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Abstract:Change in frequency of radiation is directly proportional to product of charges and inversely
proportional to displacement brought from origin.

Case (i) from infinity
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1. INTRODUCTION

Electrostatic phenomena arise from the forces that electric charges exert on each other. Coulomb’s law quantifies the
amount of force between two stationary electrically charged particles. The electric force between charged bodies at rest is
conventionally called electrostatic force or Coulomb force®

The electrostatic potential Energy V of one point charge q at position r in the presence of an electric field E is defined as
negative of work W done to bring it from reference position r,.., to that position r2

Law of conservation of energy states that the total energy of an isolated system remains constant; it is said to be conserved
over time®

The Planck Constant, or Planck’s constant is the quantum of electromagnetic action that relates a photon’s energy to its
frequency. The Planck constant multiplied by a photon’s frequency is equal to a photon’s energy”

Assumptions:

1.

Vv

2
3
4
5.
6
7
8

Assume that a photon of energy hy or hc/A hits a charge q having initial velocity zero attains instantaneous velocity

. Consider charge Q at origin stationary and charge q is brought to A without accelerating.
. Order of charge is out of range of applicable Quantum mechanics.

. Order of mass of charge is out of range of applicable quantum mechanics

x >>> Ax

. Qq > 0if Qq < 0 take |Qq| i.e. work is always done against the electric field or field causing attraction forces (if any)
. Only electrostatic forces is experienced between charges Q and g

. Consider charge Q at origin stationary and charge q is brought to B from A without accelerating.
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2. METHODS
[1]
X
(x + Ax)
0 A B
Ax
OA =x
AB = Ax
OB = (x + Ax)

Let gx) = f; F.dx

And U(x) = Potential Energy at x

X
+
=— fF.dx= Qa
4mey x

1 Qg
4mey x?

F = Electrostatic force =

~ g(x)iscontinuous, itisdifferentiable

gx+Ax)-g(x)s5

Using g(x) = limyy,_ pw

gx+Ax)—g(x)

d .
= Eg(x) = limp,_g ™

g(x+Ax)—g(x)

= dd—x[f;F. dx] = limy, o »

=F(at x + Ax) = limp,_q gl+an)—g(x)

Ax
_ (x+Ax Qq.dx X Qq.dx
:[F(x"'Ax)X Ax] - f°° ameg(x+Ax)2 fOO 4meg(x)?

=[FreranAx] = Uy = Ugsan)

= “Uerran = ‘“(i—zo [(xfzx)Z - ﬂ
U = [t
= —U+an) = ‘Li—zo [%}
= Vo = o [rans]
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_ _Qq x(x+Ax)]

= U(x+Ax) T 4ameg [x(x+Ax)2
_ Qq

= U(x+Ax) - 4meg (x+Ax)

= Urax) = Ux = —FapanAx

=|AU = _F(X+AX)A'X -0

Uerax) = _F(x+Ax)Ax + Uy

[2] According to assumptions © and @
~ Work done is conservative

Using law of Conservative Energy

AKE = —APE
“ Vinitiar = 0
Vfinal =V
1 2
Smv” = —[=Fix+anBx + Ugy | (from eq. 2)
= Imp2z= 9
2 4meg (x+Ax)

’ 2Qq
= |4 = [———
max 4meg(x+Ax)m

Using conservation of energy law
AKE = Ahy
Where hy = energy of radiation
Case (i) when collision is elastic
= KE = hy
= %mv2 = hy
Using Equation ®

Qq _
ey (x + Ax)
=>va (X'?'_Zx) orv = (m)
From assumption © and equation ®

o Q@ 1__ Q@
A (x+Ax) A 4dmey(x + Ax)he

v 2hv
andva’—orv= /—
m m

hy
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Case (ii) if collision is inelastic
=AKE = Ahy

=KE = h(y —vo)

Where hv, = energy absorbed

v, = frequency of radiation absorbed

1
Sh(y — o) = 2mv?

:>va\/y Yo orva\/ )
m m

From equation ®

Q
I+ a0 T

Qq
4meg(x+Ax)h

or (¥=Yo)=

=7 —1)a

(x+Ax)
From assumption @ and equation ®
hc  hc Qq

A Ay Amey(x + Ax)

11 Qq 11 Qq

= =<t
A Ay (x+Ax) A A 4meg(x+Ax)he

Where 1, = wavelength of radiation absorbed

? = energy of radiation absorbed

0

[3] According to assumptions ® and @
~ Work done is conservative

Using law of conservation of Energy

AKE = APF

%mv2 = —[~Franlx] equation @
lmp? = Q@0 NG

2 ameg (x+Ax)2

:va\/mi%or Vinax = r%
Using Law of Conservation of Energy
AKE = Ahy

Case (i) when collision is elastic

:imvz = hy

From equation @

hy = 2Qq(Ax)
v= 4mto(x + Ax)?

Qq(Ax) v = Qq(Ax)
(x+Ax)2 4megh(x+Ax)?
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[V ’Zhy
v |—Oorv = —_—
m m

From assumption © and equation @

B hc hc Qq(Ax)
=
V=277 7 anto (x + Ax)?
1 Qq(Ax) 1_ Qq(Ax)
:>A a (x+A4x)2 0 A ameghc(x+Ax)?

Case (ii) when collision is inelastic

1 2
Smv? = h(y = o)

— 2h(y—
—va ’V Y orp = / 1)
m m

From equation @

O —yo) = Qq(Ax)

VoY) = 4dmegh(x + Ax)?

& —ve) Qq(Ax) = ye) = Qq(Ax)
Y=o a(x+Ax)2 or¥ ~Yo " 4meyh(x + Ax)?

2

(1_1) Qq(ax) (1 1) __ Qq(Ax)
(x + Ax)? "~ 4meyhe(x + Ax)?

2
3. RESULT

1. Change in reciprocal wavelength (A~1)or frequency (v) of radiation is directly proportional to product of charges and
inversely proportional to distance from origin

. fe (11 Qq

(i) From infinity: (A Ao) a—-

i (11 QqAx
(i) Fromxto (x + Ax) : (/1 /10) e

2. Maximum velocity that could be attained is directly proportional to square root of product of mass of charge and
distance from origin

Qq
m(x+Ax)

- . _Qadx)
(ii) Fromx to (x + Ax): Vmaxam

(iii) Potential Energy difference between two points is equal to electrostatic force applied at final point into displacement
brought.

(i) From infinity: V..«

APPENDIX
y: frequency of radiation
¥o: frequency of radiation absorbed
A:wavelengthof radiation

Ay: wavelength of radiation absorbed
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v: velocity of charge q
m: mass of charge q
Q: Stationary charge value

q: Value of charge undergoing interactions

h: Planck’s constant = 6.6263510‘34]/S

&, Permittivity of free space = 8.854x10-12 Farad/
(47ey)t: Constant of proportionally Coulomb Force = 9x10° Kgm3s™*A~2
c: Speed of light = 3x108 M/,
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