heavier bullet, higher speed, more recoil

Example: Car Crash

View: First law (P9)

e The car suddenly stopped moving forward
e The driver not, due to inertia
e The driver bump into wind screen, and crash with it

View: Second law (P21)

The car deaccelerate fast upon crash

So the force is immense

Higher speed, larger force

The force is applied when driver hit wind screen
e |ower speed is safer

How to keep safe (P23)

e Seat belt: move with the car, provide you a stopping force

e the seat belt is long, to distribute the force

e Air bag: when bumped, stop your head motion

e air bag decreases the deacceleration

e Bumper: soft, when deformed (can be damaged), slow the car and reduce the force

Newton's Third Law: Reaction R{EF7] (P25)

When you exert a force on an object, the object exerts a force on you.

e a pair of forces
e are equal and opposite to each other

Example: Jet propulsion K4/l (P33)

* The Newton’s third law can be used to explain the
principle of jet propulsion and rocket propulsion

* Gas is heated in the jet engine
* Gas expand and escape through the outlet

* The gas pushes itself out by expansion

* At the same time the gas push on the engine or
the rocket

* The push by the gas push the engine or rocket
forward.

* How jet engine works:
https://www.youtube.com/watch?v=KjiUUJdPGX0
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e Forward: Engine is pushed by the reaction
e Backward: Heated air expands, getting backward and have a action

Example: Rocket engine
Similar to Jet, but use liquid oxygen to provide stronger force

Example: Water rocket

* The pressure of the compressed air
force the air out Gore

. Force On Water create a reaCtlon force Compressed air
on the air and the rocket to move the
rocket forward

Weightl lAr friction

* https://www.youtube.com/watch?v=c
m13 t1cOUk&Ilist=RDbhTGf] R7bA&ind
ex=12

Expelled water—
waterrocketiaunchers com

Newton's Third Law: Friction (P27)

Friction, when two surfaces want to move relative each other, friction forces exists. The
strength of the friction force depends on the nature of the surfaces

Example: Walking

e When you push against the ground, you try to move your foot's surface relative to the
ground’s surface

e Afriction force is created between the two surface

e The friction force from your foot push the ground (backward)

e The friction force from the ground push your foot and you (forward)

e Soyou are pushed forward by the friction force from the ground

e The acceleration you experienced depends on the friction force between your foot and
the ground

Example: Running Shoes

e Higher friction force can give you higher acceleration
e surface of a running shoes should increase the friction between the surface and the
ground

Example: Slippery

e |ow friction
e wet surface is slippery, because water reduce friction
e add sand increase friction
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Static and Kinetic Friction E#EEIR S EEIE

Applied
Force
fricti
Threshold F ,e‘;.;;;m
60 F of m\7tion R e . f
Q
Q i
S 50 Us=0.5 The relationship
% g 40r kinetic fmax static = Ms N
] g static friction applies only to the
s | friction W =04 threshold of motion.
B c o, Static friction k™ For lower applied
E = i force just forces the static
matches the friction will just
applied force. match the applied
. . ) . ) ) , ) force to prevent
20 20 50 oo 80 motion.

Applied force F in newtons

static = applied force

kinetic = constant

Rotation Motion (P38)

e Position: 8

e angular velocity: w = %

Centripetal Force [/(>7]

e Prevent the object from moving in a straight direction

e Moving the object to the direction towards the center

e Using a string tied to the object to provide the centripetal force

e required centripetal force: may not equal to actual force provided

F = mw?r

Centrifugal Force Bi:/]

e DOES NOT EXIST
e appear to draw the object even further from the center of the roration

Example: Centrifuge Bt

e The tube and liquid move in uniform circular motion (SRR Eizzh)

e The liquid do not provide enough centripetal force for particle (centrifugal > centripetal)
e particle move straight, going down because they are subject to gravity

e particle finally gather at the bottom of the tube
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Example: Spin dry in washing machine

e While fabric rotates, the water is not held tight
¢ Inadequate centripetal force make the water go straight into the drum (fZ2&%)

Example: Car skid on Ice / Oil

e friction serves as the centripetal force
e Fy = pN if ptoo small, makes friction inadequate
e The car skids, going at its current velocity direction

Torque 13%E (P49)

o 7=17x F,rismomentarm
e larger the 7 is, easier for a constant force F' to have a rotation effect
e example: exert force at two different points of a pencil make it rotates

Example: Roll Over

e When going through a turn, F'y also creates a torque

e When the torque is large enough, a rotation effect in the direction towards center roll the
vehicle over

e Bus, higher, has larger moment arm and are easier to roll over

N1+N2

Example: Sloping race Track §}i

Track's force has a component N,, = N sin 6 provides centripetal force
subtorque of track's normal force IV cancel the torque of F'y

N, reduce the F't required and thus reduce the torque of F'y
This allows higher speed without tip over


af://n206
af://n212
af://n221
af://n229
af://n238

Example: Motorcyclists in a Bend BEIEFEIE

Reference Blog
ﬁ’fake = —mua, centrifugal force here, grants a temporary equilibrium
Equilibrium means > F' = 0 but not that 3. 7 = 0
nonzero 7T can change w.

In the figure above, Y | 7 = 0, because all moment arm is 0

Another explanation:

considering the center of mass in red

torque of friction makes it rotate clockwise

while torque of fake force makes it rotate counterclockwise, canceling that

e friction as the centripetal force
e torque of F'y outward
¢ body inward created a normal force F' cancel the torque of F';

Type of Forces (P53)

e Push and Pull: direct contact
e Friction
e Weight (gravitational force)

e Tension: reaction
e Normal force: reaction, perpendicular to the surface

N stands for normal force
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in a pulley system employs tension, strings can divide the force

Gravitational Attraction (P60)

Gm1m2
F=—7
r

Water Pressure (P63)

e pressure =force/areap = %
e water is under pressure of the water above
e |ower the water level, higher the depth above and higher the water pressure

Diver's Disease

e Deep water have high pressure

e more nitrogen dissolves in water under high pressure

e |ungs have higher pressure than blood so nitrogen get into blood

e when suddenly go up, nitrogen cannot get out from lungs and will form bubbles in blood
e go up slowly solve this problem

Work and Energy (P66)

e W = Fdcosf
e when F' 1 dtheworkis0
e moving item have kinetic energy (z8¢)

Four stroke cycle engine
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Valves Valves Intake Valve

Open

Intake Valve Spark Plug Gl Fo— — g
Open Exhaust Valve
Closed
Air-fuel 30
Mixture

Combustion
Chamber

Piston

Connecting

Rod

Crankshaft

Intake Compression Power

Air-fuel mixture Air-fuel mixture Explosion forces
is drawn in is compressed piston down

Exhaust

Piston pushes out
burned gases

Wave Motion (P72)

¢ Longitudinal Wave 4§ like coils

o

6paurticle | | 6Wave

o Expansier Compression FiH

o

Rarefaction ZEp

e Transverse Wave & : like strings

o
(e]

o

2. Ele

Eparticle 1 6wave

Crest %lE

Trough &

Period: The time a particle complete a cycle

Wavelength: The distance between successive crests / troughs

’U:?:)\f

ctricity & Magnetisms
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Charges (P2)

Atom: Bohr's Model

e Electron (in shell of atom): -

e Proton (in nucleus): +
e Neutron (in nucleus): 0

woo*uies|Buliseulbusayisdyy
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Charging by Friction

e positive proton can't move
e negative electrons are transferred by friction
e glass: +, plastic: -

Static Electricity
e Example: Static cling E#EBIRBfT

Example: Combing Hair

e comb get negative charges
e they repel the negative and attract the positive of the paper
e this makes the negative move farther from the comb

Example: Static Spark

e the clothes rub against your body
e positive and negative are separated between body and clothes
e charges are attracted, they go through dry air and combine

Induced Charge in Metal FREBRER

e metal is conductor, where charges can move freely

e paper and plastics are insulator, where charges can move within a limited distance

e one end of the metal rod will be attracted by another charged rod.

e this end get the opposite charge, while another end get the same (by transferring the
electron, the + end will have less e)

e the metal rod is polarized, one end + and another -

e the net charge of the metal is zero

Electroscope

Detect by Charge Transfer (touching)

Electroscope

Very fast

—>

1. Negative charges (i.e., elec- 2. Metal is a conductor. 3. Like charges repel. The
trons) are transferred from Therefore charge very quickly negatively charged leaves exert
the rod to the metal sphere spreads throughout the entire repulsive forces on each other,
upon contact. electroscope. causing them to spread apart.

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Addison-Wesley.

Detect by Polarization (non-touching)
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(b) The electroscope is polarized by the
charged rod. The sea of electrons shifts
toward the positive rod. ]

L]
"
-
0
[
»

Although the net charge on the electroscope is
still zero, the leaves have excess positive charge
and repel each other.

Copyright & 2008 Pearson Education, Inc., publishing as Pearson Addison-Wesley.

Coulomb's law (P15)

Electric Force

e the forces beetween g; and g2 are equal in magnitude and have the opposite direction
e @1 and go aren'tin contact. This is action at a distance.

F—Fk ‘Q1<212|
r
1
k= =9 x 10°Nm*C™"
47T€0

€0 = 8.85 x 10 2C2N1m 2
k> G =6.67x 10 'm3kg 152

Electric Field

e g9 isin the electric field g; sets up
e assume a test charge qo > 0 in the field

o = % defines E as a vector, its direction same as the force that test charge experiences

Electric Field Lines

e imaginary, visualize electric fields

¢ in three dimensions

e originate on the (imaginary distant) positive charges, extending to the negative charge
e electric field direction tangent to the field line

¢ higher density means stronger field

e between + and +: they repel each other, all lines arrowing out

e between + and -: they attract each other, some lines from + to -
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Potential Energy and Voltage (P26)
Definition

e stored energy of position

e called potential because it can do work: when position changes, it can be converted to other
forms like E,

e called potential because it don't do work at current form
Definition: Electric Potential Energy

e 2 charges have force between each other

e they can move each other

e Fs =W = E, so electric field possesses potential energy
¢ +charge: positive plate, high E,

e - charge: negative plate, high E,,

o - charge are automatically attracted to positive plate. This consumes potential energy
and adds to

Formula: Electric Potential Energy

Uqulqz

T
vV _ 2
qi1 T

¢ this defines V' about the field of g3 and irrelevant to q; .

e whenr — inf, U — 0
e positive means repel, negative means attract

e example: move q; < 0 from inf distance closer to g3 < 0.

o U > 05so they repel
orl,U?t
o potential energy lose, equal E}, gain

Electric Potential Difference HB#&E

U _Ui AU w Wexerna

q q q q
AU = -W = Wexternal - q(Vf - V—Z) = qAV

Equipotential Surfaces FHMH

e equipotential surfaces always | field lines, thus always | E
e in a uniform electric field:
o E L the surface

o field lines are evenly spaced and parallel
o thus equipotential surfaces parallel to the surface


af://n441
af://n442
af://n450
af://n465
af://n483
af://n485

Examples

Shielding Effect of a Conducting Shell 3B il

e auncharged conductor expose in an external electric field

e the charges on the conductor become one end + and the other - (in the picture below, left -
and right +, corresponds with the tendency of the external field lines)

e net electric field inside conductor is zero

E > without
~external >
> conductor
—b——_____________________——h—
—-——_______________-_______________—-.—
_.___-_—_"""--—___---""-'-_.._
—Wﬁ-—
gexterna! v
with
conductor
Charging by Cloud

e sharper the surface is, denser the equipotential surfaces are
e with a highly charged cloud overhead

e your head has electric field pointing out to cloud

e electrons are conducted down through the body

e hair strands will be positively charged

Ink-jet Printing
Paper

Input

J signals
G C

Deflecting
plates
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Laser Printing

)\ . B e e M e e >
@/' Laser beam “writes” on the drum, leaving negatively-

charged areas where the image will be T
+ o= [
- U ‘@ Toner (positively charged)
@' Wire sprays ions onto drum, giving the drum v
a positive charge. + = =2
-t
I — 73
(6\1 y discl the dru |\ .. T —
‘haroe 2 e o R, o
(8) Lamp discharges the drum, readying : P \ii) Roller applies positively charged toner to drum
it to start the process over. Rotating ; i "
) . l'oner adheres only to negatively charged areas
imaging : .

of the drum “written” by the laser.

@ Fuser rollers heat paper so toner

remains permanently attached. -..,
<

”
k. m ke
- - - e W _ o Paper (feeding to left)
O ® o, _
u """ (_4/\ Wires spray a stronger negative charge

on paper so toner will adhere to it.

C,land R (P37)

Capacitor

e two isolated conductor, regardless of shapes
e when capacitor is charged, two conductor(plate) have equal but opposite charges(4-q, —q).

Parallel Plate Capacitor

e two plates of Area A separated by a distance d
e the electric field between two plates is uniform, parallel and evenly spaced

Capacitance

o C = % defines C

o thusq=CV
e (' depends only on geometry of the plates, irrelevant of their charge and potential
difference.

e Capacitors with higher C require more g to charge with a constant voltage
e two plates have different potential thus different potential energy
e when charges go from one plate to another, the potential energy is released

e charges do not go directly from plate to plate
Examples: Flash Camera

e energy release from the capacitor is very fast
e so flash is bright for very short moment

Battery

o V= Energy
q
e High potential (+ end), low potential (- end)

¢ potential difference V is supported by chemical energy
e positive charge flow from + to - and carries energy
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Electric Current

e add battery to a electric circular creates a electric field and cause charges to move in the

loop

e Direction of current flow is against the electron flow (as in metal)
[ ) I e %

¢ inone conductor I is the same, regardless of the seeing/cutting plane

Ohm's Law

Chapter 2.2 PDF

Magnetic Dipole (P3)

e NandS
e must exist at the same time

Magnetic Field (P6)

e Fy = qv x Basavector.
e Unitt 1T =1N-A1-m!

e F 1 the plane defined by v and B.

e If3 x B = 0, there is no F. This can be cause by:
o v=0

o IB = |0 \B\ sin 0°, move along the direction of B

The direction of the magnetic force
Fs =qBxB
* The force Fg acting on a charged particle moving with velocity v through a

magnetic field B is always perpendicular to v and B.

* Direction is determined by the right-hand rule (in which v is swept into B

through the smaller angle ¢ between them) gives the direction of v x B as
the direction of the thumb.

* If g is positive, then the direction of F; =g v X B is in the direction of v x B.

If g is negative, then the direction of Fgis opposite that of v x B.

w)

g is positive
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Magnetic Field Line

magnetic field lines are closed loops from N to S

electric field lines can go to infinity

direction of Bis tangent to field line at that point

density of lines represents the magnitude

Rounding a Vertical Current, Iron filings (£k/8) are aligned in circles and they show field lines

Torque (P9)

e Magnetic field exerts a torque on a magnet, 7 = F' x d

¢ N pole towards the direction

e Example: Compass

Current in the Magnetic Field

B
i=0
(a) (b) 15 (€)

e x means the Field is into the paper

e . means the Field is out of the paper

In figure(b), Bis Outing, vis T, So F = qu X B=—

Imagine there is a wire right to the current wire (call it wire0) and its ¥ is also 1. It
creates a - field on its left (= at wireQ's place) and these two wires attracted each other

(due to the same direction). So wire0 is drawn right.

Example: Electric Motor
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Current |

Current |
in/out

16

e The left wire: Bis —, 3 is Outing, So F = qv x B =1
e A Commutator reverse the direction of I every 180° so the torque always act in the
same direction (left up right down)

| Generate B (P17)

c B
e PBfieldis a closed loop around I

e Use right hand (figure omitted), thumb is I, other fingers are B
Example: Solenoid 124 E

e Along coil of wire with many turns
¢ Inside solenoid, B is nearly uniform
e Electromagnet

e More turns or a ferromagnetic iron inside makes B stronger
Example: Between Parallel Currents

e Given: parallel currents i,, 7;, separated by distance d
e 4pisin B, created by a
e parallel currents attract, antiparallel repel

_ ,Uf07:a
* 2nd
F‘b = be/ X éa

toLiqip

Fb = ibLBa sin 90° = omd
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Magnetic Properties (P20)

In micro

e electron acts like a small magnet (due to its motion's current)
e |f electron are orderly aligned, they produce a magnetic field
e abar ferromagnet is created by application of an external field

Diamagnetism iz

e repel the external field

e the weakest magnetism

e all materials have

¢ not a permanent magnet

Paramagnetism |[RgTE

e attract the external field

Ferromagnetism £Xi 1

e Strongest, found in Iron Cobalt Nickel

e Used in data storage

e Atom show magnetic moments

¢ In a magnetic domain all atoms are aligned in the same direction

e Without external field, different domains randomly aligned

e With external field, all domains align with the field

¢ hard magnet: walls between domains hard to move -> permanent magnet
e soft magnet: easy to move -> electromagnet

More

Earth Magnetic Field (P36)

e Magnetic North Pole = Magnet South is near North Pole
¢ magnetic declination (#H{{RR)

e magnetic north pole is changing everyday

e reverse about every million years

Magnetic Induction EBERERT (P41)

e coil creates a current when a magnet moves

e Magnetic flux (#E&) = area * magnetic field (perpndicular to the coil), ¢ = B - Acos 6
e induced current (BRFEAT) depends on the change of flux over time

e magnetic flux can also be changed by area:

o moving rod between two parallel lines in a magnetic field converts Ex to E,
e can generate current from rotation (power generator)
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3. Energy and Power
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Energy Types

Kinetic Energy

o Fi = %mv2

e Stationary objects have no KE
Electric Potential Energy
— 1.919 —
o U=kLE W =qU
Gravitational Energy

o E=mgAh
e Gravitational Energy in Water is used to Generate Electricity

Chemical Energy

e Qil, coal, gas
e Li-ion Battery

Energy in Sound Waves

e Higher vibration Amplitude, Bigger Sound, More Energy
Elastic Energy

e F= %kAﬁ

Heat Energy, Thermal (internal) Energy

Thermal Energy = ¥(E,, + E},) for all molecules
The macroscopic energy of the material is not considered.

Nor the macroscopic potential energy
Thermometer

Temperature
Specific heat LLES

e The amount of heat required to change the temperature of a material is proportional to the
mass and to the temperature change
e Q@ =mcAT, cinJ/kg-C°

Nuclear Energy

Nuclear Reaction

e 2C =12 nucleons = 6 protons + 12 — 6 neutrons
e nuclear fission: heavy atom split

o can use to Generate Electrical Power
o chain reaction: fission produce neutron and cause more fission
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o BU+n->"K+"2Ba+3n+ FE
e nuclear fusion: light atom form heavy

o solarfusion:?H +* H »* He+n—+ E

Chapter 3.2 PDF

1 human-day energy ~ 2000 kcal ~ 8 x 109 J

Conservation of Energy
(First Law of Thermodynamics, by James Prescott Joule)
E,—E;=Q—-W

e (): energy transferred in (by heat)
e W:energy transferred out (by work)
e this makes perpetual motion machines impossible

Second Law of Thermodynamics

e Cannot completely convert heat to work, Efficiency = Work / Heat < 1
o Cannot transfer heat from the cooler to the hotter

Renewable forms of energy

e solar (from solar radiation)

e wind (from atmospheric effects)

e ocean (from wind, motion of Moon)

e hydro (from atmospheric effects)

e biomass, biofuel (from photosynthesis)
e geothermal (mostly from radioactivity)

Non-renewable

e mineral oil / petroleum / gasoline
e gas (methane)
e coal

e nuclear

4. Wave, Light and Invisible Light
Chapter 4.1 PDF

Oscillations

e Aregular periodic motion in time

e Harmonic Oscillation: y = A sin(wt),w = 2%
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Wave

e A periodic motion in both space and time
e Can transport energy without transport matter

Transverse Wave

e Vibration is perpendicular to the propagation
e Crests and Troughs
e Example: light wave, water wave

Longitudinal Wave

e Vibration is parallel to the propagation
e Compressions (+) and Rarefactions (-)
e Example: sound wave

Sound Wave

e mechanical wave

e need a material medium - air

e sound cannot travel in vacuum, but light can
e <20Hz: Infrasound

e >20000Hz: Ultrasound

fiAv

Frequency f = % T is Period

Wavelength A : crest-to-crest distance

Speed v = %

Amplitude
Superposition

e Two ldentical Wave

o Constructive Interference (Same Direction)
o Destructive Interference (Opposite Direction)
e can be from two sources (e.g. water wave)

e Example: noise-canceling earphones

o play signal back inverted (+180°)

Standing Wave

e Two Identical Wave in Opposite cause Standing Wave (35f%)
e The wave form is kept same all the time

e Have different number of nodes (zero amplitude point):

o Ona2L length begins and ends with nodes
o 2node, A = 2L
o 3node, A =1L

(o]

4 node, A = %L
s f=%v= \/%, T is tension force, pis linear density

o wave travels faster under higher tension
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Examples

e Guitar (pis large, so sound f is low)
e Pipe / Flute (Shorter pipe, shorter wavelength, higher f)
e Beats (fieat = f1 — f2), in Tuning piano

e Doppler Effect

o source move away from observer, f' = +—=f
S
o source move towards observer, f’ = %f
S

o closer = higher f
e Bow waves: source speed > wave

Sound Intensity

e Sound intensity o< square of amplitude
e Unit: W/m?
e Loudness(dB) = 10log Iio

Sound Reflection & Absorption

e Reflective Surfaces in Concert Halls

e Absorbing Walls in Acoustical Quiet Room

e Dolphin: Use the Reflection of Ultrasound

e ->Ultrasound can be applied: Ultrasonic radar & Medical Use

Fourier analysis

e Break waves into Sine Waves

Light

e Electromagnetic Wave
e No material Medium is required
¢ Visible Light Wavelength: 380 ~ 750 nm

Color in Human Eye

e Screen Emit light
e Cone cells and Rod cells on Retina

o Rod: low light vision

o Cone: Color vision and detail

o R &G & B Cone cells, intake the same color
e White is mixed by equal R& G & B

Printed Color

e Ink Absorb light, reflecting the rest
e (Cyan =-Red, Magenta = -Green, Yellow = -Blue, Black(K) = -All
e CMYK
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Photography
e FEvolved From Hole to Lenses

Chapter 4.2 PDF

Light Reflection

e Spherical Mirrors
e Parabolic Mirrors

o Will reflect into the middle
Antireflective Coating (P18)

e Apply a coating of thickness %
e Reflected light from Top and Bottom of Coating Cancel each other
e as the two reflected light have a distance of %

Light Refraction

o Ulgnt = <,c=3x10°m/s
® TNyater = 1.33, Nglass — 1.5

e Snell's law: g sin #; = nysin 6y

Mirages iBhEH

® Tlcoolair ~> Mhot air

=
=
=

Total Internal Reflection

e Only whenmn; > ngy, 65 will reach 90°
e n;sinf; = nysin90° = #; = arcsin Z—"l’
e Example: Glass Fibers


af://n1033
http://d/2022A/GE1305/L8%20Wave%20and%20Light.pdf
af://n1037
af://n1038
af://n1046
af://n1054
af://n1062
af://n1067

Dispersion &g

e Different colors have different refractive indices in the same material
e Example: Rainbow

Scattering B8

Scatter Likelihood: Violet > ... > Red
Scattered by Atoms and Molecules

Blue light is scattered most in the sky
Red light is least scattered in the sunset

Lens

e Converging Lens (&S

¢ Diverging Lens [Ui&EiE

cd=b+i |

e Magnification (BAfEE) M = % = é — f—io

e where: I is image coordinate, O is object coordinate, f is focal length
e ] > 0 Real Image (Opposite, Upside Down)

e I < 0Virtual Image (Same side, Up)
Telescope

e Photo Resolution limited by diffraction (spreading of light)
Microscope

e Make high M lens(like 100x) is difficult
e Use multiple lens
e Resolution limited by diffraction

3D Movie

e Early 3D: monochrome images projected in red and cyan
e Recent 3D: Polarization. Only allow light vibrating in a particular direction

Invisible Light

Black-body Radiation

6
o Amax = 22090 5y K

e Higher temperature, Lower wavelength where radiation is max
Color Temperature &;8

e Used in Lightning & Photography
e Only for Red->Orange->Yellow->White->Violet Colors

Solar Spectrum

e Approximately 5778K Blackbody Radiation
e UV + Visible + Infrared
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Infrared Light (IR Light)

¢ Infrared Bulb Low Efficiency
Bulb in Red color, emit more infrared light than visible light

Transcendent -> Fluorescent -> LED
Infrared light emitted by T > 0 object
Thermography: Infrared Camera, Night Vision, Thermometer

Ultraviolet

e largely on Blackbody > 6000K

e Wavelength: 400mm > UVA > UVB > UVC > 100mm

UVB help production of Vitamin-D

UVB cause DNA Damage lead to Sunburn and Skin Cancer

can cause polymeric materials / pigment / dye damage
Application of UV

e Bacteria Killing

e Water Purification

e Banknotes & Passport Authentication
e UV fluorescent dyes as Bio-markers

Radio Waves (<Infrared)

f = 3kHz(3 x 10°) ~ 300 GHz(3 x 10'!)
A=10°m~ 103 m

e Frequency: AM <FM < TV

Wavelength & Distance: AM > FM

Microwaves

e f =300 MHz(3 x 10®) ~ 300 GHz
e A=1m~103%m

X-ray, y-ray (>Ultarviolet)
Light Energy

e E=hf=" h=6.63x10 * m’kgs "

Tutorial

e Bluish Water due to scattering of IR

5. Atoms, Radioactivity and Nuclear Reactions
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Chapter 5 PDF

Atom

e Atomradius~ 1071 m = 0.1 nm
e Atom nucleus radius 1071° m

Atom Model

¢ Dalton "Billiard Ball" SC/Ek
e Thompson "Plum Pudding" E8&EET+

o Uniform distribution of charge & mass
o Rutherford [RF#ZH1FE

e Bohr BBFHiE
e Schrodinger "Electron Cloud" BB ¥z

Rutherford's Discovery

e Mass concentrated at a tiny core
e Proved by Rutherford Scattering Experiment

o almost all aa—particles went through the gold foil
o some a—particles were deflected slightly
o few a—particles were turned through 90°+

Structure of the Nucleus

e Atom = Nucleus + Electrons

Nucleus = Protons + Neutrons

Neutron has a similar mass as proton and 0 charge
Mass of a proton =1 AMU

Z = Proton number
Isotopes

e Same Protons, Different Neutrons
e |sotopes of Hydrogen

o Deuterium (D), Tritium (T)
o used to make hydrogen bombs
o Heavy Water D50

e |sotopes of Uranium

o U — 238 is more stablethan U — 235
Fundamental Particles: Standard Model

e Proton= Up+Up+Down
* Neutron=Up+Down+Down
e Up Quark=+%e, Down Quark=—%e
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Radioactive

e Proton & Neutrons are held together by Strong Nuclear Force, one of foru basic forces

e Radioactive because of Unstable Nuclear

Raditaion

e Discovered by Antoine Henri Becquerel
e Definition: Electromagnetic Waves or Energetic Particles

Types

e Particle: o, 8, neutron decay
e Electromagnetic (EM Wave): From radio waves, microwaves, infrared, visible light, UV, X-, to
Y—ray
o lonizing: Part of UV, X-ray and up
o Non-ionizing: UV and down

Non-ionising lonising
_ Infrared
Radio —
Ultraviolet
Extremely low frequency !
' ' Microwave X-ray
~ \Visible Gamma
Light Rays
L ] [
Non-thermal Thermal Optical | Broken Bonds
Induces Induces Excit Damages
Low High Electrons DNA
Currents Currents
Photo
Chemical
mn Heating Effec
Static Power AM FM Wifi Tanning Medical
Field Line Radio Radio Booth X-ray

Natural Radiations

e Salt and Body contain K — 40
e Air contain Rn — 86

Radiation Unites

e Rad (radiation absorbed dose)

e Rem (Roentgen equivalent man)

e 1Rem=1rad X Q, Q = Quality Factor
e 1rem=0.01Sv=10mSv

e Dental X-ray: 0.005mSv
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Radiation Penetration

e «—particles can be blocked by paper

e [—particles can be blocked by thin Al

e ~y— and X —ray can be weakened by thick Pb or Fe

e Neutron beams can be weakened by water (contain H)

Radiation Application

e Therpay
e Energy Source: Nuclear Fission (Atomic Bomb)

Decay: Half-Life

e (C-14 for dating ancient animals (Carbon Dating)

Nuclear Reaction

Chain Reaction

o n+5°U =3 Kr +15' Ba + 2n + Energy
e OQutput: 2 neutrons > Input: 1 neutron
e Application: Nuclear Power Plants + Nuclear Weapons

Energy from Nuclear Reaction

e E = mc? Energy come from mass loss
e 1mass (n —1—335 U) > mass (ggKT —1—%811 Ba + 2n)

Nuclear Fusion

’H +3H —*He + n + Energy
Energy from Fusion >> Fission
Application: Hydrogen Bomb

e Sun's energy come from nuclear fusion

6. Modern Physics
Chapter 6 PDF

Quantum Physics
e Energy Quantization 8EE2EF{t,
e Wave-Particle Duality jfZH — 514
¢ Uncertainty Principle RRHEMRE
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Energy Quantization

e Hydrogen atom energy level KE = 138V

n?
e Energies of free electrons are not quantized

Application: Laser

e Stimulated Emission of Radiation

o By —E,=AFE=hv

o Input one Photon

o Output two identical photons with exactly same hv
Light Amplification (Population Inversion)

To make stimulated emission > spontaneous emission,

we need to produce more electrons at the higher energy
state than the lower energy state (population inversion)

Population inversion can be achieved by atoms of three
energy-levels

Level 3, £5 Ny

R (fusi, radiationless transiiion)

— Level 2, &5, N,

P pump
transition) oo L (slow, laser fransition)

Level | (ground state), &, N,

e Advantages: Identical color/wavelength, Coherent (same phase), Single Direction, Highly
focused, High energy intensity
e Application: Compact Discs (Shorter Wavelength, Higher Capacity: Blu-ray > DVD > CD)

Photoelectric Effect Y6HBR (Particle Properties of Light)

e Light give energy to electron in the unit of photon (= in a discrete manner)
e Light energy is in individual photons

e Energy of 1 Photon = hf, h = Planck Constant, f = frequency of light

e Electron can escape when frequency > threshold (hf > well energy)

Wave Properties of Electrons

e Double-slit interference experiment

.A:L

muv

e his Planck constant 6.626 x 10 3*J /s
e After Accelerating Voltage, Electron Energy E(eV) = %mgv2 =\ =

e with relativistic correction, wavelength is shorter
e Higher Voltage, Higher Velocity, Shorter Wavelength
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Application: Electron Microscope

e Optical Microscope: Visible Light ~ pum
e Visible Light wavelength: 380 ~ 740nm
e Electron Microscope: Electron ~ nm

e Electron wavelength < 0.01nm

Heisenberg Uncertainty Principle

o A(mv)- Az > % (position & momentum)
e Wave Function

= Each electron has a wavefunction which tells you the

position and velocity of the electron. Wavefunction
describes a wave. —\/M/’\/\,—_

= The spread of the wavefunction tells you the possible
positions of the electron.

= The wavelengths of the wave tell you the possible
velocities of the electron.

and the velocity (large spread in wavelengths )

= [f the wavefunction has a small spread in space, it has a
momentum’s accuracy decreases H

= |If the wavefunction has a small spread in
velocity(momentum), it has a large spread in space,
accuracy of the position decreases and accuracy of

velocity increases. /\/\/\/\/\/\

Application
Semiconductor

e Semiconductor has a medium band gap between Conduction Band & Valence Band
e Computer Chips

e Junction Diodes

e Solar Cells

Relativity

e speed of light in vacuum is the same in all inertial reference frames (Maxwell Theory)
e Lorentz transformation
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( x—ut
r =
12
c2
Y=y
{2 =2
t—2Lz
=2
-2
\ c2
Time Dilation
o = L = > 1 Lorentz Factor
1=
e At = Duration measured on the train
o At/ =~At = % = Duration measured from the ground

1—¥
2

o At' > At
Length Contraction

e Ly = Length measured on the train

o =10 — 04/1— “—22 = Length Measured from the ground
o c
e L <L

Mass Loss

mo

2
Vi—z

e myis rest speed

e My, =

2
e m, ~ my [1 + %(%) } = myc? = moc? + %m0u2
e Total Energy = Kinetic Energy + mc?
e Mass Loss in Nuclear Reactions = Huge Energy

Application: GPS

Important Experiment

e Michelson-Morley experiment: Special Relativity
e Stern-Gerlach experiment: angular momentum is quantized

The radii of electrons about the atomic nucleus
are nicely understood by thinking of the
electrons as

a) standing waves.
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Orbital electrons don't spiral into the atomic
nucleus because of

a) angular momentum consarvation.
b} ensrgy conservation.

c] the wave nature of electrons.
d) Al of the above.

Comment:
The wave naiure prevents spiraling, not the consanvation
prnciples ststed.
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