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Date of Performance:

Expt. e
pt. No. 1 Newton's Ring

_-l.un: To determine the radius ()_f' curvature of a Plano-convex lens using Newlton's
rings. -

Ap - - F » o LY . * = \ ]
i paratus: . I traveling microscope, Newton's rings apparatus, Sodium lamp,
Magnifving glass etc.

Ray Diagram:

| x1 - =2 |=diameter -
B Bi-convex lens
> AAAA AL /
L —% 7
L < / -
7 -
\ Sodium light

Air Film <4—— Plano-convex lens
N’/
<+—— Plane glass plate —

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

Least Count =

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

Theory:

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
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m the top and bottom surfaces of

s reflected back fro the 4
film between the lens ifltd plate. The two reflected rays arc coh‘crer:t- IT]TQ.TGFUW 1hc}r
produce interference. The locus of all points cole'esponds- "2 t.qu; .L"d‘mfh's of aj
film fall on a circle whose center is ‘c’. The intertc.rence f“rmgcs‘f? tai_ncd al‘C‘a SCrie.
of concentric rings, alternately bright and dark W’lfh their t(:t‘?:tt-l‘ C_- ﬂ‘lt’ISc rings e
called Newton’s rings. They are fringes of equal thickness. These rings are Obsery

only within small area around the point 0

the lens -plate system

f contact as the air film is very thin there,

ion of amplitude of the incident rav

The r ted re e obtained through divis :
e reflected rays ar in the thin film of air belongs (g

Therefore this kind of interference occurring :
class of ‘interference through division of amplitude’.

Theoretical diagram:

Rayl
é. Ray2

- _ - Plano-convex lens (L)
C < Plane glass plate (P)

Theory of Newton’s Rings:
In case of normal incidence the effective path difference. between the reflected rays
is,
2

=2pt+
A u 5
For air, p=1,
A =2t+ %—

Case [: At the point of contact C.t =0
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A =

N[>

This
Case II: At the points other than &

The film will appear bright if,

2t % %:”7\- Where, n=0,1,2,3......... elc.

or

2t=(2n—1 )% Where , n=1,2,3......... etc.

The film will appear dark if,

2t+ % =(2n+1 )% Where, n=1,2,3......... elc.
or

2t=n ki Where, n=0,1,2,3......... elc.

Diameter of Newton’s Rings:

is the condition of minimum intensity. Fence central spot is dark.

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

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 Engincering, Vadgaon, Pune-41
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A =24+ 2
-

From Fipure.

R =’ + (R -1y

ie =R —(R—1)’
ie FP=R*=R%% 2Rt —1’
le J'::Zlil—!"

But. t=<R hence we get,

h‘ngim-m-ing Pl
Fi¥Iey

pr =R
2t = % = i;; Where . D isthe diameter of Newlon "s Ring

But we have for Newton’s rings ,

- —-A 1e .T—"—f—L ,2\-
A ..t+2 ie. A R+2

For Dark Rings:

Condition to get dark ring is that the path difference,

L 4 &=(2n+ 1);—~ ic.

R 2
’%: i Where, n=0,1,2,3. ............. elc.

If *D, " is the diameter of nth dark Newton’s ring then,

-2

f—"feznx, or D=4 nR.
D, is the diameter of n™ dark ring,
Similarly diameter of (n + p)"dark ring is,

D2, =4(n+ p)RM

n+ p

s D, —D2=4pR )

n+ Iﬂ
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2

D — N2 2. a2
Soh=—e Tn L or R= Dy p= D,
4pR 4p A

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

Procedure:

| 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
convex surface touching the glass plate. Put this lens-plate arrangement
under the microscope.

\9]

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.

3. 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.

4. Newton’s rings consist of central dark spot surrounded by alternate bright

and dark concentric rings.

E.h

The least count of the microscope is determined and recorded.

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

e 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.

8. 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.

9. Reversing the motion of microscope, the vertical cross-wire is adjusted so
that it will be tangential to next ring(9"). reading of microscope is noted.

10. Above process is continued till first ring is reached. Reading of each ring is

noted down.

Sinhgad College of Engineering, Vadgaon, Pune-41 @/Qka” l 5
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S5 Ccs

Now the microscope is further moved in same direction till first 'INg on the

other side approaches. The vertical cross-wire is again adjusted so that j will
be tangential to first reading. Reading is noted down.

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.

ring and n is the number of a ring. It is a straight line.

11
12
13
rng .gives the diameter of that ring.
14
15, The slope of the graph is calculated.
Observations:
1.

—

Observation table:

Sr. Number of Dark
No. Ring (n)

1. 6

= S

3. Lo

4 3

5. 2

6. .1

7. j

Least Count of traveling microscope = ..... C?.‘.QQ-! seeeee. CML

Diameter

Difference between left and right-hand readings for a particular dark

A graph is plotted for D,? against n, where D, is a square of the diameter of 3

- Microscope reading |

| L.}E(_x.)_'_ Right (xj Dn=|x1_—x3| D,? in em® |

cm. cm. cm. |

@_.50__6___5.2_07_ | 0.285 | 6.09a)

_ (LehBgle215 | 0.293 | 6.080

444482 4,230 | ©- 262 | 00636 |

__!ﬁ-ﬂés’__if-?-f_ff_ 0727 | ©0.87

Lesisi6| L2068 | 097 | 0.0
Len20) .28 | o277 | 0.9.14)

| |
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Calculations:

})1_;4-.‘“_ 1),,_ 1‘-\.'—‘_1"

Slope = D O-O0L-c-0M_- O -0L :
(174 ,)_ i, eereEaRLs T R, (R cm = OLW—Z‘
i 12 X 5 Xy 5, 6 <2
R= Slope of graph(D; Vs n)
4
ez .
AL ==
(X589 3xi5 3
= 8468464 cm
Result: Radius of curvature of a given Plano-convex lens
is... .S S&6Ly . g cm
/“
Marks ( out of 20) Signature of teacher in-charge

MR (6) MP (6) MU (8) Total

& Ly B | D

MR-Marks for regularity. MP- Marks for Presentation. MU-Marks for understanding

At
232
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Expt. No. 2
I Solar cell

Adme 1o study the 1-17

characteristios of 1l 1 i1l /e .
: / 1w given solar cell to cale ’ s [ill fecten
and valiie of resistanc o lar cell to calculare the fill [

e Jor maximum value of workable power.

Appararus: Solar co oo ! ;
Pr olar cell, light source, veariable load, voltnieter, caonmeter efte,

Circuit Diagram:

3 MA -
Light
= = x
] —
3 : mV - ™ Rw.
_
- — -

Theory:

The direct conversion of solar energy by means of the photovoltaic effect, that is, the
conversion of light (or other eclectromagnetic radiation) into electricity. The
photovoltaic effect is defined as the generation ol an clectromotive force as a result
of the absorption ol ionizing radiation (later 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 ol such cells; designed to increase the
electric power output is called solar module or solar array.

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 electrons which provide the bonding in the
base crystal. Once these clectrons are created, there must be an electric ficld to
induce these higher encrgy clectrons to flow out of the semiconductor to do uselul

Sinhgad College of Engineering, Vadgaon, Pune-41 e
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work. The electric ficld in most solar cells is provided by a junction of materiy)

which have different electrical properties.
To obtain a useful power output from photon interaction in a semi-conductor three
processes are required.
i The photons have to be absorbed in the active part of the material and resy),
in clectrons being excited to a higher energy potential.

J

2 The eclectron hole charge carriers created by the absorption must .
physically separated and moved to the edge of the cell.

The charge carriers must be removed from the cell and delivered to a usefy)
load before they loose their extra potential. For completing the abov,

Lad

processes. a solar cell consists of:
(a) Semi-conductor in  which electron hole pairs are created b
absorption of incident solar radiation.
(b) Region containing a drift field for charge separation. and
(¢) Charge collecting front and back electrodes.

-—

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

e —// :

L P— DIFFUSED LAYER

In this junction after the photons are absorbed. the free clectrons of the n-side will
tend to flow to the p-side. and the holes of p-side will tend to flow to the n-region ©
compensate for their respective deficiencies. This diffusion will create an electric

Sinhgad € ‘nlh*;:ya,t—l."n::im'ering. Vadgaon, Pune-41 i
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field Er from the nerec: . s ey R
© n-region to the p-region. This field will increase until it reaches

i
equilibrium for Ve i . s . )
1 for Ve, the sum of the difTusion potentials for holes and c¢lectrons.

It clectrical contacts are made with the two semiconductor materials and the
comuc‘ts are connected through an external electrical conductor. the free electron will
.l]c-\\- “}"“ the n-type material through the conductor to the p-type material as shown
in the figure. Here the free clectrons will enter the holes and become bound electrons:
thus both free electrons and holes will be removed. The flow of electrons through the
"":xw"'ml conductor constitutes an electric current which will continue as long as more
free clectrons 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 it desired.

Procedure:
8 Connect the circuit, as shown in the circuit diagram and get it checked.
2, 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.

3. Calculate the values of power and resistance

4. Plot the graph of. T Vs V. Draw a smooth curve from the points plotted.
Extend the curve upto x and y axes as per the nature of the curve. We get the

points Isc and Voc.

5. 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.

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

7. Plot the graph of P Vs R and record the value of resistance for maximum

workable power.

r s - L)
Sinhgad College of Engineering, Vadgaon, Pune-41 13
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Graphs:
) Graph of' VsV

l | I o (Voo L)
I :
I \
Im-r---=mm===n==="""""" ™
(0’OJ ,Y.m Voc N —

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

&~
T -
P

A\ 4

R——-ﬁ-

R (at max workable Power)
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Observation Table:

Ous. | Voltage | Curvent | Currenc | Powery-vi | Resivance
KR A svatt (R)=L" Onm(2)

. | o | 250 | 025 | oo5 | o9
2 | o256 | 280 | oaB | s-06 o
| 2 O- 30 250 0-25 0-03 (. -

4. O0-35 245 ©-215 -0 Ry |

5 | o. 44 225 0-125 O -0 ['=2

6. O- 45 230 623 o-10 1

% 9 -50 L6 O- L O -l j B

8. o -5S 2 1lo .21 (o 28 I 2 o I

9. O-80 ‘?_Df_) O-2 s 8 B 2

10. 045 L4 o o-13 O-lz a

11. o-20 |75 | O-\T5 o~ J—r_

12. O-75 (76 | ©-I7 o-13 Ee ke

13. O-K0 L6 0 o-16 o-13 5

14. o@_& §57s) O:15 0.13 5.7

15. 5-G6 (35 | ©2-135 o1 5-7 B
| 16. 0-35___ |30 o-13 ot 2ol 8 . -

17, I 20 | o-1Z O-1 g.D

18. .05 Lo o- I ©- 9.5

19. L. Lo [ o105 O- o5

20. 15 -85 |o-0a5| o.lo 2]

21. L3557 2o 203 O 0K Sl
Sinhgad Le ‘Engineering, Vadgaon, Pune-41 %J 15
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Observations from graph:

1.  Open circuit voltage (V..) = ..... 1-55 . V.
2. Short circuit current (I.., = ....... 250 ... mA.
3.  Voltage corresponding to maximum power (V) = 022 V.
4 Current corresponding to maximum power (In) = ....... [70........ mA.
Calculations:
1' I.r
Fill Factor, FF=—=_= - 1.025X 170
I.xV, T1.85 X250
i FF =, 0dH8
Results:
1. Fill factor of the solar cell = . 2: 4413
2. Resistance at maximum workable power (from g = - LD .. Q.
Marks ( out of 20) Signature of teacher in-charge 1
i
MR (6) | MP(6) | MU (8) | Total L4 "
/'J/’é"l"// 1
6 6 % 2O 15ha- |
1

MR-Marks for regularity. MP- Marks for Presentation. MU-Marks for understanding |
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Expt. No. 3 Hall Effect

Aim: To study the Hall-effect in semiconductor to determine,
i) the type of semiconductor

ii) Hall coefficient of a semiconductor

iir)  charge concentration.

iv)  mobility of charge carriers.

APP‘”’”"{-"-’_ Hall-effect setup, Hall probe, electromagnet, constant current power
supply, digital gauss meter eic.

Diagram:

I-lE

(I %

Constant Current
Power Supply

ARANRAANANNAN

Aili-voltmeter

Theory:
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 eftect.

1t 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.

In order to understand Hall Effect consider a rectangular strip of n-type semi-
conductor material. Under the application of some potential difterence, let current 1

Sinhgad College of Engineering, Vadgaon, Pune 21
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flow through it along positive X-direction. I.et the magnetic ficld B act along the
positive Z-direction as shown in {igure.

Y1-

=N

=

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.

The magnitude of force is given by,

FF\=B.ev

Where, v=drift velocity
e=charge onelectron

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’, V.

[.et EE be the electric field intensity due to Hall Voltage then,

F,=eFE

[S9]

Sinhgu
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From equations (1) and (2) we get
¢k = Bev

Therefore,

E=85 v 3
But,
v
=1 4
d

Where. d = distance between sidel & side 2.

From equations (3) and (4) we get.

.:T_:B .V o1
5
V.Fr: B. e d
We know that,
I=n.e.v. A4
I 6
Therefore, v—=——"——
n.e. A
Therefore, Equation (5) becomes,
B.I.d 1 B./.d
.= —
H hn.e.A n.e A 4
Where. n= carrier concentration
A= cross sectional area of the strip
Now, I/A = J = Current density
Therefore,
I 1 B.7.4_ 1 B.J.d 8

" n.e A n.e
where, n.e = charge density or charge per unit volume. and A = cross sectional area of

the material = d.t
Ld/IA= 1/t

.". Equation (7) can be written as,

™
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1 B.17 o
n.e

Here. V), is positive at side 2 w. r. t. side 1 as we considered the conduction is due to
t. side 1 then the

V=

electrons. (n-type semiconductor). If the side 2 is negative w. r.
charge carriers are holes i.e. the semiconductor is p-type.

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

In equation (9) B, 1. t. and V,; can be measured and then the charge density n.e can
be determined and firom that the carrier concentration (n) can be determined.

In equation (9) the quantity 1/n.e is the property of the material of the specimen
and is called as “Hall coefficient’® ‘R,

R =—i 10
n.e
.". Equation (9) becomes,
B.17
Viu=Ry P
Therefore,
V...t
Ry="5 7 M
Here, Vi, =E.d From equation (3)
Therefore,
E.d.r
RH'_ B.]
Also, J=1/A = 1/d.t
Therefore, d.t/1=1/]
E
R, =— 2
H="F J 12

Thus. Hall coefficient RH of a semiconductor material may be defined as electric
field per unit surface current density due to unit transverse magnetic field.

We know that,

H
aﬂhgad COH:O") o
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OC=n.e.u Las R, = : .

1
O=—
R”“ e

Thus measurement of cone PR . .
of conductivity and Hall coefficient determines mobility of charge

carriers.

Thus Hall Effect can be used to.,

(a) determination of type of semiconductor
(b) determination of carrier concentration.

(¢) determination of mobility of charge carriers.

Procedure:

1. Connect the width-wire contacts of Hall probe to the terminals marked
‘voltage’.

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

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

4. 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.

3 The current through the semiconductor is adjusted to a suitable value. Hall
voltage and polarity are noted down.

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

7. Plot the graph of Vy; against I at constant magnetic field. Calculate slope of
the graph.
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Observations:

1.

Resistivity=p =

Thickness of semiconductor wafer = t

Observation Table:

Magnetic field = B =

I

< "'.! ..... ohm.m.

..... k gauss = 120X 02X 15°Wb/m?
= 1 wb/mn?*

?ql;s Currmegt( 1) Volt:‘g‘?(v )
L 0—3 B —o-4
2 v — - 8 B
_3. -3 vee: e 53
—4. -2 —(. 8
5. |« 5 i el
7 6. 1-8 — .4
_7- 2. .1 O
8. 2 .1q =5 i -
o _ 27 —Hl-X
| 10 3.0 = dy= 5
11 3-9 — K0
12. B-& - —Ly.2
13. \
14. wt
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Calculations:

1 Calculation of Hall coefticient:

7 o
RH:-—“—(-———-I It ):‘_’_

5\ 77 5 X slope of graphno. 1
3 =3
X0 . xX.1:5 . 2.6 Xleo™= m 1C
/
2. Calculation of concentration of charge carriers:
2 10
noor p= ! = s L‘-’_—?_% _____ = _2‘_3_)_‘(,)5,1_?__[;;13
e. R, 2.
3. Calculation of mobility of charge carriers:
e p 1 78 15>
FL_URH—HRH: o
z
—Z—"—E‘?—ES—{—Q— 2|V . sec
Results:
1. The polarity of Hall voltage is =N . Therefore the given
semiconductor is of |9 type.
=3
2. The value of Hall coefficientis 7-S X (O mC.

The concentration of majority carriers is found to be 8.2 X |6%°/ m>.

—7 .
4.  The mobility of charge carriers is found to be 7-5 X [0 m?/V.sec.

Marks ( out of 20) Signature of teacher in-charge
MR (6) | MP (6) | MU (8) | Total \Afjbw
- & % 2 0 y W=
MR-Marks for regularity, MP- Marks for Presentation, MU-Marks for understanding
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Expt. No. 4 Malus Law

Aim: To \.(,;.J_'/_'is cosine Square lenw Qf:\ff(lh{.&‘ﬁ)r ;Jf(l”f." pr):’{H'fo-"d h‘g!;ﬂ
Apparatus: lamp, two Polaroid. Photo Gall miero-aniieler

Experimental Arrangement:

/Photo cell

Theory:

“Malus law states that, intensity of the polarized light transmitted through the
analyzer varies as a square of cosine of angle between plane of transmission of
polarizer and analyzer”.

As Shown in the figure below the intensity of light transmitted by the analyzer is
maximum when the angle between the plane of transmission of polarizer and
analyzer is equal to zero (parallel arrangement) and it is minimum i.e. zero when that
angle is equal to 90° (perpendicular arrangement).

Parallel arrangement of polarizer and analyzer: 6 = 0°

Un-polarized light Polarized light same polarized light

Perpendicular arrangement of polarizer and analyzer: 6 = 90°

Sinhgad College of Engineering, Vadgaon, Pune-41 Wé&)
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light no light

Thus if, = intensity of light transmitted by analyzer.
I, = intensity of light transmitted by polarizer.

0 = angle between planes of polarizer and analyzer.
Then according to Malus law,
Z
Iacos™0

ie. I=1,cos’0
The proof of this law is based on the fact that polarized vibrations may be resolved

into two rectangular components,
1. Parallel to the plane of transmission of analyzer.

Perpendicular to the plane of transmission of analyzer as shown in figure.

\‘/ 4———— Plane of polanzer
' Em

L

2.

\ Ersing

8 7

E_cos® \\4— Plamne of amalyzer

Let E,, = Amplitude of plane polarized light transmitted by the polarizer then it can

be resolved into two components,

1. Em.cosO. 2. Em.sin®.
Only parallel component, E,..cos0 will be transmitted through the analyzer

Hence, intensity of light transmitted by the analyzer is,

H - E

Sinhgad College 3* =nginean
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——

1=(E,cos0) = I} cos ()

e 1=1,cos’0

Where. I, = (E,)? i . . -~ <
(Em)”is the Intensity of light transmitted through polarizer.
Procedure:

L. Adj s . .
just all the apparatus as shown in the experimental arrangement and keep

the source . ) . ;
ree, polarizer, analyzer and window of photo-cell at same height .

2. 5\\;11(2.11 ON the source and the power supply of the photo-cell. Adjust the
po m. 1zer and analyzer parallel to each other so that the micro-ammeter shows
maximum reading. This means that the angle between plane of polarizer and
analyzer is equal to zero.

3. Rotate the polarizer or analyzer in the steps of 10 degrees and record the
corresponding value of current in the micro-ammeter.

4.

Ca]fulate the values of cos 0, cos®0 and 1/ cos?0. Plot the graph of I against
cos 0.

Observation Table:

{ Sr. Angle through Current cos 0 cos’0 £
No. which analyzer is I (nA) cos’ 0
rotated 0 (deg)
. o° loo [ . _1loo
2, (07 38 0-89 0-860k | 02
3 LoP 37 0-3 | ©0-3236 oL
4 30° 8é& ©-37 | 6-7569 | W3
5 Leo® 7% o-77 0.5429 (3]
6. S’ 86 - 6L | o0 ko3¢ (81
7 £ 0° 52 o0-5S s« 25 208
| .| To° | 33 | o3k lp.lBE | 837
. 20° Sl L o. 17 D= O28A| 1672
Sinhgay College of Engincering, Vadgaon, Pyne-41 | N . 89
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Reswlt:  The goaph of T w cos™®@ is a
SHzralgb+ lime.  gwéph  which veriFies
laww o©F maltg,sf (x « Cos2m).

>
.

-
Marks ( out of 20) Signature of teacher in-charge
MR (6) | MP(6) | MU (8) | Total qu{.gj
G G 3 Do A
MR-Marks for regularity, MP- Marks for Presentation, MU-Marks for understanding
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xpt. S
B N He-Ne Laser

Aim: To determi LT ; ;
4 ¢ ine the width of a siit by using the diffraction pattern of He-Ne Laser.
Apparatus: He-Ne Laser. Thin wire, Screen, Scale etc.

Diagram:

Diffraction pattern on the Screen

Theory:
For a single slit diffraction pattern the condition for minimum is,
asin@=mA
Where, a= slit width

0= angle of diffraction

2= Wavelength of laser

m=Order of diffraction

For very small 0, sin@ =0 asinB=mA\

x . X
Jooa=—=mh

From right angle triangle ABC , 6= 7

»ge of Engineering, Vadgaon, Pune-41 QQLQ : 37
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77 . . —_— s
This is the formula to determine the value of slit width.

IASER:

L ASER srands for “Light Amplification by Stimulated Emission of Radiation’. Laser

s a quanium elecrrornic device which produces very intense, unicdirectional,
monochromatic and coherent beam of light. Laser beam of visible light is highly
arallel. For this reasorn. it can travel nn:n;;y miles without appreciable divergence.

F

ILaser action:
When an atom absorbs cnergy it goes to higher energy states and it emits light during

g —m— ™ - —
Pheten l
—_—
Ex -—.—-'
durs transition after transition

before transition uring i
Eig. (a)

its transition from this excited higher energy state to the lower energy state.

Consider two energy levels E; and E; ground and excited states respectively in an
atom as shown in figure (a). If the atom is in lower state E, and when a photon of
energyv (F.-F,) strikes the atom., it goes in the excited state E> by absorbing the energy
of photon. The atom can stay in the ground state for unlimited time. On the other
hand atom can remain in a excited state for limited time, known as 'Life Time'. Life
time of excited H- atom is of the order of 10 seconds. However some of the excited
states have longer life time of the order of 107 seconds. These states are called as
“Meta-stable States™ . These states play very important role in Laser operation.

Now in figure (b) the atom is in excited state E2 and there is no radiation
nearby. After the life time of this state if the transition of an atom is allowed on its
own accord spontancously from level Es to level E;. It emits a photon of trequency
I---F-,/h. This is called as ‘Spontaneous Emission’. Spontaneous emission depends on
the type of the atom and type of transition but is independent of outside
circumstances. It is random in character. The radiation is random mixture of quanta
having various wavelengths. The waves coincide nether neither in wavelength nor in

phasc. Thus radiation is in-coherent and has broad spectrum.,
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_“-_h__-_'_‘_‘————-__
-___‘_-____‘_-'__“"-—-—-__
.___‘_-'_——-
~———— Photon
—e—
Photan _—
—> Two
e Photons
—_—,
In excited State it s
un e -

possibility as shown in figure

This means that under the effect of another

: €Xternal photon an atom can pass from an
tate emitting photon

not only Spontaneously but also forced to

ent photon causes two photons
) ~ by ‘stimulated emission’. Both the
avel in the same direction have the same frequency and phase i.e. they are
coherent. The emission of two photons with an input of only one photon implies
amplification.

to be emitted, one by
photons tr

The occurrence of Spontaneous emission is directly proportional to the number of

atoms in the specified energy level, whereas in stimulated emission the rate of

occurrence is proportional not only to the number of atoms in the excited state but
also number of incident photons.

Population Imversion:

The process of getting large number of atoms in excited state than lower level is
called as ‘population inversion”. If large number of atoms can be excited to upper
energy levels then the probability of stimulated emission i.e. light amplification
increases. The system in which population of higher energy state is more than
population of lower energy state is called as ‘Negative Temperature State’. Negative
lemperature state is not a physical quantity; it just indicates that the system is non-

equilibrium.

When the atomic system interacts with photon it undergoes with the process of
stimulated absorption, spontaneous emission as well as stimulated emission.
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e —

ower eTerE) state E:-

1. N. = Number of atoms in i
y state Fo.

N. — Number of atoms in highet encrge

atom. photons get absorbeg

Normaih. N = N:
ess of stimulated absorption

If the photons of energy hv =
and some of the atoms gc¢l excite

depopulates level E,

cident on the

E.— E,arein
~ This proc

d to state E

curs is expressed as.

The rate a1 which process oc
(h

Ri::pﬂ-\’-'

of stimulated absorption.

Where P, = probability
ed emission depopulates €

nergy level E: resulting in the

Similarly. the stimulat
cmission of photons.
The rate at which process oCcurs is.

R..=p. N, (2)

“

Where P, -~ probability of stimulated emission.

A1l equilibrium. P. Pe.

Then comparing Two rates in equation (1) and (2). it is observed that more energy is
absorbed than emitted.
i.C. ])_..N* - I'..h._‘ N1 - I\"_‘
emission it is essential to have N- N,. This is called as
[he system in which population

he method of rising atoms from low

To producc more
‘Population Inversion’. inversion is achieved is

called as active system.
lled as ‘Optical Pumping’.

er energy level to

higher energy ey ¢l is ca

Three level pumping system:
To achieve steady state population inversion a three level system is used as shown in

figure below.
I'he three level systems consist of energy levels Ey, E» and E.. Let Ny, N and Ns be
levels respectively. In cquihibrinm. N N.The

the population densities of these

_"__-—__‘__‘_-__________.__—-—_________._. e N i =S et e ——————
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pump lifts atoms from level E; to level E; from which they decay rapidly to level E-
through some non-radiation process. If this non-radiation process is very fast between
the levels Esand E.. the electrons from level E; get transferred to level Ez rather than

return to level E,.

E3 & Na
\ &
l‘tlmping )
hv
—_—
Ey N; i

Level E; is a meta-stable state with a longer life time. As a result the rate at which the
atoms are pumped to level E; exceeds. The situation is raised where the number of
atoms reaching and remaining in level E, exceeds than the number of atoms in level
E,. Thus population inversion is achieved. When electrons make transition from E; to
E, radiations of frequency (E»-E,)/h are given out.

Procedure:

1.  Fix the wire, whose diameter is to be determined in the path of a laser beam
and obtain the diffraction pattern on the screen in front of the laser gun.

2. Measure the distance f between the source (laser gun) and the screen.

3. Measure the distance of secondary maximum of different orders from the
center on either side. Find the mean distance for each order.

4. Find the value of (%m - %»') by using half table method and then find mean
value of (%n = %) -

Observations: _g
1. Wavelength of He-Ne Laser = A = B325 Xle.”. cm.

2. Distance between the source and t}y"cﬁ =f=..l100-6.. 3

'+ -8inhgad College of Engineering
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Observation Tuble:-
— S B 1 . Bl T . . [ B
Obs. | Order | Distance of order from | Mean | Hm xm' (em.) | Mean
No. m ' center %, (cm.) i distance | By halftable | %n - %0
= = - Lm (€M) method : (cm.)
T . Right Left !
1 — __l — — = ;_ S— — _ - e —_— - = - E———— == —_—— = __ i
1+ | e-s& | 6.5 0-55 2-4 el
2?2 |tz | o2 -2 | 2-5 e
3 3 | = 2 Z 2 75
SUEN SR ' . I
L | 2% | 9.8 | L& 255 -85 |
| s | 2 | 3.2]| 36 3.1
i | | ' ] ) N o
6. | & | e o Ly 3.85
. | 7 | uws |45 | a5 .
g | ¢ | 5.2 5.5 +5.45
.' Mean
Calcularions: €232 B8 10" ¥ %1006
a=7r f[MJ= ‘ﬁ[__ﬁ_ ...... = 9'1:3)( I(:;_‘Sc.‘rrl
* =] 2-714
Result: - o
The width of a given slit is = 5 Q'e’xieff'fm = .. 9% 23}(’0 mim .
Marks ( out of 20) Signature of teacher in-charge
MR (6) MP (6) MU (8) Total ﬁy&\
I ..---_-__________.-—"
G & 3 | 9 CRE

MR-Marks for regularity, MP- Marks for Presentation, MU-Marks for understanding
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Expt. No. 6 Diffraction Grating

Aim: To determine wavelength of light using diffraction grating.

,1ppa{'ar.ns: Specn-omc?!e:; Source of light (mercury lamp), diffraction grating,
magnifving glass, reading lamp etc.

Ray Diagram:

S —Source of light.

Collimator

30

V = Violet

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

Least Count=

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

Theory:

The aim of the experiment is one of the basic tasks in spectroscopy i.e. determination
of wavelength of spectral lines. The distribution of dispersed radiated energy
arranged  periodically according to certain parameters like energy, frequency,

Sinhgad College of Engineering, Vadgaon, Pune-41,. \D 43.
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o " smi adiatic
Wavelength etc is called the spectrum. The source can be made to emit the r tion
N Suitabily €Xciting it by direct or by electrical heating. The excite

absorbed €nergy while retuming to the ground state. This radiated energy caf1 be
able device like a

d atoms remit the

tomvertied into a spectrum using the spectrometer, mounted with suit
Prism or a diffraction grating. The spectrometer is an instrument uscd to‘produc:c.
observe and analyze the spectrum of given source. It consists of a collimator. a
TPeciroscopic device and a telescope.

The bending of light round the corers of an obstacle of dimension comparable to
s wavclength is called diffraction. When waves encounter obstacle or small
4apcrmures whose dimensions are Cnmparab]c with \v;’lvc]englh. they bend round the
edges of comers of the obstacle or apertures. Such bending of waves around the

obstacle is known as Ditffraction.

Light wravels in the form of waves: it also exhibits phenomena of diffraction.
Diffraction is noticeable only when width of obstacle or aperture is comparable with
wavelength of light. Since the wavelength of light is small. the diffraction effects
usually go unnoticed: with special effect they become detectable.

The phenomenon of diffraction was successfully explained by Fresnel. Fresnel
using Huygen’'s principle of secondary wavelets and principle of interference
explained diffraction pattern produced by light. The diffraction effect is observed in
the form of a pattern consisting of central bright ap

A diffraction grating consists of a large number of exactly parallel and equidistant
shits. It is prepared by ruling equidistance lines on the glass with the help of diamond
point. The line drawn acts as opaque space and between the two lines a slit are
formed. The graung diffract the light wave of various wavelengths emitted by the
source through different angles, thereby making it possible to determine the
wavelengths. Grating is often used to measure wavelengths and to study the intensity
of spectral ines. By letting white light fall on a grating, we obtain its spectrum. The
central maximum in the pattern is white. The maximum on both sides of white line
arc arranged in order of increasing wavelength, The distance between the colored
lines in the same spectrum is proportional to the difference in their wavelength,

Using mathematical analysis it can be shown that the principal maxima of order

‘n’ for a given grating lies at an angle 07 which satislies the following condition.

(a+ h)sinO= i

Sinhgad College of Engineering, Vadgaon, Punc-41 Q Qko 1 I 14
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N
wute light. It contains vapors

eplying high voltage. The mer,

Where. lat b ‘g?'u‘!rn}:
Slit width

id

h=distance benweennyo ol
- order of the spectrum

n

.o source used in this eXperime

G Ingineering Physics
“{(‘"?['"r

f;'m':‘m slits

NLIS a mercury vapor lamp, which is a source ol
ol mercury in which electric discharge is produced by

Cury spectrum consists of a few lines in the ultraviolet

Legion and four lines in the visible region

’t“u‘g'(hlr{’:

1.

-

¥

Adjus 2 SC ol =
Adjust the telescope and collimator for parallel rays by Schuster’s method.

Mount the diffraction grating on the

) prism table such that its plane is
perpendicular to the prism table.

Arrange the face of the grating so that it lies normal to the collimator.

4. Focus the vertical cross-wire of the eye-piece such that it passes through the
center of red line of the first order spectrum on the left hand side. This
focusing must be perfect for the accurate results.

5. Clamp the telescope and note its angular position using the angular scale
through the observation window. This reading is left 0, for red color. Use a
reading lamp and magnifying glass to note the reading.

6.  Similarly, take readings of 0, for the other lines of the left spectrum in a
sequence e.g. as, yellow, green.indigo and then violet.

7. Then turn the telescope to the right side spectrum and take the readings of 0.
for the first order spectrum in a sequence opposite to the left spectrum. (First
we are taking all left side readings a then all right side readings without
moving the telescope in a zigzag manner because zigzag movement may
introduce a parallax in the readings.)

8. Calculate 20.0, sinq and therefore A for each color by using the given
formula.
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Observations:
2.54 _ 2.54
1. Grating element=(a+b)= Number of stits/inch iIS5000
= 1‘6)'("7 ..... ecm= 1:6XI(S x 10" 4
= -CL—E—?: degree / minute.
2. Least count of spectrometer S v eg
Observation table: = .__-—%c’ = 1 = o-5 1&2°
o G :
= = %7
— _ | > . o
Color Angular positions J 20 = '. _20 ' )
o [ B ~ 2 | sin® 4=s=(a}b)sing
Spectral | Left®, | Left®: | ©:] | (deg) tA)
line (deg) (deg) | (deg) ! ,

Red |1L72.469181-51%| 36-85 fl?-h%i0-3f€'!5c57ﬁ &
Yellow [1L4€.685/183-55) 3L-%€5 ;l'?-u3’2-5 1_0-7-954Lf 79 3 - 6'___

Green 150.0671%’7_-90’2-3'2.-%3.‘_'7!15-)4|75 b-"—Sh% 145’2.1._6

-.‘-"'._'_'_'_'_

Violet [184.107 [\ 77.61Y 2.3_-,.501//;!!-7.505 62657 3259, )
Results:
I Wavelength of Red Color o LN AT oY . SERE— A
2. Wavelength of Yellow Color = '147.93 =6 A
3. Wavelength of Green Color =A51!5 ............. A
4.  Wavelength of Violet Colo:/.’f:’. R25g . ... A
Marks ( out of 20) Signature of teacher in-charge _ll
MR (6) MP (6) MU (8) Total 6:;}61)__ \
_ = T
& S D 19 > et
MR-Marks for regularity. MP- Marks for Presentation. MU-Marks for understanding
_ e
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Expt. No. 7 Band Gap E

Aim: To determine the Forbidde

nergy

n Energy Gap of a given semiconductor.

Apparatus: P-N junction diode. sand or oil bath, thermometer (100 "C), micro-

ammeter (50 uAd), D.C. Power supply, heater, etc.

3

slope of graph log,, 7, Vs :

Formula: E,= T
5.40

Diagram:

4——— Beaker

< Waterx

= & - Test Tube
ot 0Oil

e e Diode

Theory:

Thermometer

Solids are classified according to energy bands distribution. The band, which is
occupied by valance electrons and has highest occupied band energy at absolute zero

temperature is called valance band.

The lowest unfilled energy band at absolute zero temperature is called conduction

band. Valance band and conduction band are separated by a gap known as forbidden

energy gap (Eg). The electrons in valance band can be transferred to conduction band

by providing them the energy equal to Eg. On the basis of forbidden energy gap,

solids are classified into three groups, namely Conduclors,

Insulators.

Eg = 0 eV in conductors,

Semiconductors,

Sinhgad College of Engineering, Vadgaon, Pune-41
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0 < Eg <4 eV in semiconductors

Eg > SeV in insulators
Germanium (Eg = 0.72 ¢V) and silicon (Fg 1.1 eV) are two good exal:nples of
semiconductors. In a semiconductor at absolute Zero, the conduction band is empty
and the valence band is filled. As temperature increases, the valence band electrong

gain energy. and cross over the forbidden gap to move into the conduction band.

Conduction band

T T T

onnqnct_im: band

tE'.. =1.1eV

[

Valance band Valance band

Conductors Semiconductors Insulators

As the number of electrons available for conduction increases with temperature, the
resistivity of the semiconductor decreases and reverse saturation current increases. At

temperature T > 0 K. we have,

e | E -
I =Ax 732 exp (k_%J Where. I.= reverse saturation current, kg = Boltzmann’s
B
Constant, A= constant. T = Temperature in Kelvin, E, band gap energy of
semiconductor.

For a small range of temperatures, the relation is expressed as,

5.40 x 10° x E_
log,,/ ., =constant — T

log,,/,=constant —(5.40 x E ) x y=c—m~x with

W

log,,/ .=y c=constant ; m=slope =— (540 x £,) & x= %—
. __slope of' line
Therefore, L, ,= 5.40
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Procedure:

1. Measure voltage of given cell or battery.

2t Connect the diode in the reverse bias using given battery, connect the micro
ammeter in this circuit to measure reverse bias current,

3.  Deep the diode and thermometer in oil bath.

4. Start heating the oil bath by using heater or burner.

3. Apply 5 V constant voltage across the diode.

6. Note down the reverse saturation current at 30 °C and then increase the
temperature with step size of 5 °C each, up to 65 °C and note down the
corresponding current.

7. Plot the graph of 17, Vs 10*/7 . The nature of graph is straight line. Find
the slope of the graph .

8. Substitute slope of graph in the given formula to find E, in eV.

Observation Table:

D.C. Voltage (V) = ....... =2 .......... VoIt
Obs. | Temp. | L(pA) | T=(T+273) - _, a1
No. | (T)°C K =

Ll 30 L 3013 3.3 O-60
% 35 "_5—_ . 30{2 R 3-2 L4 HTT
3. 40 A I3 3.1 & . TY
4. 45 < 1Y .14 o-A0
5. 50 2 323 3 .08 .68
6. s | 1g 3L 3-DJp .20
7. 60 248 833 1 300 .38
.| 65 36| _358 .95 | 1588
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Calculations:
We have,
10’
slope of graph log,, 7, Vs P i 3'3 3 ........ :O 672 o
E,= 5.40 - a4
Resulr:
‘ _ O-82. 7
The energy gap of given semiconductor diode is ...t 2

Marks ( out of 20) Signature of teacher in-charge

MR (6) | MP(6) | MU (8) | Total An
| | 24| 2-
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MR-Marks for regularity, MP- Marks for Presentation, MU-Marks for understanding
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Expt. No. 8 5
Ultrasonic Interferometer

Aim: To determine veloej

Mo O of ultrasoni ; ; o { hence
compressibility of liquid by : sonic waves in a given liquid anc

using ultrasonic interferometer:

Apparatus: Ultrasonic

generator: nierferometer. liquid (distilled water), high frequency

Diagram:
T * — Micrometer Screw Gauge
§
S
Curded ofthe cell
Double wall —
— Reflector
Queastz o Li
Crystal arree <+———— Air drculation to kesp temperature constant
2 I [E=fe—2R_F. Input
Screw
—— 3 —™
Posiion of Reflector n
Theory:

The sound waves having frequency above audible range i.e. above 20000 Hz are
called ultrasonic waves’. An ultrasonic interferometer offers a direct method to
determine the speed of ultrasonic waves in liquids. The measurement is based on

o
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Engineering Physics

. S ) . ; Rt
accurate determination of the wavelength of wave in the given medium. Ultrasonic
wWaves of known frequency are produced by piezoelectric method.

Piezoelectric effect: In 1880. Curie brothers discovered that certain asymmetric

crystals exhibits piezoelectric effect. In this effect. if one pair of opposite faces of a
crystal is subjected to pressure then equal and opposite charges are developed on the

other pair of opposite faces of the crystal. The converse of this effect is also true.
According to this. if a potential difference is applied across two opposite pair of faces
of a crystal. a change in dimensions of the crystal are observed in a direction

perpendicular to these faces.

Pressure Tension
PR EEE P00 eseseoemesass

---------- ++++++
The polarity of charges get reversed when the faces are subjected to tension instead
of pressure. If an alternating voltage is applied across a crystal it will alternately
contract and expand and starts vibrating. If the frequency of applied AC voltage is
adjusted cqual to the natural frequency of vibration of a quartz crystal then resonance
occurs and the cryvstal vibrates with maximum amplitude.

The frequency of vibration is given by,

1y
n=—~\og

VP

tJ

Where. | = length of a crystal | Y = Young' s modulus of” a crystal , p = density of a crystal.

In this experiment the quartz crystal is fixed at the bottom of the measuring cell,
which is connected to the high frequency voltage generator. The ultrasonic waves
produced from the quartz crystal are passed through liquid column in upward
direction. The other end of the liquid column is closed by a reflector. The reflector
can be moved in upward and downward direction by means of micrometer screw
pauge attached to it The displacement ol the reflector can be measured on it It the
length of a liguid column is exactly whole multiple of the wavelength, standing
waves are formed in the medium. This created an electrical reaction in the generator.
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Engineering Physics

which drives the quartz crystal. As a result, the anode current of the generator
bccomc.m.a.\:inunn. The anode current becomes maximum if the length of liquid
column is increased or decreased by A/2 or a multiple of it. The velocity of ultrasonic
waves can be calculated by calculating the value of wavelength.

Procedure:

1

Insert the cell in the square base socket and clamp it with the help of the
screw provided.

[ RO

Unscre\\t the cured cap of the cell and lift it away from the double wall. Pour
the liquid in the cavity. Fix the curled cap such that the scale on the
micrometer screw gauge is in front of the observer.

Connect the high frequency generator to the measuring cell using the cable
provided.

For the initial adjustments two knobs are provided on the high frequency
generator, one marked as ‘Adj’ and the other marked ‘Gain’.

Switch ON the high frequency generator and wait for five minutes to warm it

up. Initially, the needle of the ammeter goes to maximum, indicating that the
ultrasonic waves are produced.

Adjust the needle to the neutral position, at 50 A, using adj knob. Keep the
sensitivity, using Gain knob, such that the needle goes to 60 A.

Keep the micrometer on exactly 10 mm.

Now move the micrometer slowly in anticlockwise direction so that the
reflector moves in upward direction and simultaneously carefully observe the
ammeter scale. Whenever the condition d=nl/2 is satisfied, the current will
be at its peak value and the ammeter show maximum deflection of the
needle. Stop moving the reflector at this stage and note the reading on the
micrometer screw gauge as d,. (First reading).

Continue rotating micrometer screw gauge. Every time the instrument
satisfies the above condition, the ammeter needle shows maximum
deflection. Continue rotating the screw and simultaneously count the chosen
‘n’ number of deflections. (e.g. 5 deflections = 5 resonance). Stop

immediately after the ‘n’ number of deflections. Note down the micrometer
screw gauge as ds.

10. Calculate the speed of ultrasonic wave using the given formula.

11. Repeat the procedure for next ‘n’ number of deflections (resonance). The d,
reading of the previous reading is d1 for the next and so on.

2. Take 10 readings and calculate speed of ultrasonic wave for each reading
Finally find out the mean value of the speed and write down as a result.
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Engineering Physics

Observations:

1. Liquid used = Distilled water

1J

Frequency of applied voltage = 2 x 10° Hz.
Least count of micrometer screw gauge = 0.01 mm.

3
4. Density of liquid = p = 996.45 kg/m".

Observation Table:

i Siis. der:’llz;::?ign Micrometer S'crew - 24 ——
| no. s gauge reading | di—d: | d (m) A n m/sec
| ® e [amm|
! 5 o |26 | 2.5 p15x8% 0-86X157 1720
2 10 2.5 | Leo3| L.BY ligex15%p.28XI6 2| 760
3. 15 L.03 | 58| 1,87 lhewsSeesx 167 5po
4. 20 5.4 | 7ua4 |LEH (BuX16]p .18k >(152f_ 308
5. 25 Z.214| &2l 1.9 |1.gexBip.15X167| 300
6. 30 A.232 | .14 187 |1-g2x163p 12X 101 2H0
¥ 35 —
8. 40 e |
9. 45 ' 1
10 50
Mean Speed (v)
Calculation:

The compressibility of the given liquid is givenby ,

1 {

P= pv: 1006 X(E38)%
_ M E X2 ms
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R e

Resulis:

1. The speed

£38 x10>

ol ultrasonic

2. The compressibility of the given liquid is = 2.4 X [O

mm/s =

waves in  the  given liquid  1s.

£3% m/s

2 nms

—— Kg

Signature of teacher in-charge
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Department of Electronics & Telecommunication Engincering

Vision

Department of Electronics & Telecommunication Engineering shall continue
to innovate and practice the processes to propel development in engineering
education, keeping excellence in focus and render services to match the
needs of technical education system, industry and society.

Mission

To create an ambience and provide broad based education where students are
urged to develop new ideas and professional skills in equilibrium with the
needs of the nation.

PROGRAM EDUCATION OBJECTIVES (PEOs)

1. To sustain holistic development of students to pursue higher studies,
successful entrepreneurship or cater needs of Indian and multinational
industries, by providing excellent academic environment.

I. To develop students with solid foundation in mathematical,

scientific and engineering fundamentals to solve engineering

problems.

1. To nurture students with comprehensive knowledge and skills, to design
& develop electronic systems for real life problems.

1v. To inculcate in students effective communication skills, teamwork skills,
professional — ethical attitudes and cultivating ability in engineering
issues through multidisciplinary domain to broader social context.
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Department of Electronics & Telecommunication Engineering

Clnss =1L.E. (E & 'TC)
Subject: VLS| Design &Technology

Practicals; 2Hrs/Week Practical: 50 Marks

List of Experiments

- o —
Sr.
| No.

Title of Experiment
Part A: To write VIIDL vodle, simulate with test beneh, synthesis. implement on PLD
(Any 5 to be performed)

01 | 4-bit ALU for Add, Subtract. AND, NAND, OR, XOR & XNOR.

02 | Universal shift register with made selection input for SISO. SIPO. PISO. & PIFO.

——r - - —— i ——

(‘ . 03 4 MOD N Counter

01 1 Keypad interface
05 J FIFO memory

06t LCD Interface

Tart B: To prepare CMOS lavout in selected technology. simulate with & without Capacitive load.
comment on rise & full times, (Any 3 1o be performed)

" 01 |Inverter, NAND, NOR pales
02 | Hall Adder & Full Adder

3 2:1 Mux using logic gates & lransimission gales

I Virtual Lab:
@ 1. hittpss/ivisi-fitgvlabs.acin (Digital YLSI Design Lab.)
l 2. htips:/feseld-iith.vlabs.ac.in/ (VLSI Lab.)

. Dr.N.R.Dhumalw Dr. II % Bangare
Prof.).A.Desai (Laly In-chinrge) 1IOD(E&TC)

Prof.G.A.Thakur @ HOD
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S.C.0.I. Department of E&TC Engineering (2022-23)
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VLSI Design & Technology

(?
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VLSI Design & Technology

EXPERIMENT NO.-1

Aim: To study VLSI Design Flow using an EDA Tool

Theory:

-

Explain VLSI Design Flow

Procedure: -

1. Create a New Project

Create a new ISE project which will target the FPGA device on the Spartan-3E development

board with following settings,

==

@ Few Progect Wiard

Project Settings
Sowefy devce and project propertes.
Setert B dever and! desgn flow for the propect
Evalustion Development Board INone Specdied I« :
| Produrt Crteqory | 2 (=]

[ Farruby |Spartan3t =]

i Dence HCISIUE =
Package PQ0A [3
Top-Level Source Trpe [HDL e
Synthesa Tool VMDL Verilog) - =
Sumulator T5im [VHDLVenlog) -
Freferred Language VHDL -
Property Spechication io¥roiect File Stere allvalues -
Manuasl Compile ] |
VHOL Source Anatyss Standard (WHOL-83 . E]
Enabile Metsage Fillenng | Sy

%
< H. Bﬁ"l’_t:h l.;'{"‘,

Electrgts & Telecomm Engg
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VLSI Design & Technology

2. Click Next to proceed to the Create New Source window in the New Project Wizard.

At the end of the next section, your new project will be complete.

Create a VHDL source file for the project as follows:

1. Click the New Source button in the New Project Wizard.

2. Select VIHDL Module as the source type.

3. Type in the file name FA.

4. Verify that the Add to project checkbox is selected.

o Mew Souie Wased

Select Source Type

T o e
€= Chiplcepe Defintion and Connrction File
E Frplemertation Conttrainti Fie
P ([CORE Generstor & Archtecture Wizard]
MEL Fde
o] Schematic
u| Uver Docurment
. Vardog Module
| (o Werdeg Test Farture
o] VHOL Module
VHOU Libeary

II:J\"I-Dl.Pqug‘u
VHOL Test Bench

Embedded Processor

Lebrcl source bype, Mle raewe o M3 locaton.

File Narme:

[ra

[ Yriem foider WU

A}

2 akd maroecs

@ e Ynn ¥ Wl
Deline Modde
Lt BN e = I -
sty Pamy e ———— .
T ml-__ _
Pt g Tt s [F5 ] (L 3 -
r— = e i
& - = L] i g ]
] - Ml ’ 1
T - =1
e . ¥
e v [ =]
=
(L] L |
= |
. I=1 |
R
- LEL =
— .
- =l
B Zm -] = e
el —
| Ta

op

< H-Rarshilcav
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VLSI Design & Technology

e Click Next, then Finish in the New Source Information dialog box to complete the
new source file template.

* Click Next, then Next, then Finish,

s The source file containing the entity/architecture pair displays in the Workspace, and
the FA displays in the Sources tab.

¢ Modify architecture to include Full adder logic.

L Pt bncngaian (9 198 G Robls ALl LA Ut - Phobr] e 12 3
K Tis Dda View Foagdd  bomers Procosn Dok ek Loped  Hidp i
DPHE . & i xlnele prnxrdff 25> 20 p2f § S

L1
e & [ eeriaier ¢ i

e Il.lrlr:r '.!‘!'Il_
wew JEEE.BTD_L03II_Ll4ALL)

0

Mty 39 == Duroemast 138 Pelicwisg Dienany deslapetion LF weieg
H My e EEALEEELIE forEtiers with figrned €r Toeligzad valges
B0 =iV Yyl 34 --ave IIIE.MMEAIZ_STD.ALL)
Ta's T - Berumnend vy 1% =
3% == Trowween: the felluwisng Likrary dacleisiien Lf Lastantiscirg
I == &%y KLLILA BPRLMLTLVER 45 this code.
3% =-litrery VMIAlM;
3C seswe UNINIM VTowgosente.aif

L]
"
-

3} mailty Fh i

Fare | & 0 in 5T
n LB L -
11 €in 1 in
n 1m @ put
Eout & our  ITC_LIEITHE

I sao B 3e |0 ket

[+11F R N

wod Tas

EFsEitectare Behivioral &f FX i1a

Ay

LA

b L fadad s '

tejis

Am = r 8 arr Cinjy
(=114 (i% an3 B) oF [A ang Cua) or (& and Cimild

rl Bahavioral)
-

-

1. Verify that Implementation is selected from the top list in the Sources window.

2. Select the FA design source in the Sources window to display the related processes in the
Processes window.

3. Click the “+™ next to the Synthesize-XST process to expand the process group.

4. Double-click the Check Syntax process.

Note: You must correct any errors found in your source files. You can check for errors in

the Console tab of the Transcript window. If you continue without valid syntax, you will

not be able 1o simulate or synthesize your design.
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VLSI Design & Technology

5. Design Simulation

Verifying Functionality using Behavioral Simulation

1. Verify that Behavioral Simulation is selected from the 1op list in the Sources window.

2. Select the FA design source in the Sources window to display the related processes in the
Processes window,

3. Create New Source for 1est bench,

# MNew Souice Witard

Select Source Type

L mu}ﬁ:._ﬂlm e M lota hon.
K orarae
€= Cruplcope Definition and Connection File

Implementstion Comtranty File

P (CORE Genevator & Archtectune Wiznd)

! WEM Fie
©] Schermitic

I W, User Document Fr :T. _I___ _ _—
V| Verilog Module [ _Teat
i Verilog Test Fature a PR o
| VHDL Module }orations e e
| WHOL Library [Gﬂlh\' fedeler i Ll | [:_]
VHDL Package -
| by VHOL Test Bench
Embedded Proceisor

[#],4dd 1o project
More ke / [hen ) [ conce

testbench source in the Sources window to display the related

* Seclect the FA_T

processes in-tlie Processes window.
o Click the “+” next to the ISim Simulator process to expand the process group.
¢ Double-click the Simulate Behavioral Model process.

o |t will invoke ISim Simulator Tool and will open Signals and Wave windows,
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6. Design Synthesis

1. Verify that Synthesis/implementation is selected from the drop-down list in the

Sources window,

2. Select the FA design source in the Sources window to display the related processes in the

Processes window. Right Click on Synthesize-XST then select properties. Give Synthesis

Options, then click Ok.
I Precess Properties 3
Category
Syrihess (ipbora et 0y = A -
-HDL Optore i ! _E}fﬂthnSp_lf’?ptmn!; .
armSpeckc Dptors | L iy e :
: EPlnpe'tr Hame _ Vae ~
| [Optimization Geal - | Speed v -
|U’Iﬂfﬂ' Mot ) Hesmal ']
(Uie S CombsntsFle [ 3
V Propety dspiaylevel [Standad ! [ Detat |
/ I DK ] E Carcel 1 [ Apchy _] I ryes ]

3.Double Click on Synthesize-XST

4. Notice that after Implementation is complete, the Implementation processes have a green

check mark next to them indicating that they completed successfully without Errors or

Wamings.

5.If synthesis is successful view RTL schematic, Technology schematic and synthesis

report(Focus on Final report ) by clicking in respective process. Shown below.

o

wcomm Enagd

loctronics & ek

T‘!t'Bﬂ!{h;k‘lv

st L Engine 'f\'“’l

[TEats] '._..\il-
NEE Rl\ﬂ.m:_q on LM PW” “ARYNE:Y

A

CE Scanned with OKEN Scanner



VLSI Design & Technology

o 2

RTL Schematic
FAA
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Technology Schematic
FA1
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VLSI Design & Technology

Study Final report of Synthesis
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6. Design Implementation,

Assigning Pin Location Constraints

Specify the pin locations for the ports of the design so that they are connected correctly on
the FPGA Board.

To constrain the design ports to package pins, do the following:

1. Verify that FA is selected in the Sources window.

2. Create (.ucf file) by clicking create source->select Implementation Const raints File,

file name FA -> next-> next -> finish
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VLSI Design & Technology

Add pin assignments in UCF file
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Design Implementation

1. Verify that Implementation is selected from the top list in the Sources window.

2. Select the FA design source in the Sources window to display the related processes in the
Processes window. Double click on Implement Design.

3. Notice that after Implementation is complete, the Implementation processes have a green
check mark next to them indicating that they completed successfully without Errors or
Warnings.

4. Open the Design Summary by double-clicking the View Design Summary process in

the Processes window.

7. Procedure for FPGA configuration (downloading bit file)
1. Device details, Sparten 3E XC3S-250E, package PQ208, Speed grade -4

2. After successful simulation, modify code fof clock divider logic if applicable

Synthesis

Assign package pins
Implementation
Generate program file (.bit)

Install device drivers : JTAG & Serial Port

Copy batch & log file to project location
Open batch file-> change bit file name batch file text

10. Run

S
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VLSI Deslgn & Technology

Observatlon & Results:
Attach following,

1. VHDL Design
VHDL Testbench
Simulation Result
Schematies(RTL, Technology)
. UCF File

A 2= W M

Caoncluslon:
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- Code ---- R RTINS
== Name: Ruchika Suresh Suryawanshi

-~ Roll No: 404A060

== Experiment No. 1: To Study VLSI Design flow using an EDA Tool.
library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

entity be_ad_and_vhdl is
Port (A:in STD_LOGIC;
B:in STD_LOGIC;
Y :out 5TD_LOGIC);
end be_ad_and_vhd|;

architecture Behavioral of be_ad_and_vhdl is

begin
Y<= A AND B;

end Behavioral;

Test Bench —eemm e
- Name: Ruchika Suresh Suryawanshi

— Roll No: 404A060

- Experiment No. 1: To Study VLS| Design flow using an EDA Toal.

LIBRARY ieee;
USE ieee.std_logic_1164.ALL;

ENTITY BE_A4_AND_A4 IS
END BE_A4_AND_A4;

ARCHITECTURE behavior OF BE_A4_AND I5

-- Component Declaration for the Unit Under Test (UUT)
COMPONENT be_a4_and_vhd|
PORT{ A:IN std_logic;
B:IN std_logic;
Y : OUT std_logic);
END COMPONENT;

-=Inputs
signal A : std_logic :="0";
signal B : std_logic :='0";

—Outputs qu
signal Y : std_logic; o h &q.,fl,ﬂ(-w’

|l\-.-:D
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-« Instantiate the Unit Under Test (UUT)
uut: be_ad_and_vhdl PORT MAP {
A=>A,
B=>0,
Y=>Y
IR

-- Stimulus process
stim_proc: process
begin
A<="0';
Be='0";
-- hold reset state for 100 ns.
walt for 100 ns;
A<="0";
Be="1"
walit for 100 ns;
A<="1";
Be='0"
wait for 100 ns;
A<="1";
Be="1"
wail;
end process;

END;

Ut\\q\ W

Su
o n-Rarshikay

HOD
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QOP and Compurer Graphics Laboratory S.E.C.F (Sem-1) !2”2 2-23] |
(All assignments are compulsory)
GROUP A :
R R e — —_— - — B = i
| St.Ne, | Title Page Number |
1 lmplemem a class Complex which represents the (‘omplex Number data type. |
| Implement the following 1. Constructor (including a default constructor which creales
the complex number 0+0i). 2. Overload operatort to-add two complex numbers. 3. | 8

Overload operator* to multiply two complex numbers. 4. Overload operators << and >> |
to print and read Complex Numbers J

L

Develop a program in C++ to create a database of student’s information system ‘
containing the following information: N_ame, Roll number, Class, Division, Date of !
Birth, Blood group, contact address, Telephone number, Driving license no. and i
 other. Construct the database with suitable member functions. Make use of | 13
constructor, default constructor, copy constructor, destructor, Static member |

5

L

®
INDEX |
‘ PART-1 : OBJECT ORIENTED PROGRAMMING |
| Suggested List of Laboratory Experiments/Assignments

r

 functions, friend class, this pointer, inline code and dynamic memory allocation
- operators-new and delete as well as exception handling. '
3 - Imagine a publishing company which does marketing for book and audio cassette E
- versions. Create a class publication that stores the title (a string) and price (type float) i
- of publications. From this class derive two classes: book which adds a page count
' (type int) and tape which adds a playing time in minutes (type float). Write a program 23
4  that instantiates the book and tape « class, allows user to enter data and displays the i
' datamembers. If an exception is caught, replace all the data member values with zero |
E ' values.
- |
GROUP B
i Sr.No. | Title Page Number
FE . Write a C++ program that creates an output file, writes information to it, closes the
g ' file, open it again as an-input file and read the information from the file. 37 :
L | ‘;
s | Write a function template for selection sort that inputs, sorts and outputs an integer %
( ’ array and a float array. 42 i
L,'~ 1
foe
4
Py
: [
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\
GROUP C |
| Sr.No. 4 ot Title : [ Page Number !
| ® - Write C4+ program using STI for sorting and searching user defined records such i

| s personal records (Name, DORB, Telephone number ete) using vector container. 2 |

OR 1

Write C++ program using STL for sorting and searching user defined records such |
as ltem records (Item code, name, cost, quantity ctc) using veetor container,

7 Write a p?gt;m in C++ to use map associative container, The keys will be the names

| of states and the values will be the populations of the states. When the program runs,

| the user is prompted to type the name of a state. The program then looks in the map, 57
using the state name as an index and returns the population of the state. ‘

[ =3 PART-II : COMPUTER GRAPHICS )

Suggested List of Laboratory Experiments/Assignments
(All assignments are compulsory)

GROUP A
Sr.No. | Title Page Number |
J 1 | Write C++ program to.draw a concave polygon and fill it with desired color using ﬁ
| scan fill algorithm. Apply the concept of inheritance, 63 ‘
" J 2 | Write C++ program to implement Cohen Southerland fine dipbiﬁg algorithm. 68 ‘i |

3 ' A) Write C++ program to draw the following pattern. Use DDA line and il
: Bresenham's circle drawing algorithm. Apply the concept of encapsulation., [
| = }

|

OR
rogram to draw the following pattern. Use DDA line and
ircle drawing algorithm, Apply the concept of encapsulation.

B) Write C++p
Bresenham‘s ¢

T = = = = = — P




L’ OOP and Compurer Graphics 1 aboratory S, E.C.F (Sem-1) ,2022 23
L y |
A GROUP B
| Sr.No. | Title Page Number
4 &) Write C++ program to draw 2-D object and perform following basic '
 transformations, Scaling b) Translation ¢) Rotation. Apply the concept of operator 1
' overloading. 78 {
L OR |
L ' b) Write C++ program to implement translation, rotation and scaling 1
| transformations on equilateral triangle and rhombus. Apply the concept of operator
Lr - overloading. \
pr
8 s a) Write C++ program to generate snowflake using concept of fractals. ‘
‘ OR '
e ' b) Write C++ program to generate Hilbert curve using concept of fractals. 85
OR
- g 1 ¢) Write C++ program to generate fractal patterns by using Koch curves.
GROUP C
-
6 - a) Design and simulate any data structure like stack or queue visualization using !
- - graphics. Simulation should include all operations performed on designed data
e ]' structure. Implement the same using OpenGL. 92
‘ OR
' b) Write C++ program to draw 3-D cube and perform following transformations on
‘ | itusing OpenGL i) Scaling ii) Translation iii) Rotation about an axis (X/Y/Z).
o OR
‘ ¢) Write OpenGL program to draw Sun Rise and Sunset.
- ‘
| r
.’47 ' a) Write a C++ program to control a ball using arrow keys. Apply the concept of
; ' polymorphism.
= ' OR
{ b) Write a C++ program to implement bouncing ball using sine wave form. Apply 101
B the concept of polymorphism.
. OR
f‘" | ¢) Write C++ program to draw man walking in the rain with an umbrella. Apply the
L concept of polymorphism.
OR
- Write a C++ program to implement the game of 8 puzzle. Apply the concept of
polymorphism.
* OR
d) Write a C++ program to implement the game Tic Tac Toe. Apply the concept of

£ polymorphism

Department of Computer Engln




b

{OOP and Computer Graphics Laboratory S.E.C.E (Sem-I) '2"2 2-23]

'y

!

A A&

——
-y

o T 2 T T A T B A e B =~ S

MINI PROJECT/CASE STUDY

8 Design and implement game * animation chp / Graphics Editor using open source 106
graphics hibrary. Make use of maximum features of Object Oriented Programming.
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Assignment No.

I (GROUP A)

' Title Implement a class Complex which represents the Complex
Number data type. Implement the following 1. Constructor
(including a default constructor which creates the complex
number 0+0i). 2. Overload operator+ to add two complex
numbers. 3. Overload operator* to multiply two complex
numbers. 4. Overload operators << and >> to printand read

J Complex Numbers

j Subject Object Oriented Programming

| Class S.E.(C.E)

[ Roll No

Date
rSignature
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Title: Assignment No: |

Anithmetic operations on ¢¢
L. Problem:

ymplex numbers using operator overloading .'
Implement a class Complex which represents the Complex Number data type. |
: Implement the following operations:
L Statement:
)

1 g onstructor (including a default constructor which creates the complex number
- +H01).

2. Overloaded operator+ to add two complex numbers,

3. Overloaded operator* to multiply two complex numbers,

~ 4. Overloaded << and >>to print and read Complex Numbers
gramming

: the concept of constructor, defaul
- USIng member function and friend function,

tconstructor, operator overloading
‘Theory:

7An Example of Operator Overloading
-Complex a(1.2,1.3 ; //this class is used to represent complex numbers

Complex b(2.1,3); fhotice the construction taking 2 parameters Jor the real and imaginary part
1"omplex ¢ = a+b; /ffor this to work the addition operator must be overloaded
7‘Arithmetic Operators :

Arithmetic Operators are used to do basic arithmetic operations like addition, subtraction,
Inultiplication, division, and modulus. The following table list the arithmetic operators used in C++

| Operator Action
+ Addition
% Subtraction

* Multiplication

/ Division
% Modulus

Vith C++ feature to overload operators, we can design classes able to perfom

!

. I Department of Computer Er ne 7
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operanons usingstand

ard operators. Here 15
overioaded

a hist of all the operators that can be

Over loadable opel_-s;tors

—_—

= <> = = . [= <> f

_— !=<=>=¢+__%&A! '

&= A== oo I %= ]

which are regular functions whos

* The operator keyword declares a function specifying what operator-symbol means

when applied to instances of a class. This gives the operator more than one meaning,
or "overloads” it. The compiler distinguishes between the different meanings of
&N Operator by examiningthe types of its operands.

Syntax:

return_typeclass_name :: operator op(arg_list)

D o o DR VRN, S S e Mo B AA DD
!

//function body

Y—y—-

{
(

-~

where,

J, * Return type is the value refurned by the specified operation

J * Opisthe ope{htorto be overload.

1 * Op s proceeding by the keyword operator.

J * operator op is the function name

Process of the overloading has 3 steps

r 1. Create a class that define a data types that is used in the overloading operation

2. Declare the operator function operator op() in the public part of the class.It may be
either a member function or a friend function.

( 3. Define the operator function to implement the required operation
1 e.g. Overloading Binary operators: A statement like
( C=sum (A, B); // functional notation

o]

’21122-21 |
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This functional notation can be replaced by a natural looking expression

?kax operator + (complexTc)

lempx [ T | e b4y
[ ‘gmry . &Y ik y
} retum(temp);
C3 = Cl S C2,t
Facilities:
Linux Operating Systems, G-++
Algorithm:

Step 1: Start the program

Step 2: Create a class complex

Step 3: Define the default constructor. ’-

Step 4: Declare the operator function which are going to be overloaded and display function

Step 5: Define the overloaded functions such as +, -/,* and the display function
For Addition:

(@+hi) +(x + yi) = ((@+x)+(b+y)i)

For Multiplication: :

(a+bi) * (x +yi) = (((a*x)-(b*y)) + ((a*y) + (x*b))i)

Step 6: Create objects for complex class in main() function

Step 7:Create a menu for addition, multiplication of complex numbers and display the result
Step 8: Depending upon the choice from the user the arithmetic operators will invoke the
overloaded operator automatically and returns the result

Step 9: Display the result using display function

T
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Input:

Complex numbers with real and imaginary values for two complex numbers,
Example -

Complex No 1: Real Part : §

Imaginary part : 4
Complex No 2: Real Part : §

Imaginary part ; 4
Output:

Default constructor value=0+0j
Enter the 1st number
Enter the real part2
Enter the imaginary part4
Enter the 2nd number
Enter the real part4
Enter the Imaginary part8
The first number is 2+41
The second number is 4+8i
The addition is 6+12j
The multiplication is -24+32j

Conclusion:

Hence, we have studied concept of operator overloading.
Questions:

What is operator overloading?

What are the rules for overloading the operators?

State clearly which operators are overloaded and which operator are not overloaded?
State the need for overloading the operators.

Explain how the operators are overloaded using the friend function.

What is the difference between “overloading” and “overriding”?

What is operator function? Describe the syntax?

When is Friend function compulsory? Give an example?

S B S S
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