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Expt. No. 1 

Ray Diagram: 

Aim: lo determine the radius of cuvatwe of a Plano-convex lens using Newton s 
Tngs. 

|x1 - x2= diameter 

Least Count = 

Apparatus: A traveling microscope, Newtons rings apparatus, Sodium lamp, 
Magnifjing glass etc. 

Theory: 

Total Reading= M. S. R.+(V.S. R. x L.C.) 

Date of Perfornmance: 

Air Film 

Value of smallest division on M.S. 
Total number of divisions on VS. 

Newton's Ring 

M 

GAD 

SNI9N? 

Bi-convex lens 
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Sodiumn light 

Plano-convex lens 

Plane glass plate 

/20 

When plano convex lens is placed on a plane glass-plate, a thin wedge shaped film of 

air is formed between the curved surface of convex lens and the plane surface of 

glass plate of progressively increasing thickness in all directions around the point of 

contact of lens and glass-plate. 

...... 

Each ray of the normally incident beam from a monochromatic source falling on 

1 
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the lens -plate system gets reflected back from the top and bottom surfaces of the air 
film between thhe lens and plate. The two reflected rays are coherent. Therefore they 
produce interference. The locus of all points corresponds to equal thickness of air 

film fall on a circle whose center is 'c'. The interference fringes obtained are a series of concentric rings, alternately bright and dark with their center c. These rings are 

called Newton's rings. They are fringes of equal thickness. These rings are observed 

only within small area around the point of contact as the air film is very thin the 

The reflected rays are obtained through division of amplitude of the inciden: 

Therefore this kind of interference occurring in the thin ilm of air belongs to 

class of interference through division of amplitude'. 

Theoretical diagram: 

Icidant Raye 

Air Filnm 

Theory of Newton's Rings: 

is, 

A =2ul+ 2 

For air, H=1. 

2 

C 

In case of normal incidence the effective path difference. between the reflected rays 

Engineering Physics 

Ryl 
Rsy 2 

Case I:At the point of contact C, t = 0 

Sinhgad College of Engineering, Vadgaon, Pune-41 

Plano-convex lens (Lz) 

Plane glass plate (P) 
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A= 
This is the condition of minimum intensity. Hence central spot is dark. 
Case II: At the points other than C, 

The film will appear bright if, 

2t+=n. 
Or 

2 

2t=(2n-)4 Where, n=1,2,3.......etc. 
The film will appear dark if, 

2t+A=(2n + 1) 
or 

2 

2t=n 2 

Diameter of Newton's Rings: 

Where, n=0,1,2,3. ........ etc. 

Where, n=0,1,2,3......... etc. 

P 

Where, n=1,2,3......... etc. 

A 

Let PCQ be a plano-convex lens placed on a plane glass plate AB. 

Engineering Physics 

R 

Let R be the radius of curvature of the lens surface which is in contact with the plate 
AB. Let r be the radius of Newton's ring corresponding to thickness t. 

The path difference between the two interfering rays in the reflected system for 
normal incidence is, 

Sinhgad College of Engineering, Vadgaon, Pune-41 
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From Figurc. 
R? 

i.e. 

i.e. 

i.e. 

r=2RI 

r+ (R - ) 

But, t<<R hence we get, 

r'=R-(R-) 

-+ 

A=21+5 

R 

r=2RI 

R 4R 

But we have for Newton's rings , 

4 

D' 

R2 

=R-R+ 2RI� 

For Dark Rings: 
Condition to get dark ring is that the path difference, 

-=n. 

i.e. A=- R 2 

A=(2n+ 1)4 

Where, Disthe diameter of Newton's Ring 

i.e. 

Where, n=0,1,2,3. 

If D, is the diameter of nth dark Newton's ring then, 

R=n, or D;=4 nR. 

D=4(n+ p) R. 

D, is the diameter of n dark ring, 

Similarly diamcter of (n + p" dark ring is, 

.. D;.,-D;=4plR. 

.etc. 

Sinhgad College of Engineering, Vudgaon, Pune-4 I 
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Procedure: 
1 

2. 

3. 

Thus by measuring the diameters of dark rings and radius of curvature R the 
wavelength 1 can be calculated or by knowing the wavelength I the value of radius of 
curvature R of a plano-convex lens can be calculated. 

4. 

5. 

6. 

7. 

8. 

Dp-D; 
4pR 

9. 

10. 

or R= D-D; 
4p 

Arrange the apparatus as shown in the figure. Clean the lens and the glass 
plate thoroughly and put the plano-convex lens on the glass plate with its 
convexX surface touching the glass plate. Put this lens-plate arrangement 
under the microscope. 

Engineering Physics 

Allow the parallel light from the sodium source to be incident on a glass 
plate which is held over the lens-plate arrangement at an angle of 45° with 
the direction of light. The reflected light from the glass plate falls on the lens 
plate arrangement. 

Adjust the microscope such that the point of contact between the lens and 
plate is just below the microscope. The Newton's rings are seen through the 
microscope because the air film is formed between the lens and the plate all 
around the point of contact. 

Newton's rings consist of central dark spot surrounded by alternate bright 
and dark concentric rings. 

The least count of the microscope is determined and recorded. 

First the microscope is adjusted so that the center of cross wires coincides 
with the center of dark spot. 

HGAO 

The microscope is then moved either to the left or right of the centre. While 
moving count the number of rings passing the field of view of microscope. 

NIDN 

As the tenth ring approaches the vertical crosswire is adjusted such that it 
will be tangential to that ring. In this position reading of microscope is noted. 

Reversing the motion of microscope, the vertical cross-wire is adjusted so 
that it will be tangential to next ring(9h), reading of microscope is noted. 
Above process is continued till first ring is reached. Reading of each ring is 
noted down. 

Sinhgad College of Engineèring, Vadgaon, Pune-41 
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12. 

1 

11. Now the microscope is further moved in same direction till first ring on the 
other side approaches. The vertical cross-wire is again adjusted so that it wil 

be tangential to first reading. Reading is noted down. 

13. 

14. 

15. 

2. 

Obsevations: 

Sr. 
No. 

3. 

2. 

1. Least Count of traveling microscope - .....@:001. 
Wavelength of Sodium lamp - - 5893 Á =9893KIo 3 

Observation table: 

4. 

5. 

6. 

7. 

Move the microscope in the same direction and repeat the same procedure 
and note the readings for each ring till readings of 10th is noted. 
Difference between left and right-hand readings for a particular dark 
ring gives the diameter of that ring. 

The slope of the graph is calculated. 

A graph is plotted for D, against n, where D, is a square of the diameter of a 
ring and n is the number of a ring. It is a straight line. 

Number of Dark 

Ring (n) 

6 

5 

3 
2 

Microscope reading 
Left (X1) 

Cm. 
Right (x:) 

CIm. 

Engineering 

4.207 

t69 4-248 

L420.293 

Lu506 o.23 

LA38 4.215 o.283 
4.42 .230 

Sinhgad Collegeat Engineering, Vadgaon, Pune-41 

Diameter 

cm. 
D,=| x1 -x | 

O.2 

Cm. 

O.272 

Physics 

o-127 

Cm. 

D,² in cm? 

o.083k 
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Calculations: 

Slope = 

R= 

D,.,-D,_: 
(7n+p)-n 

Slope of graph( D; Vs n) 

Result: 

==8e4A- 40.. cm 

=8.4.846 cm 

42 

is....S:8k64 
Radius 

Marks (out of 20) 

sHGAS 

MR (6) MP (6) 

9NIDN 

of 

Cm 

MU (8) 

S.3 

Curvature 

Total 

of 
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Expt. No. 2 

Circuit Diagram: 

Aim: 1o studh the I-1 characleristics of the piven solar cell to calclate the ill Jaclor md vlue of resistaice for naximm valte ofworkable pOWer: 
Apparatus: Solar cell. light source, Varialble loal,. volmeter, ammeter, elc. 

Solar Cell 

Theory: 

Light 

Date of Performanee: 

+ 

Solar cell 

my 

AHGAD 

NIDN 

The direct conversion of solar energy by means of the photovoltaic effect, that is, the 
conversion of light (or other electromagnetic radiation) into electricity. The 
photovoltaic effect is defined as the generation of an electromotive force as a result 

of the absorption of ionizing radiation (1ater explained in detail). Energy conversion 
devices which are used to convert sunlight to clectricity based on the photovoltaic 
effect are called solar cells. A single converter cell is called a solar cell or, more 
generally, a photovoltaic cell, and combination of such cells; designed to increase the 
electric power output is called solar module or solar array. 

Sinhgad College of Engineering, Vadgaon, Pune-41 

The photovoltaic effect can be observed in nature in a variety of materials, but the 
materials that have shown the best performance in sunlight are the semiconductors. 
When photons from the sun are absorbed in a semiconductor, they create free 
electrons with higher energies than the elcctrons which provide the bonding in the 
base crystal. Once these electrons are created, there must be an electric field to 
induce these higher energy electrons to flow out of the semiconductor o do useful 

/20 

RL 

HOD E. E. 
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work. The electric field in most solar cells is provided by a junction of materials 

which have different electrical properties. 

To obtain a useful power output from photon interaction in a semi-conductor three 

processes arc required. 
1. 

2. 

3. 

The photons have to be absorbed in the active part of the material and ress). 

in clectrons being excited to a higher energy potential. 

The clectron hole charge carriers created by the absorption must hs 

physically separated and moved to the edge of the cell. 

The charge carriers must be removed from the cell and delivered to a usehul 

load before they loose their extra potential. For completing the above 

processes, a solar cell consists of: 

(a) 

(b) 

Semi-conductor in which electron hole pairs are 

absorption of incident solar radiation. 

Region containing a drift field for charge separation, and 

(c) Charge collecting front and back electrodes. 

CURRENT COLECTION 

GRID METAL FINGERS 

The photo-voltaic effect can be described easily for p-n junction in semi-conductor. 

O2 um 

Engineering Physics 

300 um 
P-REGN 

BASE ATERIAL 

NGATTVE CONTACTS 

SUN LIGHT 

METAL CONDUCTOR 

O+ 

DIFFUSED LAYER 

Sinhgad CollegeuLEngineering, Vadgaon, Pune-41 
HGAO 

created bv 

wm 

LOAD 

In this junction after the photons are absorbed. the free clectrons of the n-side will 
tend to low to the p-side, and the holes of p-side will tend to tlow to the n-region te 
compensate for their respective deficiencies. This diffusion will create an electrie 

12 
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field EF from the n-region to the p-region. This field will increase until it reaches cquilibrium for Ve. thc sum oft the difusion potentials for holes and electrons. 
11 electrical contacts are made with the two semiconductor materials and the 

contacts are connected through an external electrical conductor, the free electron will tlow frOm the n-type material through the conductor to the p-type material as shown in the figure. Here the free electrons will enter the holes and become bound electrons: thus both free electrons and holes wvill be removed. The flow of electrons through the external conductor constitutes an electric current which will continue as long as more 
free electrons and holes are being formed by the solar radiation. This is the basis of 
photovoltaic conversion, that is, the conversion of solar energy into electrical energy. 
The combination of n-type and p-type semiconductors thus constitutes a photovoltaic 
(PV) cell or solar cell. All such cells generate direct current which can be converted 
into alternating current if desired. 

Procedure: 

1. 

3. 

2. 

4. 

6 

5. 

7. 

Engineering Physics 

Connect the circuit, as shown in the circuit diagramn and get it checked. 

Start increasing the load (RL) and at selected voltage steps measure current. 

Take maximum possible readings for graph. Take the readings up to 
maximum load and record in the observation table. 

Calculate the values of power and resistance 

Plot the graph of. I Vs V. Draw a smooth curve from the points plotted. 
Extend the curve upto x andy axes as per the nature of the curve. We get the 
points Isc and Voc. 

Draw perpendicular from Isc and Voc, we get a point (Isc, Voc). Draw a line 
joining origin (0,0) and the point (Isc, Voc). This line cuts the graph at point 
(Im,Vm). Draw perpendiculars from point (Im,Vm) on x and y axes. WE get 
the points Im and Vm. 

Record Im, Vm, Isc, and Voc from the graph in the observations. 

Plot the graph ofP Vs R and record the value of resistance for maximum 
workable power. 

Sinhgad College of Engineering, Vadgaon, Pune-4I 
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Graphs: 
1. 

2. 

Graph of I Vs V 

P 

Isc 

Sinhgad Coueo 

Im 

(0,05 

Graph of Power (P) Vs load resistance (R) 

na 

Pmas 

ugineering, Vadgaon, Pune-41 

(Voc, Isc) 

Voc 

R (at max workable Power) 

Engineering Physics 

R 

HOO F.E. 
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Observation Table: 

Obs. 
No. 

1. 

2. 

3. 

4. 

5 

6 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

Voltage 
in V 

O. 2 

O-2G 

O-60 

SinhgadE 

Current 
in mA 

250 

250 

250 

235 

230 

220 

2l0 
200 

139 

|20 

Current 
in A 

o.25 

o.3 
o.29 

o-235 

o23 

O-2 

O-175 

o-l7 

o.l6 

o135 

o-13 

o-12 

O.|| 

Power (P)= V 
in Watt 

fEngineering, Vadgaon, Pune-41 

O.05 
o-b6 

O-l2 

O-l2 
o-13 

O-13 

O-|2 

o.lo 

Engineering Physics 

Resistance 

(R)=Ohm (9) 

(.2 

|-7 

2-6 

3 

3 

5.7 

6.7 

HF E 

7.3 

3.5 
to-5 

)2./ 

5) 

15 
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Observations from graph: 
1. 

2. 

3. 
4. 

Open circuit voltage (Vc) = ......59.... V. 

1. 

Short circuit current (Isc) =.......250 

Calculations: 

2. 

Results: 

Voltage corresponding to maximum power (Vm) = ....-0.22.... v. 

Current corresponding to maximum power (Lm) = .......! !Q........ 

Fill Factor. FF= 

Marks ( out of 20) 

MR (6) 

Sinhgad 

Fill factor of the solar cell =0.:443. 

m 

aNG. 

o2S170... 
1-55 X 2S0 

FF =...9:4kg. 

Resistance at maximum workable power (from graph) = ..H... 2. 

6 

mA. 

MP (6) MU (8) Total 

Engineering Physics 

Signature of teacher in-charge 

C O Engineering, Vadgaon, Pune-4] 

1slh2 
MR-Marks for regularity. MP- Marks for Presentation. MU-Marks for understanding 
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SCale 
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Expt. No. 3 

i) 

Aim: To study the Hall-effect in semiconductor to determine, 

iü) 

iii) 

Diagran: 

the ype of semiconductor. 

iv) mobility of chage carriers. 

Theory: 

Hall coefficient of a semiconductor. 
charge concentration. 

Mili-voltmeter 

Date of Performance: 

Apparatus: lall-effect setup, Hall probe, electromagnet, constant current pover 
supply, digital gauss meter etc. 

Hall Effect 

N 

40 

E 

B 

Hall observed that, when a strip of metal carrying current was placed in a transverse 
magnetic field, a potential difference was developed across the strip perpendicular to 
both direction of current and the magnetic field. This effect is known as Hall effect. 

/20 

Constant Current 

Power Supply 

It was later shown that, semiconductors also exhibits Hall effect, and the direction 
of electric field developed because of induced potential depends on whether the 
current is due to electrons or holes. 

Sinhgad College of Engineering, Vadgon, tnet.o 

In order to understand Hall Effect consider a rectangular strip of n-type semi 
conductor material. Under the application of some potential difference, let current I 

HÕBFE. 
Sinhgad College of Engineering 
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flow through it along positive X-direction. Let the magnetic ficld B act along the 
positive Z-direction as shown in figure. 

Where, 

ZB 

The magnitude of force is given by, 

As the magnetic field is applied, the magnetic force acts along negative Y- direction. 
As the semiconductor is n-type, the charge carriers are electrons. 

v=drift velocity 

Y 

e=charge on electro 

DNIS 

F,=B.e.v 

ON3 

Thus due to this force the electrons are forced to move in negative Y-direction and 
soon obstructed by the walls of specimen and get accumulated there. Because of 
charge accumulation towards side 1, it becomes negatively charged w. r. t. side 2. The 
electric field is developed between side 1 and side 2 directed along negative Y 
direction. This electric field opposes further movement of electrons towards side 1. In 
equilibrium condition the force due to electric field is balanced to the force due to 
magnetic field and the current flows in the positive X-direction only. At this stage a 
steady potential difference is produced between side 1 and side 2 called as Hall 
Voltage', Vt. 

Engineering Physics 

d 

Let E be the electric field intensity due to Hall Voltage then, 

SinhgadCollege of Engineering, Vudgaon, Pune-41 
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From equations (1) and (2) we get, 
eE= Bev 

Therefore, 

But, 

Where, d= distance between sidel & side 2. 
From equations (3) and (4) we get.. 

We know that, 

Therefore, 

Therefore, Equation (5) becomes, 

d/A = 1/t 

d 

Where, n= carrier concentration 

A= cross sectional area of the strip 

Now, I/A = J= Current density 

clNNGA 

E=B.v 

COLLEGE 

(PUNE-41) 

E= 

V,=B. e.d 

ON3 

=B.v 

I=n.e.v.A 

.. Equation (7) can be written as, 

Therefore, 

B.I.d_ 1 B.I.d 
n.e. A 

n.e. A 

n.e 

1 B.I.d_ 1 
n.e A n. e 

Sinhgad College of Engineering, Vadgaon, Pune-41 

A 

B.J.d 

where, n.e = charge density or charge per unit volume. and A= cross sectional area of 
the material = d.t 

Engineering Physics 

3 

4 

5 

6 

7 
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Here, VH is positive at side 2 w. r. t. side 1 as we considered the conduction is due to 
electrons. (n-type semiconductor). If the side 2 is negative w. r. t. side 1 then the 
charge carriers are holes i.e. the semiconductor is p-type. 

.. Equation (9) becomes, 

Thus measurement of Hall Voltage helps us to identify whether the given 
semiconductor is p-type or n-type. 

Therefore, 

In equation (9) B, I, t, and VH Can be measured and then the charge density n.e can 
be determined and from that the carrier concentration (n) can be determined. 

Here, VH= E.d 

Therefore, 

In equation (9) the quantity 1 /n.e is the property of the material of the specimen 
and is called as Hall coefficient' RH' 

Also, J=I/A = I/d.t 

Therefore, d.t/I = 1/J 

n.e 

Thus, 

We know that, 

B.I 

PUNE-41) ENGI 

1 

Ry* 

Ry= 

RH 

n.e 

B.I 

t 

From equation (3) 
B. 

Engineering Physics 

E.d.t 
B.I 

9 

B.J 

SinpgaAEGAÈge of Engineering, Vadgaon, Pune-41 

Hall coefficient RH of a semiconductor material may be defined as electric 
field per unit surface curent density due to unit transverse magnetic field. 
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Thus Hall Effect can be used to, 

1. 

2. 

Procedure: 

3. 

4. 

Thus nneasurement of conductivity and Hall coefficicnt determines mobility of charge carriers. 

5. 

6. 

(a) 

7. 

(b) 

O=1.e.u 

(c) 

O= 

R| 

. as R,, = 

determination of type of semiconductor 
determination of carrier concentration. 
determination of mobility of charge carriers. 

Engineering Physics 

Connect the width-wire contacts of Hall probe to the terminals marked 
*voltage'. 

Without connecting the current terminals, the setup is switched on and zero 
adjustment is made. The unit is then switched off. 

13 

The length-wire contacts of Hall probe are connected to the current 
terminals of the setup. 

G 

14 

Now the Hall probe is placed in the air gap of the electromagnet. Power 

supply for the electromagnet is switched on and magnetic field is adjusted to 
the suitable value. Rotate the Hall probe till it is perpendicular to magnetic 
field. Hall voltage will be maximum for this position. 
The current through the semiconductor is adjusted to a suitable value. Hall 
voltage and polarity are noted down. 

Sinhgad College of Engineering, Vadgaon, Pune-41 

Measure the Hall voltage as a function of current keeping the magnetic field 
as constant. Take ten observations. 

Plot the graph of VH against I at constant magnetic field. Calculate slope of 
the graph. 

HOD F E 
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Obseryations: 
1. 

2. 

Observation Table: 

Obs. 
No. 

1. 

Magnetic field = B =.....!e....... k gauss = 

2. 

3. 

5. 

4 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

14. 

Thickness of semiconductor wafer = t = 

13. 

Resistivily=p= ..Q:... ohm.m. 

Current( I ) 
mA 

O.3 

.2 

1.8 

2.) 

2.t 

2-7 

3.0 

3-3 

3-6 

=5Xle.?m. 

Sinhgadl College of EngyN Vadgaon, Pune-41 

Engineering Physics 

mm. 

Voltage(V ) 
mV 

-|- 3 

-|. 8 

�2. 7 

-3.4 

4.2. 

-4.2 

HOD .E 
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Calculations: 

1. 

2. 

3. 

Results: 

1. 

2. 

3. 

4. 

Calculation of Hall coefficient: 

Ry==xslope of grapht 

n or p= 

Calculation of concentration of charge carriers: 

MR (6) 

1 

--- S57.5 X lo 

Marks ( out of 20) 

e.Ry 

MP (6) 

12. 

Calculation of mobility of charge carriers: 

The polarity of Hall voltage is 
semiconductor is of n type. 

22 

=GR, =R,= 75xIß3 

no, 1 

The value of Hall coefficient is 7-5 X lo 

MU (8) 

-75Xo - m/V. sec 

Total 

The concentration of majority carriers is found to be 8.34 XIo2°m. 
The mobility of charge carriers is found to be 7-SX lom/V.sec. 
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m²/C. 

-m'lC 

Therefore the given 
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MR-Marks for regularity, MP- Marks for Presentation, MU-Marks for understanding 
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