
VU CBCS Semester-IV 2019: Planck’s quantum, Planck’s constant and light as a collection of 
photons; Blackbody Radiation: Quantum theory of Light; Photo-electric effect and Compton scattering. 
De Broglie wavelength and matter waves; Davisson-Germer experiment. Wave description of particles 
by wave packets. Group and Phase velocities and relation between them. Two-Slit experiment with 
electrons. Probability. Wave amplitude and wave functions. 

Particle Nature of Wave 

Photoelectric effect: 

In 1888 Hertz and afterwards other scientists observed that when the surface of metals like zinc is 
irradiated with ultraviolet light the metal gets positively charged i.e. the metal loses negative charge. 1n 
1899 P. Lenard (Philipp Lenard, German Physicist, 1862-1947, Supporter of Hitler) showed that the 
loss of negative charge is due to emission of negatively charged electrons from the metal surface.  The 
following laws were discovered experimentally prior to 1905: 

 If the frequency of the incident radiation is smaller than the metal’s threshold frequency - a 
frequency that depends on the properties of the metal—no electron can be emitted regardless 
of the radiation’s intensity (Philipp Lenard, 1902). 

 No matter how low the intensity of the incident radiation, electrons will be ejected instantly the 
moment the frequency of the radiation exceeds the threshold frequency 𝜈଴. 

 
Fig.X 

 At any frequency above 𝜈଴, the photo current and hence the number of electrons ejected per 
second increases with the intensity of the light but does not depend on the light’s frequency. 

 The stopping potential (𝑉଴) and so the kinetic energy of the ejected electrons depends on the 
frequency but not on the intensity of the beam; 𝑉଴ and so the maximum kinetic energy of the 

ejected electrons ቀ
ଵ

ଶ
𝑚𝑣௠

ଶ = 𝑒𝑉଴ቁ increases linearly with the incident frequency. 

   
Einstein showed that the plot of maximum kinetic energy of the electrons or of 𝑒𝑉଴ with frequency (𝜈) 
of the incident light is a straight line (Fig.-X(c)) which can be given by: 

𝑒𝑉଴ = ℎ𝜈 − 𝑊଴ 

The slope of the straight line graph does not depend on the metal and as determined from experimental 
results, it is equal to Planck’s constant ℎ. If the electron emitting metal surface is clean and oxide free 
then the intercept 𝑊଴ is characteristic of the metal and it is equal to ℎ𝜈଴.  

Einstein, extending Planck’s quantum condition to radiation, proposed that light is made up of discrete 
energy packets or quanta – photons – each of which have energy ℎ𝜈, where 𝜈 is the frequency of light. 
In photo electric effect a photon, incident on an electron, is completely absorbed by it. At normal 
temperatures the maximum energy of an electron inside the metal is less than the minimum energy 
required by an electron to come out of the metal surface by an amount equal to 𝑊଴ which is called work 
function. So if ℎ𝜈 <  𝑊଴ the photon absorbing electron cannot come out of the metal surface. But if 
ℎ𝜈 >  𝑊଴  the electron can emit from the metal surface. And the emitted electron possesses a kinetic 
energy ℎ𝜈 −  𝑊଴ with which it can reach to the anode even if the anode is given no positive potential 
with respect to the cathode. Moreover to stop such an emitted electron from leaving the metal surface a 
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negative potential (say −𝑉଴) should be applied to the anode with respect to the cathode.  𝑉଴ is called 
stopping potential. Clearly 𝑒𝑉଴ = ℎ𝜈 −  𝑊଴ and it is equal to the maximum kinetic energy of the 
electrons. 
The equation: 𝑒𝑉଴ = ℎ𝜈 −  𝑊଴ is Einstein’s photoelectric equation. 
 

Problems: 

JAM 2014 

 

Ans. 𝑒𝑉଴ = ℎ𝜈 − 𝑊଴ =
௛௖

ఒ
− 𝑊଴ =

ଵଶସ଴

ଷଶ଴
− 2.1  electron Volt = 1.775 electron Volt 

⇒ 𝑉଴ =
ଵ.଻଻ହ

௘
 electron Volt = 1.775  Volt  ⇒ (𝐴).   

JAM 2011 

 

Ans.:  𝐸 = 𝐸଴ sin 𝜔𝑡   represents the electric field vector of light having angular frequency 𝜔  i.e. 
frequency 𝜈 = 𝜔 2𝜋⁄   where 𝐸଴ is the amplitude of the electric field vector. 

 So 𝐸 = (90 𝑉 𝑚⁄ )[sin(6.28 × 10ଵହ𝑠ିଵ)𝑡 + sin(12.56 × 10ଵହ𝑠ିଵ)𝑡] 

 = (90 𝑉 𝑚⁄ ) sin(6.28 × 10ଵହ𝑠ିଵ)𝑡 + (90 𝑉 𝑚⁄ ) sin(12.56 × 10ଵହ𝑠ିଵ)𝑡  

 represents two light waves of frequencies 𝜈ଵ   =  
଺.ଶ଼×ଵ଴భఱ

ଶగ
𝑠ିଵ  =  10ଵହ𝑠ିଵ  =  10ଵହ𝐻𝑧  and  

 𝜈ଶ   =  
ଵଶ.ହ଺×ଵ଴భఱ

ଶగ
𝑠ିଵ  =  2 × 10ଵହ𝑠ିଵ  =  2 × 10ଵହ𝐻𝑧  

 Clearly the maximum kinetic energy will be determined by the larger frequency. So, in this 
problem the maximum kinetic energy will be: 

 ℎ𝜈ଶ − 𝑊଴   𝐽𝑜𝑢𝑙𝑒 =
௛ఔమ

௘
−

ௐబ

௘
  𝑒𝑉 

 =
଺.଺ଶ଺×ଵ଴షయర×ଶ×ଵ଴భఱ

ଵ.଺×ଵ଴షభవ − 2.0  𝑒𝑉 = 8.28 𝑒𝑉 − 2.0 𝑒𝑉 = 6.28 𝑒𝑉 ⇒ (𝐶)    

JAM 2007:  

 

Ans. 𝑃௘௙௙ = 1.55 × 10ିଷ ×
ଵ଴

ଵ଴଴
 𝑊 = 1.55 × 10ିସ 𝑊  



 Number electrons emitted from the cathode per second is equal to the number of photons 
participating in photoemission per second:   

 =
ୣ୤୤ୣୡ୲୧୴ୣ ୮୭୵ୣ୰

୮୦୭୲୭୬ ୣ୬ୣ୰୥୷
=

ଵ.ହହ×ଵ଴షర

௛ఔ
=

ଵ.ହହ×ଵ଴షర

௛௖ ఒ⁄
 

 =
ଵ.ହହ×ଵ଴షర

[ଵଶସ଴ ସ଴଴⁄ ]×ଵ.଺×ଵ଴షభవ =
଴.ହ×ଵ଴షర

ଵ.଺×ଵ଴షభవ  

 Current =
଴.ହ×ଵ଴షర

ଵ.଺×ଵ଴షభవ × 1.6 × 10ିଵଽ = 0.05 𝑚𝐴.  

 (𝐾. 𝐸)௠௔௫ = 𝑒𝑉଴ = ℎ𝜈 − 𝑊଴ =
௛௖

ఒ
− 𝑊଴                 ⇒ 𝑒𝑉଴ଵ =

௛௖

ఒభ
− 𝑊଴;          𝑒𝑉଴ଶ =

௛௖

ఒమ
− 𝑊଴   

 𝑒𝑉଴ଶ − 𝑒𝑉଴ଵ =
௛௖

ఒమ
−

௛௖

ఒభ
= ቀ

ଵଶସ଴

ଶ଴଴
−

ଵଶସ଴

ସ଴଴
ቁ  electron Volt = 3.1 electron Volt  

 ⇒ 5𝑒𝑉଴ଵ − 𝑒𝑉଴ଵ = 3.1 electron Volt     ⇒ 4𝑒𝑉଴ଵ = 3.1 electron Volt   ⇒ 𝑉଴ଵ = 3.1 4⁄  V  

 ⇒ 𝑉଴ଵ = 0.7525 V;     𝑉଴ଶ = 5 × 0.775 eV =  3.875 V    

 

Problem of estimation of Plank Constant (Example 1.2, Zettili): 

 

 

Compton Effect: 



 

 

 

High energy photons: X-rays and 𝛾-rays. 
Electron is assumed to be free. 
Collision is considered to be elastic. 
 
Conservation of energy: 
 
ℎ𝜈 = ℎ𝜈ᇱ + 𝑇௘ = ℎ𝜈ᇱ + 𝑚𝑐ଶ − 𝑚଴𝑐ଶ  

௛௖

ఒ
−

௛௖

ఒᇲ + 𝑚଴𝑐ଶ = 𝑚𝑐ଶ      ⇒
௛

ఒ
−

௛

ఒᇲ + 𝑚଴𝑐 = 𝑚𝑐.  

Squaring 

௛మ

ఒమ +
௛మ

ఒᇲమ − 2
௛మ

ఒఒᇲ + 2𝑚଴𝑐ℎ ቀ
ଵ

ఒ
−

ଵ

ఒᇲቁ + 𝑚଴
ଶ𝑐ଶ = 𝑚ଶ𝑐ଶ   

⇒
௛మ

ఒమ +
௛మ

ఒᇲమ − 2
௛మ

ఒఒᇲ +
ଶ௠బ௖௛

ఒఒᇲ
(𝜆ᇱ − 𝜆) = 𝑚ଶ𝑐ଶ − 𝑚଴

ଶ𝑐ଶ  



⇒
௛మ

ఒమ +
௛మ

ఒᇲమ − 2
௛మ

ఒఒᇲ +
ଶ௠బ௖௛

ఒఒᇲ
(𝜆ᇱ − 𝜆) =

௠బ
మ௖మ

ଵିఉమ − 𝑚଴
ଶ𝑐ଶ =

௠బ
మ௖మఉమ

ଵିఉమ =
௠బ

మ௩మ

ଵିఉమ              

[Where     𝛽 = 𝑣 𝑐⁄ ] 

⇒
௛మ

ఒమ +
௛మ

ఒᇲమ − 2
௛మ

ఒఒᇲ +
ଶ௠బ௖௛

ఒఒᇲ
(𝜆ᇱ − 𝜆) = 𝑚ଶ𝑣ଶ  …………(A) 

Conservation of momentum: 

Relativistic energy relation ⇒ 𝐸ଶ = 𝑝ଶ𝑐ଶ + 𝑚଴
ଶ𝑐ସ. 

For photon, 𝐸 = ℎ𝜈 and rest mass  𝑚଴ = 0. Therefore   ℎ𝜈 = 𝑝𝑐.  

⇒ 𝑝ℎ𝑜𝑡𝑜𝑛 𝑚𝑜𝑚𝑒𝑛𝑡𝑢𝑚 𝑝 =
௛ఔ

௖
=

௛

ఒ
 . 

Therefore 

௛

ఒ
=

௛

ఒᇲ cos 𝜑 + 𝑚𝑣 cos 𝜃       ⇒
௛

ఒ
−

௛

ఒᇲ cos 𝜑 = 𝑚𝑣 cos 𝜃           …………(B)  and      

0 =
௛

ఒᇲ sin 𝜑 − 𝑚𝑣 sin 𝜃        ⇒
௛

ఒᇲ sin 𝜑 = 𝑚𝑣 sin 𝜃 .                …………(C) 

Squaring and adding (B) and (C): 

௛మ

ఒమ +
௛మ

ఒᇲమ − 2
௛మ ୡ୭ୱ ఝ

ఒఒᇲ = 𝑚ଶ𝑣ଶ  …………(D) 

(A) – (D) 

−2
௛మ

ఒఒᇲ
(1 − cos 𝜑) +

ଶ௠బ௖௛

ఒఒᇲ
(𝜆ᇱ − 𝜆) = 0  

Wavelength shift: 

⇒  𝜆ᇱ − 𝜆 =
௛

௠బ௖
(1 − cos 𝜑) = 𝜆௖(1 − cos 𝜑) ……….. (E) 

⇒  𝜆ᇱ = 𝜆 + 𝜆௖(1 − cos 𝜑).   ……….. (F) 

𝜆௖ =
௛

௠బ௖
 = Compton wavelength =

଺.଺ଶ଺×ଵ଴షయర

ଽ.ଵଵ×ଵ଴షయభ×ଷ×ଵ଴ఴ = 0.02424 Å. 

 

Recoil angle of electron: 

 We have  
௛

ఒ
−

௛

ఒᇲ cos 𝜑 = 𝑚𝑣 cos 𝜃           …………(B)   

 

 



 and     
௛

ఒᇲ sin 𝜑 = 𝑚𝑣 sin 𝜃 .                …………(C) 

tan 𝜃 =
೓

ഊᇲ ୱ୧୬ ఝ

೓

ഊ
ି

೓

ഊᇲ ୡ୭ୱ ఝ
=

ୱ୧୬ ఝ

ഊᇲ

ഊ
ିୡ୭ୱ ఝ

  

From (F), 
ఒᇲ

ఒ
= 1 +

ఒ೎

ఒ
(1 − cos 𝜑) = 1 + 𝛼(1 − cos 𝜑). 

Then tan 𝜃 =
ୱ୧୬ ఝ

ଵାఈ(ଵିୡ୭ୱ ఝ)ିୡ୭ୱ ఝ
=

ୱ୧୬ ఝ

(ଵାఈ)(ଵିୡ୭ୱ )
=

ଶ ୱ୧୬
ക

మ
ୡ୭ୱ

ക

మ

ଶ(ଵାఈ) ୱ୧୬మക

మ

=
ୡ୭ୱ

ക

మ

(ଵାఈ) ୱ୧୬
ക

మ

  

cot 𝜃 = (1 + 𝛼) tan
ఝ

ଶ
 ………….. (G) 

 Recoil energy of electron: 

𝑇௘ = ℎ𝜈 − ℎ𝜈ᇱ = ℎ𝜈 ቀ1 −
ఔᇲ

ఔ
ቁ = ℎ𝜈 ቀ1 −

ఒ

ఒᇲቁ =  ℎ𝜈 ቀ1 −
ଵ

ଵାఈ(ଵିୡ୭ୱ ఝ)
ቁ  

=  ℎ𝜈
ఈ(ଵିୡ୭ୱ )

ଵାఈ(ଵିୡ୭ୱ ఝ)
.  

Useful way to calculate 𝑻𝒆 if 𝝀 (or 𝝂) and 𝝋 are given: 

First find  𝜆ᇱ = 𝜆 + 𝜆௖(1 − cos 𝜑) 

Now 𝑇௘ = ℎ𝜈 − ℎ𝜈ᇱ =
௛௖

ఒ
−

௛௖

ఒᇲ   

Use ℎ𝑐 = 1240 𝑛𝑚. 𝑒𝑉 

Then: 𝑇௘ =
௛௖

ఒ
−

௛௖

ఒᇲ = ℎ𝑐 ቀ
ଵ

ఒ
−

ଵ

ఒᇲቁ = 1240 ቀ
ଵ

ఒ  ୧୬ ୬୫
−

ଵ

ఒᇲ ୧୬ ୬୫
ቁ  𝑒𝑉 

Plot 𝐓𝒆 =
𝒉𝒄

𝝀

𝜶(𝟏ି𝐜𝐨𝐬 𝝋)

𝟏ା𝜶(𝟏ି𝐜𝐨𝐬 𝝋)
  𝒗𝒔.  𝝋.    Given 𝝀 = 𝟎. 𝟕𝟎𝟗 Å. 

Ans.: 𝛼 =
௛

௠బ௖ఒ
=

଺.଺ଶ଺×ଵ଴షయర

ଽ.ଵ×ଵ଴షయభ×ଷ×ଵ଴ఴ×଴.଻଴ଽ×ଵ଴షభబ = 34.2328 × 10ିଷ 

௛௖

ఒ
=

଺.଺ଶ଺×ଵ଴షయర×ଷ×ଵ଴ఴ

଴.଻଴ଽ×ଵ଴షభబ = 28.036671 × 10ିଵ଺ 𝐽  

T௘ =
௛௖

ఒ

ఈ(ଵିୡ୭ୱ ఝ)

ଵାఈ(ଵିୡ୭ୱ )
=

௛௖

ఒ
.

ଷସ.ଶଷଶ଼×ଵ଴షయ(ଵିୡ୭ୱ )

ଵାଷସ.ଶଷଶ଼×ଵ଴షయ(ଵିୡ୭ୱ )
  

We plot 
଴.଴ଷସ(ଵିୡ୭ୱ )

ଵା଴.଴ଷସ(ଵିୡ୭ୱ )
𝑣𝑠.  𝜑 

 

(T௘)గ =
௛௖

ఒ

ఈ(ଵିୡ୭ୱ )

ଵାఈ(ଵିୡ୭ୱ గ)
=

௛௖

ఒ
.

ଶఈ

ଵାଶఈ
 ; (T௘)గ ଶ⁄ =

௛௖

ఒ
.

ఈ

ଵାఈ
. 

Te 

𝜑 



Comparison between Photoelectric Effect and Compton Effect: 

 Photoelectric Effect Compton Effect 

Participating 
Radiation 
(photon) 

Visible or UV light 
𝜆 ~ 10ଶ  𝑛𝑚 

𝐸~ 𝑒𝑉 

X-Rays and 𝛾-Rays 
𝜆~ 10ିଵ − 10ିଷ 𝑛𝑚 

𝐸~ 𝑘𝑒𝑉 − 𝑀𝑒𝑉 

What happens to 
the photon 

Completely absorbed by the electron 
(or other scattering particle) 

Energy completely transferred to the 
electron 

Energy partly transferred to electron, 
Direction changes up to 180°,  

Wavelength increases,  
For electrons  ∆𝜆 𝑚𝑎𝑦 𝑏𝑒 𝑢𝑝 𝑡𝑜  

2𝜆௖ = 2 × 0.002426 𝑛𝑚    

Participating 
electron  

Conduction electrons or electrons 
loosely bound the atoms of a metal 

Loosely bound atomic electrons of non-metals 
e.g. graphite 

Electrons free or 
bound 

Electrons have negative energy of 
several 𝑒𝑉  

In magnitude equal or slightly greater 
than the work function. 

Work function of 𝐴𝑔 and 𝑁𝑎 are 
4.54 𝑒𝑉 & 2.28 𝑒𝑉 

Magnitude of electron energy is 
comparable to the energy of photon 
(𝑒𝑉). So electrons are considered as 

bound. 

Several 𝑒𝑉. Magnitude may be greater than that 
of electrons of Photoelectric effect.  

Ionisation potential of Carbon is 11.26 𝑒𝑉 
Magnitude of electron energy is small 

compared to the photon energy (𝑘𝑒𝑉). So 
electrons are considered as free. 

What happens to 
the electron 

Emits from the metal 
Recoils. If recoil energy is high then emits from 

the material.  

Energy of 
emitted / 

recoiled electron 

Several 𝑒𝑉. 
Non-relativistic treatment is 

allowable  

Several 𝑒𝑉 to 𝑘𝑒𝑉. 
Relativistic treatment is required 

 

Problems: 

JAM 2017 

 

Ans.: (A)  𝜆ᇱ − 𝜆 =
௛

௠బ௖
(1 − cos 𝜑)      ⇒ 𝑐 ቀ

ଵ

ఔᇲ −
ଵ

ఔ
ቁ =

௛

௠బ௖
(1 − cos 𝜑) 

⇒ 𝑐 ൬
2

𝜈
−

1

𝜈
൰ =

ℎ

𝑚଴𝑐
(1 − cos 𝜑) 

 [𝑆𝑖𝑛𝑐𝑒    𝑙𝑜𝑠𝑠 𝑜𝑓 𝑒𝑛𝑒𝑟𝑔𝑦 = ℎ𝜈 − ℎ𝜈ᇱ = ℎ𝜈 2⁄   ⇒ 𝜈ᇱ = 𝜈 2⁄ ] 

 ⇒
௖

ఔ
=

௛

௠బ௖
(1 − cos 𝜑)     ⇒ (1 − cos 𝜑) =

௠బ௖

௛

௖

ఔ
=

௠బ௖మ

௛ఔ
    

 ⇒ cos 𝜑 = 1 −
௠బ௖మ

௛ఔ
⇒⇒ (𝐴)  𝑖𝑠 𝑐𝑜𝑟𝑟𝑒𝑐𝑡.  

 
 𝐿𝑜𝑠𝑠 𝑜𝑓 𝑒𝑛𝑒𝑟𝑔𝑦 𝑜𝑓 𝐶𝑜𝑚𝑝𝑡𝑜𝑛 𝑠𝑐𝑎𝑡𝑡𝑒𝑟𝑒𝑑 𝑝ℎ𝑜𝑡𝑜𝑛     
 = 𝑘𝑖𝑛𝑒𝑡𝑖𝑐 𝑒𝑛𝑒𝑟𝑔𝑦 𝑔𝑎𝑖𝑛𝑒𝑑 𝑏𝑦 𝑡ℎ𝑒 𝑟𝑒𝑐𝑜𝑖𝑙𝑒𝑑 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛 



 = 𝑇௘ = ℎ𝜈
ఈ(ଵିୡ୭ୱ ఝ)

ଵାఈ(ଵିୡ୭ୱ )
 ,  where 𝛼 =

ఒ಴

ఒ
=

௛ ௠బ௖⁄

ఒ
=

௛ ௠బ௖⁄

௖ ఔ⁄
=

௛ఔ

௠బ௖మ. 

 Here 𝑇௘ =
௛ఔ

ଶ
= ℎ𝜈

ఈ(ଵିୡ୭ୱ )

ଵାఈ(ଵିୡ୭ୱ ఝ)
        ⇒ 2𝛼(1 − cos 𝜑) = 1 + 𝛼(1 − cos 𝜑);    

 ⇒ 1 − cos 𝜑 =
ଵ

ఈ
     ⇒ cos 𝜑 = 1 −

ଵ

ఈ
= 1 −

௠బ௖మ

௛ఔ
     ⇒⇒ (𝑨)  𝒊𝒔 𝒄𝒐𝒓𝒓𝒆𝒄𝒕. 

 (B) tan 𝜃 =
ୱ୧୬ ఝ

(ଵାఈ)(ଵିୡ୭ୱ )
=

ඥଵିୡ୭ୱమ ఝ

(ଵାఈ) ఈ⁄
=

ටଵିቀଵି
భ

ഀ
ቁ

మ

(ଵାఈ) ఈ⁄
=

ට
మ

ഀ
ି

భ

ഀమ

ഀశభ

ഀ

=
ට

మഀషభ

ഀమ

ഀశభ

ഀ

=
√ଶఈିଵ

ఈାଵ
  

  sin 𝜃 = ට
ଵ

ଵାୡ୭୲మ ఏ
= ඨ

ଵ

ଵା
(భశഀ)మ

మഀషభ

= ඨ
ଵ

ഀమశరഀ

మഀషభ

= ට
ଶఈିଵ

ఈమାସఈ
  

 Given relation in (B) : sin 𝜃 = 1 −
௠బ௖మ

௛ఔ
= 1 −

ଵ

ఈ
    ⇒⇒ (𝑩) 𝒊𝒔 𝒘𝒓𝒐𝒏𝒈.   

  (C) We have  
௛

ఒᇲ sin 𝜑 = 𝑚𝑣 sin 𝜃. 

 ⇒
௠௩

௛ ఒᇲ⁄
=

ୱ୧୬

ୱ୧୬ ఏ
    ⇒⇒ (𝑪) 𝒊𝒔 𝒄𝒐𝒓𝒓𝒆𝒄𝒕. 

 (D) Change in photon wavelength 𝜆ᇱ − 𝜆 =
௛

௠బ௖
(1 − cos 𝜑)     ⇒⇒ (𝑫) 𝒊𝒔 𝒘𝒓𝒐𝒏𝒈.  

  

JAM 2016 

 

Ans.: Given: ℎ𝜈 = 20𝑘𝑒𝑉;   Also 𝛼 =
௛ఔ

௠బ௖మ =
ଶ଴×ଵ଴଴଴×ଵ.଺×ଵ଴షభవ

ଽ.ଵ×ଵ଴షయభ×(ଷ×ଵ଴ఴ)మ =
ଶ×ଵ.଺

ଽ.ଵ×ଽ
=0.039072 

 𝑇௘ = ℎ𝜈
ఈ(ଵିୡ୭ୱ ఝ)

ଵାఈ(ଵିୡ୭ୱ )
  ⇒ 𝑇௘ = 20𝑘𝑒𝑉 ×

଴.଴ଷଽ଴଻ଶ

ଵା଴.଴ଷଽ଴଻ଶ
≈ 0.75𝑘𝑒𝑉  

Alternately:  ℎ𝜈 = 20𝑘𝑒𝑉 ⇒  𝜆 =
ଵଶସ଴

ଶ଴×ଵ଴଴଴
= 0.062 𝑛𝑚 

 𝜆ᇱ = 𝜆 +
௛

௠బ௖
(1 − cos 𝜑) = 0.062 𝑛𝑚 +

଺.଺ଶ଺×ଵ଴షయర

ଽ.ଵ×ଵ଴షయభ×ଷ×ଵ଴ఴ = 0.062 𝑛𝑚 + 0.002427𝑛𝑚 

 = 0.064427𝑛𝑚 

 ℎ𝜈ᇱ =
ଵଶସ଴

଴.଴଺ସସଶ଻
𝑒𝑉 = 19.25 𝑘𝑒𝑉 

 𝑇௘ = ℎ𝜈 − ℎ𝜈ᇱ = 0.75 𝑘𝑒𝑉 

JAM 2015: Section C 

 

Ans.: 𝜆ᇱ − 𝜆 =
௛

௠బ௖
(1 − cos 𝜑) = 𝜆௖(1 − cos 𝜑) = 0.00243 × (1 − cos 60°) 

 = 0.00243 2⁄ = 0.001215 𝑛𝑚 

? 



 𝜆ᇱ = 0.241215 𝑛𝑚 

 Loss of energy of the X-ray is the gain in kinetic energy of the electron. So:   

 𝑇௘ = ቀ
ଵଶସ଴

଴.ଶସ
−

ଵଶସ଴

଴.ଶସଵଶଵହ
ቁ  𝑒𝑉 = (5166.67 − 5140.64) 𝑒𝑉 = 26.03 𝑒𝑉  

JAM 2013 

 

Ans.: 𝜆ᇱ − 𝜆 =
௛

௠బ௖
(1 − cos 𝜑) = 𝜆௖(1 − cos 𝜑) = 0.002426 × (1 − cos 180°) 

 = 0.004856 𝑛𝑚 

 𝜆ᇱ = 0.204856 𝑛𝑚 

 % loss of energy of the X-rays:   

 ቀ
ଵଶସ଴

଴.ଶ
−

ଵଶସ଴

଴.ଶ଴ସ଼ହ଺
ቁ

ଵଶସ଴

଴.ଶ
ൗ  % = (6200 − 6053.03) 6200⁄ % = 2.37 %. 

JAM 2010 

 

Ans.: (a) In case of head on collision the photon will bounce back by 180°. 

  Then ∆𝜆 = 2𝑐𝜆௖
௣బା௉

ாି௖௉
sinଶ ఏ

ଶ
= 2𝑐𝜆௖

௣బା௉

ாି௖௉
sinଶ గ

ଶ
= 2𝑐𝜆௖

௣బା௉

ாି௖௉
 

  If the electron is initially at rest then: 𝑃 = 0. 

  Then ∆𝜆 = 2𝑐𝜆௖
௣బା௉

ாି௖
sinଶ ఏ

ଶ
= 2𝑐𝜆௖

௣బ

ா
sinଶ ఏ

ଶ
= 2𝑐𝜆௖

௛ ఒ⁄

ா
sinଶ ఏ

ଶ
 

 (b) Resolving power =
ఒ

∆ఒ
=

ఒ

ఒ೎(ଵିୡ୭ୱ ఝ)
=

ଶ଴଴଴

଴.଴ଶସଶ଺×(ଵିୡ୭ୱ ଽ଴°)
=

ଶ଴଴଴

଴.଴ଶସଶ଺
= 82440.23   

JAM 2008 

 



Ans.: 
ఒᇲିఒ

ఒ
=

ఒ೎

ఒ
(1 − cos 𝜑) =

ఒ೎

ఒ
(1 − cos 𝜋) =

ଶఒ೎

ఒ
. 

JAM 2006: 

 

Ans.: (a) 0.05 = ೐்

௛ఔ
=

௛ఔି௛ఔᇲ

௛ఔ
= 1 −

ఔᇲ

ఔ
= 1 −

ఒ

ఒᇲ 

 𝜆 = 0.95𝜆ᇱ = 0.95∆𝜆 + 0.95𝜆   ⇒ 0.05𝜆 = 0.95∆𝜆   ⇒ 𝜆 = 19∆𝜆 

 𝜆 = 19∆𝜆 = 19𝜆௖(1 − cos 𝜑) = 19𝜆௖(1 − cos 60°) =
ଵଽ

ଶ
𝜆௖ = 9.5𝜆௖. 

 (b) 𝐸௘ = 𝑇௘ + 𝑚଴𝑐ଶ = 0.05ℎ𝜈 + 𝑚଴𝑐ଶ =
଴.଴ହ௛௖

ఒ
+ 𝑚଴𝑐ଶ =

଴.଴ହ௛௖

ଽ.ହఒ೎
+ 𝑚଴𝑐ଶ 

 =
଴.଴ହ௛௖௠బ௖

ଽ.ହ௛
+ 𝑚଴𝑐ଶ =

଴.଴ହ బ௖మ

ଽ.ହ
+ 𝑚଴𝑐ଶ =

௠బ௖మ

ଵଽ଴
+ 𝑚଴𝑐ଶ. 

 =
ଵଽଵ௠బ௖మ

ଵଽ଴
 𝐽 =

ଵଽଵ మ

ଵଽ଴
   𝑖𝑛 𝑡ℎ𝑒 𝑢𝑛𝑖𝑡𝑠 𝑜𝑓 𝑟𝑒𝑠𝑡 𝑚𝑎𝑠𝑠  

Zettili: Page-21 

 

 

 

 


