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Experiment 

No. 

Experimental Tasks  Remarks Initials  

1 To produce Newtonôs rings and determine the 

wavelength of the given light source. 
  

2 To find the resolving power of a plane transmission 

diffraction grating. 
  

3 To study the propagation of light through polymers.   

4 To determine the ionization potential of mercury using 

gas filled diode. 
  

5 To analyze the projectile motion with and without air 

resistance through a  software/programming tool. 
  

6 To study the spectral characteristics of the 

photoelectric effect and verify inverse square law. 
  

7 To determine the diameter of the laser, beam by 

holding a sheet of millimetre scaled graph paper in 

front of the laser near the exit aperture.  

  

8 To draw the Lissajous figures (for a particle that is 

allowed two degrees of freedom) through a 

software/programming tool.  
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EXPERIMENT NO. 01 

Object: To produce Newton rings and determine the wavelength of the given light source. 

Apparatus: 

1 Glass plates for Newtonôs rings (471 11), 2 Lenses in holder, f = + 100 mm (460 03), 1 Iris diaphragm 

in holder (460 26), 1 Holder with spring clips (460 22), 1 Optical bench, 1 m, standard cross-section 

(460 32), 6 Optics riders, H = 60 mm, W = 36 mm (460 353), 1 Spectral lamp, Na (451 111), 1 Housing 

for the spectral lamp (451 16), 1 Universal choke (451 30), 1 Translucent screen (441 53), 1 Saddle base 

(300 11). 

Working Formula:  

 ►╝ ▪ ╡ ⱦ  ╡ ▀╞  

  

Principles &  Theory: 

In creating Newtonôs rings, a very slightly curved convex lens is placed so that it touches a flat glass 

plate. This forms a wedge of air with one spherically curved boundary surface. When this arrangement 

is illuminated with normally incident parallel light, concentric interference rings are formed around the 

point at which the two surfaces touch. We can observe these interference rings both in reflection and in 

transmitted light The distances between the interference rings are not constant, as one of the boundary 

surfaces of the ñair wedgeò is curved 
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In Fig. 1, a light wave L coming from the left strikes an 

air wedge with the thickness d between two glass plates. 

The partial wave ╣ is reflected at the left-hand boundary 

surface between the glass plate and the air wedge. The 

partial wave ╣ passes through the air wedge. The 

reflection of partial wave ╣ at the right-hand boundary 

surface occurs in conjunction with a phase shift, as this 

involves reflection at a medium with a higher refractive 

index. Partial wave ╣ is first reflected at the right-hand boundary surface and then at the left-hand 

boundary surface, and its phase shifts each time. Additional partial waves, here represented with Ὕ, are 

created by multiple re flection in the air wedge, with the corresponding phase shifts. We can now 

observe the interference of the partial waves ╣, ╣ and further partial waves in reflection, and Ὕ, Ὕ 

and further partial waves in transmitted light. 

The path difference Ў between ╣ and ╣ is 

 

 

Ў ▀ Ȣ
ⱦ

 
(i) 

The condition for constructive interference 

 Ў ▪ⱦ  

Where, ▪ ȟȟȟȣ 

 

Is thus fulfilled when 

 

▀ ▪ Ȣ
ⱦ

 
(ii)  

When the two glass plates are touching, i.e. for d = 0, constructive interference always occurs in the 

direction of propagation, regardless of the wavelength of the incident light. In reflection, we always 

observe extinction in this case due to the simple phase shift of ╣. At a finite distance, the interference 

depends on the thickness d of the air wedge and the wavelength l of the light. For the air wedge bounded 

by a convex lens, and for transmitted light, the situation is as follows: 

The thickness d is dependent on the distance r from the point of contact between the convex lens and the 

glass plate, as well as on the bending radius R of the convex lens. Fig. 2 illustrates the relationship 

  

╡ ► ► ▀   

 

 

  

Fig 1. Schematic representation of the interference 

at a wedge of air 
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From which we derive the relationship 

 

▀
►

╡
 

(iii)  

 

For small thicknesses d. The rings of constructive interference, i.e. the bright rings, can thus be 

calculated from 

 ►╝ ▪ ╡ ⱦ (iv) 

As the plano-convex lens is compressed slightly at the point of contact due to the contact pressure, we 

must modify equation (iii) accordingly. A better approximation of the actual relationships is 

 

▀
►

╡
▀╞ 

For 

►   ╡ ▀╞ 

(v) 

For the radii ►╝ of the bright interference rings, the relationship 

 ►╝ ▪ ╡ ⱦ  ╡ ▀╞ (vi) 

Where, ▪ ȟȟȣ applies 

 

  

Fig 2. Schematic representation of the ñair wedgeò 

between the glass plate and the plano-convex lens 
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Procedure 

Note: Darken the room as much as possible when carrying out measurements. Once you have adjusted 

the plates for Newtonôs rings, do not change their settings. In particular, avoid touching the adjusting 

screws. 

Plates for Newtonôs rings 

1. Hold the ñplates for Newtonôs ringsò in front of a bright background and observe them in 

reflected light. Completely loosen the three knurled screws first. 

2. Carefully tighten the knurled screws until 

a. The glass plates touch (i.e. no more interference rings emerge from the center and the 

innermost interference ring is dark); 

b. The ring system is precisely in the middle of the scale (the ring system always moves 

toward the knurled screw that is being tightened). 

Increasing the contact pressure further will deform the plates. 

 

 

 

  

Fig 3. Experiment setup on the optical bench with positioning specifications in cm for the left-hand 

edge of each optics rider 

(a) Na (light source) spectral lamp. (b) Object holder. (c) Lens, f = 100 mm. 

(d) Plates for Newtonôs rings. (e) Lens, f = 100 mm. (f) Iris diaphragm 
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Setting up the optical bench 

Fig. 3 shows the experiment setup. 

3. Mount the optical components on the optical bench; observe the positioning specifications for 

the left edge of the optics riders. 

4. Place the translucent screen at a distance of 1 to 2 m. 

5. Set up the holder for the ñplates for Newtonôs ringsò (d) so that the adjusting screws face the 

translucent screen. Slide the optics rider as close as possible to the lens (c). 

6. Place the Na-spectral lamp in the setup. Connect the universal choke and switch it on. After a 

warm-up phase of a few minutes, move the optics rider until the ñplates for Newtonôs ringsò are 

optimally illuminated. 

7. Vary the position of lens (e) or the translucent screen until a sharp image of the Newtonôs rings 

appears and the scale is clearly recognizable. 

8. You may need to check and readjust the ñplates for Newtonôs ringsò using the knurled screws 

(the innermost ring is now bright!). 

 

Measuring with the Na-spectral lamp: 

9. Optimize the bright-dark contrast of the Newtonôs rings using the iris diaphragm (f). 

10. Measure and record the left-hand intersection point ►╛ and the right-hand intersection point ►╡ 

of the bright rings with the scale. Find the mean value ►╜▄╪▪ ► as well.  

11. Plot graph between ► and ▪   

 

 

 

 

 

 

 

 

 

 

  

Fig. 4: Relationship between the radii r of the bright interference rings and their consecutive 

number n for illumination with the light of the Na -D line 
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Observations 

Left and right scale intersections of the Newtonôs rings for illumination with yellow Na-spectral light. 

(Sample values are given in parenthesis for reference) 

No (n) ►╛ 

□□ 

►╡ 

□□ 

►╜▄╪▪ ► 

□□ 

2 (3.9) (3.8)  

3 (5.3) (5.1)  

4 (6.3) (6.0)  

5 (7.2) (6.8)  

6 (8.0) (7.4)  

7 (8.7) (8.1)  

8 (9.2) (8.7)  

9 (9.9) (9.3)  

10 (10.3) (9.9)  

11 (10.8) (10.2)  

12 (11.2) (10.8)   

 

Calculations 

Measuring with the Na-spectral lamp: 

The measurement results from observations table must be graph as shown in Fig. 4. Each radius ► is 

determined as the mean value of the respective measurements for ►╛ and ►╡ 

The line through the measurement points has the slope: 

 Ў►

Ў▪
 

 

Using equation (vi), calculate ⱦ 

╡  Ȣ □ 

▀╞  Ȣ  Ⱨ□ 

 

The axis section  (typical value Ȣ □□ ) 

► ▪  ͺͅͅͺͅͅ□□     

 ►╝ ▪ ╡ ⱦ  ╡ ▀╞  
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Result 

Value of ⱦ found to be = _________ (standard value ⱦ  ▪□ for Na-lamp) 

 

Discussion &  Conclusion 

 

___________________________________________________________________________________ 

___________________________________________________________________________________ 

___________________________________________________________________________________ 

___________________________________________________________________________________ 
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Graph 
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EXPERIMENT NO. 02 

Object: To find resolving power of a plane transmission diffraction grating. 

Apparatus: A spectrometer, a sodium lamp, prism, grating element. 

Working Formula :  

Resolving power Ὑ άὔ
ⱦ

Ўⱦ
  

m = order of spectrum. 

N = total number of lines on the grating. 

Ўⱦ  = the minimum wavelength separation for two lines which are just resolved. 

‗ = the average wavelength of these two lines 

 

Theory: 

The resolving power of an instrument gives a measure of its ability to produce detectably separate 

images of objects which are close together (e.g. consider trying to resolve two close stars in the field of 

an astronomical telescope). The closer the angular separation æɗ of the detectable images, the higher is 

the instrument's resolving power. Even for the best optical systems æɗ can never be vanishingly small 

because in every instrument the light must fall on some aperture, or some optical element of finite size 

(e.g. a lens, mirror, grating or prism face). Consequently, diffraction occurs due to this aperture, which 

acts to "spread out" the image into its diffraction pattern. Hence, for two very close images, the 

diffraction patterns will overlap somewhat, and this leads to difficulty in detecting the images as 

separate. A very important criterion for deciding whether or not two such diffracted images are 

Fig. 1: Two diffraction patterns whose separation satisfies Rayleigh's Criterion. 
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detectably separate, or "resolved", is that due to Lord Rayleigh. This is not the only criterion which may 

be used to define when two images are resolved, but it is probably the most common. Rayleigh's 

Criterion for Resolution: Two images are said to be "just resolved" when the two diffraction patterns 

overlap such that the principal maximum of the diffraction pattern of one image falls on the first 

minimum of the diffraction pattern of the other and vice versa. 

In a simple optical spectrometer, light from a single slit is dispersed by a grating or prism to produce 

images of the slit in different wavelengths at different angular positions. Though normally hardly 

discernible, each of these images actually has an associated diffraction pattern due to the diffraction by 

the smallest aperture in the system. If there are two very close wavelengths in a particular spectrum, and 

the dispersing ability of the prism or grating s not high, the associated images will be correspondingly 

close together and their diffraction patterns will overlap. Depending on how close together the 

diffraction patterns are, the images, and therefore wavelengths, will be either resolved or not resolved by 

the instrument. 

The ability of the spectrometer to resolve two close spectral lines is called the Chromatic. 

Resolving Power R and is defined by 

 

╡
ⱦ

Ўⱦ

Ᵽ

▀Ᵽ
 

(i) 

where Ўⱦ is the minimum wavelength separation for two lines which are just resolved, and ⱦ is the 

average wavelength of these two lines. 

In this experiment you will measure the chromatic resolving power of grating spectrometer in the yellow 

region of the visible spectrum. You will find this by observing a given pair of closely-spaced lines (a 

yellow doublet) in the spectrum of a sodium lamp.  

 

Resolving power of diffraction grating 

For the ▪◄▐ order principal maximum for a wavelength ⱦ for normal incidence and a grating element ▀, 

and ╪ is grating constant we have 

 □ⱦ ╪ἻἱἶⱣ  
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If the angle of diffraction is changes by a small amount ▀Ᵽ corresponding to a change in ▀ⱦ, then 

differentiating, we have 

 ╪ἫἷἻⱣȢ▀Ᵽ □Ȣ▀ⱦ  

 

▀Ᵽ
□Ȣ▀ⱦ

╪╬▫▼Ᵽ
 

(ii)  

If light after diffraction enters the objective of a telescope of diameter d, then the smallest angle Ὠ— that 

it can resolve for a wavelength is given by 

 

▀Ᵽ
ⱦ

▀
 

 

 

ᴼ
□▀ⱦ

╪ἫἷἻⱣ

ⱦ

▀
 

 

 

Ḉ╡
Ἤ

□▀

╪ἫἷἻⱣ
 

 

 

If total width of the grating AB has N lines, then 

 ■ ═║ ╝╪  

Now diameter of the objective of the telescope 

 ═╒ ▀ ═║ἫἷἻⱣ ╝╪ἫἷἻⱣ  

Hence we have 

 ╡ □╝  

 

 

 

 

 

 

In practice it is difficult to find two spectral lines in a grating spectrometer which just fulfill this 

requirement. Moreover, it is essential that the entire grating surface should be illuminated uniformly, 

hence to find the resolving power of grating, the smallest portion of the grating is found out with an 

Fig. 2 
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adjustable slit which just resolves two neighboring lines of wavelength ⱦ and ⱦ ▀ⱦ and then the 

maximum resolving power of the grating is calculated. 

Observation: 

Vernier constant of the spectrometer = 

Number of lines on the grating per inch N = 

Grating constant a = 2.54 / N =                        cm 

S.no Order of 

spectrum 

Spectrum on left 

side reading of 

telescope 

(a) 

Spectrum on 

right side reading 

of telescope 

(b) 

2ɗ=(a-b) ɗ mean 

1 
 

m=1 

MS VS TR MS VS TR   

       

2        

1  

m=2 

        

2        

 

Wavelength of ╓  line of sodium =  ═Ј 

Wavelength of ╓  line of sodium =  ═Ј 

 

Calculation: 
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Result: 

Resolving power of a plane transmission diffraction grating is found to be ___________ 

 

 

Discussion &  Conclusion: 

 

___________________________________________________________________________________ 

___________________________________________________________________________________ 

___________________________________________________________________________________ 

___________________________________________________________________________________ 
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Viva Voce 

1. What is plane transmission diffraction grating? 

 

 

2. If the incident light is not normal to the plane of grating, then which formula should be applied? 

 

 

3. Why do you not get the higher order of spectrum? 

 

 

4. What will happen to the resolving power of grating, if the number of lines ruled on grating are 

increases? 

 

 

5. Define Rayleigh criterion of resolution? 
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EXPERIMENT NO.  03 

 

Object:  To study the propagation of light through polymers 

Apparatus: 

Power supply, Digital voltmeter, photodiode, Transparent or color sheets of plastic, light source (all the 

apparatus should be place at dark room) 

Working Formula: 

The reflectivity of the N sheets of same thickness is given by 

 

╡
╘►
╘

╝
 

(i) 

Where ╘► and ╘╞ are reflected and transmitted intensities respectively. 

The refractive index of the material is given by 

 

▪
Ѝ╡

Ѝ╡
 

(ii)  

Where ▪ is the refractive index and ╡ is the reflectivity of the material. 

Procedure: 

1) Switch on the apparatus (1) power supply for photodiode, (2) digital voltmeter (digital multi-

meter) (3) given source of laser light 

2) Adjust the given light source at a suitable distance from the photodiode. 

3) Make sure that the light from the given source falls normally on the photodiode. 

4) Note down the value of voltage on the voltmeter. This will give the voltage corresponding to the 

maximum intensity of light 

5) Now place a single transparent sheet of plastic on the photodiode and note down the 

corresponding voltage. 

6) Place another sheet above the first one and again note down the reading on voltmeter. 

7) Similarly, increase the number of sheets and every time note down the reading until the last sheet 

is used. 

8) Follow the same procedure for colored (tinted) sheets. 

9) With the help of Vernier Calipers measure the thickness of a single transparent sheet and of 

tinted one. 
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10) Plot the graph between ñ╘▪ ╘ versus ╣ for transmittance and reflectance, for both the transparent 

and tinted sheetsò. 

 

Observation: 

Thickness of sheets: 

S. No Main scale 

reading  

(cm) 

Vernier scale 

reading 

(div) 

Fractional 

part  

(cm) 

Total reading  

(cm) 

1     

2     

3     

4     

5     

 

Intensity measurement: 

S. No Thickness of the 

sheets 

T(cm) 

Transmitted 

intensity  

ñIò (V) 

Reflected 

intensity  

I r=I-I (V)  

reflectance  

╘►Ⱦ╘ 

Reflectance 

for 

constant 

thickness   

Ў ╘►Ⱦ╘ 

Mean 

Ў□▄╪▪

╘►Ⱦ╘ 

1       

2      

3      

4      

5     
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Calculations: 

For transparent sheets 

Reflectivity of the sheets is given by 

 

╡
╘►
╘

╝
Ў□▄╪▪ ╝ 

(iii) 

 

 

 

 

 

 

 

 

 

Refractive index of the material is given by 

 

▪
Ѝ╡

Ѝ╡
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Results:  

Refractive index of a given polymer material: ______________________ 

 

 

 

Discussion &  Conclusion: 

 

___________________________________________________________________________________ 

___________________________________________________________________________________ 

___________________________________________________________________________________ 

___________________________________________________________________________________ 
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Viva Voce 

1.  What are polymers? 

2.  Discuss the effect of refractive index of materials on reflectivity and transmission of light? 

3.  Discuss the effect of angle of incidence of light beam upon reflection and transmission? 

4.  Discuss the effect of thin films upon reflection and transmission? 

5.  Discuss scattering and absorption of light in polymers? 

6.  Define absorption coefficient? 

7.  Discuss the dependence of absorption coefficient on wavelength? 
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GRAPH 

  

Graph 
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Graph 



 Page 25 of 57 

 

  

Graph 
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Graph 
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EXPERIMENT NO. 04 

 

Object:  To find the ionization potential of mercury using a gas filled diode 

Apparatus: 

A gas filled (mercury vapors) diode, a D.C, power supply, a voltmeter, micro- ammeter, a 

potentiometer. 

 

Theory: 

Ionization potential: The least energy required to remove the most 

loosely bound electron from an isolated free neutral atom is known as the 

ionization potential of the atom. 

Ionization potential of mercury: The ionization potential of 

mercury can be determined by introducing mercury vapor at a low 

pressure of 10 mm to 50 mm of mercury column in an evacuated 

tube fitted with a cathode and an anode. A mercury vapor filled gas 

diode is the most suitable for the purpose. The cathode of the gas 

diode may be directly or indirectly heated type. A hot cathode gas 

filled diode is known as a phanotron [Incidentally a gas filled triode 

is known as a Thyratron] A gas filled diode is symbolically 

represented as shown in Fig.1. The dot in the tube shows the 

presence of the gas (or vapor).  

When the anode or plate of the gas filled diode is at a positive potential with respect to the 

cathode, electrons move across the tube from the cathode to the anode. This electronic current 

depends upon two factors: 

i) The number of electrons emitted per unit area from the cathode and its 

temperature. 

ii) The effect of space-charge ï the negatively charged region containing the 

electron cloud due to the accumulation of electrons emitted by the cathode. 

As the plate potential is increased the plate current slowly increases. But when the plate 

potential is increased beyond a particular value the plate current increases. But when the plate 

potential is increased beyond a particular value the plate current increases much more rapidly 

than it does below that critical value. This is because when the plate potential approaches this 

Fig1. Schematic of gas 

filled diode 
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critical value the electrons arriving at the anode gain enough energy to knock out the electrons 

from the atoms of the gas close to the anode. These electrons are also attracted by the anode 

causing an increase in plate current and the positive ions neutralize some of the space charge, 

which further helps to increase the kinetic energy of the thermo-electrons. This potential is 

equal to the ionization potential of the gas (or vapor) and for this value of plate potential there 

is a marked increase in plate current. 

If a graph is plotted between plate potential and plate current (for a constant value of filament 

current) the plate current at first increases slowly for a given increase in plate voltage and 

when the plate potential is equal to or greater than the ionization potential, there is a greater 

increase in plate current for the same increase in plate potential. 

The change in slope is, however, not very abrupt but there is a short-curved portion within which 

the change in plate current goes on becoming more and more rapid. 

To find the value of ionization potential the two straight portions AB and CD of the graph are 

produced to meet at a point E. If we draw a perpendicular EF on the X- axis, then OF 

represents the ionization potential. 

 

 

  

Fig2. Graph of Current Vs Voltage of the plate 
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Procedure: 

1. Make the circuit connection as shown in circuit diagram Figure 4. 

2. Switch on the power supply. The filament is heated in a short time to become 

red hot. 

3. Adjust the voltmeter reading to 0.5 volt and note the corresponding value of 

the current in the micro-ammeter. 

4. Increase the plate potential by 0.5 volt and note the voltmeter reading as well 

as the micro-ammeter reading. Proceed till the plate potential is about 15 volts. 

5. Taking the plate voltage along the X-axis and plate current along the Y-axis 

plot a graph between plate current and plate voltage as shown in above Figure 

3. Draw the straight line AB between the first few points and the straight line 

CD between the last few points and produce AB and DC to meet at E. Draw EF 

perpendicular to the X-axis, then OF gives the value of ionization potential of 

mercury. 

 

Observations: 

S.No. Plate potential (Volts) Plate current  

(µA) 

1   

2   

3   

4   

5   

6   

7   

8   

9   

10   

11   

12   

13   

14   

15   

16   
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17   

18   

19   

20   

 

 

Calculations: 

 
╟▄►╬▄▪◄╪▌▄ ▄►►▫► 

╞╫▼▄►○▄▄▀ ○╪■◊▄╢◄╪▪▀╪►▀ ○╪■◊▄

╞╫▼▄►○▄▀ ○╪■◊▄
Ϸ 

 

 

 

 

 

 

 

 

Results: 

Ionization potential of mercury from the graph  = ____________________ Volts 

Standard value of ionization potential  = ____________________ Volts 

Percentage error     = ____________________ % 

 

Discussion &  Conclusion: 

 

___________________________________________________________________________________ 

___________________________________________________________________________________ 

___________________________________________________________________________________ 

___________________________________________________________________________________
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7 

Graph 
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Precaution and Source of error: 

1. A gas filled mercury vapor diode must be used. 

2. The positive of the voltmeter as also that of the micro-ammeter must be connected to the 

positive of the D.C. supply. 

3. The plate potential should not exceed 15 volts. 

4. To find the exact position of ionization potential two straight lines joining the first few 

points and the last few points should be produced to meet. A smooth curve joining all the 

points should not be drawn. 

5. For accurate measurement of voltage, a V.T.V.M may be used in place of an ordinary 

voltmeter. 

 

Circuit Diagram : 

µA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig3. Circuit Diagr am 

 

Fig4. Photograph of the apparatus 
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Viva Voce 

 

1. What is the object of your experiment? 

 

 

2. What are ions? 

 

 

3. What do you mean by ionization? 

 

 

4. What is excitation? 

 

 

5. What is ionization potential? 

 

 

6. Differentiate between excitation and ionization potential? 
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EXPERIMENT NO . 05 

Object: To analyze the projectile motion with and without air resistance through a 

software/programming tool. 

Problem letôs assume we are launching a missile in the air (neglecting air resistance) at a velocity of 

□
▼▄╬ϳ  and angle Ј and Ј for maximum range. Take value of ▌  Ȣ□

▼▄╬
. Draw the 

trajectory of missile.  

Case a) launch from the mountain cliff to the ground somewhere beneath it b) ground to ground hit. 

Working formula  

Velocity ╥   □ ▼▄╬ϳ  

Ᵽ  Ј 

Horizontal component of velocity,  ╥● ╥ἫἷἻⱣ 

Vertical component of velocity,  ╥◐ ╥ἻἱἶⱣ ╥ ▌Ȣ▀◄ 

Displacement along x-axis , ● ●╞ ╥●Ȣ▀◄ 

Displacement along y axis,  ◐ ◐╞ ╥◐Ȣ▀◄ 

Where ●╞ and ◐╞ are the initial positions of the ball origin in this case dt is the small increment in time 
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Observations 
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Result: Attach additional graphs if needed 

 

 

Discussion &  Conclusion: 

 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 
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Example problem 

Construct trajectories for multiple angles and show that 450 has longest range.  
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EXPERIMENT NO. 06 

Object: To study the spectral characteristics of photoelectric effect and verify inverse square law. 

Apparatus: 

A photocell, A DC micrometer, A reversing key, a rheostat, DC power supply, filters of different colors 

and Halogen tungsten lamp. 

 

 

 

 

 

Figure 1 (a) Photograph of Planckôs 

constant apparatus 

Figure 3. Graph for Inverse Square law 

Figure 1 (b) circuit diagram 

Figure 4. Characteristic curves 
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Theory: 

Spectral Characteristic of photoelectric effect 

When light falls on metal surface, charged particles are emitted, their presence is detected as a current, 

and measurements show that these particles are electrons. 

Three striking observations have been made, 

1. When the intensity of the light is increased the current (i.e. the number of electrons emitted) increases. 

2. The kinetic energy of the electrons remains constant. 

3. When the frequency of the incident light is increased, the kinetic energy of the emitted electrons 

increases. 

But if the frequency of light is below the cutoff frequency (a characteristic of the metal surface), the 

photoelectric effect does not occur regardless of the light intensity. 

The wave theory of light predicts that the amplitude of the electric field of the incident light should 

increase if its intensity increases. Since the magnitude of the force on the electrons is proportional to the 

magnitude of the incident electric field, the kinetic energy of the electrons can be expected to increase. 

But this is contrary to observation. The wave theory also predicts that the photoelectric effect should 

occur for all incident frequencies if the light is sufficiently intense. This prediction is also found to be 

invalid by experiments. One way in which the observations can be explained is to assume that light 

exists as discrete energy bundles known as photons with each photon having energy E proportional to its 

frequency. This relationship is given by, 

 ╔  ▐  ꜘ (i) 

Here ▐ is Planckôs constant, and eno yb detceje si nortcele eno ylno ecniS .thgil fo ycneuqerf eht si ‮ 

photon incident on the metal surface, this experiment is an illustration of the quantization of energy. 

Each material has a characteristic energy threshold for the photoelectric emission of electrons, i.e. there 

is a minimum energy and a corresponding photon frequency which will be able to release an electron 

from the metal. Any photon of lower frequency than the minimum frequency will not be able to release 

an electron. This minimum frequency is known as the cutoff frequency. If the incoming photon has 

energy ▐  ꜘand the out-going electron has kinetic energy □○ then, 
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▐ꜘ  ɲ □○ 
(ii) 

The above equation is a consequence of the law of conservation of energy. Here  ɲthreshold energy is 

called the ñwork functionò of the metal. It is the minimum energy required by an electron to escape the 

metal. Electrons embedded at some depth in the metal may lose energy by collisions during their escape. 

Once out of the metal, they may also lose energy by collisions before reaching the collecting electrode 

located in the photocell. Equation 2 applies to an electron released from the surface of the metal, which 

travels to the collecting electrode without any collisions. Therefore, the kinetic energy in equation 2 

represents the maximum possible kinetic energy of the ejected electron (without any collisions with 

surrounding electrons and atoms in the metal). The maximum kinetic energy of the electrons can be 

found by measuring the work necessary to prevent any electron from reaching the anode. This condition 

is achieved if the photocurrent drops to zero under the application of a potential difference Vo between 

the photosensitive surface (cathode), and the collecting electrode (the anode). Vo is often called the 

ñstoppingò potential. The photocurrent can also be reduced to zero when the photons have a lower 

frequency than the cutoff frequency of the metal, and thus not enough energy to excite the electrons on 

the metal surface to escape. Electrons in the photocell receive sufficient energy from the incoming light 

to reach the anode without an accelerating potential. Hence, to stop the electron flow, the anode must be 

made negative relative to the cathode. Under these conditions, 

 

▄╥╞  □○ 
(ii i) 

Here, Vo is the electric potential difference applied,  □○ is the maximum kinetic energy of an 

electron ejected from the metal surface, and e is the charge on an electron. Combining equations (ii)  and 

(iii)  

 ▐ꜘ  ɲ ▄╥╞ (iv) 

 

Inverse square law 

The Photoelectric emission may be regarded as a phenomena of liberation of an electron at the surface 

of a metal when a photon of light having energy above threshold energy (metal work function) incident 

on a metallic surface and transfer the enough energy to the electron to escape through the potential 

barrier layer. The photo cell can be considered as the generation of a voltage across a circuit element 



 Page 41 of 57 

 

under illumination. Let ╟ be the illuminating Power of a source so the intensity of illumination ╘ due to 

it at a distance d would be 

 ╘  ╟Ⱦ▀   

Since the photo electric current ░ produced is directly proportional to the intensity of illumination i.e. 

 ╘ ♪ ░  

 ╘ ╚░  

Where K is constant, hence ╘  ╟Ⱦ▀  ╚░. Since P and K are constant hence the relationship 

between Ⱦ▀  and ░ is straight line which verifies the inverse square law of radiation. 

Procedure: 

Spectral Characteristic of photoelectric effect 

1. Fix the distance ▀ between the source and photocell. In this way the flux of the incident light 

falling on the cell will remain constant. 

2. Apply positive potential to the anode of the photocell with the help of rheostat. Note down the 

corresponding current. 

3. Now vary the anode potential in equal steps and record corresponding current till the saturation 

is obtained. 

4. Now reverse the connection of the power supply and connect negative terminal to the anode of 

the photocell. Now vary anode potential in equal steps and record corresponding current till it 

becomes zero. 

5. Change the value of ▀ and repeat the above procedure and take several set of observation. 

6. Plot graph between current and anode potential as shown in figure 4.  

 

Inverse square law 

7. Fix the anode voltage ñVò of a photocell (for one set). 

8. Now vary the distance ñdò between light source and photocell in steps and note down the 

corresponding current ἓ. 
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9. Change the anode voltage and repeat the above procedure. 

10. Plot a graph between 
▀

 corresponding current ╘ for different anode potential as shown in 

figure 3. 

 

Observation: 

Spectral Characteristic of photoelectric effect 

▀  = ___________ cm                                                                         ▀  = ___________ cm 

▀  = ___________ cm                                                                        Filter: __________ 

No of 

observation 

Anode voltage  

 Volts 

Current at d 1 

µA 

Current at d 2 

µA 

Current at d 3 

µA 

1.      

2.      

3.      

4.      

5.      

6.      

7.      

8.      

9.      

10.      

11.      

12.      

13.      

14.      

15.      
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Inverse square law 

 

╥  ______________volts 

╥  ______________volts 

╥  ______________volts 

Filter = ______________ 

No of 

observation 

▀ 

╬□ ▀
 

╬□  

╥  ╥  ╥  

ἓ ἓ ἓ 

1.       

2.       

3.       

4.       

5.       

6.       

7.       

8.       

9.       

10.       

11.       

12.       

13.       

14.       

15.       
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Results: 

Spectral Characteristic of photoelectric effect 

___________________________________________________________________________________ 

___________________________________________________________________________ 

 

Inverse square law 

___________________________________________________________________________________ 

___________________________________________________________________________ 

 

 

Discussion &  Conclusion: 

 

___________________________________________________________________________________ 

___________________________________________________________________________________ 

___________________________________________________________________________________ 

___________________________________________________________________________________ 
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Viva Voce: 

1. How does changing the intensity of the light affect the current? 

 

 

2. Why doesnôt changing the intensity affect the stopping voltage? 

 

 

3. How do the photoelectric effect in general and your data in particular, demonstrate the quantized 

nature of light? 
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Graph 
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