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INSTRUCTIONS AND SAFETY MEASURES

Come well prepared and do the experiment neatly.

Follow directions of the Staff Incharge, handle the equipments carefully.
Observe strict silence and be professional

Perform at least two trials and do the calculations independently

Report all injuries or breakages to the lab in-charge immediately. Also, report
any equipment that you suspect is malfunctioning.

Be careful when working with apparatus that may be hot. When you pick it up,
use tongs, a wet paper towel, or other appropriate holder.

Each time you use glassware, be sure to check it for chips and cracks. Inform Staff
Incharge about any damaged glassware so that it can be properly disposed of.

Request the staff incharge to ensure all electrical circuits are proper before you
turn on the power.

When working with electrical circuits, be sure that the current is turned off before
making adjustments in the circuit.

During electronic experiments verify the values of resistors / capacitors to be
used.

Switch off the circuit and multimeter when you finish the experiment
After finishing optical experiments switch off the sources.

While doing the LASER experiments avoid the beam targeting your eyes
Eating anything while working in the lab is prohibited

Always keep your work area neat and clean

Ensure that equipment remains in the same condition and place before you
leave the laboratory




SCHEME OF PRACTICAL EXAMINATIONS

BSC Ist SEMESTER

Formula 3

Setup / Circuit / tabulation 4

Observation and number of trials 10

Knowledge about the experiment 5

Calculation and graph 5

Result and accuracy with units 3

Class records- Regularity in completing the experiments

/ Neatness / General impression 10

Internal assessment for practicals 10

Total Marks 50

Fundamental Physical Constants
Name Symbol Value

Speed of light c 2.99792458 x 10« m /s
Planck constant h 6.6260755 x 1034 J . s
Gravitation constant G 6.67259 x 10-11 M3 . kKg-1 - S=2
Boltzmann constant K 1.380658 x 1023 J / K
Charge of electron e 1.60217733 x 109 C
Mass of electron m . 9.1093897 x 1031 kg
Avogadro’s number N, 6.0221367 x 1023 / mol
Stefan-Boltzmann constant o 5.67051 x 10.s W / m2 . K4

Standard atmosphere atm 101325 Pa
Wien displacement constant b 2.897756 x 10am . K




COLOUR CODE OF RESISTORS

Color Digit Multiplier Tolerance (%)
Black 0 100 (1)
Brown 1 10+ 1
Red 2 102 2
Orange 3 105
Yellow 4 104
Green 5 10s 0.5
Blue 6 106 0.25
Violet 7 107 0.1
Grey 8 10s
White 9 100
Gold 10" 5
Sliver 10-2 10
(none) 20

VALUES OF CERAMIC CAPACITORS

EIA Code PF KPF /N UF EIACode  KPF/N UF
102 1 1 0.001 403 40 0.4
103 10 10 0.01 471 0.47 0.00047
104 100 100 0.1 472 4.7 0.0047
202 2 2 0.002 473 47 0.047
203 20 20 0.02 442 4.4 0.0044
223 - 22 0.022 443 44 0.044
224 - 220 0.22 444 440 0.44
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Experiment Number : Date :

HELMHOLTZ RESONATOR - DETERMINATION OF
UNKNOWN FREQUENCY

Aim : To determine the frequency of a tuning fork by using helmholtz resonator.
Apparalus : Narrow necked bottle, measuring far, tuning forks, pinch cock, etc.

Theory : A resonator consists of narrow necked bottle with side tube at the bottom. It is filled with water
upto a certain height leaving air cavity above it. When an excited tuning fork of frequency n is held above the
neck of the bottle, the layer of air, in the neck is set into oscillations. This inturn, causes forced oscillations of
the air cavity in the bottle. If the air in the cavity is in resonance it can be shown that n2v = a constant, where

V is the resonating volume of air If Vy is the volume correspending to the fork for frequency

2 2
2 _n'V Y
nxwe have n". = <= andn, “T

If a graph is ploted connecting n. and Vl a straight line is obtained.
This is used to find out the unknown frequency of a tuning fork by the method of interpolation (Frg.b)

Procedure : The resonance bottle is filled with water upto the neck. A tuning fork of known
frequency nq is excited and held above the neck of the bottle. Water is allowed to flow out into a
graduated jar til the maximum sound is heard. The volume of water collected in the jar is measured. This
gives the volume of the air cavity in the bottle. The experiment is repeated and the mean volume V; of
resonating air is determined. The product (n12V1) is calculated. The experiment is repeated for four more
tuning forks, three of known frequencies. nz, n3, ns and the other of unknown frequency nyx. The mean
value of (nZV) as calculated. The unknwon frequency is got from the equation.

n
n=,——
X Vx

A graph is plotted connecting n2 and 1/V. A straight line is obtained. Corresponding to 1/Vy the value

of nx2 is determined from the graph. Hence ny is calculated (Vy is the volume with unknown frequency ny)
figure (b)

Result:

Frequency of the given tuning fork
i) By Calculation = Hz
ii) By Graph = Hz



Diagram

Observations:

Frequency of the tuning

Volume of air in resonance with

Trial forks vibrating fork (cc) nz\/
e n (Hz) N2 1 2 Mean V

1 ni{=

2 |np=

3 |n3=

4 | ng=

5 |ng=

Mean value of n2V

Unknown frequency n, =

from the graph nx2 =

Song =

2
n

\Y

\
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Experiment Number : Date :

Flywheel

Aim : To determine the moment of inertia of flywheel about its axis of rotation and hence to estimate
its mass and to perform the experiment by simulation.

Apparatus : Flywheel, stop watch, weight hanger, weights etc.

Description: The flywheel is a heavy wheel capable of rotation aboout a horizontal axle P is a peg
fixed to the axle. (Fig a). A pointer fixed to the wheel support is useful in counting the number of rotations
made by the wheel. One end of a string is attached to the peg. The string is wound over the axle without
over lapping and a suitable load is suspended from the free end. When the load descends the wheel will
rotate.

Principle : Let m be the load suspended and h be its height from the ground. Let v be the velocity of
the load when its hits the ground and let W be the angular velocity of the flywheel at that instant. The
loss in the potential energy of the load is equal to the kinetic energy gained by the load and flywheel

1 1
.mgh= /2Iw:+ /2 mv+nk— (1)

Where | is the M. | of the flywheel about its axis of rotation and nk represents the loss in energy due
to friction, n is number of rotation made by the flywheel and h is workdone against friction in a rotation.

1

Let N be the number of rotation made by the wheel after the load hits the ground. Hence Nk = /2Iw..
Substituting k = Iw2/2N and V=rw in eqn (1)

- e ,) . N\
Weget 1= r.nI\ x‘"g? o B

N+n | e° )
Where r is radius of the axle of the wheel. Assuming the friction to be uniform, we have w =4 T N /

where t is the time for which the flywheel rotates after the load gets detached.
Procedure :
Part A (Direct Experiment)

A loop is made in a long string and it is slipped into the peg on the axle. The string is wound over the
axle without over lapping and a load m is suspended from the free end. The height h of the load from the
ground is measured. The length of the string is adjusted such that just when the load touched the ground the

string slips from the peg. The number of rotations made by the wheel before the load touches the ground is

given by .n'Fhel-lnumber of rotations made by the wheel after the load gets detached is counted with the help of
the pointer. THH time 't taken by the flywheel to come to rest after the load touches the ground is measured
using a stop watch. The radius of the axle is found by measuring the diameter using a vernier calipers. The
circumference of the wheel is measured using a thread and radius R is calculated. The mass of the flywheel

MR
M is estimated using the formula 1= 2. The experiment is repeated for different values
2

of m and h.



Part B (by simulation)

Choose any desired environment by clicking on the ‘combo box’.
1. Adjust the sliders to have suitable dimensions for flywheel arrangement.
2. Click on ‘Release fly wheel’ to start the experiment.

3. No of revolutions (N) of the flywheel, after the loop slips off from peg is indicated on the side of
axle.

The time taken by flywheel to come to rest is noted from stop watch.

Repeat the experiment for different values of variables.

Result : Part A
The moment of inertia of the flywheel
about its axis of rotation = kg m2

The mass of the flywheel = kg
Part B
Environment details

Moment of inertia of the fly wheel =......... kgm:

Observations :

Diagrams :

Tabulation :
Part A

a) To mesure the diameter of the axle using Vernier Calipers.

1 msd
Least count of the Vernier = Number of vsd =

cm



. Diameter
Trial No. M. S. R. (cm) V.S.R. - MSR + (VSR x LC) (cm)
1.
2.
3.
Mean Diameter =
Mean radius r =
Circumference of the flywheel, C =
L
Radius of the flywheel, = 27 =
b) To Determine | :
Mass Number of Height h W =41 N | Moment of
Trial [ Suspended | rotation h n=—— t t Intrtia
No. m (kg) N (m) 27r radian/s (kg m2)
1.
2.
3.
4.
5.




Part B

Mass Height above No. of revolutions Time of N Mean ang : M. I. of the

suspended the ground revolution vel : Flywheel
(m)x10skg | (h)x102m n N S w=4Tmn/t (kgmo)

Mean value of moment of inertia,l =......... kgm2

Result

Part A

Moment of Inertia,

Mean value of | = kgm:

Mass of the flywheel, M= /R2= kg

Psrt B

Environment details

Moment of inertia of the fly wheel =......... kgm:




Experiment Number : Date :

CHARACTERISTICS OF LOUDSPEAKER AND MICROPHONE

AIM: To study the characteristics of a set of Loudspeaker and Microphone

APPARATUS: Audio frequency generator (AFO), mid- range speaker, V.T.V.M, microphone, patch
cords, dual beam CRO

THEORY: Loudspeakers: Loudspeaker is a device which converts a varying electrical signal back
into a proportional sound signal. It consists of a fairly large diaphragm of stiff paper or aluminium alloy
which is mounted on a large size baffle board. The front side of the conical diaphragm gives out
compression waves just when the rare side experiences rarefaction. The baffle board prevents
intermixing of rare faction and compression.

The moving coil, also called as speech coil is wound around a light cylindrical former of cardboard,
which is firmly fixed to the diaphragm. This coil can move in and out parallel to its axis in the strong radial
field of the electromagnet. When the amplified output from microphone is made to pass through this coil,
it experiences a mechanical force in accordance with Fleming’s left hand rule. The magnitude of this me-
chanical force is proportional to the input varying current from the amplifier. This force makes the coil to
vi-brate, which in turn produces vibrations of the diaphragm. This to-&-fro motion of the diaphragm
produces sound waves proportional to the electrical signal fed by the amplifier.

Types of speakers: Depending upon the frequency of electrical signal and frequency produced by
the diaphragm, there are 3 types of loudspeakers.

1. Woofer: When the frequency produced by the diaphragm is low frequency sound of range 60Hz
to 500Hz, it is Woofer.

2. Speaker: When the frequency produced by diaphragm is medium frequency sound of range
500Hz to 3kHz, it is Speaker.

3. Tweeter: When the frequency produced by diaphragm is high frequency sound of range 3kHz to
15kHz, it is Tweeter.

Microphones: Microphone is a device which converts the variations of sound pressure in the form
of compressions and rarefactions produced in the medium due to longitudinal waves, in a sound wave
into corresponding electrical variations called as signal. These electrical signals are in the range 20Hz to
20kHZ and hence this range is called as audio frequency (AF) range. These sound signals are complex
in nature. These electrical signals are very weak and hence need amplification for this purpose. AF
amplifiers are employed. The power of these amplified audio signals is further boosted by power-
amplifiers and lastly is fed to loudspeakers. The microphone is the first element in this process, which
picks up to sound signal and coverts it into equivalent electrical signal.



General requirements:

1.

2 T

The response of the microphone should be independent of frequency, i.e. the output should not
vary much with frequency.

The shape or body of microphone should be such that, the frequency response is reasonably
inde-pendent of angle of incidence of sound waves.

It should be free from harmonics.
The output of microphone should be high compared to the noise level.
It should remain unaffected by the adjacent electric and magnetic fields.

It should be robust for handling purpose.

Both, loudspeaker and microphone hence are called transducers. The working principal of both is

almost identical. The only difference is that the loudspeaker has a much larger diaphragm.

PROCEDURE:

Vi.

Vii.

Connect sine wave output of audio frequency signal generator(AFO) to the input of mid range
speaker which is under study.

The microphone under study is kept near the sounding speaker, in the direction of sound waves.
Using dual trace CRO fix the input voltage to a constant value ,say 1 volt at frequency 500 Hz
Note down the out put voltage Vout

Repeat the above steps for other frequencies up to 3KHz with the same fixed voltage.

Plot frequency response curve taking frequency along X-axis and voltage gain along Y-axis.

Repeat the experiment for another set of speaker and microphone.

RESULT : Speaker and microphone characteristic curves are as shown in the

graphs. OBSERVATIONS

—

Viie

500 Hz 3wz
Frequency —




Tabulation:

Input voltage V; = 1 volt

input frequency in Hz

Set 1

Set 2

Out put voltage
Vout in Volts

Gain=Vout/Vi

Out put voltage
Vout in Volts

Gain=Vout/Vi

500

600

700

800

900

1000

1200

1400

1600

1800

2000

2300

2600

2900

3000

RESULT : Speaker and microphone characteristic curves are as shown in the graphs.




Experiment Number : Date :

THERMO COUPLE

Aim: To determine (a) the thermo emf per unit temperature difference for the given thermocouple
(b) the melting point of a solid using the thermocouple.

Apparatus: Thermocouple, potentiometer, battery, resistance box, galvanometer, thermometer,
jock-ey etc.

Principle: A thermocouple consists of two dissimilar metals joined together to form two junctions.
When the two junctions are at different temperatures an emf is produced in the thermocouple. This is
called thermo emf. If ©0 is the temperature difference, thermo emf e=ab + bB: where ‘a’ and ‘b’ are
constants. For small temperature difference b6: is negligible and the graph connecting e and 8 is linear.
Unknown tem-perature can be determined by interpolation of the graph. The slope of the straight line
gives the thermo emf per unit temperature difference between the junctions.

The emf can be measured using a potentiometer calibrated for a p.d. of 1mV per metre length of the
potentiometer wire. Let V be the emf of the source in the primary circuit, and let P be the resistance of
potentiometer wire. If R is the resistance included in the primary circuit, the current in the circuit =
v/(R+P). Hence the potential difference between terminals of the potentiometer = PV/(R+P). If
potentiometer wire has a length 10m this should be 10mV at the rate of 1mVper meter

VP/(R+P) = 10mV= 0.01volt
R= (100V-1) P

Procedure: Circuit connections are made as shown in fig (a). A resistance R=(100V-1)P is
unplugged in the resistance box so as to get a p.d. of 1mV per metre. One of the junctions of the
thermocouple is kept in melting ice while the other is immersed in a water bath. The temperature of the
bath is measure using a thermometer. The balancing point is determined. If ‘I is the balancing length in
metre, the thermo emf=l mV. This is measured at different temperatures of the water bath. A graph is
plotted taking thermo emf along Y-axis and the temperature difference between the junctions along X-
axis. A straight line is obtained as in fig (b). The slope of the line gives the value of thermo emf per unit
temperature difference between the junctions.

To find the melting point of a solid, the solid is taken in a test tube and the tube is dipped in the
water bath. The temperature of the bath is slowly increased until the solid melts. When the solid is
melting, the thermo emf is found out. The melting point can be determined using the graph.

Result:
a) The thermo emf per unit temperature difference=----------- mV/K
b) The melting point of the solid=---------- oC

10



Diagrams:

_ AB (y Scale)
g Sepe= BC (x Scale)
Thermo
emf
(e
T
(& B
— —O—R R
Temp Difference
(C)]

Observations:

EMF of the cell V = ---------- Vv

Resistance of the potentiometer wire P = ---—----- ohm

Resistance in R for p.d. of 1mV/metre = (100V-1)P = -—----—-—-- ohm

Temperature of the cold junction = ---------- oC

Tabulation:
Temperature of hot Temperature difference :

junction (,C) («C) Balancing length (m) Thermo emf (mV)
Result
The thermo emf per unit temperature difference = slope = ----------- mV/K

Melting point of the solid = -------------- oC

11

------------ pV/K




Experiment Number : Date :

Specific heat of a liquid
Aim : To determine the specific heat of a liquid by the method of cooling.
Apparatus : Spherical calorimeter, thermometer, stop clock, etc.

Principle : This method is based on Newton’s law of cooling which states that the rate of loss of heat
by radiation from a hot body is directly preportional to the temperature difference between the body and
its surroundings. The rate of cooling = mass x specific heat x fall in temperature per second.

Procedure : The mass of the empty colorimeter (w1) is found using a physical balance. A certain volume
of hot water. (at about 90°C) is poured into the colorimeter. A thermometer is inserted into it. As the water
cools time and temperature values are recorded. For example a stop clock may be started when the
temperature is 75°C and at intervals of 1°c time shown by the stopclock may be noted. To get the cooling
curve, temperature is plotted along Y axis and time along X axis. The calorimeter with water is weighed and
the mass (m) of water in it is found out. The colorimeter is emptied and dried. Now the given liquid is heated
about 90°C. A volume of the hot liquid equal to that of water taken earlier poured into the colorimeter. As
before the time and temperature readings are recorded for the some range of temperature and a cooling

curve for the liquid is drawn on the same graph. The calorimeter with the liquid is weighed and the mass M of
the liquid is found out. If t4 is the time taken by the calorimeter and water in it to cool from 82°c to 64°c,
the rate of cooling = (Wlx + msl) (92'91) where x is the specific heat of calorimeter and s1 is the specific

4
heat of water. If t; is the time taken by the caloraimeter and the liquid to coolfrom 81°c to 82°c the rate of

cooling (wi x+msl) (0201 ) where S is the specific heat of the liquid and M is the mass of the liquid. The
t
rate of cooling are equal in the two cases.

| Dk ) = ) (2 1)

W x+ms 0-0 W x +MS 0-0

t
- can be obtained from the graph.

Result :
Specific heat of the given liquid

by calculation using graph h = J kg-1 k1

12



Observations :

Diagram:
stirring stick
| |
inner
vessel | i =
Tabulation:
Time in minutes 0 2 4 6 10 12 14
Temperature of
cooling water
Temperature of
cooling oil
Calculation of 2/ t4 from the graph :
Trial No. Temperature Time of Cooling for
range °C Water (t ) Ol (t ) to / ty Mean t; / t;
1
(S) (S)2
1.
2.

13




Mass of empty calorimeter W1 =

Specific heat of material of calorimeter x = 393J/kg/k Mass of

calorimeter and heater wy

Mass of water m = wo - w1

Specific heat of water S = 4200Jkg'1 k'
Mass of calorimeter and oil W3 =

Mass of oil M = W3 -W,4 =

Specific heat of liquid S+

=1 + t . ik -
S AA\ wlxmsl)/ wx J kg k-
1

14



Experiment Number : Date :

Frequency of A. C. using Sonometer

Aim : To determine the frequency of A. C. using a sonometer.

Apparatus : Sonometer with a steel wire, step down transformer, iron core solenoid, weight hanger,
etc.

Description : The Sonometer wire is made to vibrate by resonance, using an iron core solenoid
whose terminals are connected to a 6 volt stepdown transformer. The solenoid is clamped in such a way
that its iron core is about half a centimeter above the centre of vibrating segment of the sonometer wire.

Theory : When a wire, under tension T and fixed at two ends is made to vibrate, the fundamental
frequency of vibrations of the wire is n= 2—L1 \/I — ()
m
Where L = the length of the vibrating segment of the wire. m is the linear density (mass per unit
length) of the wire. When the stretched wire is made to vibrate by the principle of resonance due to an A.

C. passing through the iron-core solenoid, the frequency of vibrations of the wire is double the frequency
of A. C. Therefore, frequency of A. C.

=]

_ 1

% 4 m
or:\/
\// 16 TL2 S

Procedure : A weight of 0.5 kg is suspended by the sonometer wire. The circuit is closed, and the

N= —(2)

bridges of the sonometer are adjusted until vibrating segment vibrates by resonance with maximum
amplitude, forming a single loop. The length ‘' of the sonometer wire between the two bridges is
measured. The tension T applied to the wire, is noted and the value of T\L: is calculated. The experiment
is repeated with different tensions applied to the same sonometer wire. The mean value of T/L: is
determined. The mass per unit length ‘m’ of the sonometer wire is determined by weighing a known
length of specimen wire. The frequency of the A. C. supply is calculated using equation (3).

m
Note : The density of the material of the sonometer wire can be calculated from the relation IZ ?
where | is radius of the wire. If the frequency of A. C. supply is known, m and hence density of the wire

can be estimated.

Result : Frequency of A. C. = Hz.

Linear density assuming frequency of A. C. = kg /m
Linear density by direct calculation = kg /m
Material density of the wire = kg/m:

15



Observations :

To determine linear density ‘m’ of the sonometer wire.

Length of the sample wire =L cms =

Mass of the sample wire =W = gm = kg.
Linear density m= W = kg /m
L
To determine T / L2
Trial No. Mass suspended Tension applied Resonating length T/L2
m (kg) T- Mg (Newton) L metre
1.
2.
3.
4,
Mean :

Frequency of A. C.

N= / Mean

16m

Calculation of Linear density assuming frequency A. C.

T

L

Hz

16




N= \\{rywm (MeanT//)Hz
m = Mean (T/Lz ) //16N 2

= kg/m

Frequency of A. C. =

Calculation of material density of wire.

Radius of the wire = m

Material density a8 kg/m2

17



Experiment Number : Date :

Torsion Pendulum

Aim : To determine (a) the moment of incrtia of the given irregular body and (b) the rigidity modulus
of the material of the suspension wire of a torsion pendulum.

Apparatus : Circular disc, rectangular plate, irregular body, slopclock, screw guage etc.

Principle : The period of torsional oscillations of a rigid body suspended by a wire and oscillating with small

1 .
amplitudeis T=2m.Ic — (1) J\:here | is the moment of incrtia of the oscillating body about the axis ofsuspenszon

and C is the couple for unit twist of the wire. Squaring and rearranging the terms we
I C e
get T2 4! aconstant. Different values of T » are found out for the given wire using bodies of regular

shape like a circular disc and a rectangular plate. Finally the irregular body is suspended and period Ty is

determined. If | is M. I. of the irregular bodyA2 =L andl =1_ T2-()
I, T T

4 X
The couple per unit twist C= TI_ \vhere ris the radius and L is the length of the wire and n is the
2L
rigidily modulus of material. On substitution ¢ = 4 ;2 (Lj we getn = 8l (Lj
) o\ T

The experiment can be repeated for difficult values of |

Procedure : The radius R of the circular disc, the length L and the Breadth B of the rectangular plate
and their respective masses M4 and M2 are determined. The disc to suspended from a rigid support by a wire
about an axis perpendicular to the plane and passing through the centre. The disc is rotated about the
wire by a small angle and released. Then it executes torsional oscillations. The number of oscillations can
be counted by making a mark on the disc and using a pointer as reference. When the mark crosses pointer

a stop clock is started and the times at the completion of 5, 10, 15,20, 25 oscillations are noted. The period

2
T1 is calculated by the method of differences. The M. | of circular disc about axis of suspension, I=M,R
1 ! 4
is found our and the value of 7= is calculated.
1

Similarly, the disc is suspended along a diameter and the period T is determined. The M. I. is given by
M R* I
[,=—7—and 5 is calculated.

2
2

The rectangular lamina is suspended by the same wire about an axis perpendicular to its plane and

passing through its centre. The period T3 is determined. The MI of the plate is found out using the relation

M L+B 2
— 2 ) . Theratio I3 / T3 is calculated.
13 12
The plate is now suspended about an axis through the centre and parallel to the breadth. The period

M, 2 ,

T4 is determined. The M. l. is given by I = 12 Since the thickness D < <L l4/ T4 found out.

18



The Mean value of (I / T2) is calculated. The irregular body is suspended from the same wire and the
period Ty of torsional oscillations is determined as before. The M. |. of the irregular body | = I T

X T 2 X
. The length | of the wire is measured using a scale and diameter is measured using a screw guge. The

4

8l { I w
n=s — | —
radius is found out. Hence the rigidily modulus of the wire rto T

Note : The expt can be repeated by changing the value of | and the mean value of n can be found

out.
Result:
a) The M. | of the irregular body about the axis of suspension = kgm:
b) The rigidily modulus of the material of the suspension wire = Nm-2

19



Observations :

Diagrams :
O l
Fig (a) Fig (b) Fig (c) Fig (d) Fig (e)
Circular disc Axis | to plane Parallel to Irregular body
Breadth
Tabulation:

a) Circular disc (axis perpendicular to the plane):

No. of oscillations Time (s) No. of oscillations Time (s) Time for 15
oscillation (s)

Mean value of (t) =

Period T1=9.6 5

Mass of circular disc M1 = kg
Diameter of the circular disc = m
Radius of circular disc R = m
M1R2
M. 1. of circular disc I, = kgm:
=2
b) Circular disc (axis along a diameter)
No. of oscillations Time (s) No. of oscillations Time (s) Time for 15

oscillation (s)

Mean value of (t) =

Period T, =

M. I. of disc I, = = kgm:

_
2

20




c) Rectangular disc (Axis _L: to plane through the centre)

No. of oscillations Time (s) No. of oscillations Time (s) Time for 15
oscillation (s)
Mean value of (t) =
Period T3 =
Mass of Rectangular disc My = kg
Length of Rectangular plate L= m
Breadth of Rectangular plate B = ( r)n
2
L*+B
M. I. of rectangular plate /3 = T
= kgm:
d) Rectangular plate (axis Il to breadth)
No. of oscillations Time (s) No. of oscillations Time (s) Time for 15
oscillation (s)
Mean value of (t) =
Period T4 =
2
M. T. of Rectangular plate = Myl
Trial No. Body suspended | Axis of suspension MI (kgm2) Period T(s) I/Tz
1.
2.
3.
4,
I
To find the radius of the wire : using screw guage Mean ( /Tz2) =

Pitch of the screw guage = Dlstanc? uncqvered
Rotations given
Pitch

Least count = No. of divisions on HS
Zero correction =
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Trial No.

P.S. R. (mm)

H.S.R.

Corrected HSR

Diameter (mm)

1.
2.
3.

Mean diameter =

Mean Radius r =

Length of the suspenstion wire | =

(o) v

n= 8l
r4

e) Irregular body

No. of
oscillation

Time (s)

No. of oscillation

Time (s)

Time for 15 oscillation

Period Ty =

M. . of Irregular body Ix = ( /T2) Txz =

22




Experiment Number : Date :

Spiral Spring
Aim : To determine the acceleration due to gravity, unknown mass and to verify Hooke’s loaw using
a spiral spring.
Apparatus : Flat Spiral spring, stop watch, weight hanger, weight etc.
Principle : When a loaded Spiral spring is set into vertical oscillations of small amplitude the

oscillations will be simple harmonic. If M is the load suspended from the spring, m is the mass of the
spring and w is the load required to produce unit extension in the spring, the period of oscillation

According to Hooke’s law, extension in the spring is directly proportional to the load suspended.

Hence the load extension graph should be a straight line. The slope of line will be equal to ( Ay)
Procedure : a) The mass of the spring is determined using a balance. The upper end of the spring is
clamped to a stand and a weight hanger is suspended from the lower end as shown in fig. A reference
pin is fixed horizontally to the spring at its loaded end. A metre scale is placed vertically near the spring
in such a way that the pin moves over the graduations of the scale when it is stretched. The sprial spring
is brought into the cyclic state by repeatedly increasing and decreasing the load suspended in regular
steps. A suitable dead load (s) is suspended from the spring and the pointer reading is noted. The load is
increased in regular steps (say, 50g) until a safe maximum load is reached and in every step the pointer
reading is observed. The load is then decreased along the same steps and the observations are
repeated. The extension of the spring for a definite load (say 200g) is found out by the method of
differences. The load (w) required to produce unit extension is found out. A graph is plotted taking load

along X-axis and extension along Y axis. A straight line is obtained. If ‘S’ is the slope of the line w = /S

An unknown load can be determined as follows. It is suspended along with the dead load from the spring
and the pointer reading is noted and the extension for the unknown load is found out. The value of the
load is determined from the load extension graph.

b) A suitable load M is suspended from the spring the load is pulled down a little and let free. It executes
oscillations in the vertical direction. Using a stop watch the time for 20 oscillations is measured and period T
is calculated. (M + m/3)Tz is calculated. The experiment is repeated for different values of M.

m 2
The mean value of M+ —_— /T is found out. Acceleration due to gravity is found our using equation (1)

3
Result :

a) Acceleration due to gravity =
b) Mass of the unknown load =
c¢) Justification of verification of Hooke’s law.

Load - elevation graph is straight line. It justifies Hooke’s law.
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Observations

Diagrams :

Tabulation :

AN NN
= M - Load
E- A - Spiral spring
M ;C B - Pointer
= C-Scale
= Fig. (b)
M BE
Fig. (a) T T
t |
Extension I
|
|
Load —>

a) To determine the mass per unit

externsion Mass of spring m =

Load (kg)

Pointer reading (cm)

Extension for 0.1
kg in (cm)

Load increasing Load decreasing

Extension produced
for different load (cm)

Mean extension for 0.1 kg =

Mass required for produce unit extension

mass

W = mean extension =

kgm.

b) To determine period of oscillation:
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Trial | Load attached (kg) Time for 20 oscillation (s) Period m
+
No. M 1 2 Mean T (s) M A
2
T
1.
2.
3.
4.
5.
M
M+
Mean value of A =
T2
472 | M+ 3
g = 2 - - ms:
w 1T~

Determination of unknown mass :

Reading corresponding to the dead load =

Reading corresponding to lead load with unknown load =
Extension for unknown mass =

Unknown mass (from graph) =
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Experiment Number : Date :

Verification of the theorem of M. I. - Part A

Aim : To Verify the theorems of perpendicular axes for moment of Inertia
Apparatus : Rectongular lamina, stop clock, etc.

Discription : The M. I. table is uniform rectangular wooden or melalic plate which can be suspended
by a wire passing through its centre and perpendicular to its phone. The arrangement constitutes a

torsion pendulum.

Principle : The theorem of perpendicular axis states that the sum of the M. I. of a rigid body about two a

mutually perpendicular axis is equal to M. | of its body about an axis which is perpendicular to the two axes
and passes through their point of intersection. If Ix and |, are the M. I. of a rectangular lamina about the two
axes passing through the centre and parallel to its length and breadth I, = Iy + ly, where Iy is the M.

I. about an axis passing through the centre and perpendicular to its plane. If Ty, Ty, T, are the
corresponding periods sz = Ty2 + TZZ. this can be experimentally tesified.

Procedure : A rectangular plate is suspended from a wire about an axis passing through its centre
and parallel to its length. The period of oscrllations (Tx) is the determined by the method of differences
Similarly the period Ty about an axis passing through the centre and parallel to the breadth and the
period T, about an axis passing through the centre and perpendicular to the plane of the lamina are

determined. The expression TX2 + Ty2 = TZ2 is verified using these data.

Result :
For perpendicular axes theorem :
a) Justification of the theorem TZ2 = TX2 + Ty2, verifies the theorem

b) Rigidily modulus n of the material of the suspension wire is = Nm-
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Observation :

Diagrams :

- - -

70

Axis L to Parallel to Parallel to length
plane breadth

Theorem of perpendicular axis :

To find Ty :
Rectangular lamina - Axis II' to length
. . _ Mean time
Trial No. Time for 10 oscillations
ty (S)
1.
2.
3.
tX
Period 7, TO) = s=
Tofind Ty :
Rectangular lamina - Axis II’ to breadth:
. , I Mean time
Trial No. Time for 10 oscillations { (s)
Y

1.
2.
3.

Period 7 L s=
L 10

To find Ty :

Rectangular lamina - Axis L to plane :
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Trial No. Time for 10 oscillations

Mean time
ty ()

1.
2.
3.

Period T tL=

Direct calculation of the rigidity modulus (n) of the suspension wire

Mass of rectangular lamina, M =
Length, L =
its Breadth, B =

L?+B?

12
length of the suspension wire = | =

To determine radius of suspension wire using screw gauge

Distance uncovered
Pitch of the screw guage = Number of rotations given =

Pitch
Least count = Number of head Scale divisions =

mm

Zero correction =

Trial No. PSR (mm) HSR CHSR Diameter (mm)
1.
2.
3.
Mean d = mm
radius of the wire, r = m
8rl 1
Rigidily modulus, n = — x ==
T
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Experiment Number : Date :

Verification of the theorem of M. I. - Part B

Aim : To verify the theorem of parallel axis for moment of Inertia
Apparatus : M. |. table, two identical objects, rectangular lamina stop clock, etc.

Description: The M. |. table is a uniform rectangular wooden or metalic plate which can be
suspended by a wire passing through its centre and perpendicular to its plane. The arrangement
constitutes a torsion pendulum.

Principle: The theorem of parallel axis states that the M. | of a body about any axis is equal to the sum
of the M. I. about a parallel axis passing through C. G of the body and the product of the mass of the body
and the square of the distance between two axes. The square of the period of a torsion pendulum is directly
proportional to the M. |. of the suspended body. If I is the M. |. of the table and Tg is the period To2 X lo

Let two identical bodies of mass M be placed on the table symmetrically with respect to the centre.
According to the theorem, M. I. of one body about the axis of suspension - ip + Mr2 where ig is the M. |. of
the object about a vertical axis through its C. G and x is the distance between the centres of the table
and the object. Hence M. I. of the suspended system is | = lp + 2ig + 2Mx: If T is the period of oscillation
for the system T2a I

-T2 1y +2ip +2Mx°

To Ty

T2 - 2y +1p T2 + 2MT02 X2
1

1 0
0 0

2MT? Ay +ig o
and intercept To

Io Ip
Procedure : The M. I. table is suspended from a rigid support using a long, thin wire. This is set into

A graph connecting T2 and xz2 will be a straigh line with a slope s

torsional oscillations and the time for 10 oscillations is determined. Hence the period Ty is calculated. Two
identical object of mass M each are placed on the table symmetrically with respect to the centre of the table.
The distance or between the centres of the two objects is measured. The period of oscillation T is determined
by measuring the time for 10 oscillations. The experiment is repeated for different values of x. A graph is
plotted with T2 along y axis and xz along X axis. A straight line is obtained. It s is the slope of the

2 2 2
2MTy 1. =Mp [

line. M. I. ofthetable1, = 5 TheMI. of the table by direct calculation is given by 12 Where Mg
is the mass, Lo is the length By is the breadth of the table. From the intercept on the y axis, the M. I. of

the object ip can also be determined.
Result : For parallel axis theorem
a) Justification of the theorem : The graph of T2 verses xz is a straight line which verifies the theorem
b) M. I. of the table by experiment is kgm:
c) M. I. of the table by direct claculation is kg m2
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Observation :

Diagram :

/mom/

M. I. Table
T!
C B
AB (y Scale)
/ Slape, s= BC (x Scale)
x2
Tabulation : Theorem of parallel axis
To find To
Trial No. | Time for 10 oscillation (s) Mean time (s)
1.
2.
3.
4.
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Tofind T

Distance of Time for Oscillation Period
Trial No. | mass x (m) 1 2 Mean T (s)
1.
2.
3.
4.
5.

M. 1. of table (lp) :

Total mass of two objects placed on M. |. table = kg
.". Average mass of object = M = kg

From the graph, slope =S =

2
M. I. table 1o = “MT

S
= kgm:
Direct calculation of Ig
Mass of M. |. table, Mg = kg
Lengths of M.I. table, Lo = m
Radius of M. I. table, B = m
o 12 4 g
C 12 )
= kgm:
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SDM COLLEGE (AUTONOMOUS), UJIRE Department of Physics |

SEM BSc: Practical Questions

Determine the Moment of inertia of the given irregular body by using it as torsion pendulum
(use two regular bodies for comparison ). ertia.Also determine the rigidity modulus of the wire.

Verify parallel axes theorem of M.I. using M. I. table and two equal masses, by graphical method

Determine the frequency of AC by using sonometre . Compare the linear density of the material
of the wire by direct calculation and assuming the frequency to be 50Hz.

Determine the M.I. of the given fly-wheel and hence estimate its mass (4 trials). perform the
experiment by simulation method and find the mass of the fly wheel for another environmental
condition.

Determine the specific heat of the given liquid by the method of cooling.

Find the frequency of the given tuning fork using a Helmholtz Resonator and four tuning forks of
known frequency and by drawing the necessary graph. Verify it by direct calculation.

Determine the value of ‘g’ using spiral spring. (Period of oscillation of the spring is to be found for a

minimum of 4 loads). Verify Hooke’s law and determine the unknown mass of the given load.
Draw speaker and microphone characteristics using given apparatus.

Measure the thermo EMF developed using the given thermo couple set up

10. Verify perpendicular axis throrem of moment of inertia
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Experiment Number : Date:

1. C-R CIRCUIT - CHARGING AND DISCHARGING
Aim: To study the charging and discharging of a capacitor in an RC circuit
Apparatus: Capacitor 1000 uF., resistor 100KQ, voltmeter etc

Theory: When a resistor and a capacitor are connected in series to a source of voltage V, as

shown in fig (a). We have
V. +Vr=V,
V. and Vy are the P.D. across C and R

Now V. =¢q/C & Vr =RI =R%

& dg

RC  V,C—q
Integrating, In(V,C—-q)+ A= -t/RC
Whent=0,q=0
+InV,C+A=0 = A=-InV,C

—t

=— = q=-V.C e R + v,C
RC

On substitution and simplification ln[%}

= q=V,C (I-e *%)

ButV,.C=q, .. q=qo(l-¢ “URC )
P.D across capacitor q/C =(q,/C) (1-¢ URCH
Or V=V,(1-¢ Ry ... (1)

Thus the P.D. across the capacitor rises exponentially as in diagram (b)

.. Again from eqn (1) we have V,-V=V,e URC

i.e., V,—V falls exponentially. i.e., in equal times (V, —V) falls by equal factors.



Considering the factor as 1/2 . Let,(V,—V)=%V, whent=T;,

Tl/Z

Then, e’ =2 = T;,=RC log:2 =0.69 RC
Thus marking points on the P.D. axis corresponding to
Vo-V)=%V,, %V,, (1/8)V,, etc

The corresponding times T, can be determined. The value can be verified by using the relation
T1/2= 0.69 RC.

TI/Z

The time constant of the circuit is given by t = RC = 0.60"

Similarly it can be shown that the PD. across the capacitor during discharge is given by
V=Vye RC The voltage ‘V’ versus time ‘t’ graph will be as shown in diagram (c) which can
be analysed as in the previous case.

Procedure : (A) Study of charging process:

The connections are done as shown in diagram (a) (with C = 100 uF & R = 1000 KQ or
C=1000 uF & R = 100 K Q). The circuit is closed plugging gap Gj, starting a stop watch

simultaneously. The voltmeter reading (V) are recorded every 30 seconds until a maximum value
V, is reached.

A graph is plotted connecting V and time. On the Y axis, points are marked corresponding to
V=(V,-"%V,), V=(Vo- ¥%V,), V=[V,-(1/8)V,] etc.

The corresponding times and interval T, is estimated. Then time constant is calculated. This

is compared with the theoretical values.
(B) Study of discharging process

Gap G is opened and G; is closed, after charging the capacitor to the peak value Vo. The
capacitor discharges through R. The p.d. across the capacitor (V) is noted at intervals of 30
seconds. A graph is plotted with V vs time. In the V axis markings are made corresponding to
V.

A% . . . .
7",7",?"6& The corresponding values of time and hence the interval T;s is found out. Then

time constant is calculated. This is compared with the theoretical value.
Result: The time constant of the CR circuit is found to be
) t=......... s from charging curve

2) t=......... s from discharging curve

3) t=.all. s by direct calculation.



Observations

Circuit diagram

| Q
Q
o

|
+

=C Voltmeter

(a) .

Yu

Pd across the
Capaciwr V o

<

N Gapacitor Voltage <~

Vi
V4

V,/8

Charging (b)

7

Time in scc

Discharging (c)



While charging

R= 100Kohm C=1000 pF
Time (in S) 0 5 10 20 30 |60 90 120 150 180
Voltmeter
Reading (V)
Time (in S) 210 240 | 270 | 300 | 330|360 |390 |420 450 480
Voltmeter
Reading (V)
While discharging
Time (in S) 0 5 10 20 30 | 60 90 120 150 180
Voltmeter
Reading (V)
Time (in S) 210 240 | 270 | 300 | 330|360 |390 |420 450 480
Voltmeter
Reading (V)
Calculations:
From the charging curve, 1) Tip = ....ccenoee. S
2) T]/z it S
3) T1/2 E S
S MeanTip = .ol S
’TI/Z —

.. Time constant of the circuit, t =
0.69



............ S
2) T]/2 N S
3) T]/z A S
S MeanTip, = ..ol S
: - Ty
.. Time constant of the circuit, t = = .. S
0.69

Direct calculation of time constant:

R=100KQ, C=1000 uF

~. Time constant, by direct calculation t=RC = 100X1000X1000X10¢ s



Experiment Number : Date:

2. NETWORK THEOREMS

Aim:  To verify Thevenin’s and Norton’s theorems for DC Circuits
Apparatus : Variable DC. Power supply, DC milliammeters and voltmeter.
Components: Resistors 100 ohm-2 numbers,150 ohms and resistance box.
Theory

Thevenin’s theorem states that an electrical network consisting of energy sources and
resistors can be replaced by a voltage source Vy, in series with a resistance Ry, where Vy, is the
open circuit voltage measured between the output terminals of the network and Ry, is the
resistance as seen between these terminals when all the energy sources within the network are
replaced by their respective internal resistances.
For the circuit shown in fig (a) Vry is the open circuit voltage between the terminals a and b.
Using the voltage division rule we get,

VR
Vo = R T TTTTOTUR U RPRRRUN 1
Th R IR, (1)

The resistance Ry, as seen between the terminals a and b is

RR
Rpm=Ry+Ry || Ry=R,+—12 ... 2
Th 2 1|| 3 2 R1+R3 ()

(The source is assumed to have negligible internal resistance)

The circuit in fig (a) can be replaced by its Thevenin equivalent circuit shown in fig (b)

Norton’s theorem states that an electrical network containing energy sources and resistors can be
replaced by a single current source I in parallel with a resistance Ry, where I is the short
circuit current that flows through the output terminals and Ry is the resistance as seen between
these terminals when, all the energy sources are replaced by their internal resistances.

For the circuit in fig (a), the total current drawn by the source when the output terminals a and b

are shorted is

v v
IT = e (3)
RORIR, RoRs
R,+R,
The short circuit current through a and b is
I = IR, (4) (Using current division rule )
s RLR,

Assuming that the source has negligible resistance, the resistance Ry as seen between the

terminals a and b is given by the expression (2).



RN = RTh .................... (5)
The circuit in fig (c) is the Norton equivalent of the circuit in fig (a)
For the circuit shown in fig (d) Vr, and Ry, between the points a & b can be obtained by using

source transformation technique twice and are given by

= -V, 6
Th R1+R3 2 ( )
R R
Rm=R,+——=-....... 7
Th 2 R1+R3 ( )

The Thevenin equivalent circuits as shown in fig (b). Its Norton equivalent shown in fig (¢) can

be obtained by source transformation.

o= Yoo (8)
I{Th
RN = RTh ............... (9)

Procedure:

A circuit is rigged up as in fig (a). The value of the resistance Ry is changed in suitable steps and
the current in the circuit is noted in each case. Now Vr, and Ry, are calculated using equation (1)
& (2). The network is now replaced by its Thevenin equivalent as in fig (b). Now Ry is changed
in the same steps as before and the current in the circuit is noted in each case.

Now I, and Ry are calculated using equations (3), (4) & (5) and the network replaced by its
Norton equivalent as in fig. The current for the same values of Ry are noted in milliammeter II,
taking care to see that the milliammeter I always reads the short circuit current Isc (For this,

voltage V¢ is varied until milliammeter I reads I).

Inference:

The current values for different load resistances are found to agree with each other for the
original network and Thevenin & Norton equivalent circuits there by verifying Thevenin’s and

Norton’s theorems.



Observations

Circuit diagram

Fig. 3(c)

Calculations
For the circuit in fig (a)
Supply voltage V= 10 volt
R; = 100 ohm R, = 150 ohm R3; = 100 ohm
Vi = VR, = Rm=R,+ RR, _
R1+R3 R1+R3
\'% I[.R
Ir= = (= —12 =h=
R+ R,R, ) R,+R;

Rn=Rm =



Tabulation

Load
Resistance
Rp (ohm)

Current in the circuit (mA)

For the original
network

For the Thevenin
equivalent

For the Norton
equivalent

100

200

300

400

500

600




Experiment Number: Date:

3. RC LOW PASS AND HIGH PASS FILTERS

Aim: To construct RC low pass, high pass filters and to draw their frequency response curves.

Apparatus used: Oscillator, multimeter, Resistors 1K ohm,l.5Kohm.and Capacitors 0.1 pF

.Theory:

The frequency sensitive circuit elements like capacitors and Inductors are used for filtering
actions. The most common way of removing unwanted frequencies is by using simple RC filters.
The filter circuits are grouped into four categories viz., (a) low pass filter (b) High pass filter (c)

Band pass filter and (d) Band stop filter.
Low pass Filter

A low pass filter allows low frequencies and rejects high frequencies. A high pass filter
allows high frequency components to pass through rejecting low frequency ones and a band pass

filter is the one which allows a band of frequencies to pass through.

The rejected frequencies are those frequencies beyond the point at which the output signal is less
than 70.7% of the input signal and this point is referred to as half power point. The frequency

corresponding to this is called cut-off frequency or 3 dB frequency.
In the low pass filter shown in fig 1(a) the capacitor C, offers high resistance for low frequency
signals. (the capacitive resistance X, a%j. As a result, the output is high at low frequencies. When the

input signal frequency increases the reactance of C; decreases causing the output to be increasingly
attenuated.
High Pass Filter

In the high pass filter shown in fig 1 (b) the reactance Xc of the capacitor C is very high
at low frequencies. So the output voltage will be very small. As the frequency increases Xc

decreases and more voltage will be available at the output terminals.

Procedure: A low pass circuit is constructed as in fig 1 (a) with the designed values of R; and
C,. The input voltage is set to a suitable value (say 1 volt). The frequency is varied in suitable
steps and the output voltage is noted using a AC Voltmeter. The observation is repeated for

different frequencies. For all frequency settings, input voltage from the oscillator is maintained



constant. A graph of output voltage Vs log f is plotted and the cutoff frequency is calculated

from the graph. The designed and observed cut off frequencies are computed.

The above steps are repeated for the high pass filter.

Result

1. Low pass filter a)Designed = ...........coooiiii Hz
Cut off frequency f; b)Observed=.........ccevvvviiiiiiinninnnnn. Hz
2. High pass filter a)Designed=............cocoeiiiiiiiinn.n. Hz
Cut off frequency f; b) Observed = ........cocevvviiiiiniiinnn. Hz
Observations:

Circuit diagram

K, [

T

& 1 Rz :
F 1.8 A=

Fig [l Fig ftw

<>

Yo Ya
-4

Vimun)

H_.:I;EIL!

Design calculations:

I. To design a low pass filter value of R =1.5KQ C=0.1 uF
1
2nR,C,

.. Cut off frequency f| =

I. To design a high pass filter R, =1 KQ C,=0.1 pF

1

.. Cut off frequency , = —— =
Y 2T R .C,



Input Voltage V; =1 Volt

Low pass filter High pass filter
Frequency log f Output Voltage Frequency log f Output Voltage
Hz Vo (volts) (Hz) V, (volts

100 100
200 200
300 300
400 400
500 500
600 600
700 700
800 800
1K 1K
1.5K 1.5K
2K 2K
2.5K 2.5K
3K 3K
3.5K 3.5K
4K 4K
5K 5K
6K
7K
8K
9K
10K

From the graphs, log f; = T Hz

Logf, = D U Hz




Experiment Number: Date:

4. SEARLE’S DOUBLE BAR

Aim: To determine the Young’s modulus (q), Rigidity modulus (n) and Poisson’s ratio (o) of
material of a wire by Searle’s double bar method.

Apparatus: Searle’s double bar, stop watch, screw gauge, etc.
Description:

The apparatus consists of a pair of identical uniform heavy bars (of circular or rectangular
cross section ) A and B. Each of the bars has chuck screw at its centre. The ends of the
experimental wire are introduced into these chucks and tightly gripped.

Principle

The set up is as shown in fig(b). If the ends of the bars are brought close together and
released, the experimental wire bends and unbends. The bars are set into oscillations about the
suspension threads as axes.

The motion of each bar is simple harmonic and its period,

£4 where ¢ is the length r is the radius of the wire and I is the MI of the bar.

qnr

T1:27'C

2
I=wW E‘—z:| where W & L represent the mass, and length of the bar.

Hence T,> = 8nlf orq= 8nll @)

qr’ r'T?

In the second part of the experiment, (fig b) the wire is subjected to torsional oscillations by
giving a small rotation to the bar about the wire as axis and releasing it.

The motion of the bar is simple harmonic and the period is

T 2|2
nmr

i.e., T22 = 8TEI4€
nr




Poison’s ratio:

Eqn(2) T
2
And  o=Lo1=D g 3)
2n 2T,

Procedure

In the first part of the experiment (flexural oscillations) both the bars are suspended from a rigid
support by means of two strong threads of equal length. The strings are adjusted so that they are
parallel and the bars lie in the same horizontal plane. The two ends of the bars are brought
together so as to bend the wire in a circular arc and let go. They start vibrating in a horizontal
plane about their centers. Using a stop watch the time for 10 oscillations is noted. This is

repeated a number of times and the mean period T is calculated.

For the second part of the experiment, (Torsional oscillations)one of the bars (say A) is
clamped horizontally so that the other bar hangs freely from the suspension wire. The bar is set
into torsional oscillations about its centre and the mean period T, is determined as before. The
length “ ¢’ of the wire between the nuts is measured. Its radius r is determined using a screw

gauge.

Both the bars are weighed together and the mean value of their mass W is determined. The
mean length ‘L’ is determined. The values of q, n & & are calculated using eqns. (1),(2) & (3)
respectively.

Note

If the bars are of rectangular cross section with breadth B and length L, the moment of inertia
of each bar about an axis passing through its C.G and parallel to its thickness is

2 2 2
r=w| B e g, 1= WE
12 12

RESULT
1. Young’s modulus (q) = ... Nm?
2. Rigidity modulus (n) = Nm?

3. Poisson’s ratio (G) = ..evviiiiniiiiiiniiiei i



OBSERVATIONS :
DIAGRAMS :

A

Z

Fig. (a) Flexural oscillation

TABULATIONS

Part 1: Flexural oscillations

B

Fig. (b) Torsional osillations

Tr.No. | Time for 10 oscillations t; (s) Mean t; (s) Period T, = t ©)
10
1
2
3
4
5
6
Part 2: Torsional oscillations
Tr.No. | Time for 10 oscillations t, (s) Mean t; (s)

t
Period T, = -2 (s
2= 7o )

AN | | W N




To determine radius of wire: using screw gauge.

. Dist d
Pitch of the screw gauge = 1stance uncovere

No. of rotation given -

Pitch
Least count = = mm

No. of head scale division

Zero error = HSD Zero correction = .HSD
Trial No. | P.S.R (mm) H.S.R. Corrected H.S.R. Diameter of wire (mm)

1

2

3

Mean diameter=...................... mm
s Radiusr= ... mm
Total mass of two bars W = kg
Wl

Mean mass of one bar W = 7 = kg
Mean length of one bar L = m

2

Moment of inertia of bar | = kg m* = kg.m?>




Length of the wire, / = .cccoevvvvevvrrennnns m

Young’s modulus q= % Nm'z,
r'T
Rigidity Modulus = ~ ot Nm?,
r'T,
T 2
Poisson’s Ratio, c=—2-1




Experiment Number: Date:
5. STATIC TORSION
Aim: To determine the rigidity modulus (m ) of the material of the given rod using static
torsion apparatus.
Apparatus: Static torsion apparatus, weight hangers, Screw gauge etc
Description

In the static torsion apparatus, one end of the experimental rod is fixed firmly at A. The other
end B of the rod is fixed firmly to a circular pulley. A cord is passed over the rim of the pulley.
The free end of the cord is attached to a weight hanger. The twist at any point of the rod is noted
by a pointer fixed to the rod. The pointer moves over a circular scale marked in degrees.

Principle:  If a load M is suspended from the pulley and R is the radius of the pulley, moment
of applied couple=M gR ............. @9

If C is the couple per unit twist of the rod, the restoring couple developed for twist 0 is C6

L 2)
2L

where r is the radius of the rod, L is distance of the pointer from the fixed end of the rod.
Equating equations (1) & (2)

4 2MgRL
mr’9 =MgR or n= —4g
2L ron

T
If the twist is (I) degrees, 0 :—¢ radians

_ 360 MgRL
w’ro

Procedure:  The rod is brought into cyclic state. For this, the cord is wound over the pulley in
clockwise direction. The weights are added to the hanger in steps (say of 0.2 kg. or 0.5 kg.) till the
maximum load is reached. The load is then decreased in similar steps. The cord is now wound in
anticlockwise direction and the above procedure is repeated. The application of alternate clockwise and

anticlockwise couples is repeated 4 times.

The position of the pointer is adjusted to keep L at a convenient value. The cord is wound over the
pulley in the clockwise direction. With a dead load w in the weight hanger, the reading of the pointer is



adjusted to zero. The load is increased in equal steps of 0.2 kg or 0.5 kg. and in each case the pointer
reading is noted. After reaching the maximum load, it is decreased in similar steps and pointer readings
are noted for each load.

The cord is now wound over the pulley in the anticlockwise direction. The initial reading of the
pointer is set to zero. The readings of the pointer (for increase and decrease of load in equal steps) are
noted. The radius of the rod is found out using a screw gauge. The radius of the pulley is calculated by
measuring its circumference. The rigidity modulus of the material of the rod is determined using eqgn.

(4).
Result: Rigidity modulus of the material of the rod n =
Observations:

Diagram :

s Q & L4

Fig. a

Tabulation:
Trail 1: Distance between the fixed end and the pointer, L; = ............ m
Pointer reading in degrees Mean pointer | Twist due to
Load (kg) Clock wise couple Anticlockwise couple reading M= (1.5Kg)
Load Load Load Load ,
Increasing | decreasing Increasing decreasing
W+0
W+0.5
W+1
W+1.5
W+2
W+2.5
W+3
Mean ¢; = oo, LM



Trail 2: Distance between the fixed end and the pointer, L, = .cccccooevvvenneee. m

Pointer reading in degrees Mean pointer | Twist due to

Load (kg) Clock wise couple Anticlockwise couple reading M =(1.5Kg)

Load Load Load Load 0,

Increasing | decreasing Increasing decreasing

W+0

W+0.5

W+1

W+1.5

W+2

W+2.5

W+3

To determine the radius of cross section of rod: using screw guage

. Distance uncovered Pitch
Pitch = - - = = mm, Leastcount= ——— = mm
Rotations given No. of HSD
Zero error = HSD Zero correction = HSD
Trial No. Pitch scale H.S.R. Corrected H.S.R. Diameter d (mm)
reading (mm)
1
2
3

Mean diameter=..................... Mmm=................. m

. Radiusoftherodr =.....ceeuneee m

Circumference of the pulley = .................... m



Radius of the pulley R =

Mean —— = —

2n

LM 1{QM+L¢q_

o 2| ¢

Rigidity modulus n =

360gRL(£ég

S

or

¢

Circumference

j:



Experiment Number: Date
6. CANTILEVER BENDING

Aim: To determine the Young’s modulus ‘q’ of the material of a cantilever by
measuring the depression of its loaded end.

Apparatus: Uniform bar, G clamp, weight hanger, travelling microscope, screw
gauge, vernier calipers etc.

Principle: A thin uniform bar clamped horizontally at one end and loaded at the
other end ,forms a cantilever. In the case of a light cantilever, the depression y of
the loaded end for a weight W (= Mg) is

AK® is the geometric moment of inertia of the bar. In the case of a bar of
rectangular cross section,

If a graph is plotted with depression against the load a straight line through the
origin is obtained. The slope of the line

Is s=y/M from which ‘q’ can be obtained.

4gI°M

Young’s modulus q =
g q bt’s

Procedure

The given bar AB is fixed rigidly at one end using a G clamp so that it is
perfectly horizontal. (The beam should project about 40 cm beyond the stand). A
weight hanger is hung from the free end at the point B. At the same point, a pin is
fixed (fig a). The load in the hanger is increased in equal steps until a maximum is

reached. The load is now decreased in the same steps.

/| Field Code Changed

) t Field Code Changed

| Field Code Changed

" | Field Code Changed

| Field Code Changed




A travelling microscope is focused horizontally on the pin until a clear image of
its tip is seen in the field of view. The microscope is raised or lowered until the tip
of the pin coincides with the intersection of the cross wires. The reading on the
vertical scale is noted. The load in the hanger is increased in equal steps until a
maximum is reached. For each load, the microscope reading is taken. The load is
then decreased in the same steps till the dead load is reached (each time taking the
readings). Employing the method of differences the mean depression y of the pin
tip for M is determined. The length L of the cantilever i.e., the distance of B from
the fixed end, is measured.

The breadth (b) and the thickness (t) of the cantilever are accurately measured
using a vernier calipers and screw gauge respectively. The Young’s modulus is
calculated using eqn. (2).

A graph is plotted with depression against the load (fig b). The slope of the
straight line is calculated. The Young’s modulus is estimated using the eqn. (3).

Result:

Young’s modulus of the material of the bar

(a) By experiment (direct calculation) = ........................o.ll. Nm?
(b) By the graphical method = ................cociiiiiii, Nm®.
Observations:
DIAGRAMS : Y
ABY Scale
& i —5 SloPe = BC X Scale
~™ )
A B B
=S| Bl ¢
8 B
g X
Load —
fig. (a) -
fig. (b)
Tabulation:

Length of the cantilever L= m



IMSD

Least count of the travelling microscope =

No.of vernier scale divisions

= cm

Load T.M readings (cm) Depression for | Depression
(kg) M=(0.15 kg) for different
Load increasing Load decreasing Mean y (cm) loads (cm)
W+0
W+0.05
W+0.1
W+0.15
W+0.2
W+0.25
W+0.3
Mean y = cm = m
To determine thickness t : Using screw gauge
Pitch of the screw — Dlstancle uncc?vered
Rotations given
Pitch

Leastcount = = mm

No. of head scale divisions

Zero correction =

Trial | Pitch Scale reading (mm) H.S.R
No

Corrected H.S..R

Total reading t (mm)

1

2

3

Mean Thickness=t= mm

To determine breadth b: Using Vernier calipers




IMSD

Least count of vernier = ————=.........c.c..coenee cm
No.of H.S.D
Trial M.S.R (cm) CVSR Total reading (cm) b
No
1
2
3
Mean b = cm = m
3
Young’s Modulus by direct calculation, q = 41;/%1“ S e Nm?
y
Young’s Modulus by graphical method
Slope =
3
el 1)
bt” | slope




Experiment Number: Date

7. INTERFACIAL TENSION

AIM :
To determine the interfacial tension between water and kerosene by drop- weight
method.

APPARATUS :
Funnel, beaker, pinch cock, physical balance, screw gauge elc.

PRINCIPLE :
The drops of a denser liquid of density d,, are formed and detached inside
another liquid of density d, [t:i1 < d,). The forces acting on a drop thus formed are,

1. Weight of the liquid drop, mg acting vertically downwards.

2. Up thrust = weight of the displaced liquid = mg %’;
1

3. Upward force due to surface tension=2r r T where r is the outer radius of
the tube and T is the interfacial tension between the liquids.

4. Downward force due to excess pressure inside thedrop =afT/r==rT

For equilibrium. mg += T = 2T + mg {:_1,_) ormT = {I - (i’} mg
dl dl

Rayleigh gave an emperical relation for better results in which = is replaced by 3.8

m d
AT =§§;[1 - ;—'] O s )
PROCEDURE :

Water (denser liquid, of density d ) is made to flow in the form of drops at the end
of the glass tube at a rate of 10 to 12 drops per minute. A clean dry beaker is filled with a
sufficient quantity of kerosene (densily d,) and weighed. The beaker is placed
below the tube such that the tube dips inside kerosene (fig a). Ten drops of water are
now collected. The beaker is removed and weighed. The experiment is repeated by
collecting 10 more drops of water in the same beaker. The external radius r of the glass

tube is measured using a screw gauge.
Now average mass of one drop of water ‘m’ is determined.

To determine d,/d,

A clean dry beaker is weighed. Mass m, of 50 cc of kerosene oil is determined. Beaker is
cleaned and mass m; of 50 cc of water is determined. Ratio of densities d2/d1 is found out

using the formula
dy/d1=m,/m;

Finally interfacial tension of water wrto kerosene oil is found out using eq no (2)

Result: Interfacial tension of water is= N/m



Determination of mass of one drop of water

Kerosine oil

Object Mass (grams) | Mass of 10 drops
(grams)
Beaker +liquid
Beaker +liquid+ 10 drops of water
Beaker +liquid+ 20 drops of water
Beaker +liquid+ 30 drops of water
Beaker +liquid+ 40 drops of water
Average mass of 10 drops of water = grams
Hence mass of 1 drop of water=m= grams= 10°Kg
To determine d,/d,
Object Mass Mass of 50 cc of Mass of 50 cc of
(grams) Kerosine oil m, water
grams m;  grams
Empty dry and clean beaker | Mj=
Beaker +50 cc kerosene oil M,= My-M;= Ms-Mq=

Beaker +50 cc of water

M3=




Hence ratio of densities

dz/d1=mz/m1

To determine external radius of the tube

Pitch of the screw = D1stanc.e un09vered
Rotations given
Pitch
Leastcount = = mm
No. of head scale divisions
Zero error = Zero correction=
Trial | Pitch Scale reading (mm) H.S.R Corrected H.S..R diameter d (mm)
No
1
2
3
Mean diameter d= mm mean Radius r= d/2= mm=

X10°m
Interfacial Tension =

—
1}

mg[1-d2/d1]/3.8r

N/m




Experiment Number: Date

8. OSTWALD’S VISCOMETER

AIM :

To compare the coefficients of viscosity of the given liquids using Ostwald’s
viscometer.

APPARATUS :
Ostwald’s viscometer, given liquids, stop watch, Hare’s apparalus etc.

DESCRIPTION :

Ostwald’s viscometer consists of U shaped tube of unequal limbs with two bulbs
A and B. The lower bulb has a funnel attached to it while the other ends with a capillary
tube. The tube has a rubber tubings provided with a pinch cock (fig. a).

PRINCIPLE : If p, and p, are the densities of the liquids and hj and hy are the

heights of the liquids in Hare's apparatus then (E'_) = (_hl)
Py h,

Although the pressure head goes on changing continuously
during the flow of the liquids, it is proportional to the density of the liquid at every part
of the flow. If p, and p, are the densities, and P, and P, the average pressure heads we
have from Poiseuille’s relation.

P r* nP,rt

Q=—and Q=
! 8n,/ . 8ny/

Where Q, and Q, are the rates of flow of the liquids. Since- the volume
of the liquids are the same the rate of flow is inversely Proportional to the time
for the flow and the pressure is proportional to the density of the liquid

P t_zand e _ ek

Hence Q/Q,=—x = = ——E ot
p2 nl tl 7|l p| l|



PROCEDURE :

The viscometer is first cleaned and dried. A fixed volume of the first liquid is intro-
duced into the lower bulb (using a pipette). Air is sucked through the rubber tubing so
that liquid rises to the mark M above B and the pinch cock is applied. The
pinch cock is opened simultaneously starting stop clock. The time taken by the liepuiel
in B to fall from mark M to the mark N below is found out. The liquid is once again
drawn into B and the experiment is repeated four times. The liquid is poured out from
the viscometer and it is then rinsed with the second liquid. The same
volume of the second liquid is introduced into A. The experiment is done as before.
The mean time taken by the liquids for falling through the same height is found out.
The ratio of the densities of the liquids is found out using Hare’s apparatus. If h, and h,
are the heights of the liquid columns

p, h,
The ratio of the coeffecients of viscosity
noet b
noet (BT
RESULT :

The ratio of the coefficients of viscosity of the given liquids is =

OBSERVATIONS

OSTWLAD VISCOMETER

e -

Upper mark

Lower mark

Fine Capillary tube




Determination of Ratio of time of flow

Time of Flow (s) ta/ty
T.No
Liquid 1 Liquid 2
water t; (s) t2 (s)
1
2
3
4
5
Mean t1/t,=
Determination of h,/h;
T.No Liquid 1 water Liquid 2 hy/hy
h1 hZ
1
2
3
Mean hy/h;=

Coefficient of viscosities of the two liquids=

2= (®)E)




SIMULATION EXPERIMENT
UNIFORM BENDING

Aim
To find Young's modulus of the given material bar by uniform bending using pin and
microscope method by simulation method

Apparatus
Pin and Microscope arrangement, Scale ,Vernier calipers, Screw gauge, Weight hanger,
Material bar or rod.

Theory

Young’s modulus is named after Thomas Young,19th century ,British scientist. In solid
mechanics, Young’s modulus is defines as the ratio of the longitudinal stress over longitudinal
strain, in the range of elasticity the Hook’s law holds (stress is directly proportional to strain). It
is a measure of stiffness of elastic material.

If a wire of length L and area of cross-section 'a' be stretched by a force F and if a change
(increase) of length 'l is produced, then

M ! 5t ol
Young's mod ulus= ormal siress . Fla

Longitudinal strain T

Uniform Bending Using Pin and Microscope Method

In uniform Bending, the Young’s modulus of the material of the bar is given by

Vo mepi®
Ble (1)

Where,
m - Mass at each end of the bar.
p - Distance between the point of suspension of the mass and nearer knife edge.
g - Acceleration due to gravity.
| is the length of the bar between the knife edges.
e - Elevation of the midpoint of the bar for a mass m at each end.

| - Geometrical moment of inertia.

For a bar of rectangular cross section,
_ bd?

12 ()
Where b is the breadth and d is the thickness of the bar.

i



Substituting (2) in equation (1)
Lmgpi®
2bd’e  (3)

Applications

1. Thin film applications.

2.1t helps to predict the directional and orientation properties of metals and has application in
ceramics.

3. Measurement of soft tissues -early detection, elasticity imaging, etc.

4. Itis used to test equipments like ultrasonic transducers, ultrasonic sensors.

Procedure for Simulation

Select the environment and material for doing experiment.

Adjust length, breadth and thickness of the material bar using sliders on the right side of the
simulator .

Fix the distance between knife edges and weight hangers using sliders.

Focussing the microscope using focussing knob and adjusting the tip of the pin coincides with
the point of intersection of the cross wires using left and top knobs on microscope
respectively.

Readings are noted using the microscope reading for 0g. Zoomed part of microscope scale is
available by clicking the centre part of the apparatus in the simulator. Total reading of
microsope is MSR+VSR*LC. MSR is the value of main scale reading of the microsope which is
coinciding exacle with the zero of vernier scale. One of the division in the vernier scale
coincides exactly with the main scale is the value of VSR. LC is the least count.

Weights are added one by one say 50g, then pin moves downwards while viewing through
microscope. Again adjust the pin such that it coincides exactly with the cross wire.

Note the microsope reading and repeat 7 and 8 by increasing the weights.

The readings are tabulated and Y is determined using equation (3).

Observations




Value of 1m.s.d

= 1/20 cm

Number of divisions on the vernier, n =50

Least count of microscope = 1 m.s.d/n = 1/1000 = 0.001 cm

Zmgpi®
. TV .
Young’s modulus of the material bar, 2bd’e S e ——— Nm
Environmental condition, Earth, g=9.8m/s2
Tabulations
Distance between weight hangers 40 cm
Distance between knife edges | 20cm
Distance between point of suspension 10cm
and nearest knife edge p
Breadth in cm b 1cm
thickness in mm d 4 mm
Observations Materials
Wood Copper
Reading for zero mass s; cm
Mass suspended m Kg
Reading for given mass s; Kg
Elevation s;-s; e cm
Youngs modulus Y N/m? N/m?
1.Young’s modulus of wood = ......cccccceeveecieenenns Nm™.

2.Young’s modulus of copper = .....ceveeeerernnene. Nm?.




11 SEM :BSc : Practical Questions

1. Plot time —voltage graphs for a C-R circuit while charging and discharging.
Hence obtain the time constant of the circuit in both cases. Verify by direct
calculation.

2 Verify Thevenin’s and Norton’s theorems using the given circuit. ( Take readings
for 6 load resistances).

3. Draw the load - depression graph for the given cantilever. Use it to find the
Young’s modulus of the material of the cantilever, (six loads) by graphical method.
Also verify the result by direct calculation.

4 Determine g, n and o for the material for the given wire by Searle’s double
bar method.

5. Determine the rigidity modulus of the given rod by subjecting it to static
torsion. Perform the experiment for two different lengths. (6 trials in each case)

6. With the given components ( using C = 0.01 micro farad and R =1 kQ Construct
a Low filter and using C = 0.01 micro farad R=1.5kohm construct a High pass
filter),draw the frequency response curves and determine the cut off frequencies
verify your answer by direct calculations.

7. Determine Interfacial tension of water with kerosene oil using the given
setup.(four trials for mass of 10 drops of water and 3 trials for ratio of densities.)

8. Compare the coefficient of viscosities using Ostwald’s viscometer. (Four trials
for ratio of time of flow and three trials for ratio of densities)



UNITS OF MEASUREMENTS

FUNDAMENTAL UNITS
Quantity Unit Symbol
1. Length meter m
2. Mass kilogram kg
3. Time second s
4. Electric Current ampere A
5. Temperature kelvin K
6. Luminious Intensity candela Cd
7. Amount of Substance mole mol
SUPPLEMENTARY UNITS
Quantity Unit Symbol
1. Plane Angle Radian rad
. Solid Angle Steradian Sr
DERIVED UNITS
Quantity Unit Symbol
1. Area square meter m2
2. Volume cubic meter m3
3. Density Kilogramy cublc meter kg/m?
4. Velocity meter/second m/s
5. Angular Velocity radian/ second r/s
6. Acceleration meter/second square m/s2
7. Angular Accleration radian/second square radfs2?
8. Frequency hertz Hz
9. Force newton N
10. Work energy joule ]
11. Power watt w
12. Pressure pascal Pa
13. Electrical charge coulomb o
14. Patential difference volt v
15. Electrical resistance ohm Q
16. Capacitance farad F
17. Inductance henry H
18. Magnetic field telsa T
19. Luminious flux lumen Im
20. Dynamic Viscocity | newton sec./ square meter N-s/m?2




STANDARD PREFIXES IN MEASUREMENTS

Prwfiks Syrmbod Multipiying factor
yotta ¥ 1 000 000 000 000 000 000 000 000 = 10
retta z 1 000 000 000 000 000 000 GO0 = 1021
aXa E 1 000 000 000 000 000 00D = 1018
Ppeta P 1 000 000 OO0 000 000 = 10%
tera T 1 000 000 OO0 000 = 1012
oiga G 1 000 000 OO0 = 107
Qs M 1 000 000 = 10*
kile k 1000 = 107
hecto h 100 = 10*
deka da 10 = 10!
i d 0,1 = 107
canti [ 0,01 = 107
i m 0,001 = 10-%
mikrg M 0,000 001 = 1078
nanos n 0,000 000 001 = 10
pilkce P 0,000 000 OO0 001 = 10012
it T 0,000 000 000 000 001 = 10°1%
akbo a 0,000 000 000 000 OO0 001 = 1071%
zapto z 0,000 000 000 000 00 000 Q0L = 103
¥

0,000 000 Q00 000 000 D00 000 001 = 10
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Experiment Number. Date
1. TRANSISTOR CHARACTERISTICS

AIM:To draw (a) input or Base characteristics (b) output or collector characteristic of a NPN
transistor in common emitter configuration. Also to determine (i) DC current gain (ii) A C
current gain (iii) Input resistance and (iv) output resistance of a transistor.

APPARATUS REQUIRED

DC regulated power supplies 0 -12 Vpc (variable), DC voltmeter, DC microammeter 0-100
1A , DC milliameter 0-25 mA, Multimeter, transistor BC 547, resistor 68 ohms, 100 K ohms %
Watt each

DESCRIPTION:

A NPN transistor consists of a ‘P’ type of a semiconductor sandwiched between two N type
materials. The three regions are called Emitter (E), Base (B) and Collector(C). The base is
thinner and lightly doped compared to E and C. The junction between the emitter and base is
called E- B junction and that between base and collector is called ‘C- B’ junction. Thus a
transistor can be thought of as two p-n junction connected back to back. When the E - B
junction is forward biased and C - B junction reverse biased, the transistor is said to operate
in active region.

If both junctions are forward biased, the transistor is in saturation. However, if both
junctions are reverse biased, the transistor is in cut off region. An input characteristic of a
transistor is a curve showing the variation of input (base) current, Iz as a function of input
voltage( base emitter voltage) Vge, when the output voltage

( collector emitter voltage) Ve is kept constant,

The output characteristic is a curve showing the variations of output (collector) current Ic as
function of output voltage Ve when input (base) current Ig is kept constant.

THEORY

Design calculations
Let the maximum voltage power supply be Vgg=  Vec= 12V

Let Vce(max) =10V

-3
Max collector current allowed, I¢c max = Fror _ 300x107 30mMA ---------- (1)
Vep (max) 10

Vee = Vg (max)

.. Minimum collector resistance Remin =

I . (max)
=12;193 =67 0hm=68Q
30x10
V.. —1 — -3
Maximum base current lgmay = ————<max = 12-30x107 _ 136 u A-—-(3..
h,;(max) 220

Vg = Vyp(max)  12-0.7
1 136 x10°°

B max

Minimum base resistance Rgmin =

= 83Kohm = 100KQ2.....(4)



Transistor parameter from Input characteristics:

The AC input resistance h;e = ilV (5)

B

Transistor parameters from Output characteristics (for V¢ = 5V)

d.c current gain heer = hfor lg = lgg ----------- (6)(a)
Bl
; Ie,
d c current gain hgg, = == for lg = Igy --—-—-- (6) (b)
B2

I -1
a c current gain h = —— = (7)

[B 2 131

. . AV

output resistance of the transistor, y,= IV (8)

PROCEDURE
All components are connected as shown in the figure(1)
Input characteristics:

Let Ve = 0. For this, the collector connection is removed and shorted to emitter. Vgg is
adjusted sothatlg =1 A. Vg is noted. Vg is noted for Ig = 2, 5,10,20,40,50 14 . A graph
of Iz Verses Vg is drawn . Choosing any two points on the raising part of the curve, the AC
input resistance h;e of transistor is determined. The collector is reconnected to the circuit.
The experiment is repeated for Ve =5V.

Output characteristics:

Vgp adjusted so as to get Ig = 20 uA (say) Ve is adjusted to 0.2V, 0.4 V up to 10 volts.and in
each case the collector current is noted. A graph of Ic verses V¢ is drawn. The DC current
gain hge is calculated for different cases. The variation AI of collector current for a change
AV of Ve in the active region of transistor is noted. The AC current gain hg is calculated. The
AC output resistance ro, of transistor is calculated. The experiment is repeated for I is 40 1A
and 60 A .

NOTES:

1) The values of R¢c and Rg depend on transistor used and maximum supply voltages Vgs and
Vee.

2) Voltage measurements are essentially done using voltmeter having high internal
measurements.



RESULT:

VCE(VO|tS) VCE=0V VCE=5V
Input resistance AV AV _
- AIB
hie (0hms) AlB
g (14) 20 puA 40 puA 60 4
DC current gain I, I, I,
IBI 132 1193
Output resistance SVee/6lc OVee/6lc OVee/6lc
ro in ohms = = =
AC current gain hye
I., I, les =1y _
Iy, Iy 1 Loy =1,




OBSERVATIONS

Circuit diagram

+ & F‘B
Ig )
= v'.'l:'
i =
BE S
€
¥ CE
- M=oV B ) safuraben ! achive vgion
A9 Sl Veg 2 Sv weyien !
(M) SR - 3,
I8y
‘ s bz Ts,
P v
> \FBE&V) > Vg W
Collectos
Collector
Base N N

Emiltter

MPM transistor symbal



Tabulation

In put characteristics

Vcee=0V V=5V
Base current Iz in | Base voltage Vg in | Base current Ig Base voltage Ve
uA Volts in pA in Volts
0 0
1 1
5 5
10 10
15 15
20 20
30 30
40 40
50 50
60 60

Out put characteristics

Base current 20 in uAd Base current 40 in uAd Base current 60 in uA4
Vce in Icin mA Vce in Icin mA Vce in Icin mA
Volts Volts Volts

0 0 0
0.2 0.2 0.2
0.5 0.5 0.5

1 1 1
1.5 1.5 1.5

2 2 2

3 3 3

5 5 5

6 6 6

7 7 7

8 8 8

9 9 9
10 10 10




Calculations

From the input characteristics:
Input resistance hje
Case 1) For V= 0V

hie =A_V
AIB

Case 2) for Vge= 5V,

hie= —
AIB

From output characteristics

D.C current gain

1) hee = i:
Bl
2) hFE=1£=
IBZ
I
3) hre =0 =
15’3

AC Current gain for different cases

I -1
Case1l.) hp-—S2—FCL =
B2 131
Case 2) hfe= M:
133_132

Output resistance for different cases

Case 1) lo= SVCE/Slc

Case 2) lo= SVCE/Slc

Case 3) ro=6Vce/blc

ohm

ohm



RESULTS:

VCE(VO"ZS) VCE=0V VCE=0V

Input resistance AV AV

hie (ohms) AlB AIB

Ip (124) 20 uA 40 uA 60 1A
DC current gain i _ i i _
hFE IBI IBZ 183
Output resistance 8Vce/6lc SVce/6lc SVce/6lc
ro in ohms = = =

AC current gain hg

]cz 101 M=
132 IBl IBB_IBZ




Experiment Number. Date
2. NEWTON'’S RINGS -DETERMINATION OF RADIUS OF CURVATURE

AIM: To determine the radius of curvature of a convex lens surface by forming Newton’s
rings.
APPARATUS: Travelling microscope, optically plane glass plate, lens, sodium light, reading
lens etc.
EXPERIMENTAL SETUP: Light from a monochromatic source is reflected by a glass plate P,
kept at an angle of 45° to the horizontal. This falls over the lens placed over the glass plate
G. The travelling microscope over plate P can be focussed to see the alternate bright and
dark concentric rings. These are the Newton’s rings.
THEORY:
Interference takes place between the light reflected from the lower surface of the lens and
upper surface of plate G, the path difference at a point A

=2 u tcosr

where t = thickness of air film at point A. Now =1 for air and r = 0 for normal incidence.
Hence the path difference = 2t.

Due to the reflection of the light at the surface at G an additional path difference of A1/2(
where 4 is the wavelenghth of monochromatic source) is introduced. The total path
difference thus becomes ( 2t + A/2). If this point is n 4, point A will be on the bright ring. A
is on dark ring if (2t+A/2) is equal to (2n+A/2). Since the thickness of air film is uniform
along a circle with the point of contact as centre, there will be dark (or a bright) ring at all
points where the condition (2t+A1/2) = (2n+1) A/2 or n A is satisfied. The central spot will

be dark. If R, is the radius of nth dark ring, (ref diagram b), R is the radius of curvature of lens
2

% =2t =nA (1)
for m™ dark ring

Lo 2)

R

Eqn (2) — Eqn (1) gives r’ -r> =RA(m-n)

2 2
or A = —n
R(m—n)

(3)

If diameters are considered,

2 2 2 2
or A= D, =D, orR = D, =D, (4)
4R(m —n) 4(m—n)A

PROCEDURE:

The travelling microscope is focussed to observe the rings clearly with the dark spot at the
centre. The cross wires are adjusted so that one of them is tangential to the ring and the
other is tangential to the diameter of rings. Counting the central dark spot as zero, the cross
wire is made tangential to the 20" dark ring on one side and vernier reading of TM is taken.
Then the cross wire is made tangential to 5" 10", 15" and the readings of microscope after
each setup is taken. After crossing the centre of the ring system the reading of 5th, 10“", 15th,
20" dark rings on the other side are taken. The diameters of the rings are calculated.



The radius of curvature R of lens surface in contact with the glass plate can be calculated
from (eqn 4).

RESULT: Radius of curvature of lens by Newton’s ring method = m.

OBSERVATIONS
Least count of the Travelling microscope is
=Length of 1 msd/no of divisions on Head scale=S/N

=0.1cm/100=0.001 cm

=0

Tabulations

Ring Microscope reading in Diameter D (cm?) D’ -D%,
Number cm D=(b-a ) cm (cm
Left (a) Right (b)

20
15
10
5

m-n=10
D? —D?
Radius of curvature of the lensis=R = —"—"—
4(m—n)A



Experiment Number. Date

3. DETERMINATION OF PLANCK’S CONSTANT USING LEDs

AIM: To determine the value of Planck’s constant by measuring activation voltages of
different LEDs

APPARATUS REQUIRED: 0-5 V power supply, milliammeter, voltmeter, 1K ohm resistor and
different LED’s

DESCRIPTION

Planck’s constant (h), a physical constant was introduced by German physicist named Max
Planck in 1900. The significance of Planck’s constant is that ‘quanta’ (small packets of energy)
can be determined by frequency of radiation and Planck’s constant. It describes the behavior
of particle and waves at atomic level as well as the particle nature of light. The value of
Plancks constant can be determined by using LEDs of different activation voltages

LEDs are produced by the junction of two ‘doped’ semiconductor materials, one of which has
an excess of electrons (n-type) and the other a lack of electrons — also designated as holes
(p-type). When an electrical current is injected through this so-called ‘p-n’ junction, the
recombination of electrons and holes releases energy in the form of photons.

The colour of the light emitted from an LED is determined by the energy of the photons,
which can be tailored by changing the chemical composition of the semiconductor materials.
LEDs are most commonly made from alloys of gallium, arsenic and aluminium, and changing
the proportion of these constituents can produce LEDs that emit light in specific colours —
such as red and green in the visible region of the electromagnetic spectrum, or beyond into
the ultraviolet and infrared regions.

As with any light, it is the wavelength that determines its colour. The human eye is sensitive
to light with wavelengths from about 390 to 700 nanometres (0.00039—0.0007 mm). We see
the shortest wavelengths as violet and the longest as red, and each in between corresponds
to a particular colour in the spectrum. For example, green-emitting LEDs typically produce
light with a wavelength of around 567 nanometres.

We use LEDs in this experiment because each colour of LED has a different threshold voltage
at which electrons start being produced. Measuring this voltage, together with known values
for the emission wavelengths, provides a path to finding a value for the Planck constant.

THEORY

In the unbiased condition a potential barrier is developed across the p-n junction of the LED.
When we connect the LED to an external voltage in the forward biased direction, the height
of potential barrier across the p-n junction is reduced. At a particular voltage the height of
potential barrier becomes very low and the LED starts glowing, i.e., in the forward biased



condition electrons crossing the junction are excited, and when they return to their normal
state, energy is emitted. This particular voltage is called the knee voltage or the threshold
voltage or activation voltage. Once the knee voltage is reached, the current may increase
but the voltage does not change.

The light energy emitted during forward biasing is given as,

(1)

Where

c -velocity of light.
h -Planck’s constant.
A -wavelength of light.

If Vis the forward voltage applied across the LED when it begins to emit light and e is charge
on the electron (the knee voltage), the energy given to electrons crossing the junction is,

FE=gV
(2)

Equating (1) and (2), we get

(3)
The knee voltage V can be measured for LED’s with different values of A

v-2 (ij
= A

(4)

The equation shows that a plot of V against 1/ A is a straight line as shown with slope
[l
g=—
=

(5)

(6)

Where C=3 x 108 m/s is the velocity of light and e= 1.6022 x 10" C is the electronic charge,
Alternatively, we can write equation (3) as

h=-"hv
i



h is calculated for each diode and average value is found out

PROCEDURE

1. Set up the circuit as shown in the diagram. Connect the ammeter in series with the
LED to measure the current through it, and connect the voltmeter in parallel to the
LED to measure the voltage across it. The applied voltage can be changed by using
variable power supply.

2. Change the voltage in steps of 0.5 V from 0 V to 3 V, and measure the resulting
electrical current. Note that when the current flowing through the LED is small, the
LED might not light up, but the ammeter can still measure the current.

3. For each LED, plot a graph of current against voltage,. On each graph, find the
straight line of ‘best fit’ to join up the points that slope up from the x-axis. If the
points lie close to the line, this shows that a linear relationship holds between the
applied voltage and the current in this region of the graph

4. Finally, determine the activation voltage (V,) from the collected data. This is the point
at which the current begins to increase linearly with voltage. It can be read off the
graph by extrapolating the straight line representing the linear response region
backwards until it intercepts the x-axis.

5. Experiment is repeated for different diodes and the values are tabulated.

6. A graph is plotted taking activation voltage along y axis and reciprocal of wavelength
along x axis. Slope (s) of the graph is calculated and using equation (6) value of
Planck’s constant is determined.

7. The value is verified by direct calculation.

RESULT

1. Value of Planck’s constant by graphical method=
2. Value of Planck’s constant by direct method=

Observations

— mA '
+ ohm
= Voo (V)
LED

Circuit diagram



To determine activation voltage

vellow

ACTwalan Voltege (V)

Graph 1/V for different LEDs (graph 1)

T
rd

34

— /A

( Graph 2)

Diode current In
mA

Voltage in Volts

RED

YELLOW

GREEN

BLUE

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

5.5

6




To determine Planck’s constant

LED Wavelength 1/ A Activation voltage = E}‘LV
'
colour A (m) Va (in V) (Js)
Red 660X10~

Yellow 589 X107°

Green 525 X10”
Blue 450 X10”
Average value of h =
By Direct method h=e S/C ,where s is the slope of the line in graph 2
= Js
RESULT
1. Value of Planck’s constant by graphical method= Js

2. Value of Planck’s constant by direct method Js



Experiment Number. Date

4. ZENER DIODE AS A VOLTAGE REGULATOR
AIM: To study zener diode as voltage regulator

APPARATUS REQUIRED: Zener diode, Resistors, Power supply, Multi meter, and rheostat
THEORY

Zener diode is a P-N junction diode specially designed to operate in the reverse biased mode.
It is acting as normal diode while forward biasing. It has a particular voltage known as break
down voltage, at which the diode break downs while reverse biased. In the case of normal
diodes, the diode damages at the break down voltage. But Zener diode is specially designed
to operate in the reverse breakdown region.

The basic principle of Zener diode is the Zener breakdown. When a diode is heavily doped,
it’s depletion region will be narrow. When a high reverse voltage is applied across the
junction, there will be very strong electric field at the junction. And the electron hole pair
generation takes place. Thus heavy current flows. This is known as Zener break down. So a
Zener diode, in a forward biased condition acts as a normal diode. In reverse biased mode,
after the break down of junction current through diode increases sharply. But the voltage
across it remains constant. This principle is used in voltage regulator using Zener diodes

The figure shows the zener voltage regulator, it consists of a current limiting resistor R
connected in series with the input voltage Vs and zener diode is connected in parallel with
the load R, in reverse biased condition. The output voltage is always selected with a
breakdown voltage Vz of the diode.

The input source current, [ P N T . (1)
The drop across the series resistance, Rs = Vi, — V; ........ (2)
And current flowing through it, s =(Vin=Vz) / Rs coevverenns (3)
From equation (1) and (2), we get, (Vin-Vz )/Rs= |, +l, ............ (4)

Regulation with a varying input voltage (line regulation):

It is defined as the change in regulated voltage with respect to variation in line voltage. It is
denoted by ‘LR’. In this, input voltage varies but load resistance remains constant hence, the
load current remains constant. As the input voltage increases, form equation (3) Is also
varies accordingly. Therefore, zener current I, will increase. The extra voltage is dropped
across the R;. Since, increased |, will still have a constant V, and V, is equal to Vg, The
output voltage will remain constant. If there is decrease in Vj,, |, decreases as load current
remains constant and voltage drop across R is reduced. But even though I, may change, V,

remains constant hence, output voltage remains constant.

Regulation with the varying load (load regulation):
It is defined as change in load voltage with respect to variations in load current. To calculate

this regulation, input voltage is constant and output voltage varies due to change in the load
resistance value. Consider output voltage is increased due to increasing in the load current.

The left side of the equation (4) is constant as input voltage V;,, Is and R; is constant.



Then as load current changes, the zener current |, will also change but in opposite way such
that the sum of I, and I, will remain constant. Thus, the load current increases, the zener
current decreases and sum remain constant. From reverse bias characteristics even I,

changes, V, remains same and hence output voltage remains fairly constant

PROCEDURE:-
Line Regulation:

1. Make the connections as shown in figure

2. Keep load resistance fixed value; vary DC input voltage from 6V to 10.5V.

3. Note down output voltage as a load voltage with high line voltage ‘Vy’ and as a load
voltage with low line voltage V. .

4. Using formula, % Line Regulation = (Vu.-Vi1)/ Vnom X100, where Vyowm = av value of inputs
under the typical operating conditions.

5. A graph is plotted between output and input voltage

Load Regulation:

1. For finding load regulation, make connections as shown in figure

2. Keep input voltage constant say 10V, vary load resistance value.

3. Note down no load voltage V.’ for maximum load resistance value and full load voltage
‘VFL’' for minimum load resistance value.

4. Calculate load regulation using, % load regulation = (Vn.-Ve)/ Vel X100

5. A graph is plotted between output voltage and load resistance

RESULT

1.Variation of output voltage with input voltage and variation of output voltage with load
resistance are as shown in the graphs
2 Line Regulation = ------------ %

3. Load regulation = ---------- %



OBSERVATIONS

R

TN

Yin

Circuit diagram

Line regulation

out

YV oout

Vinor RL H

graph

sl no

input voltage
(V)

Vout in volts

Load=2 k ohm

Load=5 k ohm

6

V=

V=

6.5

7

7.5

8

8.5

9

9.5

OO |INON|EIW|IN|F

10

[E
o

10.5

V=

V=

Load regulation

©v
>
o

Load in ohms

Vout in volts

input =5 volts

input =7 volts

750

V=

VEL=

1000

1.25K

1.5K

2K

3K

4K

5K

OO |INO|NN|D|IWIN (P

6K

[EEN
o

7K

V=

V=

Result

1.Variation of output voltage with input voltage and variation of output voltage with load

resistance are as shown in the graphs

2.Average Line Regulation = ------------ %

3.Average Load regulation = ---------- %




Experiment Number. Date

5. DETERMINATION OF CAUCHY’S CONSTANTS

AIM : To determine the Cauchy's Constants of the material of a prism by
1) Graphical method 2) Direct calculation

APPARATUS : Spectrometer, prism, mercury lamp, spirit level efc.

THEORY : The variation of refractive index x with wavelength A is given by
Cauchy's eqn.

‘where A & B are constants. If a graph is drawn between pand 1/,12 it will be a
straight line. The intercept of this line on the Y — axis gives the constant A and slope

gives B.

" _The value of B _cah also be verified by the equation.

W k5. B (2)
T
=g
Al ';"z

Substituting the value of B in egn. (1) the value of A can be estimated.

u for various wavelenths is determined using a prism and spectrometer from

the formula.
sin (A' + D)
5 :
0= W —(3) where A" is the angle

af the prism and D-is the ‘angle of minimum deviation.



DIAGRAMS :

DE (Y Scale)
EF (X Scale)

Slope B =

N/

(@) i {b)

PROCEDURE : The following adjustments of the spectrometer are made.

i) The telescope of the spectrometer is directed to a white wall. Looking through
the eyepiece, its position is adjusted until the cross wires are clearly seen.

ii) The telescope is directed to a distant object and working on the focussing
screw, the distance between the objective and eyepiece is adjusted to get a clear
image (there should not be parallax between the crosswire and the image of distant
object). Now telescope is adjusted for parallel rays.

iii) The spectrometer is arranged such that the slit of the collimator points
to a mercury lamp. The telescope is made to face the collimator. The image of the slit
is observed through the telescope. Looking through the telescope, the distance
between the slit and the lens of the collimator is adjusted until the clear image of the
slit is seen, side by side with the cross - wire, without paiz'lax. Now the rays focussed
by the telescope are rendered parallel by the collimator.

iv) The prism table is levelled using a spirit level by means of the levelling
SCrews.



To find the angle of minimum deviation :

The prism is placed on the prism table such that the rays from the collimator
are incident on the face AB of the prism. The refracted ray coming out of the face AC
is observed through the telescope. Looking at the yellow line, the prism table is
rotated in such a direction that the angle of deviation decreases (i.e. the refracted rays
moves towards the axis of the collimator). The rotation of the prism table is contin-
ued, until the image of the slit appears stationary for a while and then begins to turn
back. Where it just turns back is the position of minimum deviation. The prism table
and the telescope are fixed in this position. Working the tangential screw, the cross
wire is made to coincide with the image. Reading of the scale and vernier are taken.
Similarly the readings for minimum deyiations for the green, blue and violet lines are
noted. Then the prism is removed and the direct reading of the slit is taken. The
difference between the minimum deviation and direct readings gives the angle of
minimum deviation (D).

The refractive indices of the material of the prism for different lines are calculated
using the relation (3). A graph is drawn with the reciprocals of the squares of the
wavelengths of the spectral lines along x-axis and corresponding value of ‘i along
the y-axis, |

RESULT : Cauchy's constants (1) By direct calculation A=
(2) By graphical method A =

OBSERVATIONS : LC. ;Jf the vernier of the spectrometer
1 msd.

No. of divisions on vernier

Angle of the prism | A' = 60°



To determine D :

Reading of Spectrometer
Wave vl TR Angle of | Refractiv
Spectral . 2 ; g active
pl‘igrfe length | / ;21N m De‘r};ated Direct | = 1 in, Index
nm (XB)’ 1ay | deviation m
A ) | p=x~v)
Yellow | 578.0 2.993 X 102
Green 546.1 3.353 X 10
Blue 435.8 5.265 X 102
Violet | 4047 |6.103 X 102
CALCULATION :
sin (A‘+D)/2
N T U TR
sin (AY,)
H— K
P T
2'21 'j'a
_ DE(Y Scale) _ -
From graph Slope B = EF (X Scale)
B
A= H — —2
A

Antercept A= ——eeeemnee-



Experiment Number .. Date
6.AIR WEDGE.

AIM : To determine the thickness of the given paper sheet by interference at an air wedge.
APPARATUS: Travelling microscope, piece of paper, optically plane glass plates, sodium
lamp, reading lens, etc.
EXPERIMENTAL SETUP: An air wedge is formed by placing a paper at one end of a
combination of two plane glass plates perpendicular to their length (fig a) Monochromatic
light from a source is made to fall normally on this arrangement. Alternate bright and dark
interference fringes can be seen with reflected light.
THEORY : Interference taken place here between the light of wavelength A reflected at the
upper and lower surface of the air film formed between the glass plates.
For nt dark fringe at p path difference.
=2 utCosr=nA

Where u =1 for air, t; is thickness of the air film at P. n is an integer, and r = 0 for normal
incidence.

.. Path difference =2t;=nA

For ( n + 1) the dark fringe at Q, 2t, = (n+1) 4

Subtracting 2(t; —t1) = 4 ort, —t; = % _____________ (1)
Now tan @ ~ 20
PO
Ortan a = a (since a is small = using (1)
2(pq)

Ora= % where S =PQ fringe width .

where d = diameter of the wire ¢ = distance

d
From (figb ) &= 7

between the wire and closed end of the edge. .. d = ﬂ —————— (2)

2
PROCEDURE:
The Optically plane rectangular glass plates are placed one over the other. The paper piece
is introduced between the plates, perpendicular to their length, at one end. The glass plate G
is adjusted to have an inclination of about 452, with horizontal so that the monochromatic
light falls on the air wedge. The travelling microscope is set to get clear, alternate bright and

dark fringes.



Starting from a bright fringe at one end, the readings of the SR (o Rp— fringes are taken.
Two band widths g is calculated by the method of difference. The distance ¢ between the
line of contact of glass plates and the paper piece is measured Thickness of the paper piece
is calculated using equation(2).thickness of the paper piece is verified using screw gauge.
RESULT:

Thickness of the piece of paper

By experiment = m
By direct measurement = m
OBSERVATIONS
,\).'15
5;'.“ A )
pat
A4 sl
= e ;*‘

P @

s —y
Fringe pattern
Fig 1 Fig 2

Wavelength of Sodium light=589.3nm
Distance |= cm

Least count of the travelling microscope=S/N = 0.1cm/100=0.001 cm

No of fringe TM Reading No of Fringe TM Reading | Width of 20 fringes
cm cm cm
0 20
5 25
10 30
15 35
Mean 20 B= cm, fringe width pB= cm = m

There fore thickness of the paper = AL

2B



To find the thickness of the paper by using screw gauge

Pitch of the screw gauge=no of divisions uncovered/no of rotations given
=S/N= = 1 mm

No of divisions on head scale = 100

Least count of the screw gauge=Pitch/no of divisions on Head scale

=1mm/100
=0.01 mm
Zero error= zero correction=
T No PSR mm HSD CHSR Thickness of 8 fold paper
PSR+CHSRXLC
1
2
3
Mean thickness of 8 fold paper=
Thickness of paper=
RESULT:
Thickness of the piece of paper
By experiment = m

By direct measurement = m



Experiment Number. Date
7.BIPRISM

AIM : To determine the wavelength of the given monochromatic radiation using Fresnel’s
biprism.

APPARATUS: optical bench, sodium vapour lamp, Fresnel’s biprism convex lens etc.
DESCRIPTION:

The apparatus consists of an optical bench on which are mounted, a number of movable
uprights. The bench is graduated in an and the uprights are provided with verniers. On the
first upright. a slit s, of adjustable width, is mounted vertically, it is illuminated by the
monochromatic source . On the second upright is mounted, the biprism with its edge A
vertical angle nearly = 180°. The upright is provided with tangential screws so that the slit
and edge A of the prism can be made exactly parallel. On the third upright, an eyepiece with
a micrometer, which can be made to move laterally, is mounted.

THEORY:

When monochromatic light from the slit falls on the biprism two virtual images S;, and S, of
the source are formed. These two form coherent sources of light, emitting wave trains of
equal length and amplitude, in the same phase and with same period. Interference bands are
obtained on the screen with in the area where the two cones of light from S; an S, are
superimposed.

The bands can be seen using the micrometer eye piece. The distance between any two
consecutive bright bands (or the width of a fringe) is

Where D is distance of focal plane of eyepiece from source S, d is the distance between two
virtual sources S;and S, and A is the wavelength of monochromatic light. The focal plane of
the eyepiece may not coincide with the zero of vernier attached to upright. Hence D may not
be accurately known. Let the band width be S, for D=D; and B, for D=D, then,

',}L:{ﬁz_ﬁl}d (3)
DZ_DI

Now, let the distance between the source and the eyepiece be greater than four times the
focal length of convex lens. The distance d; and d, between the images of S; and S, for
conjugate positions of lens are measured.

Thend = ,/dd, ----- (4)



PROCEDURE: To find B

The micrometer eyepiece is focused on the cross wire.The cross wire is made vertical. Te
height of the slit. The biprism and the eyepiece are adjusted to be the same. The slit is
illuminated by sodium lamp whose wavelength A is to be determined The biprism is fixed at
a distance of about 12 cm, from the slit. The refracting edge A of the biprism is made parallel
to slit by the means of tangential screws. The plane of the biprism is kept normal to length of
optic bench.

To obtain clear fringes, slit should be made narrow. By suitable adjustments of slit and the
biprim, a system of clear interference fringes is obtained in the field of view . The eyepiece is
fixed at distance of about 0.3 m from slit (D1 cm) Bandwidth B1 is determined by noting the
positions of alternate fringes. The eyepiece is moved back by 0.35 m ( distance D2 m from
the slit) and band width £, is determined.

To find d

The eyepiece is fixed at distance four times the focal length of a short focus convex
lens (f= 15 cm). The lens is moved vertically on an upright between the eyepiece and
biprism. Its height is adjusted to be the same as that of eyepiece. The lens is moved towards
biprism, till two enlarged images of slit and clearly seen in field of view. Using the
micrometer screw the distance d1 between them is determined. The less is moved towards
the eyepiece, till two diminished images of slit are clearly seen in field of view. The distance
cl2 between them is determined. The experiment is repeated by slightly altering position of
eyepiece. The actual distance between two virtual images of slit is calculated using eq (4).
The wavelength of source is calculated using eqn (3)

RESULT :

Weave length of Sodium light = nm.

OBSERVATIONS

WYY

-




Tabulations
Least count of the micrometer screw=0.001 cm
To determine B, position of eye piece =D;=

No of Micrometer No of Micrometer Width of 6
fringes reading (cm) fringes reading (cm) fringes (cm)

0 6

2 8

4 10

Average 6 B,=
Bi= cm
To determine B, position of eye piece =D,=

No of Micrometer No of Micrometer Width of 6
fringes reading (cm) fringes reading (cm) fringes (cm)

0 6

2 8

4 10

To determine d

2=

Average 6 B,=

cm

Micrometer reading in cm
Trial No Enlarged image Diminished image d=Vvd.d,
slitl Ry |slit2 R, | Distance | slitl R; |slit2 R, | distance
d1=R;-R, d>=R;-R, | cm
1
2
Mead d=
. wave length of monochromatic light =4 = {M} d
Dz _Dl
RESULT :
Wave length of Sodium light = nm.




Experiment Number. Date
8. TRANSISTOR AS A SWITCH
Aim: To study the action of a transistor as a switch

Apparatus required :NPN Transistor, 2.2Kohm,33kohm resistors,LED,Signal generator ,5V
Power supply,bread board, connecting wires,multimeter etc,

Theory :A transistor is a three terminal semiconductor device formed by sandwiching one
type of semiconductor between a pair of other type, accordingly there are two types namely
NPN and PNP

Transistor Action:

For the proper action of a transistor, its emitter base junction is to be forward
biased, and base-collector junction is to be reversed biased. Therefore more number of
current carriers are diffused into the base region resulting in large conventional emitter
current l¢. Since the base collector region is reverse biased, current carriers flow towards the
collector region resulting in conventional collector current Ic. However few current
carriers combine with the holes in the P region resulting in small conventional base current Ig
as shown.

Thus due to the external biasing condition in the transistor, current carriers flow

from a region of low resistance to a region of high resistance. This is called transistor action.
This action makes it useful as an amplifier

The Transistor as a Switch

A bipolar transistor can be operated as “ON/OFF” type electronic switch by giving AC voltage
of low frequency to the base.

Cut-off Region

When no voltage is given to the base, collector current ( Ic ) becomes zero, thus no current
flows through the device. Therefore the transistor is switched “Fully-OFF”, Which results in
high collector voltage. This is called cut off region

Saturation Region

When high voltage is given to the base, large collector current flows through the device.
Therefore the transistor is switched “Fully-ON”,voltage drop across the collector resistor will
be large and the collector voltage will be low. This is called saturation region.

Procedure:
1. Construct the circuit as shown in figure.

2. Apply 1 Hz square wave signal to the base and ground from function generator.
3. Apply 5V to collector and ground.
4. Observe the indication of LED, and measure Maximum and minimum collector voltage

Under the application of the square wave, When input is high, the transistor is turned on and
works in saturation region. So maximum current Ic flows through transistor as well as
through LED. Hence LED emits the light. When input is low the transistor remains cutoff and
LED goes off.

5.Load line of the transistor is drawn by taking Ic max=50 mA along Y axis and max Ve
=5V along X axis.



Inference

Under the application of the square wave, transistor switches between cut off and saturation
region with the frequency of the square wave. This explains the action of a transistor as a

switch.
4sv Cvee )
Rez20un-
/
Y2 JMEL (gt
"( s‘\nnt + 4

wave \Vl Ha

evkaff
5_ el ]
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Circuit diagram Graph
Design calculations
V=5V, Vge=0.7 Volt, V,ppiieq = 1volt,p=227
R.( assumed)=2.2kQ
Now Ic= Vc/R.
=5/2.2k
=2.27mA
lg=lc/ B=2.27mA/227=10 pA
RB=(VBB'VBE)/|B
=(1-0.7)/10 pA
=33KQ
Base LED | Collector Collector Transistor state Transistor
voltage(V) current voltage switch
mA (V)
0 Off 0 Vmax= cut off Off
5 on 2.27 Vmin= saturated on




8. Simulation Experiment
Transistor characteristics

Aim : To draw input and output characteristic curves of a NPN Transistor by simulation
method

Procedure

I. Input Characteristics
1.  Take NPN transistor.

Set the Collector-Emitter Voltage(Vcg) to 1 V
Vary the Base Emitter Voltage(Vgg)0.3 to 0.65 with interval 0.01.
Note the reading of Base current(Ip).
Click on 'Clear' button to take another sets of readings
Now set the Collector-Emitter Voltage(Vcg) to 5 V
Repeat step 3 to 4.
8. Record the values in the tabular column and draw the graphs
II.  Output Characteristics
1.  Take NPN transistor.
Set the Base current(Ig)20pA
Vary the Collector-Emitter Voltage(Vcg)0 to 1 with interval 0.0005.
Note the reading of Collector current(Ic).
Click on 'Clear' button to take another sets of readings
Now set the Base Current(Ig) to 40 pA
Repeat step 3 to 4.
Record the values in the tabular column and draw the graphs

NSk

S B A R

Result : Transistor characteristic curves are as shown




Observations

In put characteristics

Vce=0V Vce=5V
Base emitter Base Currentin pA Base emitter Base Currentin
voltage in V voltage in V HA
Output characteristics
Base current= UA Base current = UA Base current = UA
V¢ in Volts Ic in mA V¢ in Volts Ic in mA Ve in Volts Ic in mA

Result : Transistor characteristic curves are as shown




IIT SEM BSc: Practical Questions

1. Measure the thickness of a paper strip forming an air wedge (5 trials) . Verify your answer
using screw gauge. ( wavelength of the source=589.3nm)

2. Determine the radius of curvature of one surface of the given lens by forming Newton’s
rings. Measure the Diameters of the 4 different rings.
(wavelength of the source=589.3nm)

3. Find out the values of Cauchy’s constant by determining the refractive indices of different
colours using a prism of angle A’=60°.Compare the values by graphical method

4. Draw the input characteristics for the given transistor for two values of collector — emitter
voltages and output characteristics for three base currents, hence calculate the ac and dc
current gains and the input and output resistances for transistor in CE configuration. Value of
current limiting resistors to be calculated.

5.Use the given zener diode as a voltage regulator .study the line regulation for two load
resistances and load regulation for two inputs voltages,hence determine percentage of load
and line regulations. (8 trials each) Draw relevant graphs.

6. Determine Planck’s constant by measuring cut in voltages of given LEDs by direct method
and graphical method.(assume the wavelength for red colour=643.8nm,yellow
colour=589nm,green colour=508.5nm and blue colour=479.9nm)

7. Study the given NPN Transistor as a switch and determine the collector voltages at two

extreme conditions

8. Determine the wavelength of the given monochromatic light using biprism . Measure fringe

width for two different distances.



UNITS OF MEASUREMENTS

FUNDAMENTAL UNITS
Quantity Unit Symbol
1. Length meter m
2. Mass kilogram kg
3. Time second s
4, Electric Current ampere A
5. Temperature kelvin K
6. Luminious Intensity candela Cd
7. Amount of Substance mole mol
SUPPLEMENTARY UNITS
Quantity Unit Symbol
1. Plane Angle Radian rad
2. Solid Angle Steradian Sr
DERIVED UNITS
Quantity Unit Symbol

1. Area square meter m2

2. Volume cubic meter m3

3. Density kilogram/ cubic meter kg/m3

4. Velocity meter/second m/s

5. Angular Velocity radian/ second r/s

6. Acceleration meter/second square m/s?

7. Angular Accleration radian/second square rad/s2

8. Frequency hertz Hz

9. Force newton N

10, Work energy joule J

11. Power watt w

12. Pressure pascal Pa

13. Electrical charge coulomb C

14. Potential difference volt v

15. Electrical resistance ohm Q

16. Capacitance farad F

17, Inductance henry H

18. Magnetic field telsa T

19. Luminious flux lumen im

20. Dynamic Viscocity | newton sec./ square meter N-s/m2




STANDARD PREFIXES IN MEASUREMENTS

Praifiks Symbod Multiplying fasctor

wores v 1 000 000 OO0 000 000 OO0 000 OO0 = 103
retta z 1 000 000 000 000 000 OO0 000 = 102
X8 E 1 000 000 000 000 000 OOD = 10
peka P 1 000 000 OO0 000 000 = 105

tera T 1 000 000 OO0 000 = 1012

oiga G 1 D00 000 000 = 10°

miega M 1000000 = 10%

kila k 1000 = 107

hecto h 100 = 102

deka da 10 = 10"

deci d 0,1 = 10-°

ekl © 0,01 = 10%

rrbli m 0,001 = 10°%F

mikro B 0,000 001 = 10

nano n 0,000 000 001 = 10*

piko P 0,000 000 000 001 = 10012
fannto f 0,000 000 000 000 001 = 101%

aktbo a 0,000 000 000 000 000 001 = 107%
repto r 0,000 000 000 000 OO0 OO0 001 = 1030
¥

0,000 000 000 000 000 OO0 000 001 = 103
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INSTRUCTIONS AND SAFETY MEASURES

Come well prepared and do the experiment neatly.

Follow directions of the Staff In-charge and handle the equipments carefully.

Observe strict silence and be Professional

Perform at least two trials and do the calculations independently

Report all injuries or breakages to the lab in-charge immediately. Also, report any
equipment that you suspect is malfunctioning.

Be careful when working with apparatus that may be hot. When you pick it up, use
tongs, a wet paper towel, or other appropriate holder.

Each time you use glassware, be sure to check it for chips and cracks. Inform Staff In-
charge about any damaged glassware so that it can be properly disposed of.

Request the staff in-charge to ensure all electrical circuits are proper before you turn
on the power.

When working with electrical circuits, be sure that the current is turned off before
making adjustments in the circuit.

During electronic experiments, verify the values of resistors / capacitors to be used.

Switch off the circuit and multimeter when you finish the experiment

After finishing optical experiments switch off the sources.

While doing the LASER experiments avoid the beam targeting your eyes
Eating anything while working in the lab is prohibited

Always keep your work area neat and clean
Ensure that equipment remains in the same condition and place before you leave the
laboratory
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Experiment Number. Date

1. Diffraction Grating — Minimum Deviation Method

Aim:

To determine the wavelength of the prominent lines in the mercury spectrum using
diffraction grating by minimum deviation method.
Apparatus:

Spectrometer, Diffraction grating, Mercury lamp, Spirit level, etc.

Description:

A grating consists of a plane glass plate on which a large number of close parallel rulingsare
made at equal distance. When a light passes through the rulings, the diffraction plane will be
observed in the transmitted light. The grating used in the laboratory are exact replicas of the
original grating on a celluloid film. The celluloid film is kept in between two optically plane glass
plates.

Theory:

Parallel rays of wavelength are incident on the grating surface making an angle ‘i’ with the
grating normal.After diffraction the rays pass parallel to each other, inclined at an angle ‘0’ with
grating normal.

The total deviation D=i+0. The deviation D varies as the angle of distance i. when D is minimum,

D 0 which gives dO = -di. Now the path difference between rays passing through A and C to

di
form nMorder spectrum.
=PA+AQ
=AC(sin i + sin 0)
=(a+b)(sini+sin0)
Where (a + b) is called grating constant. Differentiating and substituting d0 = -di, we get 6=1i.
Therefore at the position of minimum deviation, the path difference = 2(a+b) sin 6. The condition

for maximum intensity in this direction is 2(a+b)sin® = nA. Since6 =i and D = i+6 we have 0 =g.

Hence for diffraction maximum we have 2 (a+b) sing = nA.
If there are N lines/unit length on grating

1, 2. D
(a+b) =—i.e. =sin==nA
N N2

. D
2 sm;

or2$ing=Nn)\or)\=

For the | order spectrum,n=1

.. D
2 sm;

Procedure: The initial adjustments of the spectrometer are made. The grating is fixed with the
rulings vertical on the prism table. The collimator slit is illuminated with the light from the
mercury lamp so that the light passes axially through the collimator. The first order spectrum



(n=1) is viewed directly and then observed through the telescope. Viewing a particular line (say
green line) the prism table is turned till the line is in the minimum position. The reading of the
vernier and the scale are taken.The procedure is repeated for the other lines. Finally the light from
the collimator is viewed directly and the reading is taken when the image coincides with cross
wire. By findings the difference between the direct reading and the minimum deviation reading,
the angle of minimum deviation (D) is calculated for yellow, green, blue & violet lines.

NOTE: Assuming the wave length of the green light as 546.1nm, N can be calculated using the

formula
. (D
niAg
Result:
1) Wavelength of yellow line = .................. nm
2) Wavelength of blue line =.................. nm
3) Wavelength of violet line =................... Nm

Observations

d

K
|
s @

diffraction
grating,

white light
LA ) T
@ j
T
Order of the Spectrumn=1
) 1m.s.d
Least count of the vernier = — -
No. of division on vernier scale
. D
2 sm;g
No. of lines per meter on grating N =
n\g
Ag =546.1 nm
. 2sinD/2
Wave length is A= Nn nm

Where D = Total deviation



To find the wavelength:

Reading ?f the Direct Wavelength
telescope in the . e Mean
Colour minimum reading Deviation D D
of the Vernier " Y X-Y) . 2sinD/2
line deviation in in Degrees m A= —C—— nm
Position X in Degrees Nn
Degrees
Degrees
A
Yellow
B
A
Green Ag =546.1
B
A
Blue
B
A
Violet
B
Result:
1) Wavelength of yellow line=.................. nm
2) Wavelength of blueline =.................. nm
3) Wavelength of violet line =................... nm




Experiment Number. Date

2. Diffraction at a Straight Wire
Aim:
To determine the diameter of the wire using the interference fringes formed within the
geometric shadow, of the wire.

Apparatus:
Optic bench, given wire, sodium lamp, etc.

Theory:

Let AB represent the thin wire placed in front of linear slit illuminated by monochromatic
light of wavelength A. Let EF represent the cylindrical wave front just when it touches the wire so
that the bright edges A & B become two independent sources of light sending out waves of the
same wavelength and amplitude and the same phase. Let O be the midpoint of the shadow and C
be the another point at distance X from O. the point C will be the bright or dark according as the
path difference = BC — AC = nA or (2n+1)§. But the path difference = BC — AC =(%) x, where, d =

diameter AB of the wire & D = distance between the wire & screen.

For C to be bright
(%) X =nAX = (%) nA.

(%) X' =+ 1A

orx' = (g) (n+ 1A

For the next bright fringe

Therefore the fringe width

D;A D,A
B, = —-&B, = —-
(Dz —Dy)A
orf,—B, = d
_ (Da=DpA
Hence,d = —(Bz—% ............ (2)

Procedure:

The wire is mounted vertically on one of the uprights on the optic bench. The heights of the
uprightson the optic bench are adjusted such that the horizontal axis of the eyepiece, when
produced, passes through the wire and the slit. The slit is illuminated by sodium light. The wire is
made parallel to slit by adjusting the tangential screw which rotates the wire in its own plane.
Toobtain the clear fringes, the slit should be made narrow. Thus by suitable adjustments of slit
and the wire, a system of interference fringes are obtained in the field of view inside the
geometric shadow. The eyepiece is fixed at a definite position D on the optic bench. At this



position, by working the micrometer screw of the eyepiece, readings are taken on a number of
fringes and band width is determined.

To eliminate the error associated with the measurements of D, the experiment is performed
for three distances D4, D,, &D5 and the fringe width [31, Bz'&Bs are calculated. The diameter d is
calculated.

Result:
Diameter of the given wire

a)By experimental method = m

b)By Direct Calculation d= m

Observations:
Diagram

E F Tlluminated
e Region
M=
< |, Shadow
o Reqgion
‘-ﬁ-‘__\‘_‘—d" 4 I
R Tlluminated
Regian
To find LC of the scale:-
Pitch=..................... mm
No. of head scale divisions=...............
LC= ... mm
Formula:
4 02— DA
B2 — By

Where, d = diameter AB of the wire,
D = distance between the wire and screen
A = wavelength of monochromatic light

B = fringe width



To determine the band width:

a) To determine Fringe width ;: Position of eyepiece Dy = .................. m
No. of | Micrometer reading No. of Mlcrmfleter Width of 3 Mean width
. . reading bands
fringes cm fringes em em of 3 bands
width (cm)
0 3
1 4
2 5
fringe width By = ...,
b) To determineFringe width (3,: Position of eyepiece D, = .................. m
No. of MlCl‘OIfletel’ No. of Mlcrometer Width of 3 Mean width
. reading . reading bands
fringes em fringes em em of 3 bands
width (cm)
0 3
1 4
2 5
fringe width B, = ....................... m
¢) To determineFringe width 33: Position of eyepiece D3 = .................. m
Micrometer Micrometer Width of 3 Mean width
No. of . No. of .
fringes reading fringes reading bands of 3 bands
cm cm cm width (cm))
0 3
1 4
2 5
fringewidth B3 =....................... m
Wave length of lightA=589.6X10° m
Calculations:
(Dz —DpA _

D d= =55




(D3—D2)A _

2) d= Bom By m
_ (D3—DyA _
3) d= BBy m
Mean diameter of the wired=...............ccovvin.. m

Diameter of the wire by direct method

Distance uncovered

Pitch of the screw = - -
Rotations given

Pitch
Least count = = = mm

No. of head scale divisions

Zero error = Zero correction=
Trial | Pitch Scale reading (mm) H.S.R Corrected H.S..R | Total reading d (mm)
No
1
2
3
Mean diameter of the wire=
Result:

Diameter of the given wire
a) By Experimental method = m

b) By Direct Calculation d= m



Experiment Number. Date

3. Particle Size using Laser

Aim:
To measure the diameter of Lycopodium powder particle using laser beam

Apparatus:
Laser source, Glass plate, Lycopodium powder, Screen, etc.

Theory:

Measurement of particle size using laser is based on the Debye scherrer — hill diffraction of
X — rays. This method assumes that the crystals in the powdered sample are oriented randomly .
This results in the atomic planes positioned in every possible orientation. Diffracted rays go out
from individual crystallite which happens to be oriented with planes making an angle 0 with the
beam satisfying Bragg’s condition 2d sin 6 = nA, where n is the order of diffraction & A is the
wavelength of light, d is the distance between the atomic plaens&0 is the diffraction angle.
This principle can be extended to micro particle diffraction of visible laser beam since the particle
size is comparable to that of visible wavelength of light within the size of laser beam there will be
hundreds of particle, each oriented in different directions and the diffraction ring produced will be
a function of size and the shape of the average particle.
A detailed mathematical analysis shows that the intensity is given by,

2
. lll(V)

\Y
Where, V =% asin® 6, ‘a’ being the radius of the particle and ‘0’ the angle of diffraction.

The function of I;(V) which occur at V = 3.833, 5.136, ......ccecuenu.
Thus, the first dark ring appears when,

. 3.833\ 1.22A
Sin 0 = =

2na d

Where 2a =d ,diameter of Lycopodium powder.

For small angle of diffraction sin Bcan be replaced by tan 8 and from the figure

4
tan® = —
an )

r

D d

1.22AD
e

1221

~(D

or particle size,d =

Where, ‘A’ is the wavelength of the Laser radiation used. A graph of r v/s D is plotted. Slope
of the of straight line is calculated and diameter of Lycopodium power is obtained using the

formula,

1.22\
d= e (2)

slope




Procedure:

Lycopodium powder is smeared on a clean, dry glass plate and this glass plate is kept in
front of the laser source as shown in the figure. ‘D’ is the distance between the glass plate and the
screen. The radii of the ring obtained is measured using the scale. The experiment is repeated for
different values of D.A graph of r v/s D is plotted which is a straight line . From the slope of the

graph, diameter of the Lycopodium power is calculated using the equation (2).

Result:

Diameter of Lycopodium powder =

Diagram:

=

Tabulation:

5‘“‘\
;@ (1o}
\

D (om) —=

Trial Number

Distance between glass plate &

Radius of the

From graph, slope =

screen ring
D (m) =R (m)
1
2
3
4
5
6
7
8
9
. . 1.22 A
Diameter of the Lycopodium powder, d = =
slope
m

Result:Diameter of Lycopodium powder =




Experiment Number. Date

4. Polarimeter — Specific Rotation of Sugar Solution

Aim:
To find the specific rotatory power of cane sugar solution using a polarimeter

Apparatus:
Laurent’s Polarimeter, source of light, cane sugar etc.

Theory:

When plane polarized light is passed through certain substances like quartz or cane sugar
solution which are optically active, it is found that the plane of polarization is rotated. Biot’s study
of optical activity led to the following laws:-

1.The angle of rotation of plane of polarization is directly proportional to the length ‘I" of the
solution traversed by light (or thickness of the substance).

2.The angle of rotation is directly proportional to the concentration of the solution (or density of
the substance).

3.The angle of rotation is inversely proportional to the square of the wavelength of the light used.
4.1t depends on the nature and temperature of the substance. Therefore at a given temperature,
the Angle of rotation.

LC
Oa }\—2

The specific rotatory power or specific rotation is defined as the angle of rotation (in
radians) of the plane of polarization produced by a solution of unit length and unit concentration
at a given temperature for the given wave length of light. If ‘L’ is the length and ‘C’ is the
concentration (in kg/m3) angle of rotation.

0=SLCorS=0/LC
Description of Laurent’s Polarimeter:

It consists of a slit S, illuminated from a source of light. The rays are rendered parallel by the
convex lens L. These rays pass through the Polarimeter P and are rendered plane polarized. The
plane polarized light then passes through the biquartz (BQ). The biquartz is helpful in determining
the angle of rotation of the plane of polarization very accurately. When a biquartz is employed,
white light can be used to illuminate the slit. Otherwise the monochromatic source is to be used. T
is a glass tube closed at both ends. The given solution can be taken in this. A is the analyzer which
can be rotated about its axis. The amount of the rotation can be read on the circular scale. E is the
eyepiece for observation.

Procedure:



The length L of the glass tube T is measured. The glass tube is then filled with distilled water
and placed in its position. A bright source of yellowlight is placed in front of the Polarimeter in
such a way that the axis of the Polarimeter passes through the center of the source of light. The
analyser is rotated in its own plane and is adjusted for the tint of passage, when the whole field of
view is of the same colour. The position of the analyser on the circular scale 0 is noted.

A solution of cane sugar is prepared by dissolving 0.01 kg. of cane sugar in 50 cc (50
x 107®m3)of distilled water. The glass tube T is filled with the solution and is replaced in its
position. Now the two halves of the field of view of the eyepiece which were matched earlier are
found to be differently colored. The analyzer is again rotated till it is set to the tint of passage

position. The reading corresponding to this position (6(2)) is noted.

The difference between these two reading (6(2) - 6(1)) gives the angle in degrees through
which the plane of polarization has been rotated. The experiment is repeated for different
concentrations. The specific rotary power ‘S’ of the sugar solution is calculated using the relation S

= % where O is in radian measure given by © = % 05 —09).

A graph of concentration versus angle of rotation of the plane of polarization is drawn. This
is found to be straight line.

Note: Using the © vs C graph the angle rotation can be determined for any unknown
concentration.
Result:

The specific rotary power of cane sugar solution = rad m?kg ™!

w
el
e & =
5 &
m

il
i

=
i

I

o — ]

T
—
————

o —
Optical Rotation Angle [Deg)

|

Observations:

0.1 oz m3 a4 5 [E 1A} HE ] =L

w
[ e ——
| E—
=
= =
o |
| ]

=
=

Concentration

1m.s.d

Least count of the vernier of the Polarimeter = - -
No.of div.on vernier

Length of the tube which contains the liquid | = m
Reading for the tint off passage with distilled water 6(1) =

Formula:

6
S=—
CL

Where, S =The specific rotatory power or specific rotation,
| = length of the tube which contains the liquid and



C = concentration (in kg/m3), 0 = angle of rotation.

Reading for Tint Angle of
) ) Angle of . 8
Concentration off passage with . rotation in S=—
Tr. . rotation . CL
C sugar solution ~ Radians
No- Kgm™3 6, degrees 6=0,-6, nXo d m2ke~1
20€g in degrees - rad m-Kxg
180
1 200
2 100
3 50
4 25
Result:
The specific rotatory power of cane sugar solution = rad m?kg~?
Experiment Number. Date

5.Full Wave Rectifier




Aim:
To construct a full wave bridge rectifier with (a) capacitor filter (b) choke input or LC filter
and (c) mt filter ,and to study the variations of output dc voltage and ripple factor with load current.

Apparatus:
Voltmeter, DC miliammeter 0-100 mA, Rheostat 500Q 500mA, transformer 9V -500mA,
diodes IN4001, Inductor, capacitors 2200uF-25V, 1000uF-25V.

Description:

The process of conversion of AC into DC (unidirectional current)is called rectificationA four-
diode bridge is most commonly used to obtain full wave rectification. The AC pulses present in the
output are filtered off using filters.To reduce the mains voltage to low value , a step down
transformer is used.

Theory:

The fig (a) shows a full wave bridge rectifier with four diodes D;, D,, D;&D,connected in
the form a bridge to provide full wave rectification. During a half cycle of the input , when A is
positive with respect to B,.diodes D;&D;conduct while, during the next half cycle D,&D,
conduct. Therefore , the current, in the external circuit always flows in the same direction with
changing magnitude.This out put of the rectifier is DC with fluctuations or ripples.

The filters are used to reduce fluctuations in the rectified voltage. When a large capacitor is
connected across the output terminals of the rectifier, It get charged to the peak voltage
V,, during the first quarter cycle. During the rest of the cycle, the capacitor loses very little charge
(the time constant is large). Thus, until the rectifier output catches up again, the filtered output
had decreased very little from the peak value. A shunt capacitor reduces the voltage fluctuations.
DC output is very nearly the peak voltage V.

When an inductor is in series with the load, it opposes the changes in the current through it.
Or it opposes the fluctuations and the output remains almost constant.In Pie filter one more shunt
capacitor is connected which smoothens the out putfurther.Regulating action is estimated using
the formula

. v v
Percentage of voltage regulation = —22 “;;‘d fullload » 100 ... e vee v e e e (1)
no load

Where, V0 10ad = DC output voltage with no load current (I, = 0)&

Viull10ag= DC output voltage with maximum load current (I}, = maximum)

Procedure:



1.No Filter:The circuit is made as shown in the fig (a) without any filter. The DC & AC voltages
across the load are noted by setting the load current [}, =0, 50,60,70,80 90 mA.. The ripple factor r

= % are calculated. Graphs are drawn connecting I} &Vy4. and I &Y. The percentage of voltage
dc

regulation is calculated using equation(1).

2.C Filter: A capacitor of high value 1000 uF is connected across the load.The DC & AC voltages are
measured under no load conditions and for different load currents. The ripple factor is calculated
and the graphs are drawn .

3.LC Filter: An inductor of high value (>0.5H) is connected in series with the load. The whole
experiment is done as detailed earlier.

4.1 Filter: Capacitors of high value is connected across the load as shown. The experiment is done
as described earlier and graphs are drawn.

Result:Following table summarizes the result

Particulars No filter C filter LC filter n filter
Percentage of
regulation

Variation of
Vg with [},

Variation of
ripple factor

E 4 -
- — m
" ' ®
" i
' +
 Filews
. : th A
" I
_—— -
i..
Figa
Rectified Filtered output

Voltage (V) ponver

- i Tinfiltered rectifier
. outpt,

Time (gec)



Rectifier Output

DC component
(Low frequency)

— I
AC component l i § in G out % RL
(High frequency) —_— (o4 R T <|

1 |

(o L

C Filter LC Filter

L
e YY"
Wollage Fitered
fram — [ — (B T
Rectifier 1 — T m—— Noltage
=4 ©
T Filter Graphs
Tabulation:Transformer output=... . V
No filter C filter LC filter  filter
Load Voltage . . . .
current across the Ripple Ripple Ripple Ripple
A load(V) faclt/(‘): Vae | Ve factlgal; Ve Ve factl;)al; Ve Ve fact;)al;
Vae | Vae | 77 Vac T Ve T Ve " Ve
0
Percentage
Regulation




Experiment Number. Date

6. Series Resonance

AIM :
To study the frequency response
(a) the resonant frequency and (b) the qua.

of a series RLC circuit and to determine

lity factor of the ci_rcuit.

APPARATUS : bt
AF sine wave generator, VIVM or FET VOM meter, a.c. milliammeter
itor, fluorescent lamp choke

(rectifier type) of range 0-5 mA, resistance box, capacl
or any inductance coil etc.

THEORY : ' : A _

A circuit with capacitancé C, inductance L and resistance R, connected in
series with an a.c source forms a series resonant circuit. When a constant
voltage of varying frequency is'a,pplied- to such a circuit, the current shows a
resonant increase at a frequency called the resonant frequency , A

For f << f,,, the capacitive reactance X¢= 5 —~

of the circuit is much larger than the inductive reactance Xy, = 27fL

Most of the voltage drop is across the capacitor. The current in the circuit is
small and leads the applied voltage. For f >> f;,, the inductive reactance is large
compared to capacitive reactance. The current in the circuit is small and lags
behind the applied voltage. At resonant frequency, the capacitive and inductive
reactances are exactly equal. Cohse'quently,'the impedence in the circuit is mini-
mum and is equal to the resistance in the circuit. Thus the current in the circuit
is maximum and is in phase with the applied voltage.

[ The resistance R in the circuit (fig 1a) is the equivalent series resistance
in the circuit, taking into account all the energy losses in the circuit. It includes
losses due to ohmic resistance of the inductance coil, hysterisis loss and eddy
currents in its core, and any additional resistance connected ].

At resonance, inductive reactance XL = capacitive reactance XC
1 o “Co
ERL L= —— or _ 1
27f,.C f, = y
° ¥ €Y,

The resonant frequency is independent of the resistance R in the circuit.

The current at resonance, ; = V :
©*" R @)




QUALITY FACTOR :

In t.he circuit under consideration, the capacitance stores energy in the
electric field while the inductance returns energy in its magnetic field and vice

versa. Thus, the reactive power is exchanged between the inductance and
capacitance, while the resistance dissipates power.

At resonance, the reactive powers of inductance and capacitance being
equal, the source has to supply only the active power required by the resistance
of the circuit. The ratio of reactive power of inductance (or capacitor) at reso-

nance to the active power of the resonant circuit is called the quality factor or Q
of the circuit. 2 ‘

iX -2)(3
Q = Lo - TG
- _
iR i°R
27Tt L
ol - vl S s e (3) /
AlsoQ = ‘—"-—1
o _ 27f,CR (4)_

Now, the voltage across the capacitor, at resonance is V; =i, XCo

usingeqn. (2) V.= ‘ﬁf s ‘

2nt,C ~  2af,CR
usingeqn (4) V,.=QV and Q = :’i" B)

Thus, there is a resonant rise of voltage across the capacitor.

BAND WIDTH :

A resonant circuit selects a band of frequencies. To estimate the width of

this band, two frequencies f; and f, which differ from f, by - are located.
Then the bandwidth -

" @Q measures the sharpness of resonance. _
Further, at f; and f,, the current in the circuit reduces to 2o so that
bandwidth B= f2 — fl (7) i v a

PROCEDURE :

The circuit is made as in fig 1(a) with C = 0.1 UF. R, is made zero.

The frequency of the source is set at 100H, The voltage V across the RLC
series is adjusted, say, to 1 volt. The current iin the circuit is noted. The current
is noted for frequencies 200 Hz, 300 Hz ... etc., keeping V constant,



throughout. The resonant frequency f, is located. The frequency is fixed at'fo,
The current i, and the voltage V, across the capacitor are noted. A graph with
f along X axis and current i along Y axis is drawn. The inductance of the coil
(eqn.1), the resistance R in the circuit (eqn.2), the quality factor (eqns. 4 & 5) and
the bandwidth B (eqns. 6 & 7) are calculated.

The whole experiment is repeated for Ry = 1xotm

Results
Particulars Resistance included in ohms
Ri=0 ohms R,=1000 ohms
Resonance
frequency fyin Hz
Theoretical
Quality :
Experimental
factor
Band width in | Theoretical
Hz Experimental

Circuit diagram




Tabulations

Capacitance of the Capacitor=0.1 uF
Input voltage=V=1 volt

Frequency in Hz

Current in the circuit in mA

R1=0 R1=1000K

100

200

300

400

450

500

550

600

700

800

900

1000

1100

Resonance
frequency f,

Max Current |,

Resistance in the circuit
at resonance R=V/I,
ohms

Voltage across C at f,
Volts

Particulars

R;=0 ohms

Quality
factor

Theoretical
Q=1/2TT«CR

Experimental
Q=V0/V at fo

Band width in

Theoretical
B=fo/Q

Hz Experimental
B=f2'f1

R;=1000 ohms




Results

Particulars

Resistance included in ohms

R;=0 ohms R;=1000 ohms

Resonance
frequency fy in Hz

Quality
factor

Theoretical

Experimental

Band width in
Hz

Theoretical

Experimental




Experiment Number : Date :

7.Stefan - Boltzmann Law

AlM :

-

To venify the Stefan - Boltzmann fourth power law.,
APPARATUS ;

Mothod 12 6V-300 mA bulb, 12V DC source, resistance boxes : 0 + 1000 ohm,
050 ohm, d.e milliammeter 0-300 mA, galvanomotor, rheostal (1 amp ralingd

Mothod £ 5 6V-300 mA bulb, 12V DC source, standard resmtance of 2 of 5 ohm,
3500 mA milliammetor, polentiometer galvanomeler, rheostal ele.

THEORY :

Stofan - Boltzmann law statos that the mte of radslion of enengy from a

black body vanes directly as the fourth power of the absolute temporature T of
the body. aE oot e (1)

dt
Let the Milament of & low voltage bulb be troated as a black body. Then, if the
temperature of the filament is large compared to room lompoeralure, loss of
energy due to convection and conduction can be noglocted. Thus, we can
assume thal the enengy dissipalod by the filamont is mainly due to mdiation.

o ':I!E ® PR % AT eeeeeeans (2)

wheore | is the current through the filament, R s rosistance. A s a consiant and
n = 4 according Lo the Stefan Boltzmann law.

The resistance variation of lungsien {(hilameont mll::nll wilh
tompomature shows that i x T'® .. (3) botwoon 300°K and 2300

L. FR*BR I-% where B is a constant.

or log (I°K) = I—':IE POT- TS  JE— )

th '
Amphdhtl'll along Y axis and kqllmllﬂﬂmlm no wit®

o ll'r.';—i e ne(125) 8 e )

—“—- ] R o - .-'|:._
Also, l’-nntlﬂ 1)



Taking log. I!Ic-gl'{fl:-a -1)log R+ log B

or ]m|-{ﬁ.nr5]1mﬂila‘5.. ......... (6)

1
A graph of log R along X axis and log | along Y axis gives & siope

o Bl % +0.5). The Value of n can be determined using relation
' ne(s;+05)25 ... ™

PROCEDURE ;
The connoctions are made as in fig 8a. A low voltage bulb (8Y 0.1A) can be
usod for the expenment . Lot 8§ = 10 ohm (10W) and P = 100 ochm

The rheostal is adjustod o gol a current | = 100mA through the hlamenl. A
minuto or bwo is allowoed for the lempomture 1o stabilize. The bndge is balancoed
by adjusting Q. The resistance of the filament (plus that of ammeater coil)

Re T"‘;H- N,

The expeniment is repeated for | = 120, 140, .. ... 240mA. A graph of log l'll
against log 1 drawn. The radiation index n s calculatoed from the slope (hyg 8b)
(eqn. 5). A graph of log | against log R is drawn. The value of n is caloulated
from the slope ( Mg 8¢) (eqn. 8). P, Q. & 8 should have a rating of al loast one
ampore so that they do not get heated dunng the expeniment,

NOTES;

(1) Thpnmmﬂthhlhhmmwhhﬂhm. n“lh,“.u.ﬂ._
oblained in the expeniment, is only approximale,

(2) mnummmm-ﬂmmﬂﬂlﬂﬂhu-hlhth- milliammeter
mﬂhulmummdlhmmnﬂunhnmuumuu“mnmh.
treated as that of the filament for all practical purposas.

RESULT; |
The radiation index n = which is Approx)

Stefan - Boltzmann fourth power law is vonified,

St



Observations :

Bulb used : 6V 0.3Amp. P = 100 ohm.,Q=100 ohms
Diagrams :
2 logl
logI'R 4
'P A,
& ' V
B/r S i,
-~
— 4
log R log R
Fig 8 (b) Fig 8 (c)
Tabulations
T.no Current | Balancing | Filament
after Log| | resistance | resistance | Log R I’R log I’'R
balance S ohms ohms
(A) =2

P




Calculations :

Graph | :
Slope S4=
s — n
- 17125
Radiation index n=1.25 S =
Graph Il :
Slope S,=
_ S, = —_05
2725

Radiation index n=2.5 (S + 0.5) =

Average n=



Experiment Number. Date

8.SOLAR CELL CHARACTERISTICS

Aim:To determine solar cell characteristics of the given solar cell, it's Maximum power point
power,efficiency,and Fill factor

Apparatus required: Solar cell experiment set up consisting of digital DC ammeter of range 0-
2A,digital DC milli Voltmeter of range 0-200mV,,Light source ((50W),solar cell (5 cm radius),AC
power supply 12V,5A, a variable resistant box and connecting wires.

Description:Here |-V Characteristic curves of monocrystalline silicon solar cell are studied using
standard 50W MR 16 type halogen lamp.solar cells are special semiconductor devices which
produce electric voltage across its terminals by absorbing sunlight.The light photons are
converted into voltage hence the process is called photovoltaic effect.A solar cell looks like
fragile wafer as shown.Solar cells are cascaded in series or parallel to obtail solar cell module
for commercial use.

The photons absorbed by the solar cell create hole-electron pair inside the
crystal.accumulation of such pairs give rise to potential across the terminals of the solar cell.

The solar cell equivalent circuit consists of constant current source producing photo current
lonand a diode parallel to it as shown.The photo current IPH is directly proportional to the
incident light energy.The diode represents p-n transition area of the solar cell.

Applying Kirchhoff law
IPH=|D +|
Where lpy is photo current,lp is the current through diode and | is the output current.
I=lpn-Ip
Diode current at room temperature is
Ip=ls(e* -1)
Where [sis reverse saturation current and V is the voltage across output terminal.therefore

I=lpy- Is(€@*®Y =1). oo (1)

represents IV characteristics of solar cell



Solar cell parameters
Maximum power point Power(Pypp)

As per the maximum power transfer theorem,the cell delivers maximum power to the
load,when its internal resistance becomes equal to the external load.Internal resistance varies
with incident energy and attains a a minimum value at maximum intensity.At this saturation
value powerout put is maximum.this maximum power output is termed as maximum power

point power(Pwpp)At this point maximum power transfer takes placeand is given by
P|V|pp=V.|

Short circuit current(lsc):When the solar terminals are shorted,(RL=0),Current flowing is called
short circuit current.

Open circuit voltage (Voc):It is the voltage measured across the terminals of solar cell .when
load terminals are open.

At both cases of open or short circuit the power dissipated is zero.

Efficiency: In a solar cell light energy is converted into electrical energy.All input light is not
converted into electrical energy.The conversion efficiency in percentage is given by

Where S is the surface area of solar cell and E is the light intensity W1/d” here d is the distance
of the solar cell from the light source

L) 1 { S (3) where r is the radius of the cell
w1
E gE —— (4)

Fill Factor (FF):It is the measure of individual photo junctions inside the solar cell which is
effectively contributing to the photo current.in general 75 % to 80 % of the cells contribute.lt is
also the measure of the perfectness of characteristic curves. If the graph resembles a square
then FF is 100 percent.

Fill factor is given by

FF = Ty — (5)



Procedure:

1.The circuit connections are made as shown in the fig. The solar cell illuminator power
supply is switched on.Cooling fan is switched on

2.Solar cell is placed under the halogen lamp at a convenient distance (d m)

3.The variable resistance is shorted (R=0),and short circuit current(lsc) is noted.

4.Both the terminals of the variable resistance are disconnected.(R==2).The open circuit
voltage (Voc) is noted.

5.The rheostat is reconnected and it is adjusted to have a convenient voltage value in the
voltmeter. The corresponding current is noted.Experiment is repeated for other
convenient voltages.

6.All values are tabulated and Power in each case is determined and maximum power
(Pmpp) is noted.

7.Area of cross section of the cell A,Power of the source E are calculated using the
equations (3) and (4) respectively.

8.Conversion efficiency (*) and fill factor (FF) are calculated using equation (1) and (5)
respectively.

9.Experiment is repeated by keeping the solar cell at another from the source and Solar
cell parameters are estimated.

10. IV characteristics of solar cell and power variation graph for both cases are plotted.
Maximum power point power (Pypp) from each graph is estimated

Note:

e For a given solar cell Maximum power point power is constant.
e All parameters are temperature dependent

Result: 1) VI characteristics of the solar cell are as shown in the graphs

2) Solar cell parameters are as given below.

Parameter Distance d= Distance d=

Max power point
power Pypp in Watts
Max power point
power Pypp in Watts
from graph
Efficiency (*)

Fill factor (FF) %




Figures and circuit diagrams

=

Vo
1D
Solar
Cell
Solar cell Equivalent circuit
I
O ‘
0-2A 0-2V
Digital 15 Digital
/‘\ Ammeter BCI
D \Y olt
Iph Rh Meter
0-10
Solar Ohms +
Cell
Circuit diagram
600 0.14
500 | 012 |*
7 400 | o1 | Fre
= 300 s 0.08
g g 006
S 200 £ 004
100 0.02
0 ‘ 0 . . : . :
0 100 200 300 400 500  60C 0 100 200 300 400 500 600
Voltage —~

VI Characteristics

Voltage —>

Power variation



Observations :

Distance d= m Distance d=
T no Voltage V
inV Current!| in | Power W Pmep Voltage V Current | Power W Pmpp
A =VI Watts inV in A =VI Watts
Watts Watts
1 0 Isc= 0 0 Isc= 0
2
3
4
5
6
7
8
9
10 Voc= 0 0 Voc= 0 0
Source Power W1=50 watts
Radius of the solar cell =5 X 10% m
Parameters Distance d= m Distance d=m
Area S=rtr?  in m?

Light intensity E=W1/d>

Max power point
power Pypp in Watts

Max power point
power Pypp in Watts

from

graph

Efficiency (")

pmpp
S-E

Fill factor

n-S'E

FF=—— %
IscVoc




Aim: To study the working of a full wave bridge rectifier by simulation experiment and to

Experiment Number.

9. SIMULATION EXPERIMENT

FULL WAVE RECTIFIER

calculate the ripple factor

Procedure: Set the load resistor R;to a particular value.say 500 ohmes.

SANNANE S

7.
8.
9.

Result: Average ripple factor of the full wave bridge rectifier is =

Circuit diagram

waveform.

Measure peak value Vm and hence V rms
Calculate Vdc

Calculate the Ripple Factor.
10. Repeat the experiment for different values of load resistors

LA

aine YWay

n:

Click on 'ON' button to start the experiment.
Click on 'Sine Wave' button to generate input waveform

Click on 'Oscilloscope' button to get the rectified output.

Vary the Amplitude, Frequency, volt/div using the controllers.

Click on "Dual" button to observe both the waveform.

Channel 1 shows the input sine waveform, Channel 2 shows the output rectified

Resistance




Tabulation

Value of Load resistance selected=5000hms

Amplitude of the input wave=2000Hz

Input
voltage
Volts

output
Peak
Value

Vi volts

Vims=
Vm/\2

volts

2
Vrms

Vic=
2Vm/r

volts

Vidc

Ripple factor

B V2rms 1
V= V2dc

Average ripple factor of the full wave bridge rectifier is =




BSC Practicals- IV Semester -PRACTICAL QUESTIONS

Determine the wavelengths of violet, blue and yellow lines of mercury spectrum using plane
diffraction grating and spectrometer by minimum deviation method.Assume the wavelength

of Green line of mercury spectrum to be 546.8nm, to determine the grating constant.

Determine the diameter of the given wire by diffraction at a straight wire method forming 6
diffraction bands in the shadow region. Measure the band width for two different distances.

Verify the answer using screw gauge.

Prepare sugar solutions of concentrations 200 Kg m3 ,100 Kg m>,50 Kg m?3, 25 Kg m*
,measure the angle of rotation and hence calculate the specific rotations. Verify your answer

drawing the necessary graph .

Determine the diameter of Lycopodium powder particles by laser Diffraction method.

Construct a full wave bridge rectifier circuit and find out the ripple factor for NO filter,C filter
and LC filter for 6 different loads. Draw ripple factor verses load current and Vdc verses load

current graphs in each case. find the percentage regulation

Using given components construct a series resonance circuit and study frequency response
curve, Determine resonance frequency, quality factor, Band width for two resistances.

compare experimental values with theoretical values

Verify Stefan Boltzmann law by using by using incandescent bulb as a heat radiater.Draw the

necessary graphs.(Minimum 6 trials)

Draw solar cell characteristics of the given solar cell hence determine Maximum power point

power, efficiency, and Fill factor for two different distances of the solar cell from light source.



UNITS OF MEASUREMENTS

FUNDAMENTAL UNITS
Quantity Unit Symbol
1. Length meter m
2. Mass kilogram kg
3. Time second 5
4. Electric Current ampere A
5. Temperature kelvin K
6. Luminious Intensity candela Cd
7. Amount of Substance mole mol
SUPPLEMENTARY UNITS
Quantity Unit Symbol
1. Plane Angle Radian rad
2. Solid Angle Steradian Sr
DERIVED UNITS
Quantity Unit Symbol

1. Area square meter m2

2. Volume cubic meter m?

3. Density kilogram/ cubic meter kg/m3

4. Velocity meter/second m/s

5. Angular Velocity radian/ second r/s

6. Acceleration meter/second square m/s?2

7. Angular Accleration radian/second square rad/s2

8. Frequency hertz Hz

9. Force newton N

10, Work energy joule ]

11. Power watt w

12. Pressure pascal Pa

13. Electrical charge coulomb C

14, Potential difference volt '

15. Electrical resistance ohm Q

16. Capacitance farad F

17. Inductance henry H

18. Magnetic field telsa T

19. Luminious flux lumen Im

20. Dynamic Viscocity | newton sec./ square meter N-s/m2




SCHEME FOR PRACTICAL EXAMINATIONS

BSC IV" SEMESTER

Particulars Marks

Formula 3
Setup / Circuit / tabulation 4
Observation and number of trials 10
Knowledge about the experiment 5
Calculation and graph 5
Result and accuracy with units 3
Class records- Regularity in completing the experiments/ 10
Neatness / General impression
Internal assessment for Practicals 10
Total 50

Fundamental Physical Constants

Constant . Symbol | Value

Avogadro’s number Na 6.022 141 29 % 10%/mol
Boltzmann’s constant k 1,380 6488 x 102 J/K
Elementary charge e 1.602 176 565 x 107™° C
Electron mass Mme 9,109 38291 x 107 kg
Neutron mass m, 1,674 927351 x 107 kg
Proton mass _ mp 1.672 621777 x 107 kg
Speed of light in vacuum : ¢ 2.99 792 458 m/s (exact)
Universal gravitation constant G - 6.67384x 107" N - m?*/kg®
Universal gas constant R - 8.314 4621 J/(mol - K)
Permeability of free space LLo 4n x 107 N/A

Permittivity of free space 0 - 8.854 187817 <10 C*/(N - m?)

Plank’s constant h  6.626 06857 x107% J - 5




COLOUR CODE OF RESISTORS

ST 10k ohm

B 5lack 0 0

B Brown 1 1

B Red 2 2 x100 2%

. Orange 3 3 x1,000 3% ;

Yellow 4 4 x10,000 4% }
. Green “ 5 x100,000 s ‘ -~
B Blue 6 6 x1,000,000 ’
B Vot 7 7 z 5 ,

S : : ‘ 1digit| | tolerance

White G 9 - :

Gold » . 0,1 5% 2™ digit
=== Silver - - x0,01 10% A

multiplier
TABLE OF CAPACITOR CODES
Picofarad | Nanofarad | Microfarad Picofarad | Nanofarad | Microfarad
Code Code
(pF) (nF) {uF) (pF) (nF) (uF)
10 0.01 0.00001 100 4700 47 0.0047 472
15 0.015 | 0.000015 | 150 5000 50 0.005 502
22 0.022 0.000022 220 600 56 0.0056 hE2
23 0.033 | 0.000033 | 330 BE00 5.5 0.0088 582
47 0.047 0.000047 470 10000 10 0.01 103
100 0.1 0.0001 101 15000 15 0.015 153
120 012 0.00012 | 121 22000 22 0.022 223
130 013 0.00013 131 33000 33 0.033 333
150 015 0.00015 | 151 47000 a7 0.047 473
180 0.18 0.00018 181 63000 68 0.068 683
220 0.22 0.00022 221 100000 100 0.1 104
230 033 0.00033 | 331 150000 150 0.15 154
470 0.47 0.00047 471 200000 200 0.2 254
560 0.56 0.00056 561 | 220000 220 0.22 224
G680 0.68 0.00068 G681 330000 330 0.33 334
7h0 0.75 0.00075 751 470000 470 0.47 474
820 0.82 0.00082 821 630000 G680 0.68 684
1000 1.0 0.001 102 1000000 1000 1.0 108
1500 15 0.0015 152 | 1500000 | 1500 15 155
2000 20 0.002 202 2000000 2000 20 2058
2200 22 0.0022 222 2200000 2200 22 225
3300 33 0.0033 332 3300000 3300 33 335




STANDARD PREFIXES IN MEASUREMENTS

Pirwlil ks Syrwbod Multiplying factor
wotta ¥ 1 000 000 OO0 000 000 OO0 000 OO0 = 10
Ietta Z 1 000 000 000 000 000 OO0 000 = 102
a/Xa E 1 000 000 QOO 000 000 OO0 = 1018
Peta [ o 1 000 000 OO0 000 000 = 1095
tera T 1 000 000 QOO0 Q00 = 102
oiga G 1 000 D00 OO0 = 10°
mga M 1 000 000 = 10*
kil k 1000 = 107
hacto h 100 = 10°
delka da 10 = 10!
deci d 0,1 = 10"
canki « D01 = 10%
rrlbli m 0,001 = 10-%
mikro p 0,000 001 = 108
nanos n 0,000 000 001 = 10*
pilc P 0,000 000 000 001 = 1012
fannto T 0,000 000 000 000 001 = 1017
Akt A 0,000 OO0 000 000 OO0 001 = 10%
rapto 0,000 000 000 000 000 OO0 001 = 104
¥

0,000 000 000 000 OO0 OO0 000 OO1 = 1002




SRI DHARMASTHALA MANJUNATHESHWARA COLLEGE
(Autonomous), UJIRE - 574240

DEPARTMENT OF PHYSICS

EERTlFlCATEﬂ

Thisistocertifythat .............ccooeiiiii i, has

satisfactorily completed the course of experiments in Practical
Physics prescribed by the college for BSc V " Semester in the
Physics laboratory of this college during the year 20..............

Staff in charge of the Batch

Date :



CONTENTS

Expt No Name of the Experiment Date Page Number

Signature and Name of the student




Experiment Number : Date :

1.Stefan - Boltzmann Law

ATV -

o verify the Stefan - Boltzmann fourth power law.

APPARATUS :

hod 1 : 6V-300 mA bulb, 12V DC source, resistance boxes : 0 - 1000 ohm,
him, doe milliammeter (-500 mA, galvanometer, rheostat (1 amp rating)

d 2 ; 6V-300 mA bulb, 12V DC source, standard resistance of 2 of 5 ohm,
00 mA milliammeter, potentiometer galvanometer, rheostat ete.

[HEORY :

Stefan - Boltzmann law states that the rate of radiation of energy from a
black body varies directly as the fourth power of the absclute temperature T of
hody. B, oe e ool
dt
i the filament of a low voltage bulb be treated as a black body. Then, if the
wperature of the filament is large compared to room temperature, loss of
nergy due to convection and conduction can be neglected. Thus, we can
assume that the energy dissipated by the filament is mainly due to radiation.
dB . 2poec AT 2)
dt
where 1 is the current through the filament, R its resistance, A is a consiant and
n = 4 according to the Stefan-Boltzmann law,
{1‘1lament mawrial} with

The resistance variation of tungsien

£ 00K
temperature shows that R GEApEE () between 300 "K and 2300

"

R=BR l—%-— where B is a constant.
25

i Il
orlog (°R) = 75z 10gR+B e (4)

: is i straight line ]
A graph of log R along Y axis and log R along X axis gives a straigh wit!

slope i oI, = = (1 D5) By  sssmsssimcauusests (5)
By=Tar 4,0 (1.25) 84
I1 L= a ;-
Also, E=BR(—7/=-1)



-1)log R +1log B

t |

Taking log, 2logl= flnl

e

log 1= (2% -0.5) log R +10g B .. ()

. ris gives a slope
A graph of log R along X axis and log I along Y axis g

8g= ( % -0.5). The Value of n can be determined using relation
' n=(gx*0.5)25 ...ccconnr (7)

PROCEDURE :

The connections are made as in fig 8a. A low voltage bulb (6V 0.3A) can be

used for the experiment . Let 8 = 10 ohm (10W) and P = 100 ohm

The rheostat is adjusted to get a current [ = 100mA through the filament. A
minute or two is allowed for the temperature to stabilize. The bridge is balanced

by adjusting €. The resistance of the filament (plus that of ammeter 0il)

H= ES LR S o

P

The experiment is repeated for 1 = 120, 140, . . _ 240mA. A graph of log I“R
against log R is drawn. The radiation index n is calculated from the slope (fig 8h)
(eqn. 3). A graph of log I against log R is drawn. The value of n is calculated
from the slope ( fig 8c) (eqn. 6). P, Q, & S should have a rating of at least one
ampere so that they do not get heated during the experiment.

NOTES :

(1) The filament of the bulb is not an ideal black body. Thus the value of n,
obtained in the experiment, is only approximate,

(2) The filament resistance is of the order of 10

ohm, while the milliammeter
coil has a resistance of a fraction of an ohm, Thus the value of R can he

treated as that of the filament for all practical purposes.
RESULT :

The radiation index n = which ig approximat
Stefan - Boltzmann fourth power law is verified.
= Bﬂ__



Observations :

Bulb used : 6V 0.3Amp. P = 100 ohm.

Diagrams :
2 logl
log I'R ,r
Ay
i Pf/'(
B/ )
---l¢,
ty ,
log R log R
Fig 8 (b) Fig 8 (c)
Tabulations
: Filament
Balancing
Tno Current | (A) Resistance
After balance| Resistance 0 log R log | log I’R
S (ohm) R= —& § (Ohm)
P
Calculations :
Graph | :
Slope S;= A|C; X yscale
BiC; X x scale
n
S=_—_
o 1.25

Radiation index n = 1.25 S =




Graph Il :

A C .Y Scale
Slope: 2 2 =
B, C, . X Scale

n
S=— _05
2 25

Radiation index n=2.5 (Sz + 0.5) =
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2. Temperature response of a Thermistor

ATM:

; . ; :nce to estimate
To study the temperature response of a thermistor and ens
its energy gap.

APPARATUS :

Thermistor, metre bridge, battery, table galvanometer, water bath ete.
THEORY:

The resistance R of a thermistor is given by

R=pgal/t 3

where a is a constant and b = E_ [ 2k. T is the temperature on T.IH‘ kelvin scale, k

dit }
the Boltzmann constant and E, the energy gap. T = aeb/l [—— } = (- 'JT]
1 dR
] rives the temperature coefficient of resistance o, ‘!'hllh Sis
‘t"urt.hm from equation (1) I
b 1 b
we have log, R = log, a+ T or logyp R =log, a+ =

2303 T
[F a graph is drawn connecting log L[_IH' with {_—:] a straight line with a slope

= %{H is got. Hence b = (2.303) x slope ufthr:.- straight line. Knowing 'k’ the
value of the temp coefficient can be estimated atl any temperature.
The energy gap of the thermistor is given by Eg = 2kb. - ()
PROCEDURE :

The connections are made as shown in Fig 10(a). The commutator keys are
so plugged that the resistance box Sis in the left gap (gaps 2 and 3 are shorted).
The resistance in the box is so chosen that the balance point is near the middle
of the bridge wire. The balancing length /; is measured from the left end of the
bridgn- The resistance of the thermistor is calculated using the relation

= 5(100-{)/{ . By shorting gaps 1 and 4 the resisstance of the thermistor and
I.II-L box are interchanged and balancing length 32 15 measured from the same
(left) end. The resistance of thethermistor is caleculated using the I‘BIatmn

Sl

The mean resistance R is calculated.,
(100 - Zy)

Ry =



. The temperature T of the water bath in which the thermistor is immersed is observed. The temperature
of the bath is increased and at intervals of 10K the resistance is determined as before. A graph is drawn
connecting log1oR and /T

The slope ‘s’ of the straight line is found out. Hence the values of b, temperature coefficient of
resistance and the energy gap of the themistor can be estimated using the relation Eg = 2Kb.

Result : i) The temperature coefficient of resistance of the thermistor is found to decrease with
temperature.

ii) The energy gap between the valence and conduction bands of the thermistor is found to be
eVv.

Observations :

Diagrams

o

% ]

1l B
I.‘ O >
Ba K
Tabulation :
Resistance unplugged S= ohms
Balancing length in Resistance of thermistor in ohms
Temp in 1T cm
TinK plug gap | pluggap | R{=S(100-l)) R,=__ Sb Mean R log R
2&3 (1) | 1&4 (L) l4 (100-15)




Calculations :

Slope S= BC x yscale
AC x x scale

b= 2.303 (Slope) =

A atlab temp 'b/T12

Qa at boiling temp temp 'b/T22

EnergygapEg = 2Kb =



Experiment Number : Date :

3.Specific charge of the Electron

AIM :

To determine the specific charge, &/m of electron by Thomson's method

APPARATUS :

Cathode ray tube (CHRT) with power supply, short bar magnets, vibration

MagFnalometer ete,

DESCRIPTION :

A cathode ray tube consists of a highly evacuated funnel shaped glass bulb
inside which are contained an electron gun, deflecting plates and a fluorescent

soereaen. (fig. 9a).

Klectrons are emitted by a hot eathode K. They pass through a control grid
G which controls the number of electrons getting past it. These electrons are
acceleratod towards the anodes A and A, Through the central fine apertures of
the anodes, a narrow ‘beam of cathode ray. emerges. This beam is allowed to
pass between two sets of plates X, & X, and ¥, & Yo, A potential difference
betwoon Y, and Y, causes the beam to deflect in the vertical plane, The beam
finally strikes the fluorescent screen S and a bright spot is seen.

The deflaction

of the beam can also be achieved by applying a magnetic field. This deflection

however, is normal to the field.

THEORY :

Congider the path of an electron of mass m, charge e and velocity v. Now, if

a uniform horizontal magnetic field (induction) B is applied at rig

ht angles to
the electron path, the force on the electron is Bev 1 Tig R ani L

: . ; to V. The path of
the electron is, therefore circular (fig 8 b) of radius r. P

mve

r

wsi 1)

Thean, Bev =

If 1 is the length of the region where the magnetio field is p ¢
d » presen

the vertical deflection of the electron, from fig 9b,
{

¥ . -
El=-r—= % if & is small

and y is



ES e I: - (2)
Thus from e e _v 2y
qn. (1) m B r ......... (3)

Mow if AN ele C3es . s .
ectric field | is applied vertically and adjusted so as to

deflection produced by the magnetic field.

HE‘ur=le:ﬂ

neutralise the

where V is the potential difference between plates Y, and Ys separated by a
distance t

2 v

sing oqn. (4), we get o2 W commeessc D)

2 :
m "%

If Y is the shift of the spot observed on the screen, Yy

. 8 Y
i E_KEY ......... (6)

Where K is the constant of the apparatus.
K =179 x 10* for the CRT type 70 CIP 31.

Marnetic field :

The magnetic field B is produced by two short bar magnets (fig 9¢) kept
with their axial lines collinear, in the horizontal plane, normal to the axis of the
CRHT. The magnetic fields produced by the magnets at the site of electron path

are
2 J-Ei'_ﬂ ) EM_[ a.l'.ld HE = ﬂ E—h:E Srrmrases ('?:I
1 40T d3 4T d

wiere M; and My are the magnetic moments of the magnets, d is the
distance of each magnet from the CRT axis and U, is the permeability of

vacuum =47 x 107 henry. metre’l,
B=B;+Bg... .(8)
The magnetic moments are obtained by the deflection magnetometer method

(cay, in Tan A position).
= 41_ =



21 o
If the mean deflections are 9, and 8, respectively when the magnete arg

Placed at distance d from the pivoted noedle,

Mo 2M, iy Mz B ta o ;
——— a = F a | ,  —— i o aEEEEEEEs 3
an - g By tan 9, and ..... am g H

where By is the horizontal component of earth's field.

: 3
47 By, a® 4T By d
Then, M, = " tan 9; and ....... My=————tang; ... (10
Hy 2 Ho 2
PROCEDURE -

The direction of magnetic meridian is drawn using a compass needle. The CRT is
placed with its axis along this direction. Now, the earth's magnetic field, being
parallel to the electron path. does not cause any deflection of the spot on the
fluorescent screen. The CHT power supply is switched on and a warm up time of
3 to 10 minutes is allowed, The bar magnets are placed symmetrically (fig 9e) (1)
with N-poles toward east (or west) (ii) in the horizontal plane at the height of
CRT axis (iii) with the axial lines of the magnets collinear and normal 1o CRT
#x18. (iv) the distance d of the mid point of the magnets from the CRT axis baing
large compared to magnetic lengths, The shift ¥ of the luminous spot on the
screen from the sero position is noted, A potential differenee between plates Yy
and Y, is applied. Its value V is adjusted until the spot comes back to zero
position. The observations are repealed by varying the value of d.

A deflection magnetometer is set in Tan A position, Magnet 1 is placed at g

gnet 1is now replaced
4y magnet I and deflectlion 6, is determined. The observation is pg

distance d and the mean deflection By is determined. Ma

Péated for
The value of B is

X axis and Y long Y
axis i1s drawn (fig 8d). The straight line obtained has i slopg =

another value of d. My and M, are calculatod using eqn.(10),

then obtained from egns. (7) and (8), The graph of I!EIH." along
1 [5]

K ( o ). The

spaeciflic charpe of the electron can hence b caleulatad from € -

m K slope,

NOTES :
(1} The assumplion of uniform magnetic fiold B 15 not strictly true

(2} Ifthe application of clectrostatio feld IMCTCRSes g deflection of the spot

the p.d. applied betwoeen Yy and Yo should he reversed

Result :
Specific charge of electron e/m = C/Kg



Observations

GivenB, =3.8x10° Tesla
Distance Deflections d> tand Mean
of the (d3 tan®)
magnet Mean
1 5 6
d (m) 0
Magnet

Magnet
Il




M, == B, (d3 tan@)
Hy
= Henry /m
M, = il B, (d3 tan 6’)
0
= Henry / m
M, +M, =

Zero position of the spot on the screen Rg (mm) =

Distance of Position of the | Deflection of the | Voltge applied
mid points of spotoh the spot Y (MM) for Zero Magnetic field B
magnets from | screen R (MM) Ro+R deflection @ _';‘_; Mld—_%“le BV
(Tesla)
CRT axis d(cm) V(Volts)
Calculations
Slope = AC x Y Scale

BC X Scale

e
Specific charge of election /m = K (Slope) =

C/Kg




Experiment Number: Date:
4.GM Tube Characteristics
Aim
To study the variations of count rate with applied voltage and thereby determine the
plateau, the operating voltage and the slope of the plateau.
Equipment / Accessories required
a. G.M. Counting System GC601A / GC602A with A.C. main chord.

b. G.M Detector (End window) stand (or) G.M Detector/source holder bench
(optical bench).
c. G.M. Detector (in PVC cylindrical enclosure) with connecting cable.

Description
Geiger-Muller radiation counter tubes (G.M.Tubes) are intended to detect alpha particles,
beta particles, gamma or X-radiation.A G.M. tube is a gas-filled device which reacts to
individual ionizing events, thus enabling them to be counted. The Tube consists of basically
an electrode at a positive potential (anode) surrounded by a metal cylinder at a negative
potential (cathode). The cathode forms part of the envelope or is enclosed in a glass envelope.
lonizing events are initiated by quanta or particles, entering the tube either through the
window or through the cathode and colliding with the gas molecules.The gas filling consists of
a mixture of one or more rare gases and a quenching agent. Quenching is the termination of
the ionization current pulse in a G.M.tube. Effective quenching in G.M. Tube is determined by
the combination of the quenching gas properties and the value of the anode resistor.
Operating characteristics:
Starting Voltage (Vs):
This is the lowest voltage applied to a G.M. Tube at which pulses just appear across the
anode resistor and unit starts counting.
Plateau:
This is the section of the GM characteristic curve constructed with counting rate versus
applied voltage (With constant irradiation) over which the counting rate is substantially
independent of the applied voltage. Unless otherwise stated, the plateau is measured at a
counting rate of a approximately 100 counts.
Plateau threshold voltage (V,) :
This is the lowest applied voltage which corresponds to the start of the plateau for the
stated sensitivity of the measuring circuit.
Plateau length :
This is the range of applied voltage over which the plateau region extends. Upper Threshold
voltage (V,) :
This is the higher voltage up to which plateau extends, beyond which count rate increases
with increase in applied voltage.
Plateau Slope:
This is the change in counting rate over the plateau length, expressed in % per volt
Recommended Supply Voltage : (Operating Voltage)
This is the supply voltage at which the G.M.Tube should preferably be used. This voltage is
normally chosen to be in the middle of the plateau.
Background : (BG)



This is the counting rate measured in the absence of the radiation source. The BG is due
to cosmic rays and any active sources in the experimental room.

Procedure
a.

Make the connection between counting system to G.M. Detector by MHV to
UHF co-axial cable. Also connect the mains chord from the counting system to
230V A.C. Power

Place a Gamma or Beta source facing the end window of the detector, in the
source holder of G.M. stand or optical bench at about 2 cms (for Gamma
source) or 4 cms (for Beta source) approximately, from the end window of the
detector. (For Beta source ensure that countrate is less than 200 CPS at 500V)
Now power up the unit and select menu options to PROGRAM on the keypad of
the G.M. Counting System and select 30sec preset time typically (It can be in
the range of 30 to 60 sec.) [ For all command button functions, refer to G.M.
Counting System GC601A / GC602A user manual. ]

Now press - “START” button to record the counts and gradually increase the HV
by rotating the HV knob till such time, the unit just starts counting. Now, press
“STOP” button.

Now take a fresh reading at this point (STARTING VOLTAGE) and record the
observations in the format as given in Table 1.

Also record for each HV setting, corresponding background counts without
keeping the source.

Continue to take these readings in steps of 30V and for the same preset time,
keep observing counts & tabulate the data, with and without source.

Initially within 2 to 3 readings, counts will steeply increase and thereafter
remain constant with marginal increase (may be within 10%). After few
readings, one will find a steep increase as one enters the discharge region. Take
just one or two readings in this region and reduce the HV bias to 0 volts. It is
important to note that operating the G.M detector in discharge region for
longer time can reduce the life of tube or can result into permanent damage of
the detector.

Now tabulate the readings and plot a graph of voltage against counts (corrected counts).
This graph should look as shown in Fig. 6.
Identify from the graph / tabulated data

Starting Voltage

Lower threshold voltage (V4)

Upper threshold voltage (V,). It is called Breakdown threshold voltage
Discharge region.

Calculate plateau, percentage slope, and plateau length, operating voltage, etc.

Repeat the experiment with the source by keeping the source slightly away from the end

window when compared to gamma source and tabulate the data. Calculate slope, plateau

length etc



Inference

1. From the plateau, it can be noticed that mid point of the characteristics of the GM
tube is defined as operating voltage and is to be used for counting applications.
The tube is operated at this voltage when used in Radiation Monitors for
measurements.

2. Different parameters of the GM Tube are as shown in the table

Observations

Rugged metal case_(Cathode) T\m;steu wire (anode)

5
Digital Counter
° o
Vaccume
90%% Argon and § T“lfe EEEE o
10 %% ehthy alcn]l:;lvapnurs “]Iiv.’ Al g
= W
1000 - 2000 Volits
CPM | |
A | 1
Threshold| ' /
- ~, _ Plateau
N1
Starting
/' potential oy VOLTS
i) W ’ -
Case 1,d= Case 2,d=
Counts N Background Counts N | Corrected Counts
EHT 120 sec 120 sec Nc = (N-Np)
S.No.| (Volts) | case1 | case2 | casel case2 case1 case2

o [N (oo [~lw N2z




CASE 1 CASE2
Starting voltage of V= Starting voltage of V=
plateau plateau
Upper threshold of the | V,= Upper threshold of the | V,=
plateau plateau
Plateau length V2 -Vil= Plateau length V2 -Vil=
Operating voltage V, (V2+V1)/2 = Operating voltage V, (V2+Vv1)/2 =

Slope of the plateau %

(N2-N1)X100X100
NI(V2-V1)

Slope of the plateau %

(N2-N1)X100X100

N1(V2-V1)

Where N1 and N2 are the count rates at the lower and the upper limits of the plateau
and V1 and V2 are the corresponding voltages.




Experiment Number: Date:

5. Regulated Power supply using IC Three Pin Regulator

AIM : To construct a regulated power supply using three pin regulator and to study its
regulating action hence to find out line and load regulation

Apparatus required: unregulated power supply,7805IC,220uF/25V,22uF/25V,1000uF/25V.and
470 uF/25 capacitors, resistance box and connecting wires.

Description: A regulated power supply is very much essential for several electronic devices
due to the semiconductor material employed in them have a fixed rate of current as well as
voltage. The device may get damaged if there is any deviation from the fixed rate. By the help
of a DC voltage regulator, unregulated output will be fixed to a constant voltage.

Preamble

7805 IC Regulator: Most generally used IC Regulator is IC 7805 and gives a constant output of
5V. This IC is very flexible and is widely employed in all types of circuits like a voltage regulator.
It is a three terminal device..it consists of op amp,transistors and zenar diode and other
components. It comes with provision to add heat sink. it is connected in series with the
unregulated power supply along with two shunt capacitors. Pin diagram of the IC 7805 is
shown in the figure

Regulation with a varying input voltage (line regulation):

It is defined as the change in regulated voltage with respect to variation in line voltage. It is
denoted by ‘LR’. In this, input voltage varies but load resistance remains constant hence, the
load current remains constant. Due to regulating action of IC The output voltage will remain
constant.

Regulation with the varying load (load regulation):

It is defined as change in load voltage with respect to variations in load current. To study load
regulation, input voltage is kept constant and the load resistance is varied. due to regulating
action of IC, output voltage remains constant

PROCEDURE:-

A) Line Regulation:

1. Make the connections as shown in figure .take C;= 220uF , C;= 22uF

2. Keep load resistance at a fixed value say at 500 ohms.; vary DC input voltage from 6V to
15V and note down the output voltage

3. Note down output voltage as a load voltage with high line voltage ‘VHL and as a load
voltage with low line voltage ‘VLL'.



4. Using the formula, % Line Regulation = [(Vui-Vi1)/ Vav(input) 1X100, where V,,.= average of the
two

5. A graph is plotted between output and input voltage

B) Load Regulation:

1. For finding load regulation, make connections as shown in figure

2. Keep input voltage constant say at 6V, vary load resistance value and note down the output
voltage for different load resistances

3. Note down no load voltage ‘VNL’ for maximum load resistance value and full load voltage
‘VFL’ for minimum load resistance value.

4. Calculate load regulation using the formula, % load regulation = [(Vn-Vr)/ VL ]x100

5. A graph is plotted between output voltage and load resistance

C.)Experiment is repeated for C;=1000uF ,C,=470uF
Result

1. Variation of output voltage with input voltage and variation of output voltage with
load resistance for different cases is as shown in the graphs.

2. Percentage of regulations is as shown below

Regulation Casel Case2
% line regulation
% load regulation

OBSERVATIONS.

05
. Vi Tc Yo
in 2 o
U'h.ﬂ,cz‘ulahd. P |
Powex _— e
Sutbl C
GND Gt 1— 3 1 T £t

Graph

vV ouT

V IN or Load resistance ———



Line regulation

Value of the load resistance = 500 ohms

sl no Input voltage (V) Output voltage (V)
Casel Case2

C;= 220 pF C,;=1000 pF
C,=22 uF C2=470HF

1 (VLL)=6

2

3

4

5

6

7

8

9

10 (VHL)=

Percentage regulation

Percentage regulation

L[ (Va-Vio)/ Vave(inpun] X100=

Load regulation

2.0 (Vur-Vio)/ Vave(inpuy] Xx100=

Constant input voltage = 6 volts

sl no

ohms

load resistance in

Output voltage (V)
Casel Case2
C1=220 pF C1=1000 pF
C2=22 uF C2=470 pF

500(VFL)

600

700

800

900

950

1000

1200

OCIO|INO|NN|PIWIN|F

1400

10

1500 (VNL)

Percentage regulation




% load regulation

1. [(VNe-VEL)/ VL] x100=

2. [(Vne-Ver)/ Ve ]x100=

Average Regulation

Casel

Case2

% line regulation

% load regulation
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6. Common Emitter Amplifier

Aim:

To construct common emitter amplifier using the given components, to study its
frequency response and to determine (a) mid band gain (b) lower cut off frequency (c) input
resistance and (d) output resistance of the amplifier.

Apparatus:
D.C. regulated power supply +12 V, Cathode ray oscilloscope, sine wave generator,

decade resistance box, Transistor BC 547, %watt resistors 820 Q, 2.7 K, 12 K & 47 K, capacitors

47 uF, 12 V; 4.7uF, 6 V.
Description:

A common emitter (CE) configuration has the emitter, common to input & output. The
input is fed between the base and the emitter while the output is taken in between the
collector and emitter.

A CE amplifier is characterized by high voltage gain, high output resistance & medium
input resistance.

An amplifier does not amplify signals of all frequencies. Below a ‘lower cut off
frequency’ and above a ‘higher cut off frequency’ the gain of the amplifier rapidly decreases.
The lower cut off frequency depends on the input capacitor
C,, output capacitor C, and bypass capacitor C;. The higher cut off frequency depends on

the internal capacitance of the transistor and stray wiring capacitances.
Procedure:
Given: Transistor BC547, Vo = +12 W
R.=27KN= R, = R; =8200,KN,R, =47 KN, R, = 12 KN
C,= 47 uF, 12V, G, = 47 uF 12V, Cp; = 47 puF 6V
Using these components, circuit is constructed (fig a). the circuit layout is given in fig 6b.
Before the signal generator is connected, the d.c. voltages at the collector, base, & emitter are
measured. (Designed values ¥V = 6.6V, WV, = 2.34V,V; = 1.64V).

Frequency response: the signal generator is connected to the circuit. The frequency is set at

200 Hz. A CRO is connected across its terminals and the voltage (input V; to the amplifier) is
adjusted to 20 mV peak to peak  (p-p). The output V, of the amplifier is measured using the
CRO. The observations are repeated for frequencies 600 Hz, 1K Hz, .......... 5kHz, keeping V,
constant throughout.

At each frequency, the voltage gain A = "—f is calculated. A graph log f vs gain is drawn
Vi

(fig ¢). The mid band gain A, is noted. The frequency at which the gain is 4 = ‘?—ﬂi gives the

lower cut off frequency f..



Input resistance: A decade resistance box (initially with zero resistance in it) is introduced
between the signal generator and input capacitor C,. The frequency is set at mid band (say 1 K
Hz). The generator output is adjusted so that the amplifier output is 1 volt. The resistance R in
the box is adjusted until, the output reduces to 0.5 V.(half the original value). R gives the input
resistance of the amplifier.

Output resistance: A resistance box is considered (initially with infinite resistance in it) parallel
to R,. The frequency is set at mid band. The input voltage is given to the amplifier is adjusted
so that the output V of the amplifier is 1 volt. The resistance R in the box is now reduced until

the output reduces to 0.5 volt (half the original value). This resistance R gives the output
resistance of the amplifier.

NOTE:

1) The input and output voltages of the amplifier are initially measured using CRO, because it
measures the voltages while indicating the wave forms. Any distortion or noise can easily be
detected. It will also be observed that the input and the output waveforms are out of phase by
T

2) The input given to the amplifier must be small because, the above theory holds good for only
small signals. If the input exceeds certain limits, the output waveform gets destroyed.

3) When an electrolytic capacitor is used in the circuit, its polarity should be properly connected .

Result:
Designed Measured
Mid band voltage gain A 100
Lower cut off frequency f. 500 Hz
Input resistance R 3.0KQ
Output resistance R, 1.35KQ

. Observations:




Designed

Observed

DC voltage at E

1.64V

DC voltage at B

234V

DC voltage at C

6.6 V

Input voltage=..........

(Hz)

Frequency

log f

Output Voltage
Vo
\%)

Voltage gain

200

300

400

500

600

700

800

900

1K

1.5K

2K

2.5K

3K

3.5K

4K

4.5K

5K

Input resistance =

Output resistance =
From the graph log f, =

Therefore cut off frequency, f, =

Result:

Designed

Measured

Mid band voltage gain

A, 100

Lower cut off frequency

500 Hz

]

Input resistance

30KQ

Output resistance

. 135K Q
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7.Wien Bridge Oscillator

Aim:
To construct and study a Wien — Bridge Oscillator.

Apparatus:

"DC power supply (-12V -0 -12V), OP — AMP 741IC, resistors, capacitors, CRO, etc.
Principle:

The circuit of Wien Bridge oscillator is as shown in the figure .The Wien Bridge circuit is
connected between the amplifiers input terminals and the output terminals. Basically the
circuit is Wheatstone bridge with series of RC network in one arm & a parallel RC network in
adjoining arm and the resistors R, &R are in other two arms.

The oscillations will occur only when the bridge is balanced (at resonance). For the
oscillations to occur, Barkhausen Criterion is to be satisfied which is given by,
AB =1 (1)

Where, A, = closed loop voltage gain of the amplifier

B = feed back factor
The voltage gain amplifier is given by

Re
A =1+ — i e (2
. R,
It can be shown that F= %
4,=>=3
w Jlg
On substituting in equation (2)
3=1+ %
Ry
R =2R i (3)
The frequency of oscillations can be given by
- 4
F= samerr e (4)

Procedure: The circuit is perfectly designed and constructed as shown in the figure. The
power supply is switched on. A CRO is used to observe the output waveform. A

potentiometer (0 — 20 KQ) is used as F. It is adjusted slowly to get the sinusoidal waveform
in CRO. The period (T) of the wave is measured using the CRO and hence the frequency

(f= é) is calculated. The experiment is repeated for different value of the resistor R.

theoretical and observed frequencies are compared in each case.

Result: The frequency of the oscillator is as shown in the tabular column. The theorotical and
observed frequencies agree with each other with in the experimental limitations.



1))
;.\
3 I‘/
pedl

Ry

\'0

. Inverting [—]| 2 =y [ ~=—==—- II '+ (Power)
il ? J
c R Mon-lnverting (+)]| 3 I E Chutput
) (Power) V' E ------- H EI Orfast Null

Circuit diagram Pin Diagram of 741 IC

Observations:
Design Calculations:

By Barkhausen Criterion, 4,5 =1

=&}

- = 2R,

Let R, = 10 KQ

Then, R 10K = 2 =20 KQ

® Ky
oLy - ofiset Nutl [ 1 | 741 Op. Amp. Eum Connected (NC)

Formula:
1
= 3zre
Where, f = frequency of oscillations
R = Resistance (KQ)
Capacitance of the capacitor used is C = uF
Frequency of the oscillator (Hz)
. Resistance R . .
Trail no. @) Period T Observed Theoret{cal
1/T =
¥ 2gRC
1

AW
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8.Anderson’s bridge

.."‘._ EM_'.
Todetermine the self-inductance of a given coil by Anderson's bridee method.
APPARATUS :

Hesistance boxes 0-5000 ohm, capacitor, Leclanche cell, Audio oscillator,

head phone, galvanometer, inductance coil ete.
THEORY -

Consider the circuit given in fig. 6b. Let i; is and iq be the instantanoous
currents through P,C and R respectively. When the bridge is balanced, current
through the head- phone is zero

Then, woe have,

ipt (pg*vi)Q =iy (R+5 +jwL) -ceeceeeee (1)
x » I -
ihyp=is (r + j—:;'i—__'; i R ———— (&)

T T T R N — (3)
jwC

where S is the total resistance in the arm ED, w = 27 f, { being the

frequency of the oscillatorand j= -1

From these eguations, we get

L = C[RQ+ r (R+S)] (4)
where _ RQ
S = = (3)

In the above equation if P=Q then S=R and (4) reduces to

L=CR(P+2r)



i) To Find S :

Connections are made as shown in figure 6(a). Since the capacitance offers
infinite resistance for direct current, the circuit works as a Wheatstone's net
work. Initially resistance in r and S' are made zero. Q is set at, say 50 &
P = 50(). The resistance in R is adjusted to get correct D.C. balance. The
experiment is repeated for another value of P, say 100C). Different sets of values
are obtained by keeping S'= 502, 1002 etc. The resistance in @, R & S, for DC
balance are found. In each trial the resistance of the fourth branch of the net

work S is calculated using the relation S = RQ _Sincludes the resistance in S'

as well as the resistance of the coil. P

ii) ToFind r:

The circuit is made as in Fig 6(b). The galvanometer is replaced by a head
phone, and the battery by an oscillator. One set of values in P, Q, R & S for which
the bridge was balanced is chosen. The resistance in r is adjusted so that the
sound heard in the head phone is a minimum. The inductance L of the coil is
calculated using equation (4). The experiment is repeated for different sets of val-

ues obtained in the first part of the experiment. The mean value for L is calculated.
NOTES:

(1) Itis evident from equation (4), that the choice of C, R and Q should be such
that, L > CRQ,::SO as to get a positive value of r. Thus, it is desirable to know
I ‘

S

) S
the approximate value of L beforehand.

(2) The bridge is most sensitive when the impedences or resistances of all the

arms of the bridge are of the same order of magnitude.

(3) If an iron-cored coil is used for inductance, its a.c. and d.c. resistances are
not equal. While, only the ohmic resistance contributes to d.c. resistance,
the hysterisis loss of the core provides an additional contribution to a.c.

resistance.

(4) If L is known, the value of capacitance C can be estimated using the

formula. ., - L

" RQ+r (R+9)




RESULT :

Selfl inductance of the eoil y = veve.. mH,

D
1’ i‘ { )
K i
Fig. 6(a) Fig. 6(b)
Tabulation
Capacitance used C= uF
Resistances in ohms rinQ Inductance L
T no Henries
L=CR(P+2r)
P=Q S R S=QR/P
1.
2. 50
3. 100
4. 150
5. 200
6. 250

Mean inductance of the coil=




SIMULATION EXPERIMENT

MILLIKANS OIL DROP
Aim
To experimentally demonstrate the concept of Millikan’s oil drop experiment.
To find the terminal velocity of the drop.
To find the charge on a drop.
Apparatus

Millikan’s oil drop apparatus,oil, Dc supply.
Construction

Oil drop experiment was performed originally by the American physicist Robert A. Millikan in 1909. It
measures the size of charge on a single electron.

Apparatus consist of an atomizer, which helps to spray tiny droplets. By means of a short focal
distance telescope, the droplets can be viewed. There are two plates, one positive and the other
negative above and below the bottom chamber.dc supply is attached to the plates. Some of the oil
drops fall through the hole in the upper plate.

Using X-rays the bottom chamber is illuminated causing the air to ionize. As the droplets traverses
through the air, electrons accumulate over the droplets and negative charge is acquired. With the
help of dc supply a voltage is applied. Speed of its motion can be controlled by altering the voltage
applied on the plates. By adjusting the voltage applied, drop can be suspended in air. Millikan
observed one drop after another, varying the voltage and noting the effect. After many repetitions he
concluded that charge could assume only certain fixed values.

He repeated the experiment for many droplets and confirmed that the charges were all multiples of
some fundamental value and calculated it to be 1.5924(17) x107*° C, within one percent of the
currently accepted value of 1.602176487(40) x107*° C. He proposed that this was the charge of a
single electron.

Theory

Initially the oil drops are allowed to fall between the plates in the absence of electric field. Due to
gravity they accelerate first, but gradually slowdown because of air resistance.

The terminal velocity v; in the absence of an electric field is calculated as
V= El
=
gl

where 'l;' is the distance travelled by the oil drop and 't;’ is the time taken.



The drag force acting upon the drop is calculated from stokes’s law and is given as
F,=bmmnrv,

The apparent weight (true weight minus up thrust) for a perfectly spherical body is given by,

il
F =_JTJ’3Q I:Q—Q-::'fr)

& 3
At terminal velocity the oil drop is not accelerating, so the total force acting on it must be zero
Fy-Fg=0.
i.e.,
Fu,=Fc
CEI,Y‘II "
- 1
r2 =

2 Q ':ij - p[\g,:,r;l

r-radius of oil drop,n-viscosity of air,V;-terminal velocity,g-acceleration due to gravity,p-density of
liquid

pair-density of air

Now a field is produced in the bottom chamber with the supply voltage. A likely looking drop is
selected and kept in the middle of the field of view by adjusting the voltage.

If the electric forces F,, balances the gravitational force Fg, the drop suspends in the air.
Then,

F.=F.

Qf =mg
av_
o a

where V is the balancing potential and d is the distance between the plates.

If the applied electric force F, is greater than the downward forces, some of the drops (the charged
ones) will start to rise. Now the electric force will act upwards,gravity and viscous forces acts
downwards.
Corresponding terminal velocity v, is calculated as,
I
Vo =——
2
f5
where |, is the distance travelled by the oil drop and t, the time taken.
Now the total force acting on drop is Fe-F’,-Fg=0.
Fo=F'\+Fg

F'y is the new viscous force under the action of electric field.



GE =B&THrvs 5Ty

gV
?=6Hnr(v1 + Vz)

G =5ty +vo)

Millikan repeated the experiment no. of times, each time varying the strength of X-rays ionizing the
air. As a result no. of electrons attaching to the oil drop varied. Then he obtained various values for
g, and is found to be a multiple of 1.6 x 107*°C.

Procedure for Simulation:

Click on ‘START' button.

Click on Combo box to choose the oil.

Double click ‘START’ button of stop watch and notice the time taken t; by a drop, to travel
distance |, between any two points .

Click ‘Voltage On’ to suspend the same oil drop in air, which is the balancing voltage V.

Click the ‘X Ray ON’ button and notice the time taken t, by same drop to travel

distance |, between any two points.
6Hﬂr(v1+ vz)d

W

a

Charge of drop is calculated using the equation,
Repeat the experiment for another oil.

Observations




Atomizer

Name of the oil=
Density of the oil=
Distance between the plates d=

Qil Drops

Positive Plate
Negative Plate

T | Distance | Time | Distance | Time Terminal Radius | Balancing | Charge
no I (m) t1 (s) I, (m) ts (s) velocity in m/s r potential | onthe

V1=|1/t1 V2=|2/t2 ( m) (V) dI’Op |n

C
1
2
3
4
5
6Hnr(v1+ vz)d
q =

'Iu.!'




SDM COLLEGE (AUTONOMOUS), UJIRE Department of Physics V SEM BSc:

Practical Questions

1. Determine the energy gap of the given Thermister (perform the
experiment at 6 different temperatures) by drawing relevant graph. Also
determine its temperature coefficient of resistance at room temperature
and at boiling point of water.
2.Verify Stefan’s law of radiation using electric bulb in one of the arms of
Wheatstones bridge (6 different currents)

3. Determine Sp.charge of en electron using Thomson’s apparatus.(two
trials for each magnet in the first part and 6trials for second part)

4 Determine Self inductance of the given coil by using it in one arm of the
Andersons bridge.( 6 trials for DC brideg and 6 trials for AC bridge)

5. Draw frequency response curve of the given CE Amplifier.From the
graph determine max mid band gain,lower cut of frequency.Also
determine input impedance and out put impedance.Compare theoretical
and experimental values.

6. For the given tube study the variations of count rate with applied
voltage and thereby determine the plateau, the operating voltage and the
slope of the plateau.

7.construct a regulated power supply using three pin regulator and given
components and find out line and load regulation ( Two cases
each,minimum 8 readings in each case)Draw the relevant graphs

8. Construct wien brideg oscillatror using the given components .Minimum

4trial compare theoretical and experimental values of frequencies



UNITS OF MEASUREMENTS

FUNDAMENTAL UNITS
Quantity Unit Symbol
1. Length meter m
2. Mass kilogram kg
3. Time second s
4. Electric Current ampere A
5. Temperature kelvin K
6. Luminious Intensity candela Cd
7. Amount of Substance mole mol
SUPPLEMENTARY UNITS
Quantity Unit Symbol
1. Plane Angle Radian rad
2. Solid Angle Steradian Sr
DERIVED UNITS
Quantity Unit Symbol

1. Area square meter m2

2. Volume cubic meter m3

3. Density kilogram/ cubic meter kg/m3

4. Velocity meter/second m/s

5. Angular Velocity radian/ second r/s

6. Acceleration meter/second square m/s?

7. Angular Accleration radian/second square rad/s2

8. Frequency hertz Hz

9. Force newton N

10. Work energy joule J

11. Power watt w

12. Pressure pascal Pa

13. Electrical charge coulomb C

14, Potential difference volt v

15. Electrical resistance ohm Q

16. Capacitance farad F

17. Inductance henry H

18. Magnetic field telsa T

19. Luminious flux lumen Im

20. Dynamic Viscocity | newton sec./ square meter N-s/m2




STANDARD PREFIXES IN MEASUREMENTS

Prafiks Svwimnbod Multiplylng fector

wores ¥ 1 000 000 GO0 000 000 OO OO0 OO0 = 103
ratta z 1 000 000 000 000 000 OO0 000 = 102
o.XE E 1 000 000 OO0 000 000 O = 108
pekta P 1 000 000 000 000 000 = 10%

tera T 1 000 000 OO0 000 = 102

oiga G 1 000 DDO 000 = 107

miega M 1000000 = 10

kila k 1000 = 107

hecto ] 100 = 10#

deka da 10 = 10"

dmci d 0.1 = 10"

carki “ D01 = 107

rrlbli m 0001 = 10°%

mikro B 0,000 001 = 10°

B n 0,000 000 001 = 10

piko P 0,000 000 000 001 = 10712
fanmito f 0,000 000 000 000 001 = 107

aktbo a 0,000 000 000 000 000 001 = 1071%
repto r 0,000 000 OO0 000 OO0 OO0 001 = 10°31
yocto ¥ 0,000 000 000 000 000 OO0 000 001 = 1072
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INSTRUCTIONS AND SAFETY MEASURES

Come well prepared and do the experiment neatly.

Follow directions of the Staff In-charge and handle the equipments carefully.

Observe strict silence and be Professional

Perform at least two trials and do the calculations independently

Report all injuries or breakages to the lab in-charge immediately. Also, report any equipment that
you suspect is malfunctioning.

Be careful when working with apparatus that may be hot. When you pick it up, use tongs, a wet
paper towel, or other appropriate holder.

Each time you use glassware, be sure to check it for chips and cracks. Inform Staff In-charge
about any damaged glassware so that it can be properly disposed of.

Request the staff in-charge to ensure all electrical circuits are proper before you turn on the
power.

When working with electrical circuits, be sure that the current is turned off before making
adjustments in the circuit.

During electronic experiments, verify the values of resistors / capacitors to be used.

Switch off the circuit and multimeter when you finish the experiment

After finishing optical experiments switch off the sources.

While doing the LASER experiments avoid the beam targeting your eyes
Eating anything while working in the lab is prohibited

Always keep your work area neat and clean

Ensure that equipment remains in the same condition and place before you leave the laboratory
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Experiment Number:Date:

1. Inverse square law for gamma Rays

AIM:To verify inverse square law for gamma rays.
APPARATUS:Gamma ray source, GM counters with tube, stop watch

PRINCIPLE: It is known that the intensity at a point due to a point source of light decreases inversely as
the square of the distance between the point and the source. This is known as inverse square law in
photometry. The law has been found to hold good in the case of gamma rays. This proves that gamma
rays are electromagnetic radiation.

A radioactive sample emits gamma rays after a beta decay or K- capture. The sample is sandwiched in a
plan Chet which absorbs the beta particles and allows only the gamma rays to pass through. For all
practical purposes the source can be considered to be a point source.The number of gamma ray
photons emitted is counted using a GM counter.

Let D be the rate of disintegration of source i.e. the no. of gamma photons emitted. The number of
photons entering the GM tube is given by

_ D(areaofthewindow)

4mtx

Where x is the distance between the tube window and the source. If a is the radius of circular window
and E the fraction of gamma rays detected, we have,

B Dra’E B DEa?
T Amx? 4x2

logN = c — 2logx,
Where cis a constant.

If a graph plotted connecting log N and log x, a straight line with a negative slope is obtained. The
magnitude of the slope gives the exponent of x. This will be close to 2, thus verifying the inverse square
law of gamma rays.

PROCEDURE: A GM tube held horizontally is connected to a counting unit “C” using a shielded cable.
The unit is switched on and the voltage is set at the operating voltage of the tube. The counter is
switched on without the gamma ray source near the tube. The number of counts registered is noted for
five minutes.

The experiment is repeated several times and the mean count per minute (Np) is found out. This gives
the background count due to traces of radioactive materials present in the neighborhood. The sources
of gammarays is mounted on stand so as to be at the same height as the GM tube. The distance
between the window and the source is measured. The number of counts registered is noted for an



interval of two minutes. The observation is repeated 3 times and the mean count per minute (CPM) is
found out as N;. The experiment is repeated for different distances, N= (N;-Nb) gives the CPM due to
the source alone. If the error involved is taken into consideration the range of values of N is given by,

N++vVN And N —+N

Hence each point on the graph connecting X and N is replaced by a short vertical line. The best straight
line passing through the short lines is drawn and the slope is found out.

Result: The inverse square law is found to be correct within the limits of experimental error and the
slope of the graph logX verses log(_N + \/N)=

Observations:

Rugged metal case (Cathode) Tlm?steu wire (anode)

Digital Counter

10 %% ehthy alcohol vapours

1000 - 2000 Volis

log(N t\/N)

=logx

To find the back ground countsNy

T no Counts for 2 minutes CPM

1

2
3
4




Mean N, =

To find the rate of Disintegration:

Trail Distance x Counts for 2 minutes CPM
Number (cm)
1 2 3 4 Mean N,
1 2
2 3
3 4
4 5
5 6
N logN N ++/N |log(N ++/N) N —+/N | log(N —+N)
Tno =N1-Nb
1
2
3
4
5

Result: The inverse square law is found to be correct within the limits of experimental error and the
slope of the graph log X verses log(N + VN )=



Experiment Number: Date:

2. Hall Effect-Determination of Hall Coefficient
Aim:

To determine the Hall voltage developed across the sample material and to determine Hall coefficient
and Carrier density

Apparatus:

Electro Magnets, Constant current supply, Four probe, Digital gauss meter, Hall effect apparatus, Hall
Probe, Gauss Probe etc

Theory:

If a current carrying conductor placed in a perpendicular magnetic field, a potential difference will
generate in the conductor which is perpendicular to both magnetic field and current. This phenomenon
is called Hall Effect. In solid state physics, Hall effect is an important tool to characterize the materials
especially semiconductors. It directly determines both the sign and density of charge carriers in a given
sample.

Consider a rectangular conductor of thickness t kept in XY plane. An electric field is applied in X-
direction using Constant Current Generator (CCG), so that current I flow through the sample. If wis the
width of the sample and t is the thickness. Hence current density is given by

J=l/wt (1)

If the magnetic field is applied along negative z-axis, the Lorentz force moves the charge carriers (say
electrons) toward the y-direction. This results in accumulation of charge carriers at the top edge of the
sample. This set up a transverse electric field E, in the sample. This develop a potential difference along
y-axis is known as Hall voltage Vy and this effect is called Hall Effect.

A current is made to flow through the sample material and the voltage difference between its top and
bottom is measured using a volt-meter. When the applied magnetic field B=0,the voltage difference will
be zero.

We know that a current flows in response to an applied electric field with its direction as conventional
and it is either due to the flow of holes in the direction of current or the movement of electrons

backward. In both cases, under the application of magnetic field the magnetic Lorentz force is
Frn=4a{wxB)

Which causes the carriers to curve upwards. Since the charges cannot escape from the material, a
vertical charge imbalance builds up. This charge imbalance produces an electric field which counteracts
with the magnetic force and a steady state is established. The vertical electric field can be measured as a
transverse voltage difference using a voltmeter.



In steady state condition, the magnetic force is balanced by the electric force. Mathematically we can

express it as

ef =evh (2)

Where 'e' the electric charge, 'E' the hall electric field developed, 'B' the applied magnetic field and 'v' is
the drift velocity of charge carriers.
And the current 'l' can be expressed as,

I=neAv (3)

Where 'n' is the number density of electrons in the conductor of length | ,breadth 'w' and thickness 't'.
Using (1) and (2) the Hall voltage V4 can be written as,

/B
V,=fw=vBw=—"7
: net
I8
V=R, b (4)
by rearranging eq(4) we get
Ve
J'?."l' - e (5)
Where Ry is called the Hall coefficient.
1
n=— (6)
Rye

Procedure:

Connect ‘Constant current source’ to the solenoids of the electromagnet.

Set the gap between the magnets to 10 mm

Four probe is connected to the Gauss meter and placed at the middle of the two solenoids.

Switch ON the Gauss meter and Constant current source.

Vary the current through the solenoid from 0.5 A to 1.5 A with the interval of 0.25A, and note
the corresponding Gauss meter readings. Readings are tabulated

Switch OFF the Gauss meter and constant current source and turn the knob of constant current
source towards minimum current.

Fix the Hall probe on a wooden stand. Connect wires marked as C to Constant Current Generator
and connect wires marked as V to milli voltmeter in the Hall Effect apparatus

Replace the Four probe with Hall probe and place the sample material at the middle of the two
solenoids.

Set the current I" in the Hall probe to 8 mA for 0 magnetic field.

Switch ON the constant current source and Hall effect apparatus.

Carefully increase the current I in constant current source as in the previous step and measure
the corresponding Hall voltage V4. Repeat this step for different magnetic field B.

Hence calculate the Hall coefficient Ry and carrier concentration.



Result

Particulars

N type material

P type material

Hall Coefficient e¢cm3.C?

Carrier density cm?

Observations

Thickness of the crystal, t = 0.005cm
Charge on the electron,e = 1.6X10*°C
Current through the Hall probe, 1'=8mA

Gap between the magnetic poles: 10 mm

Estimation of of Magnetic field

T no

Current in mA

Magnetic field in Gauss

B

|l | | W N| =




Determination of Hall coefficient and carrier density

Sample -Germanium crystal N type

Tno Magnetic Field Applied Hall voltage Hall coefficient Carrier Density
B Vi Ry - r
Gauss Vot Rye
Volts Ry= Iy
n=1/Rq
cm?.c? cm?

1
2
3
4
5
6

Average value of Hall coefficient=

Average value of Carrier concentration=

Sample -Germanium crystal P type

Tno Magnetic Field Applied Hall voltage Hall coefficient Carrier Density
Gauss Vi Ru — 1
B V't Rye
AEREY:
n=1/Rq
cm’.c?t cm®
1
2
3
4
5
6
Average value of Hall coefficient=
Average value of Carrier concentration=
Result
Particulars N type material P type material

Hall Coefficient e¢cm®.C?




Carrier density cm’

Experiment Number:Date:
3. De Morgan’s Theorems
Aim: To study Demorgan’s theorems and verify the truth tables

Apparatus required: 5Vpowersupply, bread board,|Cs7400,7402,7404,7408 ,and 7432. LEDs and
Connecting wires etc

Theory: De-Morgan proposed two theorems under Boolean algebra which are used to simplify Boolean
equations.The first theorem states that complement of the sum is equal to product of complements.
It is also understood as NOR is equivalent on bubbled AND.

A+B=A B

The second theorem states that complement of the product is equal to sum of complements or AND is
equivalent to bubbled OR

AB=A +B
Procedure:
1. Verification of First Theorem

Initially IC 7402,I1C 7404, IC 7400, IC 7408 and IC 7432 are carefully inserted into the bread board.
Electrical connections are made as shown in circuit (1). For this NOR gate present in the 7402IC, truth
table is verified.To check the out state a LED is connected to the output terminal.

Now connections are made as in the circuit (2) .using two NOT gates in IC 7404 and one AND gate in IC
7408, bubbled AND gate is designed and the truth table is verified.it is found that NOR output agrees
verywell with the bubbled AND output for all cases.This verifies Demorgan’s first theorem

2. Verification of second theorem

Electrical connections are made as shown in circuit (3) For this NAND gate present in the 7400IC, truth
table is verified. Now connections are made as in the circuit (4) .using two NOT gates in IC 7404 and one
OR gate in IC 7432, bubbled OR gate is designed and the truth table is verified. It is found that NAND
output agrees verywell with the bubbled OR output for all cases. This verifies De-Morgan’s second
theorem.

Inference: The truth table summarizes the action of the circuits and thus De-Morgan’s theorems are
verified.



Observations

Pin diagrams

Vee

1] [13] [ie] ] [ro] [o] [}

ESQES
Exliin=

Vee

[1e] [13] [r2] [w] [10] [e] [e]

1 [2] ] [ L] Le]

[~

3

IC 7400, 7408 and 7432

_Dg_

>0

>0l

>0

_[).0.

Lol Lof Lof Lef Ls] Lef [2]

IC 7404

Circuit (1) NOR gate

GND

SV

Circuit (2) Bubbled AND gate



+5V

+3V
14 14
A — 1 d i4
B__ 2| Ys an4 } Y,
7400 | 5 B ] I
=3 roa| 7
Circuit (3) NAND gate Circuit (4) Bubbled OR gate
Truth table
Inputs First theorem Second theorem
Outputs Outputs
B A NOR Bubbled NAND Bubbled OR
AND
0 0
0 1
1 0
1 1

Inference: The truth table summarizes the action of the circuits and thus De-Morgan’s theorems are
verified.



Experiment Number : Date :

4 HALF ADDER & FULL ADDER

AIM: To design and verify the action of Half Adder & Full Adder circuits.
APPARATUS REQUIRED:

S.No. Name of the Apparatus Range Quantity
1. Digital IC trainer kit 1
2. AND gate IC 7408 1
3. OR gate IC 7432 1
4. X-OR gate IC 7486 1
5. Connecting wires As required

Description :The 7400 series of transistor-transistor logic (TTL) integrated circuits are
historicallyimportant as the first widespread family of TTL integrated circuit logic.

The 7400 series contains hundreds of devices that provide everything from basic logic gates, flip-
flops, and counters, to special purpose bus transceivers and Arithmetic Logic Units (ALU).IC 7408 is a
quad two input AND gate,IC 7432 is quad two input OR Gate,IC 7486 is quad two input XOR Gate.Using
these ICs a half adder and a full adder can be designed.

HALF ADDER :A combinational circuit which performs the addition of two bits at a time is calledhalf
adder. Using one AND gate in IC 7408 and one XOR Gate in IC 7486 an half adder circuit can be
constructed.

FULL ADDER :A combinational circuit which performs the arithmetic sum of three input bits at a
timeis called full adder. The three input bits include two significant bits and a previous carry bit. A full

adder circuit can be implemented with two half adders and one OR gate using two XOR Gates,two AND
Gates and one OR Gates in the ICs provided

PROCEDURE:

1. All the three ICs are inserted in the respective slots carefully in the IC Trainer kit and the individual
gates present in all IC s are checked by noting the out puts from each gates for different inputs

2. Connections are made as per the circuit diagrams.
3. For all the ICs 7th pin is grounded and 14th pin is given +5 V supply.
4. Apply the inputs and verify the truth table for the half adder and full adder circuits.

INFERENCE : Action of half adder and full adder circuits is summarized in the truth tables.






Observations

XOR gates in 7486 IC AND Gates in

MFEIAMFFG

D

CILTLIEILET
7486

HALF ADDER CIRCUIT

7408 IC OR Gates in 7432 IC

-

FFAFEFFEFE

>
[ [
Ulillilll_llillill_:[l

1432

A |
: 5 || 7486 3 S=a@®H

K C =A.B

FULL ADDER CIRCUIT

7408 1

. , | 742 Y- CARRY




Truth table to check four AND Gates in IC 7408

Expected Output Q Output Q Output Q Output Q
Input A Input B output Gate 1 Gate 2 Gate 3 Gate4
0 0 0
0 1 0
1 0 0
1 1 1
Truth table to check four OR Gates in IC 7432
Expected Output Q Output Q Output Q Output Q
Input A Input B output Gate 1 Gate 2 Gate 3 Gate4
0 0 0
0 1 1
1 0 1
1 1 1
Truth table to check four XOR Gates in IC 7486
Expected Output Q Output Q Output Q Output Q
Input A Input B output Gate 1 Gate 2 Gate 3 Gate4
0 0 0
0 1 1
1 0 1




TRUTH TABLE FOR HALF ADDER CIRCUIT

S. No INPUT OUTPUT
CARRY SUM
voltage state voltage state

1.

2.

3.

4.

TRUTH TABLE FOR FULL ADDER CIRCUIT
INPUT OUTPUT
S.No
C B CARRY SUM
voltage state voltage state

1. 0 0
2. 0 0
3. 0 1
4. 0 1
5. 1 0
6. 1 0
7.
8.




Experiment Number : Date :
5.0R, AND and NOT gates using Diodes and Transistor

Aim :To construct OR and AND gates using diodes and NOT gate using transistor and to verify
thetruth tables.

Apparatus required :5 V DC Power supply,breadboard,diodes,transistor and resistors

Theory : A logic gate is an electronic circuit which performs logic functions or takes a logic decision.
Ithas one output and one or more inputs. Logic gates are the building blocks of the digital systems. They
work on the logical algebra developed by George Boole. The Boolean operations namely ‘OR’
operation.”AND’ operation and ‘NOT’ operation are implemented by three logic gates called ‘OR’ gate
‘AND’ gates and ‘NOT” gate.

OR GATE:-

It implements Boolean ‘OR’ operation. An ‘OR’ gate is a logic circuit which has two or more inputs
and one output whose output is high if one or all inputs are high

The fig (a) shows a two input ‘OR’ gate using two ideal diodes D1 and D2. Here A and B represent
two inputs and Y the output. R represents the output load resistor. The fig(b) gives the symbolic
representation of ‘OR’ gate.

Working

Case (i) : When A = O, B = O, both input voltages are zero. So both the diodes D1 and D2 do not
conduct. Hence, current through R is Zero and so output voltage is zero i.e. Y =0.

Case (ii):- When A = 1, B =0 the diode D1 is forward biased and it conducts. D2 does not conduct.
Since D1 is conducting, current flows through R. Hence, there is an output voltage is high and the state is
Y =1.

Case (iii) :- When A =0, B = 1 the diode D2 is forward biased and so it conducts. D1 does not
conduct since D2 is conducting, current flows through R. Hence there is an output or Y = 1.

Case (iv) :- When A = 1, B =1 both the diodes D1 and D2 are forward biased. Hence both are
conduct-ing. so current flows through R and there is an output voltage and Y =1.

The logic operation of the OR gate can be summarized in a tabular form known as truth table. A
truth is defined as a table which gives the output state for all possible input combinations.

AND gate :-

An ‘AND’ gate implements Boolean ‘AND’ operation. It is a logic circuit with two or more inputs and
one output whose output is high when all the inputs are high



Fig (a) shows a two - input AND gate using two ideal diodes and fig(b) gives its symbolic
representa-tion. Here A and B represent the two input and Y the output. R represents the output load
resistor. The two input voltages are assumed to be either 0 or 5 v.

When both A=0V and B=0V,

The inputs are short circuited to ground and. The 5V battery in the output side biases the diodes D1
and D2 in the forward direction. Hence both diodes conduct. The output is also shorted to ground
through the diodes. Thus the output Y = O

i) When A = 5V and B = OV diode D2 conducts and the output is shorted to ground through this
diode. Therefore, outputY = O

iii) When A =0V and B = 5V, diode D1 conducts and the output is short circuited to ground through
this diode. Therefore, the output Y =0

iv) When both A = 5V and B = 5V neither D1 nor D2 conduct. Now current flows through R and the
output Y =1

NOT GATE :-

It is a logic circuit with only one input and one output.. If the input is 1, the output is 0 and when the

input is O the output is 1. That is the NOT gate inverts the input, it is also called inverter A ‘NOT’ gate
using transistor in fig(a) and its symbol in Fig(b).

i) When the input is low , i.e. A = OV, the transistor is cut OFF, making the collector current zero.
Thus the potential drop across R is zero. The supply voltage of VCC appears at the output terminal.
Hence the output Y = VCC. Thus when input is low, output is high.

ii) When input is high ie A =1, the transistor conducts (fully ON) drawing maximum collector current.
Hence whole of VCC drops across R and output Y = O. Thus when input is high, the output is held at a
low value.

PROCEDURE

Construct the OR gate as in the fig 1.use the resistors according to the design calculations.for different

input combinations note down the logic state of the out put using a voltmeter.write the truth table.
Construct AND and NOT circuit as shown and write the truth table.
RESULT
The truth tables of OR.AND and NOT are verified
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DESIGN CALCULATIONS
For OR and AND Gates
Supply voltage VS= 5 Volts
Diode used =IN 4001
Current through diode=5 mA

Voltage drop across the diode=0.7 volts

Therefore resistor R required is= (VS -0.7)/5mA=860 ohm=1kohm

For NOT Gate
Supply voltage VS= 5 Volts
Transistor used =BC 547
Let collector current IC=5 mA
Let Base current IB= 100 micro amp

Collector resistor RC=VCC/IC=5 volt/5mA=1 kohm

RB=(Input A-VBE)/IB=(5-0.7)/100 microamp= 43 kohm=47 kohm

TRUTH TABLE FOR OR and AND Gates

INPUT B INPUT A OR OUT PUT AND OUT PUT
State B State A state state
Voltage Voltage Voltage Y=A+B Voltage Y=AB
0 0 0 0
0 0 5 1
5 1 0 0
5 1 5 1
TRUTH TABLE FOR NOT GATE
IN PUT OuT PUT
state state
voltage voltage —
A Y=A
0 0
5 1




Experiment Number : Date :

6.Transistor Transistor Logic Gates

Aim: To design TTL logic gates and to verify the truth tables

Apparatus required: NPN Transistors, 1k ohm resistors, 10 k ohm resistors,5V Power supply,
breadboard, connecting wires, LEDs etc,
Principle: Depending on the voltage given to the base of a transistor, the transistor goes to saturationor

cut off regions.This switching property of the transistor can be used to design TTL logic circuits.

When the base voltage is high the transistor conducts heavily and goes to saturation region giving low

collector voltage. If the base voltage is low, transistor goes to cutoff region giving high collector voltage.
Procedure:
TTL NAND Gate

Using two NPN Transistors and resistors the circuit is designed as shown in fig 1.When both inputs
are given low voltage transistors go to cut off giving high output, when both inputs are high, transistors
go to saturation giving low output.Out put state is checked using a LED. For unequal inputs one of the
transistors is saturated and the other cut off giving high output.

TTL AND Gate

The circuit is designed as shown in figure 2 .this is the NAND gate with inverter circuit. Truth table is
verified for all types of inputs

TTL NOR Gate

The circuit is designed as shown in figure 3.when both inputs are low, both transistors are cutoff giving
high output. When both inputs are high, both the transistors are saturated giving low output. For unequal

inputs one of the transistors is saturated and the other cut off giving low output. The truth table is verified.
TTL OR Gate

The circuit is designed as shown in figure 4 this is the NOR gate with inverter circuit. Truth table is
verified for all types of inputs

Inference: Performance of different TTL Logic gates are analyzed and the truth tables are verified



Circuit diagrams
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Input B Input A NAND Output | AND Output NOR Output OR Output
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0 0 0 0

0 0 5 1

5 1 0 0

5 1 5 1




Experiment Number:Date:

7. DE SAUTY BRIDGE

AIM: To measure unknown capacitances using de-sautybridge andto verify the law of parallel

combination of capacitances.

APPARATUS: R, decade resistance, R,- decade resistance, C,- Unknown capacitance, Fixed

capacitance 0.1uF& 0.2uF. Inbuilt AC power supply of 1KHz.and earphone

PRINCIPLE; The De Sauty Bridge is a modified Wheatstone’s network, consisting of two resistors and

two capacitors arranged as shown in the diagram. The source is an AF oscillator. When the bridge is

balanced, the sound in the headphone will be a minimum. If R; and R, are the resistances and C; and C,

are the capacitances, from the network theory, we have R:/R,=2Z/Z, where Z stands for the impedance

in the respective branches. Hence we have at balance

__1/jwC1
Ri/Re= 1/jwC2
Rl CZ
R, (

R,

C, =—0¢C
2 R, 1

PROCEDURE:

1.

Connect the AC supply 1KHz with the terminals marked supply, unknown capacitor with the
terminals marked C, and headphone with the terminals marked D(detector).

2. Set the resistance dial R, to some value say 1000 ohms and also set the standard capacitor C; at
0.1uF position.

3. Switch on the instrument.

4. Now adjust the decade resistance dial Rs to minimize the sound in headphone.

5. Note the value of R4, R, and C, and calculate the value of unknown capacitor using the formula.
Repeat the experiment with different R,

6. Similarly set the value of standard capacitor C, at 0.2uF position and repeat the experiment

7. Determine the Average value of unknown capacitance

8. Repeat the experiment for other unknown capacitances

9. Now the capacitors C; and C, are connected in parallel and the effective capacitance Cp is found
out. It is compared with the theoretical value Cp= C5+C,.

Result
C; o Cs Parallel combination Cp
Capacitance Theoretical Experimental

InpF




Circuit diagram
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TABULATION:
To find the value of C;
Unknown T no R, R: C:=0.1pF R, C,=0.2puF Average
Capacitance (Q) (Q) (Q) Value of
c_,;% C, c3=% C, Capacitor
2 2
CsinpF
1
Cs 2
3
4
To find the value of C,
Unknown T no R, R; C1=0.1uF R; C,=0.2uF Average
Capacitance (Q) (Q) (Q) Value of
cF% C, c4=% C, Capacitor
2 2
Ca InpF

Cs

| W NP




To find the value of C;

Unkown Tno | R R; C:=0.1pF R; C,=0.2puF Average
Capacitance (Q) (Q) (Q) Value of
R R i
c5_R2 C, CS_RZ C, Capacitor
C5Inp.F
1
Cs 2
3
4

To verify Parallel combination of C;& C,:

T no R, R C;=0.1pF C,=0.2uF
(Q) (Q)

R R
Cp=—1 Cl Cp=—1 Cl
Ry R,

O rrWIN|EF

Theoretical value Cp = C3+C,4

Result

C; C, Cs Parallel combination Cp

Capacitance Theoretical Experimental

In|J.F




Experiment Number : Date :

8.LOGIC GATES USING 7400 IC

AIM :To design basic logic gates using 7400 IC and to verify the NAND Gate as universal gate
Apparatus required :IC Trainer kit,7400 IC, IC Holder, connecting wires, voltmeter. Etc

Description :The 7400 series of transistor-transistor logic (TTL) integrated circuits are
historicallyimportant as the first widespread family of TTL integrated circuit logic.

The 7400 series contains hundreds of devices that provide everything from basic logic gates, flip-flops,
and counters, to special purpose bus transceivers and Arithmetic Logic Units (ALU). The first part number in
the series, the 7400, designates a device containing four two-input NAND gates. Each gate uses two pins for
input and one pin for its output, and the remaining two contacts supply power (+5 V) and connect the ground.
This part was made in various packages including flat pack, plastic or ceramic dual in-line packages with 14
pins, and in surface mount packages as well. Additional numbers and letters in a full part number identify the

package and other variations. Pin diagram and top view of IC is given below.

NAND Gate: The NAND gate represents the complement of the AND operation. Its name is
anabbreviation of NOT AND. The graphic symbol for the NAND gate consists of an AND symbol with a
bubble on the output, denoting that a complement operation is performed on the output of the The truth
table and the graphic symbol of NAND gate is shown in the figure.

Universal Gate: A universal gate is a gate which can implement any Boolean function without need
touse any other gate type. The NAND and NOR gates are universal gates. In practice, this is
advantageous since NAND and NOR gates are economical and easier to fabricate and are the basic
gates used in all IC digital logic families.

NAND Gate is a Universal Gate: NAND gate can used as an universal gate ie basic gates
likeOR,AND,NOT XOR can be designed by a suitable combination of NAND Gates. As 7400 IC is a
quad 2 in put NAND Gate, it can be used to design the fundamental gates.

NOT from NAND: A NOT gate is made by joining the inputs of a NAND gate. Since a NAND gateis
equivalent to an AND gate followed by a NOT gate, joining the inputs of a NAND gate leaves only the
NOT part.

AND from NAND :An AND gate is made by following a NAND gate with a NOT gate as shown.
Thisgives a NOT NAND, i.e. AND.

OR from NAND :If the truth table for a NAND gate is examined or by applying De Morgan’s Laws, itcan
be seen that if any of the inputs are 0, then the output will be 1. To be an OR gate, however, the output must

be 1 if any input is 1. Therefore, if the inputs are inverted, any high input will trigger a high output.

NOR from NAND : A NOR gate is simply an inverted OR gate. Output is high when neither input
Anor input B is high:



XOR from NAND :An XOR gate is constructed similarly to an OR gate, except with an
additionaINAND gate inserted such that if both inputs are high, the inputs to the final NAND gate will also
be high, and the output will be low.

PROCEDURE

1. Initially 7400 IC is inserted in the slot carefully and external connections are made to the first gate
as per the pin diagram. 7w pin is connected to ground and 14« pin is connected to 5V. NAND action is
verified in this gate for different inputs and observations are recorded. similarly NAND action in all other
gates is verified

2. Different gates are constructed as per the circuit diagram and truth tables are verified in each
case by measuring the output voltage and writing the corresponding output state

INFERENCE: The truth tables shown here confirm the action of NAND gate as universal gate

Observations
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Truth table to check 4 NAND Gates in IC 7400

Input A Input B Expected Output Q Output Q Output Q Output Q
output Gate 1 Gate 2 Gate 3 Gate4
0 0 1
0 1 1
1 0 1
1 1 0
Truth table for NOT Gate
Input A Out put
voltage state voltage state
0 0
5 1
Truth table for AND,OR, NOR and XOR Gates
Input B Input A AND Out put OR output NOR output XOR output
voltage | state | voltage |state [voltage | state | voltage | state | voltage | state | voltage | state
0 0 0 0
0 0 5 1
5 1 0 0
5 1 5 1




9.SIMULATION EXPERIMENT

Verification and interpretation of truth table for AND, OR, NOT, NAND, NOR,
Ex-OR, Ex-NOR gates.

Procedure

1)AND Gate

Step-1) Connect the supply(+5V) to the circuit.

Step-2) Press the switches for inputs "A" and "B".

Step-3) The bulb does not glow if any one or both the switches (2 and 3) are OFF and glows
only if both the switches (2 and 3) are ON.

Step-4) Repeat step-2 and step-3 for all state of inputs.

2)OR Gate

Step-1) Connect the supply(+5V) to the circuit.

Step-2) Press the switches for inputs "A" and "B".

Step-3) The bulb glows if any one or both the switches are ON else it won't glow.
Step-4) Repeat step-2 and step-3 for all state of inputs.

3)NOT gate

Step-1) Connect the supply(+5V) to the circuit.

Step-2) Press the switch 1 to connect battery to the circuit.
Step-3) Press the switch 2 for input "A" .

Step-4) The bulb glows if switch 2 is OFF else it won't glow.

4)NAND gate

Step-1) Connect the supply(+5V) to the circuit.

Step-2) Press the switch 1 to connect battery to the circuit.

Step-3) Press the switches 2 and 3 for inputs "A" and "B".

Step-4) The bulb glows if any one or both the switches are OFF else it won't glow.

5)NOR gate

Step-1) Connect the supply(+5V) to the circuit.

Step-2) Press the switch 1 to connect battery to the circuit.

Step-3) Press the switches 2 and 3 for inputs "A" and "B".

Step-4) The bulb glows if both the switches are OFF else it won't glow.



6)Ex-OR gate

Step-1) Connect the supply(+5V) to the circuit

Step-2) Press the switches for inputs "A" and "B".

Step-3) The bulb glows if one of the switches is ON and one of the switches is OFF else it won't
glow.

7T)Ex-NOR gate

Step-1) Connect the supply(+5V) to the circuit

Step-2) Press the switches for inputs "A" and "B".

Step-3) The bulb glows if both the switches are ON or if both the switches are OFF else it won't
glow.

TRUTH TABLE

INPUTS OUT PUTS
A B AND OR NOT NAND NOR XOR XNOR




B.Sc VI Semester Practical Examination Questions

Determine the capacitance of the given capacitors using de- Sauty bridge . Connect them in
parallel and measure the effective capacitance. Hence verify the parallel law of combination of

capacitors.

. Verify inverse square law for gamma rays using G.M.Tube and associated counter.

Using given ICs verify De-Morgan’s theorems

Determine Hall coefficient and carrier density of the given materials using given Hall effect

setup.6 trial in each case.

. Construct OR, AND, and NOT gates using discrete components and verify their truth

tables. Calculate the value of resistors required in each case

Using Digital ICs construct half adder and Full adders and demonstrate their action and

draw their truth tables

. Verify NAND Gate as a universal gate by using digital trainer kit and 7400 IC

Using the given components construct NAND.AND,NOR, and OR -TTL Gates and verify
their truth tables



UNITS OF MEASUREMENTS

FUNDAMENTAL UNITS
Quantity Unit Symbol
1. Length meter m
2. Mass kilogram kg
3. Time second s
4. Electric Current ampere A
5. Temperature kelvin K
6. Luminious Intensity candela Cd
7. Amount of Substance mole mol
SUPPLEMENTARY UNITS
Quantity Unit Symbol
1. Plane Angle Radian rad
2. Solid Angle Steradian Sr
DERIVED UNITS
Quantity Unit Symbol

1. Area square meter m2

2. Volume cubic meter m3

3. Density kilogram/ cubic meter kg/m3

4. Velocity meter/second m/s

5. Angular Velocity radian/ second r/s

6. Acceleration meter/second square m/s2

7. Angular Accleration radian/second square rad/s2

8. Frequency hertz Hz

9. Force newton N

10. Work energy joule J

11. Power watt w

12. Pressure pascal Pa

13. Electrical charge coulomb C

14, Potential difference volt v

15. Electrical resistance ohm Q

16. Capacitance farad F

17, Inductance henry H

18. Magnetic field telsa T

19. Luminious flux lumen im

20. Dynamic Viscocity | newton sec./ square meter N-s/m2




SCHEME FOR PRACTICAL EXAMINATIONS

BSC VI" SEMESTER
Formula 5
Circuit diagram /Figure 5
Setup / tabulation 10
Observation and number of trials 20
Knowledge about the experiment 10
Calculation and graph 15
Result and accuracy with units 5
Class records- Regularity in completing the experiments/ 10
Neatness / General impression
Internal assessment for Practicals 20
Total 100

Fundamental Physical Constants

Constant . Symbol = Value

~ Avogadro’s number Na - 6.022 141 29 x 10%/mol
Boltzmann’s constant k 1,380 6488 x 102 J/K
Elementary charge e - 1.602 176 565 x 107*° C
Electron mass Me £ 9.109 38291 x 107 kg
Neutron mass mn 1.674 927351 x 107 kg
Proton mass mp 1.672 621777 x 10°% kg
Speed of light in vacuum c - 2.99 792 458 m/s (exact)
Universal gravitation constant G  6.673 84 x 107" N - m?/kg’
Universal gas constant R - 8.314 4621 J/(mol - K)
Permeability of free space Lo 4n x 107 N/A
Permittivity of free space €0 - 8.854 187817 x 102 C¥/(N - m?)

Plank’s constant f h  6.626 06857 x107* ) s




COLOUR CODE OF RESISTORS

- Black 0 0 = 10k hm
B Bown 1 10 1% 0
B Red 2 2 x100 2%

Orange 3 3 x1,000 3%

Yellow 4 4 x10,000 4% ﬂ
| Green 5 5 x100,000 R ‘ -
B Blue 6 6 x1,000,000 .
B Violet 7 7 : . |

= st Aini

oo 1 o - : 1digit |\ tolerance

White 9 9 = .

Gold - - 0,1 5% 2 digit

Silver - - x0,01 10% A

multiplier
TABLE OF CAPACITOR CODES
Picofarad | Nanofarad | Microfarad Picofarad | Nanofarad | Microfarad
Code Code
{pF}) {nF} {uF}) (pF) {nF}) {uF)
10 0.01 0.00001 100 4700 47 0.0047 472
15 0.015 | 0.000015 | 150 5000 5.0 0.005 502
22 0.022 | 0.000022 | 220 5600 56 0.0056 562
33 0.023 | 0.000033 | 330 G300 6.8 0.0068 82
47 0.047 0.000047 470 10000 10 0.01 103
100 0.1 0.0001 101 15000 15 0.015 153
120 012 0.00012 121 22000 22 0.022 223
130 0.13 0.00013 131 33000 a3 0.033 333
150 0.15 0.00015 151 47000 a7 0.047 473
180 0.18 0.00018 181 3000 A3 0.068 B33
220 0.22 0.00022 | 221 100000 100 01 104
330 0.33 0.00023 331 150000 150 0.15 154
470 0.47 0.00047 | 471 200000 200 02 254
560 0.56 0.00056 561 220000 220 022 224
G50 0.68 0.00068 581 330000 330 0.33 334
750 075 0.00075 | 751 470000 470 0.47 474
820 0.82 0.00082 821 530000 G50 0.68 84
1000 1.0 0.007 102 | 1000000 1000 10 105
1500 15 0.00715 152 | 1500000 1500 15 155
2000 20 0.002 202 | 2000000 | 2000 20 205
2200 22 0.0022 222 | 2200000 | 2200 22 225
3300 33 0.0033 332 | 3300000 3300 23 335




STANDARD PREFIXES IN MEASUREMENTS

Prwaiffilcs =ymbod HMultiplying factor

yorta ¥ 1 000 000 000 000 000 OO0 000 OO0 = 10
retta z 1 000 000 000 000 000 OO0 000 = 1037
"XD E 1 000 000 00O 000 000 OO = 1018
PEla F 1 000 000 000 000 000 = 105

ters T 1 000 000 OO0 000 = 1012

piga G 1 0OO 000 000 = 10°

mega M 1 000000 = 10*

kila k 1000= 107

hecto h 100 = 107

deka da 10 = 101

deaci d 0,1 = 107

sk € 0,01 =107

rrulMli m 0,001 = 107

mikro H 0,000 001 = 106

nanos n 0,000 000 001 = LO*

pilko P 0,000 000 000 Q001 = 1012
famto f 0,000 000 000 000 001 = 1001

At ] 0,000 000 000 000 OO0 001 = 1071
Zepto ; 0,000 000 000 000 OO0 OO0 001 = 103
yocto ¥ 0,000 000 000 000 000 OO0 000 001 = 1034




