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Figure 15.1
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Worked Example 15.1
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Unit-15 Molecular Theory of Gases

°



Self-Assessment Questions:

Thermometer
well

Water 
vapour

Ice 
water

mixture

Water

Dewar
vessel

Ice 
sheath

Thermal
contact
liquid

Solid Liquid

Vapour

Triple
point

P
re

ss
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re

15.3

Figure 15.3

Figure 15.2

the cell.
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Self-Assessment Questions:

P
2

(N/m )

P1

P2

0 V1 V2
2V(m )

2P(N/m )

0

0

P µ

1
V

1
V

-3
(m )

(a) (b)

Figure 15.4

15.4

15.4

showing the relation between pressure and volume respectively
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Worked Example 15.2
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Self-Assessment Questions:

Worked Example 15.3
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Molecule

Container

15.6.

Figure 15.6

another and with the walls of the container.
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SUMMARY
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Unit-16 First Law of Thermodynamics



Self-Assessment Questions:

State 1
(initial)

State 2
(initial)

This is work
 done on the

 system

W = -PDV

Piston is pushed into the cylinder
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Normal Gas (Low T)

Gas molecules are free 
to move and have no 
intermolecular forces

Heated Gas (High T)

The Gas molecules move
much faster with higher

kinetic energy

Bunsen burner 
heats up the
 container

The molecules have 
more internal energy

Low internal energy High internal energyas shown in the

figure 16.2.
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Self-Assessment Questions:

System

System

Surroundings

Surroundings

Boundary

The Universe
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Open System Closed System Isolated System

Exchange of heat and matter Exchange only heat No exchange

A

Force exerted by the

 gas on the piston

Piston pushed

 by gas

Gas

Gas with 
pressure P

Cross sectional area

S

Dista
nce

Volume V of gas
Expanded = A ´ S
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Worked Example 16.1
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Worked Example 16.2

Heat
Transfer

Q

Work

W

State 1 State 2
DU = DQ - W
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Constant volume
containerP1 P2

Initial 
Temperature T1

Gas Gas

Pi

Pf f

P
re

ss
u

re
 (

P
a

)

3Volume (m )
V  = Vi f

Before After

Piston

ContainerVi

Vf

Heat source

Final 
Temperature T2
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P
re

ss
u

re
 (

P
a

 o
r 

a
tm

) P  = Pi f

3Volume (m  or L)

V  i Vf

Work Done = pDV
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Pi

Pf

­

P
A(P , V )i f

B(P , V )f f

V  i Vf

Shaded area = work done
during isothermal 

expansion

®V

Isothermal
expansion

(a)

Pf

Pi

­

P
A(P , V )f f

B(P , V )f f

V  f Vi

Shaded area = work done
during isothermal 

compression

®V

Isothermal
compression

(b)

Isothermal 
expansion

Q > 0, W > 0

Isothermal 
compression
Q < 0, W < 0

 Thermal 
contact

SystemS
u

rr
o
u

n
d

in
g

Insulator

No heat exchange between 
system and surrounding

Figure 16.9 Isothermal Expansion, Compression and their graph (a, b)
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Worked Example 16.3

Self-Assessment Questions:

P
re

ss
u

re
 (

P
a

 o
r 

a
tm

)
3

Volume (m  or L)

(P , V , T )i i i

Work done (W)

(P , V , T )f f f
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Self-Assessment Questions:
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Worked Example 16.4
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Worked Example 16.5

Self-Assessment Questions:
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SUMMARY

CONCEPT
MAP

Heat and work Thermal System Internal energy 

First law of thermodynamics

At constant volume

At constant pressure

At constant 
temperature

Adiabatic process

Thermodynamics

Work done by gas

Heat capacity

Specific heat capacity

Molar specific heat capacity
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EXERCISE
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Hot reservoir at Th

Heat 
engine

Hot reservoir at Tc

W

Qh

Qc

Hot reservoir
(room temperature

 of kitchen)

Cold reservoir
(inside of refrigerator)

Refrigerator

W

Qh

Qc
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Hot reservoir at T1

Hot reservoir at T2

W

Q1

Q2

W = Q  - Q1 2

Heat 
engine
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Insulating wall

Vacuum membrane

Gas at Ti

in volume Vi
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Intake valve Fuel injector Exhaust valve

Intake Compression Power Exhaust
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Hot reservoir
(room temperature

 of kitchen)

Cold reservoir
(inside of refrigerator)

Refrigerator

W

Qh

Qc

High 
Pressure
 Liquid

High Pressure
 Vapor

Low Pressure
 Vapor

Low 
Pressure
 Liquid/
Vapor

Compressor

Dryer
Capillary

tube

C
o
n

d
en

se
r 

E
v
a

p
o

ra
to
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Self-Assessment Questions:

Worked Example 17.3
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SUMMARY
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CONCEPT
MAP

EXERCISE
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Worked Example 18.1
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Worked Example 18.2
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Worked Example 18.3
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Worked Example 18.4
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Worked Example 18.5
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Use the focusing and deflection plates to control and direct the electron beam.
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CONCEPT
MAP

EXERCISE

Magnetism

Magnetic field of current
carrying conductor

Magnetic force on a current
carrying conductor

Flux density

Ampere’s law
and its applications 

Electro mechanical
instruments

Galvanometer

Ammeter

Avometer

Force on moving charge
particles on uniform 

magnetic field

Charge to mass ratio

Torque on a current
carrying coil
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What role does the Ampere’s circuital law play in understanding them agnetic field inside 
a toroid?
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60 cm

85 cm

A

B

C

D

Aluminum 
Frame 

Magnetic fieldflux density1.8 ´ - 410  T

−5(9.18×10  Wb)

−4 (2.048×10 Wb)

(19.46 N)

magnetic flux  density is
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The Zorlu Energy Power Project is a wind 
farm situated in Jhimpir, Thatta District,

 in the Sindh province of Pakistan. 
This project, Pakistan’s first wind farm, 

has gained global recognition. Wind 
power relies on electromagnetic 
induction to generate electricity.
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Coil Lines of forces

No current 

Magnet

Ammeter

Current through
the circuit

N S

N S
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Self-Assessment Questions:

Direction of
movement

Direction of
movement

N S

N S

S N

S N
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Worked Example 19.1

Worked Example 19.1

Self-Assessment Questions:

B
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Self-Assessment Questions:
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. 
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Self-Assessment Questions:
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Self-Assessment Questions:

I
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Self-Assessment Questions:

1 2

345
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Worked Example 19.4

Worked Example 19.3
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Superconducting
 magnets

Magnets

Electromagnet

F e V B F e V B

qvBsinq ´ l
qqqV

w Fl
vBlsinq
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Worked Example 19.5

Self-Assessment Questions:

Rectangular 
coil

Permanent
magnet 

Motion B C

A D

Slip rings
(rotate with coil)

Motion 

Field
Field

Carbon
brushes (fixed)

Shaft

R1

R2

B1

B2

N S

G
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e

e0

o

-e0

p/2
w

p 3p/2 2p

v = b/2 w
e = 2 b/2 w B sinw t
e = ANB w sinw t

e = e  sinw t0
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Worked Example 19.6

Self-Assessment Questions:

Motor 
Shaft

Stator
Stator winding

Armature winding

Rotor

End bracket
(Bearing housing)

Cooling fan

End bell

Bearing

Fram [Yoke]
(Cast iron)
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Self-Assessment Questions:
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SUMMARY
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CONCEPT
MAP

Motional EMF

AC generator -  factor affecting induced EMF

AC motor - main features and roles - back EMF production

Mutual inductance - definition and unit (Henry)

Construction of transformer - working principle - step up and step down transformers

Faraday’s Law of
electromagnetic induction

Induced EMF generation (Generator effect) 
 (Transformer effect) 

factor affecting magnitude of induced EMF

Eddy currents production and effects
(Magnetic and heating effects)

Laminated iron cores purpose in
motors, generators and transformers

Self induction - energy storagein inductor 

Production of electricity
by magnetism

Lenz’s Law predicting
direction of induced current
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EXERCISE
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AC CircuitUnit 202020
Teaching Periods 15 Weightage % 10

The Jamshoro grid station is 
the sole transit point for 

affordable power from K2, K3, 
China Power Hub, and Hubco 
to meet northern demand. It is 
also the only transit point for 
evacuating wind power from 

Jhimpir/Gharo. Grid stations, 
are critical components for the
 distribution and utilization of 

AC (Alternating Current) 
circuits.



A

-A

90°
p/2

180°
p

270°
3p/2

360°
2p

450°
5p/2

Time t or angle wt

Magnitude
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Positive 1/2 Cycle

Negative 1/2 Cycle
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Worked Example 20.1

0 
2 4 6 8 10

2

0 
2 4 6 8 10

-2

A
m

p
li

tu
d

e

Time (seconds)
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O

B
A

e Emax

q=wt

wt
O p/2 p 3p/2 2p
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Self-Assessment Questions:

V R 0
Current

Voltage

time

IR

VR

iR

wt
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Worked Example 20.2
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Worked Example 20.3

Self-Assessment Questions:
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Dt

112

Unit-20 AC Circuits



Worked Example 20.4

R

Z

XC

XL

X  = X  - XT L T

2

2

2

Z  = R
 + (X

 - X
)  

L

T

f
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I

VR VC

R C

V

f

VR

VC V

O
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Worked Example 20.5

I

V

+ -

VR VL

q

VR

VL Vin

Figure 20.20 (a) Inductor and 
resistor connected in series

Figure 20.20 (a) Inductor and 
resistor connected in series
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Worked Example 20.6

Figure 20.21 RLC Series AC circuit

VL

VC

V  - VL C

VR I

Figure 20.22 
Phasor diagram of RLC series circuit 
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Self-Assessment Questions:

fr

Imax

X  > XC L X  > XL C

Frequency

Current
amplitude
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Worked Example 20.7

Self-Assessment Questions:

121

Unit-20 AC Circuits



Worked Example 20.8

RLOAD

R

0.8 W

0.8 W
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SUMMARY
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CONCEPT
MAP

Alternating current (AC) concepts

Definitions Instantaneous
peak value

Root mean
square value

Frequency

Time period

Phase of AC

Phase lags and leads

Representation of AC

Equation:
 x = xo sin wt

Phasor diagrams

Metal detectors

Electrocardiograph

Oscillator circuits

Resonance in radios

Principles
in devices

Metal detectors

Electrocardiograph

Oscillator circuits

Resonance in radios

Applications

With resistive
components

With reactive
componentsFlow of AC

Resistance

Reactance

Impedance

AC power

Resonant frequency

Maximum 
power transfer
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EXERCISE
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4+Si  

+Na  

2-O  

= O2

= Si
Raw Rubber Vulcanized (cross linked) Rubber

Sulfur

Heat
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Shear

Compression

Tension

Deformed Original
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Worked Example 21.1

L + DL
L 

F
®

F
®

F
A

DL
L
F ´ L

DL ´ A
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Self-Assessment Questions:

L

Dx

q

F

F
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Worked Example 21.

DV

V

DP

B
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A brittle material

A strong material which is not ductile

A ductile material

A plastic material

s
Stress /Pa

e (Strain)

DP
DV
L
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2P

2S

1S

E
n

er
g

y

Energy Band
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When energy is provided to intrinsic semiconductors
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Empty  conduction band

Donor level

Acceptor level

Filled valance band

n-type p-type

Doped semiconductor

B B

Normal Superconducting

E
le

ct
ri

ca
l 

re
si

st
iv

it
y

Superconductor

Normal metal

Temperature (K)TC0
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Superconducting
magnets

Magnets 

Electromagnet Electrical
power source
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(a)

(b)

( c )
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x
Ferromagnetic

Paramagnetic

TC T
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(a) (b) ( c )
Hystersis Loops

146

Unit-21 Physics of Solids



SUMMARY
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CONCEPT
MAP

Physics of solids

Electrical 
properties
of solids

Mechanical
 properties

of solids

Classifications
of solids

DIA para 
ferromagnetic 

materials

Energy bands

Super 
conductors
and their 
potential

Force 
extension graph
 ductile brittle 

polymeric 

Modulus of
rigidities

Crystalline, 
Glassy

Amorphous 
and polymeric  

Deformation

Magnetic 
domain

Soft and hard
ferromagnetic 

substances

Insulator 
conductor

semiconductor

MRI
Maglev super 

computers

Youngs 
Shear bulk

Tensile stress
elastic deformation

on plastic deformation

Tensile 

Compressional

Curie point/
temperature

Hysteresis
loop 

EXERCISE
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Free
electron

Hole
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P



Antimony
atom

Fifth valence 
electron

Boron
atom

Void
(Hole)

Electric field direction

electron

Hole

conduction band

forbidden gap

valence band
(filled)
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P

- -
+ +

++
+ +

+

+ +

++
++

+ +
++

+ +

- -

- -

- -

- -

- -

- -

+ +

++

++

++

++

++

++

-
-

-
-

-
- -

---
- --

---
-

- -- -
-
---

- -

N
+

Anode Cathode

P-regionN-region

-+

Depletion
layer

Volts
+

Diffusion

- free electrons

Position Donor ion

Potential
difference
across the 
junction

Negative acceptor ion

+ Hole

-

+
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PN Junctiondiode

P N

Anode Cathode

Battery

Negative ion Positive ion

Narrow depletion region

P-type N-type

P-type N-type

Negative ion Positive ion

Wide depletion region

Holes
Free 

electrons

Holes
Free 

electrons
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Self-Assessment Questions:

- +

Holes

Negative
Acceptor

ions

Free
electrons

Positive
Donor
ions

P-Region N-Region
}

Potential
Barrier 

N P

electrons holes

- +

- +

N-type
(not pointing)

P-type
(pointing)

Cathode Anode

(c) Forward biasReverse bias

I

V
0.7 V

Breakdown
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Self-Assessment Questions:

(c)

Rectifier

Alternating
current (AC)

Direct
current (DC)

A
C

 i
n

p
u

t 
v
o
lt

a
g
e

Time

P

pn

S RL

D
C

 o
u

tp
u

t 
v
o
lt

a
g
e

Time

Diode

157

Unit-22 Solid State Electronics



Emitted photonsor emitted light

A
C

 i
n

p
u

t 
v
o
lt

a
g
e

D
C

 o
u

tp
u

t 
v
o
lt

a
g
e

RL

Time Time

Diode 2

Diode 1

Holes Free 
electrons

Recombination
of free electron

and hole

p-type

A K

n-type
Depletion region

(c)

-+
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Metal contacts
Glass

Anti reflective
coating

N-doped 
silicon

p-n 
junction

p-doped 
silicon

Metal backing
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Worked Example 22.1

IC

I = 12 mAE

I = 240 mAB
b = 49
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B
re

a
k

 d
o

w
n

 r
eg

io
n

Active region

IBIC

I = 0B

VCE

S
a

tu
ra

ti
o

n
 

re
g

io
n

Cut off
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-

+

+ -

Lamp

Collector

Power circuit

Emitter

N
P
N

Q1

R1

Control circuit

B1

B2 9 V

3 V
S1

Base
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-

+

R = 240kW2 R = 1kW1

C1

C

No signal 
outputNo signal 

input

0.5 mF +0.71 V

B
+5 V

Q1

0 V E

B1 10 V
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Worked Example 22.2

R = 240kW2

B

E

R = 1kW1

+10 V

+5 V

Q1

Signal 
input

0.02 V p-p

0.02 V p-p

6.5 V

3.5 V

C = 0.5 mF1

0 V

+0.71 V
+

-

+

-

-

+

-

+

IE
E

C

B

IC

IB
VEE

VEB

RB

RE

167

Unit-22 Solid State Electronics



-++ -

Vin Vout

Rn
IC

IE

IB

RL

VBE VBC

E C

B

Output

Non- inverting

Inverting -

+

V +

V -

Op-amp

Common Base (CB) Circuit:

Figure 22.5 Common Base (CB) Circuit
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+9 V

--9 V
Vout

+V  

-V  

OV line 
(earth)

+

-
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R2
10 kW

R1
1 kW

VCC

Input Output

GND

+

-

OV

Vin

Vout
--6 V

+6 V
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Input
Output

R1

R2

GND

VCC

-

+

Vin

Rin

Rf

Vout
A

B
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SUMMARY
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CONCEPT
MAP

TransistorPN substances OP - Amp

Solid state electronics

PN Junction

Rectification

I-V 
characterstics

Amplifier
Common 
emitter

-Ve feedback
Op - Amp

Inverting and
non inverting

Virtual earth

EXERCISE
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Pulse

High Voltage

Low Voltage

A

B

Y

Output
Input
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Y = A

A

B

Y = A + B

A Y

Input Output
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Y = A.B.C.D

Y = A.B.C

Y = A.B

Y = A.B.C.DY = A.B.CY = A.B

A

B

A

B

Y

Y

Y = A B
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Y = A + B + C + D

Y = A + B + C

Y = A + B

Y = A + B Y = A + B + C Y = A + B + C + D

A

B

Y

Y = A+B

A

B
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Y = A.B + A

Y = A.B.C + A.B.C + A.B.C + A.B.C

Y = A     B    C    D

Y = A.B.C + 
A.B.C + A.B.C 

+ A.B.C
Y = A.B + A Y = A     B    C    D

A

B

Input
Output

Y

A

B

A

B

Y’ = A·B

Y’’ = A·B

A

B
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Y = (A . (B.) C . D) + (A.B.C.D)

Y = ((A). (B) C) + (A.B.C)

Y = ((A     B)) = (A.B + A.B)

Y = ((A). (B) C) + (A.B.C) Y = (A . (B.) C . D) + (A.B.C.D)

A

B

A

B

Y

Y
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A B

F

A
B

F

A B F

0 0 0 

0 1 0

1 0 0 

1 1 1

A

B

F
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SUMMARY

A B F

0 0 0 

0 1 1

1 0 1

1 1 1

A
B

F
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CONCEPT
MAP

Digital
Electronics

High voltage Low voltage

Basic gates

Types of logic gates Boolean Algebra

AND gate

OR gate

NOT gate

Universal gates

NAND gate

NOR gate

Special gates

XOR gate

XNOR gate

AND operations

OR operations

NOT operations

Truth tables

Logic gates

Digital system
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tytt

tx

tz

tO

y
t

x

z

O
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x m/s y m/s

Same direction

(x - y) m/s

x m/s y m/s

Opposite direction

(x+ y) m/s
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Self-Assessment Questions:

v  = +0.8 m/sBT

v  = +15 m/sTG

Ground based observer
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c

15 m/s

Observer 
on earth
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Self-Assessment Questions:
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Dto

m

Dt

v

v = 0 v = 0.87c v = 0.995c v = 0.999c v = c (?)

y¢

x¢O¢ (a)

y

xO (b)
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Self-Assessment Questions:
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O
n
e 

w
ay

 
si

gn
al

Bidirectional

signal

User segment

Control
segment

Satellite Segment
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Worked Example 24.2

Worked Example 24.1
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Worked Example 24.3
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Sun Neutron star Black hole
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Actual 
direction 

to star Apparent 
direction 

to star
Curvature of space 

by mass of 
the sun

To 
observe

The gravity of a massive object bends 
the fabric of space and time

Light follows 
the contours 
of space-time
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SUMMARY
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CONCEPT
MAP

Inertial frames 
of reference

 Non Inertial 
frames of reference

Time coordinate Space coordinate

Lorentz transformation
equations

Frames of reference

Newtons laws are not validNewtons laws are valid

Galilean transformation
equations

Postulate IIPostulate I

Special theory of relativity

Theory of relativity

General theory of relativity

Spacetime curvature

Accelerating frames
of reference

Gravity

Value of lorentz
factor should not
be equal to zero.

If value is 
equal to one

Cartesian 
coordinate system

Principle of Galilean relativity
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(a)
(b)
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UV catastrophe

Experimental
curveIn

te
n

si
ty

Wanelength
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Worked Example 25.1

Self-Assessment Questions:
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Self-Assessment Questions:

Worked Example 25.2
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Photocurrent

High intensity

Low intensity

Potential difference-DVS

Light ejects
electrons 

here

Battery

Vacuum

Electrons attracted
to and 

collected 
here

Meter 
indicates

electron flow 
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Photon
E = hv

Electron
2

E = 1/2 mv

E = f 
Mental surface

Threshold
frequency, f0

-
1
9

E
n

er
g
y
 /

 ´
 1

0
 J

14Frequency / ´ 10  Hz

Work function, f
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Worked Example 25.3

Self-Assessment Questions:
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-
Scattered
electron

Inelastic
collision

Electron

-

X-ray
photon

Scattered
X-ray photon
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Worked Example 25.4

Self-Assessment Questions:
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Positron

Electron

Annihilation

Photon

Photon
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Self-Assessment Questions:

Nickle
target

Diffracted
electron beam

Moveable
detector

q

Vacuum
chamber

Heated
filament

Accelerating
anode

Electron
beam
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Accelerating voltage

0 5 10 15 20 25

54V

In
te

n
si

ty

Scattered electrons
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Electron gun

Electron beam Anode

Magnetic
lens

Backscattered
electron
detector

Specimen Stage

Secondary
electron
detector
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SUMMARY
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CONCEPT
MAP

Uncertainity

Electron
microscope

Black body

Quantum
Explanation

Pair production
and annihilation

Compton
effect

Particle 
and energy 

Quantum
Explanation

Photo 
electric effect

Davison
Germer

De Broglie
hypothesis

Quantum Physics

EXERCISE
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Continuous spectrum

Emission lines

Absorption lines
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Self-Assessment Questions:
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Proton+

- Electron

n = 4

n = 4

n = 2

n = 1
r =4r2 1

r =9r3 1

r =16r4 1

F =Fc e
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n=¥ E=0
n=4
n=3

n=2

E=-0.85eV

E=-1.51eV

E=-3.40eV

E=-13.6eVn=1
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n=¥
n=7

0 kJ

n=6
n=5
n=4

n=3

n=2

n=1

-83kJ

-146kJ

-328kJ

-1312kJ

resulting in the formation of an ion from figure 26.5 the energy levels corresponding

to various of n as given inequation are mentioned. The lowest level for n=1 is the

Figure 26.6 Atomic spectrum of hydrogen
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Worked Example 26.1
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Self-Assessment Questions:

Worked Example 26.2

n=4 -0.26

n=3 -0.59
n=2 -0.88

Ground state n=2 -2.18

-18Energy / J 10
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E

M

L

K

Production and characteristics of X-rays:
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Nucleus

K shell

L shell

M shellKb
La

Ka
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Self-Assessment Questions:
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Anode

High
reflector

CathodeLaser
output

Output
coupler Glass envelope

Helium-neon gas reservoir

Laser bore tube
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Incoherence 

Coherence
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Self-Assessment Questions:
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SUMMARY
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CONCEPT
MAP

Atomic
spectraAtom X - raysModel 

of atom

Nucleus

Electron

Lyman

Paschen

Balmer

P fund

Bracket

Characteristics
X - rays

Properties of
X - rays

Spontaneous
emission

Stimulated
emission

Energy
levels

Lasers

Applications
of lasers

Uses of
 lasers

Bohar’s model

Bohar’s 
postulates

Hydrogen 
spectrum

Spectral
lines

Atomic Physics
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He
4

2 2

Mass 
number

Atomic 
number

Neutron
 number

A =  + Z N

Al27
13

Mass number (A)

Atomic number (A)

Chemical 
symbol
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Self-Assessment Questions:
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27.3
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27.7
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Worked Example 27.1

27.9
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27.10

27.11

27.12

27.13

27.14
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Self-Assessment Questions:

27.15

27.16
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27.17

27.18
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Worked Example 27.2

27.19

27.20
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Worked Example 27.3
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Self-Assessment Questions:

Binding
energy

Nucleus
(smaller mass)

Separated nucleons
(greater mass)
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Worked Example 27.5

=
2.23 MeV

Photon

Deuteron

Proton

Neutron

27.21

270

Unit-27 Nuclear Physics



27.22
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27.23

27.24
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Fission
fragment

Neutrons

Fission
fragment

236U
(Unstable)

235U

Neutron

27.25
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3H
tritium

Fusion

4He
helium

2H
deuterium

neutron

27.26

27.27
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27.28

27.29
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+ -e  + e
annihilation
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SUMMARY
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CONCEPT
MAP

Binding 
energy

NeutronsProtons

Nucleons

Spontaneous
radioactivity

Radioisotopes

Nuclear
radiation
detectors

also called as

Medical

Engineering

Agriculture

Dating

Atomic Nucleus

Nuclear
transmutation

consists of

Half - life

Alpha particles

Beta particles

Gamma particles

Nuclear
reactions

Radioactivity

Natural
radioactivity

Induced
radioactivity

Applications

Carbon-14 dating

Uranium dating

Find the age of fossils

Find the age of earth, rocks

release

Nuclear 
energy

Controlled

Uncontrolled

Nuclear reactor

Atomic bomb

Fission Fusion

Controlled

Uncontrolled

Future 
nuclear reactor

Sun

Stars

Hydrogen bomb

Bombard nucleus
with particles
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(a)

(b)
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SUMMARY
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CONCEPT
MAP

LeptonsQuarks

Yes No

Elementary
fermions

Composite
fermions

Due to strong nuclear
force, quarks come 

in groups

They are known as

Composite
bosons

Elementary
bosons

Do they feel strong nuclear force

Fermions

Mass Particles Force Particles Bosons

Generation I

Generation II

Generation III

Photon

Gluon

W+, W--, Z
bosons

Graviton

Higgs

Hadrons

Protons

Neutrons

Made up of matter and radiation

Universe 

Baryons MesonsNucleons

Quarks

Anti-quarks

consist of

Electron

Muon

Tauon

Up Down

Charm Strange

Top Bottom
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