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ADMC, Physics  

Unit I  

Cathode and Positive Rays 

Introduction 

 An anode ray (also positive ray or canal ray) is a beam of positive ions that is created by 

certain types of gas discharge tubes. They were first observed in Crookes tubes during experiments 

by the German scientist Eugen Goldstein, in 1886. Later work on anode rays by Wilhelm Wein and 

J.J.Thomson led to the development of mass spectroscopy. Goldstein used a gas-discharge 

tube which had a perforated cathode. When a high electrical potential of several thousand volts is 

applied between the cathode and anode, faint luminous "rays" are seen extending from the holes in 

the back of the cathode. These rays are beams of particles moving in a direction opposite to the 

"cathode rays," which are streams of electrons which move toward the anode. Goldstein called 

these positive rays Kanalstrahlen, "channel rays" or "canal rays", because they were produced by 

the holes or channels in the cathode. 

 In 1907 a study of how this "ray" was deflected in a magnetic field, revealed that 

the particles making up the ray were not all the same mass. The lightest ones, formed when there 

was some hydrogen gas in the tube, were calculated to be about 1840 times as massive as 

an electron. They were protons. The process by which anode rays are formed in a gas-discharge 

anode ray tube is as follows. When the high voltage is applied to the tube, its electric 

field accelerates the small number of ions (electrically charged atoms) always present in the gas, 

created by natural processes such as radioactivity. These collide with atoms of the gas, knocking 

electrons off of them and creating more positive ions. These ions and electrons in turn strike more 

atoms, creating more positive ions in a chain reaction. The positive ions are all attracted to the 

negative cathode, and some pass through the holes in the cathode. These are the anode rays. By the 

time they reach the cathode, the ions have been accelerated to a sufficient speed such that when 

they collide with other atoms or molecules in the gas they excite the species to a higher energy 

level. In returning to their former energy levels these atoms or molecules release the energy that 

they had gained. That energy gets emitted as light. This light-producing process, 

called fluorescence, causes a glow in the region where the ions emerge from the cathode. 

1.1Cathode Rays 

Cathode Rays-Cathode rays (electron beam or e-beam) are streams of electrons observed 

in vacuum tubes. If an evacuated glass tube is equipped with two electrodes and a voltage is 

applied, glass behind the positive electrode is observed to glow, due to electrons emitted from 

the cathode (the electrode connected to the negative terminal of the voltage supply). 

 Properties of Cathode Rays- 

 (i) They travel in straight lines 

(ii) Cathode rays possess momentum and kinetic energy. 

(iii) Cathode rays produce heat, when allowed to fall on matter. 

(iv) Cathode rays produce fluorescence when they strike a number of crystals, minerals and salts. 

(v) When cathode rays strike a solid substance of large atomic weight, X-rays are produced. 

(vi) Cathode rays ionize the gas through which they pass. 
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(vii) Cathode rays affect the photographic plates. 

(viii) The cathode rays are deflected from their straight line path by both electric and magnetic 

fields. The direction of deflection shows that they are negatively charged particles.  

(ix) Cathode rays travel with a velocity upto (1/10)th of the velocity of light. 

(x) Cathode rays comprises of electrons which are fundamental constituents of all atoms. 

 

 

1.2: e/m of cathode rays-Millikan’s oil drop method: 

 

 

 

 

Experimental arrangement:  

The apparatus consists of  two optically plane parallel brass plates A and B(figure)separated 

by insulating rods of glass. The lower plate B is earthed. The upper plate A can be charged to a 

positive potential of the order of 10000 volts, from a high-tension battery. The observation chamber 

is situated in a bigger chamber C which is completely surrounded by a constant temperature bath of 

oil E. Tiny drops of  a  heavy non-volatile oil are sprayed into the chamber by an atomizer D. Some 

of the oil drops enter the space between the plates through the pinhole in the top plate A. These 

drops are charged, due to the frictional effect at the nozzle of the atomizer. The air between the 

plates can be ionized by allowing X-rays to pass through it. Then the drops may pick up additional 

charges. The drops are illuminated by light from an arc lamp S. The oil-drop is observed by means 

of a short-focus telescope T provided with a millimeter scale in the eyepiece. 

Experimental procedure:  

The plates are first connected together, so that the electric field action of gravity. As the 

drop is moving in a viscous medium (air),it will move with a constant terminal velocity v. Using 

the stop watch, the terminal velocity of the drop is measured. Let  
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  v  =  terminal velocity of the  free fall, 

  a  =  radius of the drop, 

  ρ = density of oil, 

  σ = density of  air, 

  ɳ = coefficient of viscosity of air, 

             m= effective mass of the drop and 

                       g= acceleration due to gravity 

Then by Stoke’s  law, mg= 6 Π ɳ a v ……… (1) 

or  4/3 Π (ρ-σ) g=6Πɳav …..(2) 

Or  a=[9ɳv/2(ρ-σ)g]1/2      …….. (3) 

The effective mass of the drop =m= 4/3 Π a3(ρ-σ) = 4/3 Π[9ɳv/2(ρ-σ)g]3/2(ρ-σ)….(4) 

Thus, by measuring v, we can calculate the effective mass m of the chosen oil drop. Now, an 

electrostatic field X is applied steadily, so that the drop moves upwards with a steady velocity V1.  

If the total charge on the drop is n1 e (where n1 is an integer ) , the resultant upward force on the 

drop= X n1 e-mg. According to Stoke’s law X n1 e-mg = 6 π η av1 ……(5) 

 Dividing ( 5 ) by ( 1 ) X n1 e-mg/mg = v1/v (or) X n1 e /mg = v1+ v /v 

n1 e = mg(v1+ v)/Xv ……(6) 

Now, the air  between the plates is irradiated with X-rays. X-rays ionize the air molecules. Th oil 

drop under observation may pick up one or more ionic charges. Due to the acquisition of charges 

the velocity of the drop changes suddenly, when X is constant. Let the new velocity of the drop be 

and the corresponding charge on the drop n2 e. Then,  

n2 e =mg(v 2+ v) /Xv …..(7) 

( n2 - n1) e =mg/Xv(v 2- v1 ). 

If  v 2> v1 ( n2 – n1) e is positive and if v 2< v1 , ( n2 - n1) e is negative. Both are  possible ,as both 

positive and negative ions are present. 

Now  for the same drop under the same electric field(X), mg/Xv is constant. Hence v 2-v1  is 

proportional to     ( n2 – n1) e i.e., any change in the velocity of the drop is proportional to the 

quantity of the acquired charge. Millikan made thousands of observations on a single drop. He 

found that there was a minimum value of (   v 2-v1   ) and that other values of      (   v 2-v1   )  were 

simple integral multiples of this(   v 2-v1   )  minimum Corresponds to the addition or subtraction of 

one unit of charge. i.e., (n2 - n1) =1 when (   v 2-v1 ) is minimum. 

  e = ± mg/Xv (   v 2-v1   )  minimum …..(8) 

Substituting the value of m from (4), 

   e =4/3 Π[9ɳ/2]3/2[v/(ρ-σ)g]1/2 (   v 2-v1   )minimum/X 

The value of electronic charge e found by Millikan was 1.591 x 10-19 C. The value of e now 

generally accepted is 1.602 x 10-19 C. 
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1.3 Positive Rays: 

 If  the cathode in a discharge tube is perforated, “luminous rays” are observed behind the 
cathode. These rays travel in a direction opposite to the cathode rays i.e., from the anode to the 

cathode. These rays produce fluorescence when they strike a fluorescent screen present at the back 

of the cathode. They are deflected by electric and magnetic fields. The direction of deflection 

indicates that they are positively charged. These rays are called positive rays or canal rays. 

Properties of Positive Rays 

(1) These rays affect a photographic plate, produce fluorescence and penetrate thin aluminium 

foils. 

(2) They are deflected by electric and magnetic fields. The direction of deflection indicates that 

they are positively charged. For the same electric or magnetic field, the magnitude of 

deflection suffered by positive rays is much smaller than that of cathode rays. Therefore, the 

positive ray particles are much heavier than the electrons. 

(3) The velocities of all the positive ray particles are not the same. The velocities of these rays range 

from 105 to 106 ms–1. 

 

 

1.4 Positive ray analysis- Thomson’s Parabola Method  

 

Thomson determined the charge to mass ratio of positive ions by using the apparatus shown in 

Figure. It consists of a discharge tube (A) in which the pressure of the gas is about 10-5 m of 

mercury. The anode is held in a side-tube.In order to ensure the supply of the gas under test, a 

steady stream of the gas is allowed to flow in through a capillary tube (E) and after circulating in A 

is pumped off at F. The cathode (C) is perforated with an extremely fine hole. The cathode is 

cooled by the water- jacket (J). The positive ions produced in A fly towards the cathode and those 

reaching it axially pass straight through the fine hole and emerge from the opposite end of the 

cathode as a narrow beam. This beam is then subjected to parallel electric and magnetic fields 

simultaneously. An electric field is applied between the plates P and Q. The electric field is 

perpendicular to the positive ray beam. N and S are the poles of a strong electromagnet. After 

passing through these fields, the beam enters a highly evacuated camera G and is received on a 

photographic plate R. A liquid air-trap (T) helps to keep the pressure in G quite low, even though 

pressure in A is comparatively large. The photographic plate, when developed, shows a series of   

parabolae. 
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Theory:  

Consider a positive ion of mass M, charge E and velocity v. When no electric or magnetic 

field is applied, the positive ion strike the screen at O. This is called the undeflected spot. 

Action of Electric field: Let an electric field of strength X act over a length l of the path of 

the ion.  

Displacement of the ion in passing through the electric field =S= ½ (XE/M) (l/v)2 

After  leaving the field, the ion moves in a straight line and finally strikes the plate at a distance x 

from O. x  is proportional to s as well as to the distance between the field and the plate. Hence  

   x  XEl2/2Mv2 

 or  x = k1 XE/Mv2 .....................(1) 

Here k1 is a constant. 

Action of  Magnetic Field:  

Suppose a magnetic field of strength B is applied over the same direction as that of the 

electric field. The positive ion will now be deflected by this field in a direction at right angles to 

that in which it was deflected by the electric field. It will strike the plate at a distance y from O such 

that oy is perpendicular to ox in the plane of the plate.  

 Displacement of the ion just emerging from the magnetic field= s1 = 1/2 (Bev/M) (l/v)2 = BEl2/2Mv 

 On emerging from the field, the ion moves in a straight line and finally strikes the  plate at a 

distance y from O  y is proportional to s' as well as to the distance between the field and the plate. 

  Hence,     y  BEl2/2Mv 

 or  y = k2 BE/Mv  ...........................(2) 

Here k2  is a constant. 

Action of Combined Electric and Magnetic Fields: 

 The combined effect of the two fields is found by eliminating v from (1) and (2) 

Squaring (2) and dividing by (1), 

  y 2 /x= (k2
2/k1 B

2/X) E/M   .................(3) 

B and X are constants. If E/M is constant, then by eq. (3), y 2 /x =constant. This is the equation of a 

parabola. As eq. (3) is independent of v, particles of same E/M but of different velocities will fall 

on different points on the same parabola.  

  y /x= ( k2/k1)  B/X v. i.e., y/x ∝ v. Thus, the position of individual particle on the 

parabola will depend on the velocity of the particle. 

 The ions having different values of E/M will lie along the different parabolas. 

For one direction of the magnetic field, one half of the parabola is traced. Reversing the magnetic 

field, the other half is also traced. When the full parabola is traced, it is easy to draw the axis of 

symmetry (X- axis). 

Determination of E/M:  

The value of  E/M can be calculated from eq.(3) by measuring the coordinates x and y for a 

point on the parabola, evaluating the constants k1 and k2 for the apparatus and knowing B and X. 
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Determination of  Mass:  

 

The mass of a positive ion is determined in terms of the mass M1 of the standard hydrogen 

ion. A small trace of hydrogen is always present in all sample of gases. Hydrogen, being the 

lightest element,gives the outermost parabola. Let I and II represent the parabolic traces due to ions 

of the gas of mass M2 and the hydrogen ions of mass M1 respectively.An ordinate a,b,c,d,e is 

drawn. It cuts the two parabolas a,b,d,e and the X-axisat c. Let  ac and bc represent the two values 

of  y corresponding to a constant value of x on these parabolas. Let us assume that both ions have 

the same charge. Then from eq.(3), 

  ac2/x =  (k2
2/k1  B

2/X) E/M 1 

and   bc2/x =  (k2
2/k1 B

2/X) E/M2 

or   M2/M1 = ac2/bc2 = (ae/bd)2 

The lengths ae and bd can be measured on the photograph. Hence the parabolic traces enable us to 

compare the masses of different ions with hydrogen used as a standard. 

  M2  =  (ae/bd)2 M1. 

Discovery of Stable Isotopes: Using neon gas in his apparatus, Thomson obtained two 

parabolas for the gas itself a strong one corresponding to a mass 20 and a much weaker one 

corresponding to a mass 22. The intensity ratio of the two traces was 9:1 which gave the relative 

abundance of the two isotopes. Thomson, therefore, suggested that neon could exist in the form of 

two isotopes, chemically indistinguishable but with different masses 20 and 22. The actual 

observed atomic weight (20.2) of neon is the weighted mean of the masses of these two isotopes. 

This established the existence of stable isotopes. 

Limitations of the Parabola Method:  

1. Due to the velocity dispersion, each parabolic trace is of very low intensity. 

2. The traces on the photographic plate are blurred and have no definite edges. Hence accurate 

measurements are not possible. 

3. The influence of secondary rays makes analysis difficult. 

 

 

1.5 Aston's Mass Spectrograph  

The apparatus used by Aston is shown in Figure. The stream of positive ions obtained from 

a discharge tube is rendered into a fine beam by passing it between two narrow slits S1 and S2. This 

beam enters the electric field between the metal plates P1 and P2. Due to the action of the electric 

field (X), all positive ions having the same value of E/M are not only deviated by an angle ɵ from 

the original path but are dispersed by an angle dɵ  due to their different velocities. The beam is then 

allowed to pass through a magnetic field M acting at right angles to the electric field so that it 



ADMC, Physics  

produces a deflection of the beam in the same plane. The magnetic field deviates the particles by an 

angle ф and reconverges them by dф . The direction and magnitude of the field is so adjusted that it 
produces a deviation of the beam in the opposite direction and brings all ions having the same value 

of E/M, even though differing in velocities, to a focus at one point F. Ions having different values 

of E/M are brought to focus at different points on the photographic plate. The condition required 

for such a focusing may be derived as follows 

 

Theory:  

To obtain the condition of focusing. Consider a group of ions having the same value of E/M 

, but moving with different velocities . Let ɵ and ф be the mean angles of deviation of the group of 
ions in the electric and magnetic fields respectively. Let dɵ be the dispersion angle due to the 

electric field and dф the convergence angle due to the magnetic field .  

(i)Let              X= The strength of the electric field, 

           E=  Charge of the ion, 

                       M= Mass of the ion, 

                      v = Velocity of the ion, 

         l1 = the length of the electric field   

        d1 = The linear displacement of an ion from its path due to the electric field 

then 

 The angular deviation of the beam = ɵ = d1/l1 = ½ XE/Mv2 l1 ........ (1)  

Angle of dispersion of the beam  = -XE l1/M dv/v3 ..........(2)  

dɵ/ɵ = - 2dv/v ..................(3) 

(ii) Similarly, if d2 = displacement of an ion from its path due to magnetic field of strength B, and l2 

= the length of path of the ion in the magnetic field, 

  d2 = ½ Bev/M l2
2/v2  

The deviation produced by the magnetic field in the opposite direction = ф = d2/l2= ½ BE/Mv l2 

...........(4) 

  dф = -1/2 BE l2/M dv/v2 ..................(5) 

Hence          dф/ ф= -dv/v  ................. (6) 

Comparing (3) and (6), dɵ/ɵ=2 dф/ ф  

               d ф/ dɵ = ф/2 ɵ ...................(7) 

Let a=OR = The distance between the two fields. The width of the selected group of ions at R=a 

dɵ.If there had been no magnetic field, the width of the group after travelling a further distance b 
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would be (a+b) dɵ. The magnetic field produces a convergence d ф and brings the group of ions to 
a focus at a distance RF= b. 

 The condition of focusing is given by  

  (a+b) dɵ = b dɵ or  

  a+b/b = d ф/dɵ = ф/2ɵ (from eq.7) 

  b/a = 2ɵ/ ф-2ɵ .................(8) 

This expression represents a straight line drawn from O, making an angle 2ɵ with the direction of 

the beam deviated by the electric field. If ф= 2ɵ , the rays do not converge (since b=∞). However, if 
ф= 4ɵ   , b=a and the convergent beam can be easily photographed. The ions are focused at F such 

that OR=RF. 

Detection of isotopes: 

 To determine the masses of isotopes of an element, the element is mixed with a number of 

other elements whose atomic masses are known accurately. The traces of all of them are obtained 

on the same photographic plate. The distances of the traces of the known masses are measured from 

a given reference point on the plate. A calibration graph is drawn connecting the distances with the 

atomic masses. By measuring the distances of the traces of the isotopes of the element from the 

same reference point, their atomic masses are obtained from the calibration graph.  

Advantages:  

1. All the particles having the same value of E/M are focussed at a single point unlike Thomson's 

method in which they are spread out into a parabola. Hence, the intensities of the lines on the 

photographic plate in Aston's mass spectrograph are large, while the parabolic traces on the 

photographic plate in Thomson's arrangement are feeble 

 2. The intensity of a line in the mass spectrum is proportional to the total number of particles of 

that mass. Hence a rough idea of the relative abundance of various isotopes of an element can be 

made by this method. 

 Limitations: 

 1. The mass scale is not linear. 

 2. Owing to the polarisation of the electrodes of the electric field, the traces are not quite straight 

but slightly curved. 

 

 

1.6 Bainbridge's Mass Spectrograph: 
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The apparatus is shown diagrammatically in Figure. The beam of positive ions produced in 

a discharge tube is collimated by two slits S1 and S2 and enter a "velocity selector". The velocity 

selector consists of (1) a steady electric field X maintained at right angles to the ion beam between 

two plane parallel plates P1 and P2 and (2) a magnetic field B. The magnetic field is produced by an 

electromagnet represented by the dotted circle. The magnetic field B is perpendicular to X and the 

ion beam. The electric field and magnetic field of the velocity selector are so adjusted that the 

deflection produced by one is nullified by the deflection produced by the other. If X and B are the 

electric intensity and magnetic induction, then Xe =Bev or v= X/B  

Only those ions, having this velocity v, alone pass through the entry slit S3, to enter the 

evacuated chamber D. Thus all ions entering D must have the same velocity. The positive ions 

which enter into D are subjected to a strong uniform magnetic field of intensity B', perpendicular to 

its path. The force acting on each ion will be B'ev.  Ions with different masses trace circular paths 

of different radii 

                

  R= Mv/ B'e ( B’ev =Mv2/R) 

     e/M = v/B’R = X/BB’R( v = X/B) 

Since v and B ' are constant quantities, e/M proportional to 1/R 

After describing semicircles, the ions strike a photographic plate. Now, M = B'e R/v  . If e is 

the same for all ions, then M proportional to R .  

So we get a linear mass scale on the photographic plate. It will be seen that ions of different  

masses strike the photographic plate at different points, thus giving a typical mass spectrum. 

 Advantages : 

(1) Since a linear mass scale is obtained, accuracy of measurements is increased 

 (2) The sensitivity depends on the strength of the deflecting magnetic field B' and the area of the 

chamber D. Bainbridge used a magnetic field of 1.5 weber/m2 over a semicircle of  radius 0.2m. 

He found a definite increase in resolving power over Aston's apparatus. The ten isotopes of  tin 

were resolved by this instrument.  

 

  

1.7 Mass Defect and Packing Fraction 

“Mass defect” of a given isotope is defined as the difference between the experimentally 

measured mass of the isotope (M) and its mass number (A). 

Mass defect = Δ = M – A. 

The packing fraction of the isotope is defined as the ratio of its mass defect (M – A) to its mass 

number (A). 

Packing fraction = (M – A)/A. 

Since atomic masses are measure relative to C-12, the packing fraction for this isotope is zero. 
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Binding Energy 

Definition: When Z protons and N neutrons combine to make a nucleus, some of the mass 

(Δm) disappears because it is converted into an amount of energy Δ E = (Δ m) c2. This is called the 

binding energy (B.E.) of the nucleus. 

B.E. = (Zmp + Nmn) c
2 – Mnc

2 

Where mp = mass of the proton, mn = mass of the neutron and Mn = nuclear mass. 

Atomic Masses: Atomic masses refer to the masses of neutral atoms, not of bare nuclei. Thus an 

atomic mass always includes the masses of its Z electrons. Atomic masses are expressed in mass 

units (u), which are so defined that the mass of a 12
6C atom is exactly 12u. 

The value of a mass unit is 

1u = 1.66054 × 10– 27 kg. 

The energy equivalent of a mass unit is 931.49 MeV. 

Definition: The atomic mass unit (u) is defined as one twelfth of the mass of the neutral carbon C-

12 atom.           
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Unit II  

Atom Model 

2.1. Introduction: VECTOR ATOM MODEL  

               (1) Bohr's theory was able to explain only the series spectra of the simplest hydrogen 

atom. It could not explain the multiple structure of spectral lines in the simplest hydrogen atom. 

Sommerfeld's theory was able to give an explanation of the fine structure of the spectral lines of 

hydrogen. However, Sommerfeld's theory could not predict the correct number of the fine structure 

lines. Moreover, it gave no information about the relative intensities of the lines. Sommerfeld's 

theory could not explain the complex spectra of alkali metals like sodium atom. (2) These older 

theories were inadequate to explain new discoveries like Zeeman Effect and Stark Effect in which 

the spectral lines could be split up under the influence of magnetic and electric fields.(3) Another 

drawback of the Bohr model was that it could not explain how the orbital electrons in an atom were 

distributed around the nucleus.  

 Therefore, in order to explain the complex spectra of atoms and their relation to atomic 

structure, the vector atom model was introduced. The two distinct features of the vector atom 

model are: 

  *the concept of spatial quantization and  

  *the spinning electron hypothesis. 

*Spatial quantization: 

 According to Bohr's theory, the orbits are quantised as regards their magnitude (ie., their 

size and form) only. But according to quantum theory, the direction or orientation of the orbits in 

space also should be quantized. To specify the orientation of the electron orbit in space, we need a 

fixed reference axis. This reference line is chosen as the direction of an external magnetic field that 

is applied to the atom. The different permitted orientations of an electron orbit are determined by 

the fact that the projections of the quantized orbits on the field direction must themselves be 

quantised. The idea of space quantization leads to an explanation of Zeeman effect. The Stern-

Gerlach experiment provided an excellent proof of the space quantization of atom.  
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(i)The position of the spectral line is noted without applying the magnetic field. The magnetic field 

is now switched on and the spectral line is viewed longitudinally through the hole drilled in the 

pole-pieces and hence parallel to the direction of the field. It is found that the spectral line is split 

into two components, one slightly shorter in wavelength and the other slightly longer in wavelength 

than the original line. The original line is not present. The two components are found to be 

symmetrically situated about the position of the parent line. Analysing the two lines with a Nicol 

prism, both the lines are found to be circularly polarised in opposite directions. This is called 

normal longitudinal Zeeman effect. 

(ii)The spectral line is then viewed transversely i.e., perpendicular to the direction of the magnetic 

field. In this case, the single spectral line is split up into three components when the magnetic field 

is applied. The central line has the same wavelength as the original line and is plane polarised with 

vibrations parallel to the field. The outer lines are symmetrically situated on either side of the 

central line. The displacement of either outer line from the central line is known as the Zeeman 

shift. The two outer lines are also plane polarised having vibrations in a direction perpendicular t 

the field. This is called normal transverse Zeeman effect. 

 Lorentz classical theory of normal Zeeman effect:  

The emission of light by a glowing gas is due to the vibratory motion of the electrons. The 

electrons in the atom execute simple harmonic vibration about the centre of the atom. The 

frequency of the spectral line is given by the frequency of vibration of the electron. Any linear 

motion of an electron can be resolved into three components-a linear motion along the magnetic 

field and two opposite circular motions perpendicular to the field. It is known that no mechanical 

force acts upon a charge when it moves in the direction of the field. So the linear motion along the 
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3.10 Symmetry Operations 

A symmetry operation is one which leaves the crystal invariant. Symmetry 

operations may be grouped into three classes: 

1. Translation operations 

2. Point operations 

3. Hybrid operations 

1. Translation Operation. A translation operation is defined as the 

displacement of a crystal parallel to itself by a crystal translation vector 

defined by T = n1a + n2b. 

2. Point operations 

(i) The mirror reflection: In this operation, the reflection of a structure at a 
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After this preliminary investigation, Lenard applied to C a negative potential V, very large compared to the 

potential of 2 volts. The velocity imparted by the accelerating potential is so large that the velocity of the 

particles in the act of emission is negligible in comparison to it. Let V be the accelerating potential and v the 

velocity acquired by the photoelectrons. Then, 

 

 

where e is the charge and m the mass of the photoelectron. 

Let R be the radius of the circular path described by the photoelectrons in the region of uniform 

magnetic field of strength B. 

 

 

Knowing V, B and R, e/m is calculated. Lenard found the value of e/m to be the same as that for 

electrons. This clearly shows that the photoparticles are nothing but electrons. 

 

 

4.3 Richardson and Compton Experiment 

The apparatus used by them is shown in Fig. 4.3.1. The emitter of photoelectrons (C) is a small strip of the 

metal under study and is kept at the centre of a spherical glass bulb B. B is silvered on the inner side and 

can be evacuated through the tube T. The silver coating on the inside of the bulb serves as the anode A and 

is connected to an electrometer E which measures the photoelectric current. Monochromatic light L is 

made to pass through a quartz window W and fall on C. C can be maintained at any desired potential V. 

relative to A and this potential can be read with a voltmeter. 
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4.7 Photoelectric Cells 

Photoelectric cell is an arrangement to convert light energy 

into electrical energy. There are three types of photocells, 

photoemissive, photovoltaic and photoconductive. 

1. Photo-emissive Cell. This consists of a glass or quartz 

bulb (B) according as it is to be used with visible or 

ultraviolet light (Fig. 4.7.1). C is the silver cathode in the 

form of a semi-cylindrical plate. The anode (A) is a rod 

mounted vertically at the centre of the bulb and parallel to 

its axis. A positive potential of about 100 volts is 

applied to the anode, the negative being connected to the 

cathode through a galvanometer G. When li  ght falls on 

the cathode C, electrons are ejected from the cathode. A 

small current flows through the cell and can be measured 

by the galvanometer. The photoemissive cell is used for 

reproduction of sound from photo-films. 

2. Photo-voltaic cell. It consists of a layer of semiconductor material spread over a metallic surface by 

heat treatment. In one type of the photovoltaic cell, the metal plate is made of copper and the 

semiconductor is cuprous oxide (Cu2O). On the other side of the semiconductor, there is a very 

thin layer of a translucent deposit which allows the semiconductor to be illuminated by radiations 

(Fig.4.7.2).Light falling on the surface film (of gold or silver) penetrates into it and ejects 

photoelectrons from the semiconductor layer. 

These electrons travel in a direction opposite to the direction of the incident light. The conventional 

current, therefore, flows in the direction of the incident light. For small values of the resistance of 

the galvanometer, the current is directly proportional to the intensity of light. No external battery is 

required to operate a photovoltaic cell as the cell itself generates an e.m.f. 

Fig. 4.7.1 

Fig. 4.7.2 
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Unit-V 

Molecular physics 

5.1 Theory of the Origin of Pure Rotational Spectrum of a Molecule 

We may picture a diatomic molecule as consisting of atoms of masses m1 and m2 a distance R apart. The 

diatomic molecule can rotate about its centre of mass as shown in Fig.5.1.1 

 

 

   

The moment of inertia of this molecule about an axis passing through its centre of mass and perpendicular 

to a line joining the atoms is 

 

  

Fig.5.1.1 









ADMC, Physics 
 

                                                       

 

 

 

 

 

Fig. 5.2.3 
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Fig. 5.2.5 shows a typical vibration-rotation molecular spectrum of HBr. It is made by sending radiation 

from a source of continuous infrared wavelengths through a cell containing HBr and recording the 

absorption spectra. 

                                                                        

   

 

Fig. 5.2.4 

Fig.5.2.5 
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