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Verification of electrical nature of matter
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Observations

~  These rays are not visible but their behaviour can be observed with the help of fluorescent or
& phosphorescent

N
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- They produce heating effects which make wheel paddle to rotate (radiometric effects)
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2Rz They produce sharp shadow of object placed in their path showing they travel in straight lines n the absence of

s
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& electrical or magwnetic field
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~©’_ (n the presence of electrical or magnetic field they behave like a negatively charged particles,
s suggesting cathode rays are negatively charged particle ( electrons )
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The characteristics of cathode rays do not depend wpon the material of electrodes and the nature of gas
present in the cathode ray tube




charge to mass ratio of electrons

Fluorescent screen

Magnet
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- when only electric field is applied the electron hits at point A

=
PO

\

12

S When only magnetic field is applied electron strikes at Polnt C
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‘\@/3 whew electric field and magwnetic field was balanced the electrons followed straight Line
- and hitatpoint B



The deviation of the particles depends upon
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Charge ow the electron

Millilan’s oil dro[o expe.ri.meh&

First, fine oil drops were sprayed from an atomizer into the air. An atomizer operates much like
modern spray bottle. These drops were charged by friction with the atomizer as they were sprayed oil droplets
Gravity acting on the drops caused them to fall, and a few of them entered the hole in the top plate of atomizer
the apparatus

An electric potential difference then was placed across the two plates. The resulting electric field
between the plates exerted a force on the charged drops. When the top plate was made positive
enough, the electric force caused negatively charged drops to rise. The electric potential difference
between the plates was adjusted to suspend a charged drop between the plates. At this point, the
downward force of Earth's gravity and the upward force of the electric field were equal in magnitude.
The magnitude of the electric field, £, was determined from the electric potential difference between

charged
the plates.

metal

A second measurement had to be made to find the weight of the drop using the relationship mg, plate (+)

which was too tiny to measure by ordinary methods. To make this measurement, a drop first was
suspended. Then, the electric field was turned off, and the rate of the fall of the drop was measured.
Because of friction with the air molecules, the oil drop quickly reached terminal velocity, which was
related to the mass of the drop by a complex equation. Using the measured terminal velocity to

calculate mg and knowing E. the charge. g, could be calculated.

charged
oil droplets

Millikan concluded that the magnitude of —
electrical charge, g, on the droplets is always T
an integral multiple of the electrical charge, l

viewing
microscope

e, thatis, g=ne, wheren=1, 2, 3... . ﬂ;ged
\ plate (-)

- 1.6022 10'°C. The m =——°% _.
° e/m, light source ionizing radiation

=9.1094 1031 kg © 2012 Encyclopaedia Britannica, Inc.




Discovery of Protons : anode (canal) rays
Characteristics

- tts properties depends upon the nature of gas

DISCOVERY OF PROTON N present tn the cathode ra Y tube theg are smeLg
the positively charged Gaseous tons.

AIR AT VERY LOW PRESSURE DISCHARGE TUBE

RED GLOW

2 Y 3@3 Charge to Mass ratio of the particle is
- found to depend on the gas from which
these originate
PERFORATED CATHODE ANODE Wi
TOP VACCUM PUMP U Sowne of the positively charged particles carry a
_— voumzcsnsnuon—»'u multiple of the fundamental unit of electrical

charge

D The behaviour of this particle in the
magwetic or electrical field is opposite to that
observed for electrons or cathode rays



Discovery of neutron by Chadwick
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Evolution
of the
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Thomson model

1
~

Thomson believed that the
electrons were like plums embedded
in a positively charged “pudding,”
thus it was called the "plum
pudding” model.
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Rutherforad nuclear moodel
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was deflected by small angles
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Most of the space inside the atom is empty because most of
the a-particles passed through the gola foil without

getting deflected.

very few particles were deflected from their path,
indicating that the positive charge of the atowm occuples

very Little space.

A very swmall fraction of a-particles were deflected by very
large angles, indicating that all the positive charge and
mass of the gold atom were concentrated in a very small

volume within the atome

The radius of atom Ls about 10 ™ -10 while that of nucleus is 10 ™ -15m



Rutherforad nuclear model.
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i ——Nucleus
Orbli » @4‘ ucleu

Electrons — =

“-  Thereis a positively charged centre in
an atow called the nucleus. Nearly all
the mass of an atowm resioes in the
nucleus.

D The electrons revolve around the
nucleus with a very high speed in a
cireular path called orbits Like
planets revolve around the sun

Electrons are you place are held
together by electrostatic force of
attraction
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He theorized fhot :

* Atoms ore mainly empty pace
- Positive charge \s concentrated

ot the center & a\om’ the nudeus
*The center of otom = Jhe nucleuns
* Blechrons move aroud the nucleus

3/5 Ernest Rutherford



prawbacks of Rutherforod model

O, Negatively Charged
¢ According to electromagnetic theory a Electron
charged particle when accelerated emits
energy in the form of electromagnetic
radiation. According to Rutherford’s model, g

electrons are revolving around the nucleus.

This means, electrons would be in a state of In this model, the Sl Chrnsl
acceleration all the time. Since electrons are negatively charged Nucleus
charged particles so electrons should emit i

radiation and as a result they get slow down Thisdoes not

and finally fall into the nucleus by following happen actually.

a spiral path. Rutherford’s model failed to

explain stability of atoms.

Electron

 Rutherford's atomic model could not explain
how the moving electrons could remain in its
orbit.

Electromagnetic
radiation

» It doesn’t say anything about the electronic structure
of atom that is how the electrons are distributed
around the nucleus and what are the energies of
these electrons

Nucleus




Atomie number anod mass number

Mass number
Number of protons
and neutrons in atom

N\
.S

/

Atomic number
Number of protons
in atom

Or no of e in neutral
atom

12
6

6 protons @
6 neutrons )
6 electrons @

Neutron number
Number of neutrons
in atom

N=A-Z

Atomic symbol
Abbreviation used

to represent atom
in chemical
formulas

Neutrons

Protons

Electrons

Mass Number:
This is the number of
neutrons and protons

‘He

Helium

Protons:




Isotopes, Lsobars, Lsotones, Lsod'wq:hers

Isotopes_

Different mass numbers

12 13 14
6 6 6

\Same atomic number

Isotones

Atoms having the same number of neutrons are called isotones

Z A= 127 %
Same N=53

_ Proton
- Proton -

_ Neutron
_ Neutron

Isobar

® Same mass numbers

e Different atomic number
”Ne “Na
“Ar K

1sodiaphers LSS

20Cu® and 5,Cr®

Nucleus
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Developments Leading to the Bohr model of atom

The Dual Nature of Light

* Light has both wave-like and particle-like nature

Particulate
Behavior

Wave-like
Behavior

electrons
ejected from

bulk materj Q

White
Light

Source

Photoelectric Effect Dispersion by Prism
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n=1 40004 50004 60004 70004
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Ultraviolet




wave nature of EM.W

_James maxwell

- Whew electrically charged particle moves Under acceleration alternating
electrical and magwetic fields are produced and transmitted in the forms of
waves call electromagwnetic waves or radiation

Yoy

O° He revealed that light waves are associated with oscillating electric and
magwetic character
Magnetic field

Source

Electric field Direction



Proporties of EM.W

‘{‘9’1 The oscillating electric and magwnetic field produced by oscillating charged particles
¥ are perpendicular to each other and both are perpendicular to the direction of propagation

of the wave
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: 1t shows different phenomena Like reflection refraction, diffraction and interference
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B Unlike sound waves or water waves electromagwnetic waves do ot reguire
medium and can move tn vacuum

WV

D 1t consists of different types of electromagnetic radiation which differ from
one another in wavelength or frequency. these are called electromagnetic

spectrum
,éﬁ_‘lﬂ ZH v

FM TV Cell Phones Radar TVRemote LightBulb Sun X-ray machine Radioctive Elements

E";:::e'ﬂ'"‘" Radio waves  Microwaves Infrared Ultraviolet X-rays Gamma rays

NON-IONIZING IONIZING

N
>
Bui ldmg Size m m Atom Size

" tt travels with the speed of Light

¢ = 3x108 m/s (in the vacuum)
v = ¢/n (in the media)



Electromagnetic spectrum

Increasing wavelength

Increasing energy
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"Electromagnetic Waves - Terminologies

Electromagnetic wave parameters: 7»/

Wave number (1’ ): Wave number is the number of waves per cm.

A
H
N

Frequency (Vv ): Number of ways that pass a given point in
one second

Wavelength, Wave number and Frequency are interrelated as,

Where,
A is wave length

1+ Is wave number

vis frequency

c is velocity of light in vacuum.i.e., 3 x 108 m/s



wave phewomewa

Reflection of light

+ The law of reflection states that:

the angle of incidence = the angle of reflection

i=r

Particle phenomena

Blackbody Radiation Curves

5000 K

Reflected
ray

Intensity

DIFFRACTION OF WAVES

Wave impinges Wave
on a narrow slit interference
Wave impinges Barrier
on a broad slit I is longer
@ than the
")) ||  wavelength
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l‘ /) |

Barrer Wavelength

|
[
Incident ray ‘
\
\
|

Mirror

Visible Light
traviolet

Infrared

Wavelength

Photoelectric Effect

« The photoelectric effect refers to the emission,
or ejection, of electrons from the surface of,
generally, a metal in response to incident light.
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