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‘COURSE INTRODUCTION

“ Inthe course PHE-3 (L), you have learntabout the objective of Physics Laboratory course and
different types of expetiments, i.. preset experiments and open-ended experiments. This
course has two blocks. In the first block we have discussed the experiments based on the

phenomenon of Oscillation and Waves while in the second block we have included ...

experiments based on mechanical and the electrical properties of ihe’ material.

The objectives of the course PHE-08 (L) is to learn the basic skill and get experience in
handling instruments as well as the ability to overcome difficulties when an experiemental

: arrange;nent does not work, here you will take unbiased observation, interpret and analyse
the data and develop scientific aptitude for solving the probl_ems.

‘The experimeiits of this Lab Course PHE-08 (L) are broadly divided into three groups. In
the first group, we have six experiments based on Electrical Circuits and Electronics. In
Experiment-1,you will verify network theorems, these theorems are much useful in the
analysis of even complicated circuits. In Experiment-2, you will calibrate a given thermistor
and determine the energy gap of the thermistor material. In Experiment-3 you will construct
-and characterise the given power s{apply and filters. In Experiments-4 10 6, you will study the
characteristics of OPAMP and its use as a charge detector.

In the second group you are givensix experimcnts; All the experiments of this group afg based
on Optics. In the first experiment of this group (i.6.,experiment-7) you will study the lens

properties and verify some well known fromulae. In Experiment-8 you will conduct spectral

_ anél-ysisw‘rﬁing prism spectrometer. In block-2 of course PHE-02 you have studied the

" phenomenon of interference. In Expefiment-9 you will study the above phenomenon with
the help of Young’s experiment. In Experiment-10 you will repeat experiment - 8 using

grating instead of prism Experiment-11 and 12 are based on the polarsation of light. In these . |

two experiments, you will study the production, detection, reflection and interference of
polarised light. o .

In the third group, the experiments are based on the thermodynamic properties of the

materials. In this group, we have only two experiments. In the first experiment of this group.
(i.e.experiment-13), you will measure heat ;apacity' ratio of a gas by acoustic method. In

Experiment-14, you will do the experiment of phase change using Cooling Curves.
Study Guide™

In the laboratory, in case any instrument is not working or you have any difficulty in
performing the experiment, then consult the conunsellor available there.

You are advised that you should work independently and must complete on experimen‘t ina’

day. You laboratory v[,vork will be continuously evaluated everyday by your counsellor.

We hope that you will enjoy the ciperiments of this laboratory course and apply their basic

0
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A scientific approach contains mainly of five steps. In the first step, one should select the
problem, in second step make the hypothesis, then in step three, test the hypothesis, in the
fourth step, design the experiment to verify the hypothesis and in the last step, draw conclusion
on the basis of results obtained after performing the experiment.

You have to go through all he write-ups before coming for laboratory work. For successful
comp]etion ofan experiment, you should learn skills of making measurements with a given
instruments and analyse the data. You are expected to record your observations and draw your
iﬁferences In all the experiments, we have given some self assessment Questions (SAQs).
Once you answer these questions correctly you will realise that you have the grasp of the
prmcnples of the experiments. - :

" You will work more than six hours in the laboratory for each experiment. About four hours
will be available for computing the analysis.

We hope that you will enjoy wbrking in tlie laboratofy.
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EXPERIMENT 1

A STUDY OF NETWORK THEOREMS

| Strilcture |

1.1 Introduction
Objectivés
1.2 Apparatus -
1.3 Study Material
1.4 Precautions
1.5 Experiments -
Maximum Power Theorem
Superpqsili@n Theorem
: Thevexin’s Thedrem v
1.6 . Conclusions ‘ -

-t

1.1  INTRODUCTION

_Electric circuits form the backbone on which the study of most electrical phenomena
is based. These -circuits may contain resistors, _capacitors, inductors which are passive
elements, or some active devices such as vacuum tubes, transistors etc. In order to
understand the nature of the circuits and their applications, one is required to perform
the analysis for currents, voltages, power or frequency responses in the circuit. If the
circuit is simple, one can do the analysis just using Ohm’s Law. However, many circuits
are complicated and- analysis becomes difficult. Hence systematic methods should
be developed to simplify the circuits and to make the analysis easy. In order to perform
the analysis of a complicated circuit in a simplified manner, some theorems have been
developed. These theorems are known as Network Theorems. : A

S
~ Objectives
" After perfomﬁng the experiments, you will be able to:
* Verify mhaximum power, superposition, reciprocity and Thevenin’s theorems.

* Apply above theorems to different networks.

1.2 . APPARATUS:

Two transistorised power supplies (0 - 15V),' resistors (100 - 1000 ohms),
multimeters, connecting wires. : ’ '
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and Electronics

1.3 STUDY MATERIAL:

Before performing the experiments you may be interested in knowing more about a
network and the theorems mentioned in the Objectives.

1.3.1 Network

An electrical network is any interconnection of - electric circuit elements such as

inductors, resistors, capacitors, generators, or branches where each branch may include
R,L,C. or other types of linear elements. A linear clearent is one in which the current is
propomonal to the voltage. Such a linear network havmg two distinct pairs of terminals
is called a four-terminal network 1,1: 2,2. as shown in Fig. 1.1 .a. However if one
of the 1,1 terminals is common to the 2,2 pair, the circuit is known as 3-terminal network
as shown in Fig.1.1.b. If the 2,2 terminals are short circuited, it bccomes two-terminal
network.

Networks may be of the following types:

Figlla - " Fig.1.l.b

4-Terminal Network | 3-Terminal Network
PASSIVENETWORK:

A network oontaining circuit elements without any energy source such as a battery, is
known as passive network.

ACTIVENETWORK:

A network containing generators or energy sources along with other elements is known -
as an active network.

~

A specific path between tw‘o points in a network is called a branch.

In a network a set of branches forming a closed path in such a way that if one branch is
omitted the remaining branches do not form a closed pa'th, is known as a Mesh.

A terminal of any branch of network, or a terminal common to two or more branches is
known as a Node or Junction.

We can now summarise that a network may- have active or passnve elements, branches,
nodes, meshes. Our aim is to analyse any such network for current in any loop or the
voltage across any element using appropriate network theorems. We will-first try to
understand sm\ne of the important network theorems-and then proceed further. for their
appllcatlons us\ng practical network. circuits. :
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1.3,.2 ,Supe:fpbsition Theorem:

Let us consider the following circuits.

v . , \ v
aa fw . , - -
LA LA m L
3 i=1/100 amp ) . i = 1/100+1/100 = 2/100 amp
100 Obm' . ,'i°°°"'
Flg,l.Z

A battery of 1 volt applled to a resistance of 100 ohms, causes a current of. 1/100 ampere
to flow . Two batteries in series, each of 1 volt connected to the same 100 ohm
resistance, each cause 1/100 ampere to flow. Together they cause 2/100 ampere to flow.
The total current is thus the sum of the currents produced by the individual batteries.
This statement if generalised is known as the Superposition Theorem. This can be stated

as follows.

Each emf ‘ in a linear network produces current in any given branch independent of .
the action of other emf’s, and that the resultant total current in any brancll is the
algebraic sum of tlle eontribution of current due to each of the emf’s.

You will be able to-'vcrify this theorem by performing the experiment.
- ' ’ . i
SAQ

In the following circuit calculate the current caused to flow through the t&slstdr due’
to *the individual sources separately. Calculate the current when both sources are
present.

Vg:tit;’yuyour result experimentally, later on. .

v 2v )
- 1 ' Answer: With V, alone, the
LS ey " current expected is ......... With V,
alone the current is ......... With
"both V1 and V, the current
400 Ohm expected is ...........
Fig. 13

133 Reciprocity' Theorem:

The tecnproclty theorem states that if an emf E is placed in one branch of an clectnal
 circuit, giving rise to a current / in another branch, the same current / is obtained in the -

original branch when the emf E is mmfemd to the branch where the current J arose.

Inv».order to understand clearly, let us consider the fol]owing circuit, as an example.'

 AStudy of Network Theo-
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The Reciprocity Theorem assures that I, = I, since E is the same in each circuit.

1.3.4 Thevenin’s Theorem:

Let us consider a simple circuit as shown in the Fig. 1.5.

+

Fig.1.5

If you want to find out the current through the load R you can apply Ohm’s Law and
get I=E/R. However if the circuit (outlined in dashes) is complicated such as shown
in Fig. 1.6, it is difficuit to find the current or the voltage across the load R, using

Ohm’s Law.

: Fo0e0s0ses0sb 000000000000 00000 . (X3 -
: ‘ 5
: R, R, :
: 39 £ - |~

- Fig.lLs
In order to analyse such circuits, Thevenin’s Theorem is used.
This theorem states that any two terminal linear network éontaining energy sources
and impedances can be replaced with an equivalent circuit consisting of a voltage source
E’ in series with an impedance R’. The value of E’ is the open circuit voltage between
the terminals of the network and R’is the impedance: measgreﬁ between the terminals
with all energy sources climinated (but not their impedances).

Thus the Thevenin’s equivalent circuit of the above network is shown below.

e

*0cesvrssessses s000 devscrsos st

Where E’=E*R/(R+R)

z i ] R=R,+R*R/R+R)
O e
: (e
E....'........'........'.I.;.':.'.g

Fig.1.7



We will study the agﬂkication of Thevenin’s Theorem in a network while performing

Stqdy of Network Theo-
the experiment.

A
Tems

1.4 PRECAUTIONS:

—

a) Before using the power supply make sure that you are getting the necessary
voltage range, by measuring with the multimeter.

b) Before using the resistance make sure of their values, by measuring with a
multimeter. o

c) Before using the Ammeter and Voltmeter check for zero setting. -

/[

1.5 EXPERIMENTS |

»

1.5.1 Verification of Maximum Power Transfer Theorem.
APPARATUS: |

Power supply (10Vdc), multimeter, resistors: 100 ohms, 200 ohms, -300 ohms, 400
ohms, 500 ohms, 600 ohms, 800 ohms, 1000 ohms (nominal values). '

PROCEDURE:

Arrange the circuit as shown in Fig.1.8. Make R = 500 ohms, and R, as 100 ohms.
Connect a voltmeter accross the load to measure the voltage drop accross the load (R)).
Keep the output of the power supply at 10V with the output-varying knob. Note the
voltage across the load resistor in Observation Table I. Now replace the load resistor
- by another resistor of different value and measure the voltage across it. Make V,=10
volts by adjustment, before you measure and note the value of voltage across R,. Repeat
the experiment with at least 8 different resistors. In each case record your measurements
in the Observation Table I.

SOURCE CIRCUIT  LOAD CIRCUIT

s D—

o I
i -

‘Fig. 18

11
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and Electronics OBSERVATION TABLEI
Value of source imp&ian'ce (R) .= 500 ohms
Source voltage (V) = 10 volts.
S.NO. Load Resistance éutput voltage : i’ower Transfer |
(R )ohms A g:: IIC,“:;;C)
o Volts . Watts
1.
2.
\ 3.
A.
5.
6.
7.
8.

- Now plot a graph between load resistance RL and i)ower tranéfered.

o g O

“LOAD RESISTANCE
With the help of the graph éxplain your- result. and “record your fmdiixgs in the space
below. What do you observe from the nature of the graph?. -What is the condition for
maximum power transfer? ' : .

...........................................................................

............................................................................

L ; —
K R I I ISR SR S
P I E R R R I I SRR I S N L L L R . . . . .

................................
.........................................
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SAQ |
When the maximum power is transfered from source to the load, _theh, the oﬁtput

voltage V. compared to V|? More? Less? Somewhat is the write your choicg & your
comments: : S .

......
B R
..........................................................................

E R L LT PP

) | |
1.5.2 Application of Superposition Theorem,

APPARATUS ’

Two voltage sourceé, multinleter, and ihree resistors ‘500 ohms each,
PROCEDURE: o |

STEP 1: - g : TR
Connect the circuit 45 shown in Fig.1.9.a. Set V1 about 10 volts, and V2 about 5 volts,

Before turning on the power supplies, calculate the current expected. Write the value
here............... Choose an appropriate multimeter range, and turn on the Power supplies.

Record the supply voltage in each loop & the current in the first loop. Record the current
as /, in Observation Table II, Repeat Step 1 three times, »

Fig.19b

Fig.1.9.c
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Now change the circuit to that of Fig.1.9.b. With V, at the same value, note the current in
the first loop as I,. Repeat Step 2 three times. : ' :

STEP 3: !

Now change the circuit to that of Fig.1.9.c. With V, the same as in STEP 1, note the current
~ in the first loop as /. Repeat step 3 three times.

Repeat the three steps for V, = Svolts and V, = 5 volts.
Repeat the three steps for V, = 2 volts and V, = 6 volts.

All readings should be recorded in Obsérvation Table II.

. OBSERVATION TABLE II

S.NO. v, , I 1, I I+1,
(calculate)

(volts) (volts) (amp) (amp) (amp) (amp)

With the help of the results compare the values I, and I + I taking into account the
experimental error your observe. Explain how it confirms the Superposition Theorem, -
in the space provided below. -

.........................................................................

o-.00-oooo-c-o.o’-’o..o-ooo..cttno-nhb..ol -----------------------------

1.5.3 Verification of the Reciproéity Theore:n

APPARATUS:
Two voltage sources (0 to 10 '_,volts), ﬁmultimeter_, three resistors S00 ohms each, one
. 1000 ohms. ‘ o : :
ROCEDURE ) OA‘ R‘ *
11 ) _ 500, .

e l+

!

i

Fig.1.10.a
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R, . A
500 Ll
v, :_L g ||

Fig.1.10.b

STEP 1: .
Arrange the circuit as shown in Fig.1.10.a. Set V, at approximately 5 yolts, and measure
V, and I,, noting them in Observation Table II. Repeat Step 1 three times.

STEP 2: o
Now connect the circuit of Fig.1.10.b. Set V, at approximately 3 Yolts and measure B
V, and I, noting them in Observation Table III. Repeat Step 2 three times. T

STEP3:

Calculate "’2/1l and V/I,, and enter in the Observation Table III. Repeat Step 3 three
times.

Repeat the steps above, using R, = 1000 ohms and R, = R, = 500 ohms.

Repeat the steps again, using the same set of resistors but with Vbl about 7 volts and V,
about 10 volts.

" OBSERVATION TABLE III !

sLNo. | v I, v, 1, v/, VI,
1 volts) | (amps) | (volts) | (amps) (ohms) (ohms)

How do the calculations agree with the predictions of the Reciprocity Theorem, taking
into account the experimental errors ‘experienced?

SAQ: | | |

In the above experiments, will the Theorem hold good if the two voltages V,and V, are
present at the same time? :

.........................................................................
.......................................................................
..........................................................................

.......................................................................

‘15

N



f(—

Electrical Circuits
and Electronics

16

1.54 Applicatio;y()f Thevenin’s Theorem. ,
APPARATUS

\»

Variable power supply ©to 10 V), two rcsustoxs of 500 ohms each a vanablc resnstor
and a multimeter. :

E <&
- m
Fig.1.11a | Fig.1.11.b
keCEDURE

Arrange the circuit as shown in Fig.1.11.a. Measure the current [ through the load R, .
Now arrange the Thevenin’s eqmva]ent circuit Fig.1.11.b by calculating the value of R ’
and E” as :

RI*RZ El*,.R2
R'= ——— R
: R{+ R, R_l +R,

Measure the current r through the load in the equivalent -circuit. Repeat the
experiment using two different pairs of resistors R, ‘and R,. Record the data in

Observafion Table IV. Repat the Prooedurc three t1mes

OBSERVATION TABLE IV
E =...Voit R = 500ohm
svo. | & |k | | B | R ro
: 'Comparc the values Tand I’. o //'

Explain your result and record your fmdmgs in. 1he space given bclow talﬁmg
into account the expenment errors expenenced /-

........................................................................

........................................................................

J T R R R R LR
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In the above experiment, calculate the values of currents I and I’ using ohms’s
law and compare with your measured values

1.6  CONCLUSIONS:

>

‘After the experiments, list youf findings.

bees e s s cse e L A I I T S e s e s es s e st D N TR I R AT S,
\
PR R L K I R I T N AP P L I I I N R P se e e e
D ) D I L R T R N S S A tes e s et as e
-
\
y
e

17



“

18

_ (For Counsellor’s use ‘only) _ e » B . " \
Grade . . . . . . .o Name . . ... ...
Evaluated by . . . . . . .. ... Enrolment Number . . . . .

EXPERIMENT 2

CALIBRATION OF A THERMISTOR AND
DETERMINATION OF ITS ENERGY GAP.

Structure

2.1 Introduction - |
) Objecﬁvs
'22  Apparatus
2.3 Study Metarial
2.4 _ Precautions
2.5 \Expenments
Cal\bratlon of Therm“istor
Calculation of Band Gap Ene:gy of a Thenmstor
2.6 Conclusnons ’

2.1 INTRODUCTION

The electrical resistance of materials generally increases with increase of temperature. This
.. increase is usually very small ( <1% degree C). The discovery of semiconducting materials and

the techniques used in modifying their electrical properties have resulted in materials for which

- the variation in electrial resistance with tempature is large (as high as 3 to 10%). Such devices

have very many apphcatlons in measurement.and control of temperatures of objects. Ther-
mistors are semiconductor devices, witha high (usually negative) temperature coefficient of
resistance. Some themustors have their room temperature resistance decrease 5% per degree
rise in temperature. This hlgh degree of sensivity to temperature change, makes it possible to
use the thermistor in temperature measurementand control etc. Thermistors are generally used
in the temperature range of -100°C to 300° C. Thermistors have generally three important
characteristics (Fig 2.1) which are extremely useful in measurement & control applications.

i)  Resistance vs Ténnp. characteristics >(Fig.2.1: (a))

i) Voltage vs Current characteristics (Fig.2.1 (b))

o .

2
z -2
%’4 :
| ]
, 100 200 300 400
i Temperoture - centigrode
2 1| .
K
€ :
g, o) (b)
°
e
St 5 -4 3

. Log current in milliomperes



Inthis experiment youwill find the resistance temperature characteristics of a themustor, which Determination of its Energy Gap

has a high temperature coefficientof resistance. This property is used in making temperature
transducers. Thermistors are used in other fields also. Some of the important applications of
transducers are in remote measurement or control, temperature controller circuits, compensator
circuits and in thermal conductivity measurements etc. For example the temperature inside a
vacuum {urnace, measurement of super heated stcam inside a turbine of a thermal powerstation.

In the first part of the experiment you will calibrate the given thermistor using a thermocouple
in the temperature range 30°C - 150°C. As you know that the thermistors are made of materials

called semiconductors, we will calculate the band gap energy (See Fig.2.2) of the semiconduct-
ing material. '

OBJECTIVES

The student, will be able to:

* calibrate the givén thermistor using a thermocouple.

*  calculate the band gap energy, Eg of the thermistor material (semiconductor).

2.2 APPARATUS:

Thermo couple (copper - constantan)-
Thermistor ( 7 K ohms at room temperature)
Water bath
Oil bath
~Ice bath : .
Burmner or stove or an electric hot plate T
Wire gauze
Stands

Resistance Boxes (of dlfferent ranges 1K ohmto 3K ohm)

" Low voltage D.C source (battery or power supply - 0-4 volts)
Galvanometer / head phone

. Millivoltmeter (0 to 10 mv)
Multimeter

Soldering iron , soldering rosin, and solder.
Connecting wires.

2.3 STUDY MATERIAL

The thermistor is a made of a semiconducting material. Its resistance generally decreases when
the temperature is increased . The relation between resistance and temperature is given by :

R, =R, exp(E/ 2 kT)
Here R = resistance at temparature T in Kelvin degrees.
R = resnstance at 0 Kelvin.

'E the energy difference between the filled valence and /thc empty conducuon band of the
partlcular semiconductor (Fig.2.2).

T CONDUCTION BAND

6 .

é ENERGY GAP Eg APPROX. | ev

w 1 , ,

5 _ ,‘

5 VALENCE BAND

pu|

w _ , .
Fig22 .. ‘

Callbratlon of a Thermistor and

19
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Energy band diagram of a semiconductor

Electrons,in a free atom-bave discrete energy levels. But when atoms are brought together to
form molecules and solids the electronic energy levels became almost continuous over certain |
ranges. These ranges are separated by regions of energy values that electrons cannot possess. |
The energy of the electrons in a semiconductor is represented on a one-dimensional energy
diagram (see Fig.2.2), showing ranges of energies the electrons are allowed to have and the
ranges of energies in between the allowed bands where electrons are forbidden to exist.

The highest occupied band corresponds to the ground state of the outmost or valence electrons
in the atom. For this reason the upper occupied band is called the valence band. In a
semiconductor, the valence band is full or nearly so. In addition the width of the forbidden
energy gap (Eg, the band gap energy) between the top of the valence band and the bottom of *
the next allowed band, called the conduction band is of the orderof 1 ev (e.g. for Ge =0.7 ev,
and for Si = 1.1ev). ' ‘

SAQ

What- do you mean by the energy gap in a semiconductor?

The resistance of a thermistor may be determined at various temperatures with the help of some
type of bridge circuits. In these circuits we required the use of a galvanometer or head phone
as a balancing indicator. All these bridges work on the principle of Wheatstone’s bridge. The
circuit arrangement is shown in Fig.2.3.

Fig2.3

Wheatstone’s bﬁdge consists of fourresistances R , R,, R,and R, connected as shown inFig.2.3
to form a network. A battery is connected between one pair of opposite junctions, A and C. A
galvanometer G of resistance R_ is connected across the other pair of junctions Band D as a
balancing indicator along with a high resistance HR. Let I be the current from the battery
entering at the junction A. Let 1,111, and I be the currents through the resistances
R,R,R,R, and galvanometer G respectively. By Kirchoff’s first law (The algebraic sum of

Y ! .
the currents flowing into a junction is zero) we have the following relations.



S

s

For the junction A, 1 -1, - I, =0 1) |
For the junction B, /, - ;5 -1,=0... ' )
For the junction D, I, + Is -1,=0... _. ?3) _

If the bridge is balanced, the voltage at point Band D is the same. So no current flows through
the 'gaivanonletei, i.e. Ig= 0. It can be shown that the following equation is true.

RUR, = RYR, ceoveceerirsiereerrressssen . , @)

- If three resistances (R ,R,,R,) are known, the value of the fourth can be»calcu'lated.

The resistance 6_!‘ the thermistor (R,) at various temperatures (T° Kelvin) can be measured using
the bridge circuit. : . ) } S

If we plot a graph between 1/T along the x axis and In(R,) along the'y axis it will be a straight
line since the following is true. - ‘ '

InR,) = In(R) + (€ /2K)*(1/T)....... | ©)
The' slopg of the line is(Eg /2k.)

If the graph is between 1/T and IQQIORT, then the slope of the straight line is given by the
following. ' o ‘ ‘

E /(2 * 2.303).... . _— ©)

The energy gap is calculated from the slope of the straight line.
E,_ =4.606 * k * (slope of the straight line). @

Here E_is expressed in electron volts. _

SAQ . o
1. List a few ‘metals, semiconductors, and insulators that you are familiar with.
2. Distinguish between metals, semiconductors and insulators in terms of energy gap.

........................

....................

---------

L T T T T T YT YT TPy

............

..........

..........

2.4 PRECAUTIONS |

(a)  Careshould be taken not to damage the balancing instrument. You can do this by using
a high resistance in series with the galvanometer whién the bridge is too for away from
the balance. You can then remove this when the bridge is near the balance condition,
by short circuiting the high resistance. B -

(b)  Care should be taken to keep-the thermocouple and thermistor in the same location
during the calibration.

. 2]
Calibration of a Thermistor aﬁ
Determination of its Energy Gap -
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2.5 EXPERIMENT

2.5.1 Calibration of thermistor.

APPARATUS: _
To Bridge

As in Section 2.2.

<

PROCEDURE:

Take the given thermistor, and measure its resistance with the help of a multimeter at room
temperature. Solder its ends to long connecting wires. Connect this thermistor to one arm of
the bridge (between C & D of Fig.2.3) and place known resistance boxes inthe other three arms.
The voltage source (battery), with a plug key inseries, is connected across one diagonal of the
four-sided arrangement. A sensitive galvanometer or null detector or headphone and a high

* resistance (about 5000 ohms) is connected across the other diagonal as shown Fig.2.3. Now you

can measure the resistance of the thermistor with the help of this bridge as follows:

Make R and R, each equal to 1kohmand R, =0, and close the key K, and then K,, the key K|
in the safety resistance being left open. The high resistance is then included in series with the
balancing indicator and it cuts down the current to a low value. Note to which side the pointer
moves on closing K . Repeat by having inR, the largest possible resistance or say 10000 ohm.
Note the direction of the deflection. The galvanometer needle must deflect in the opposite
direction for R, = 0 and R, = infinity. If it is so, the network is connected correctly. Otherwise
check the connection again. - :

Now take R, =R, = 1K ohm. Vary R, till this deflection is brought to zero. When the deflection
is almost nil, short-circuit the high resistance. Now the measuring instrument becomes more

* sensitive and a large deflection is seen. Make final adjustment of R, needed for perfect balance

(no movement of pointer). ThenR3is equal to R ,atroomtemperature. In this way you determine

the value of the thermistor resistance at a given temperature. Now compare the resistance of
this thermistor as measured by a digital ohm-meter and the value from the above bridge
measurement. Is there any difference? Give reasons.




Now you take the thermocouple, connect it to a millivoltmeter, or you can connect it with a Cn allbratlol '&z::m g::, 5
digital 'multimeter in millivolt range. Mount the thermistor and thermocouple at the same .

location with the help of insulation tape. Insert them into a test tube. Dip this test tube inan oil

bath and fix it on a stand. Now, immerse the oil bath (the test tube with the thermistor and

thermocouple) into a large vessel of water and heat the water to boiling point, with the help of -

2 burner. Now measure the voltage across the thermocouple in steps of 0.1 volt and measure

corresponding thermistor resistance using the bridge as described above.

In case the change in the resistance of the given thermistor is very small, then you can connect
an OPAMP configuration as shown in Fig.2.5 (For detailed discussion sce the experiment on
Operational Amplifiers.) '

|+

in

Fig.2.5

Record your data in Tavie I

TABLE1

Resistance of the thermistor at room temperature = ........

Voltage across the Resistance across
S.NO Thermocouple the thermistor

WHEN HEATING |.WHEN COOLING | WHEN HEATING | WHEN COOLING

The values of thermo-emf for different temperatures for a co r-Cbnsta tan thermoco i
-given in Table II. P PP e wplets
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: TABLE I
Thermo-emf of Copper-Comtantan thermocouple. Temp m °C.
EMF in mllhvolts
TEMP| 0 {10 [ 20 |30 |40 [0 |60 |70 | 80 | 90 | 100 .
EMF | 0(039| 079 1.19| 1.61| 2.03 | 247 | 291 | 336 | 3.81 | 4.28
With the help of the Table II you can plot a gnph between voltages and temperatures of the
- thermocouple. From this graph, you wﬂlm the temperatures corresponding to the volta ges
which you have recorded culner
Rccord temperature and msistancc data in the Table IIL. T~
TABLE III | S~
o Tempenture () Resistance (R)
S.NO of the thermistor(T) ' '

Plot a graph b-etweenj tempentuxe vs resistance on the following graph.

24
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This is the calibration chart of the given thermistor. , Calibration of a Thermistor and
Determination of its Energy Gap

2.5.2 Calculation of Band Gap Energy of a Thermistor.

- PROCEDURE

Take temperature vs resistance data of the given semiconductor. In this case we will use the
data of the previous part of this experiment. Use the data from the observation Table III. Now,
find the reciprocal of temperature and log, R. Record these values in observation Table IV.

TABLE IV

S.NO. 1/T ]og 1 R

Now plota graph between 1/Tonthe X-axisandlog Ron Y-axis. Plotthis graphinspace given
below : : ’

You will find this to be straight line. Calculate the slope of this line. Put the value of thié slope
in Equation (7) and calculate the value of E.:

RESULT . :

The band gap energy Eg of the given thermistor is ...... ev.

RN
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. o - ~What do you mean by the energy gapina semiconductor ? Can'you calculate this gap ina metal °

~or an insulator ? If not, why not? JERE : S : o

............................

.......

evesessestissececsserecsacssecsesene

........

...............

2.6 CONCLUSIONS
" In this experiment you have studied how a thermistor can be used as a temperature transducer
‘and ‘also some of the material properties of the thermistor materials, resistance-temperature
characteristics and the energy gap of the semiconducting material. Is this energy nd gap
mperature-dependent or not? Can you think of using this ‘thermistor for tefperature
measurements in any xgal_-‘life'situation?~Wtite some examples : e

.....
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EXPERIMENT 3
CONSTRUCTION AND
CHARATERISATION OF POWER
SUPPLIES & FILTERS

Structure
3.1 Introduction -
"~ Objectives

3.2  Apparatus =
3.3 . Study Material

3.4 Precautions
"3.5 The Experiments
Half Wave R_ectiﬁet

Full Wave Rectifier
Capacitor Input Filter
Inductor: Filter
- LC -and PI Filters
3.6  Conclusions

3.1  INTRODUCTION

‘You have seen in daily life many electronic instruments including domestic electronics
like radio, tape recorders, T.V, amplifiers, musical keyboards etc. Do you know whether
these instruments work on D.C. (Direct Current) or A.C. (Alternating Current)?. In fact
they. all operate on D.C. So when we:connect such equipment to the mains (A.C.), it is
necessary to convert this A.C. into D.C, In all these electronic instruments there is a
section inside the equipment, known as the power supply section which converts this
A.C. into D.C. with the help of rectifiers etc. This rectified voltage is pulsating and has
some (small) A.C. component. It is desirable to convert this pulsating D.C.into constant
D.C. and reduce the A.C. component of the rectified voltage so that the output is a pure
'D.C. voltage. This is accomplished by means of filters, which are composed of suitably
connected capacitors, inductors and their combinations in different ways.

The effectiveness of the filter is given by the RIPPLE FACTOR Y. It is defined as the
ratio of rms* value of the A.C. component of the voltage to the D.C. voltage (or average
value of the voltage). In this way we can identify the purity of the D.C. output in terms
of ripple factor. It is desirable that the ripple factor is as small as possible. The
capacitance filter has low ripple at heavy loads, while the inductor filter has low ripple
at small loads. Depending on the requirements suitable filters can be selected.

¢ The rms of value of A.C current is one that will produce the same Mty of heat as that of a D.C current. The voltage measured & 27

‘using the A.C range in a multimeter gives the rms value of the A.C. voltage.
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and Electronics In the first part of the experiment we wiil construct half- wave and full-wave rect}fiém,and

observe the wave forms on the cathode ray oscilloscope (C.R.O.). Then wec will use
capacitors and inductors as filters and observe the wave forms on the C.R.O. We will also
measure the output voltages (both D.C. and A.C.) with the help of a multimeter and then |
calculate the ripple factor of these two filters. In laboratories, not equipped with CRO, '
only multimeter readings need be used.

In the second part of this experiment we observe the effect of L and PI (7 filters on the
output wave form of a full wave rectifier and then calculate the ripple factors in these two

filters.
Objectives
: ‘Avﬁer doing this experiment you will be ;b]c to :
* Design and construct half and full wave rectifier using st;p-down transformer and
diodes. :
* Show the qulput wav.éform of a full wave and halfwave rectifier on a CRO screen.

* Show the effect of the filter (capacitor, inductor, L and PI filter ) on the output voltage
’ of a rectifier and compute ripple factor. o

*  Distinguish between output of L and PI filters.

o Trouble-shoot a power supply when it is defective.

3.2 APPARATUS

Centre-tapped transformer (9 V- 0 -9 V)

Diodes - four numbers - (IN4007 or BY126 or BY127)

Electrolytic capacitors ( 1000 uF , 25 V)

Inductors - (150 mH ) ‘

Resistors - (100Q - 2Q )

Connecting wires, soldering iron, soldering flux  (rosin),lead (solder)
CRO

Multimeter etc.,

PRNRNE LD

33 STUDY MATERIAL

3.3.1 Half Wave Rectifier

v, : - ‘
. 220V
= A€ jl W, AC

Fig.3.1

Consider the circuit given in Fig 3.1, where we have used a step down transformer, a
semiconductor diode and a load resistance. A sinusoidal 9 V from a stepdown transformer



is applicd\ across the series-connected diode D, .and the 'Imd'.rmik;tgr R,. 'I'he.(input
voltage V,_'is an A.C. voltage which changes its polarity every ;1/10\0» sec. During the
positive alternation the anode is positive (forward biased) with respect to the cathode
‘and the current flows through the diode. During the negative alternation there is no
current, because the anode is negative with respect to the cathode (reverse biased). The
variation of current through the diode will result in .the variation of voltage drop across
. R, as shown in the Fig.3.1. . ' '

2.3.2 Sull Wave Rectifier

Herc we use a centre tapped stepdown transformer and two diodes to achieve full wave
rectification as shown in Fig.3.2. -

Fig.3.2

At any moment during a cycle of V,_ if point A ié;&itiv; relative to C, point B is negative
relative to C. The voltage applied to the anode of each diode is equal but opposite in
polarity at any given instant. - : T :

“When A is posirtive relative to C, The anode of D, is positive with respect to its cathode.

Hence D, will conduct but D, will not. During the second alternation, B is positive
relative to C. The anode of D, is therefore positive with respect to its cathode, and
conducts while D, will not. : :

There is conduction by either D, or D, during the entire ihput - voltage cycle.

Since the two diodes have a‘_ common-cathode load resistor R, the output voltage across
R, will result from the alternate conduction of D, and D, . The output waveform V_ across
R, is shown in Fig. 3.2. ' -

The output of a full wave rectifier is also pulsating direct current as seen from the Fig.

333 Capacitor Input Filter

‘Capacitor input' fiitcr_ is shown in Fig. 3.3.b.

‘Here the high value capacitor is connected across the output voltage. The working
principle is as follows. : . : ,

-

IS
Construction and Characterisa-
tion of Power Supplies and
Filters .
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The output of the rectifier contains both A.C. and D.C. When the capacitor is connected across
the output terminal, A and B in Fig. 3.3.a, A.C. components are by-passed while the D.C.
component is blocked and they develop a voltage across the capacitor. Now the capacitor is
discharged through the load resistance R, which is of high value. So it delivers continuous D.C.
across the load resistor. ' : -

3.3.4 Inductor Filters

‘Connect between A and B in Fig. 3.3.a inductor L and the load resistor R, giQen in Fig.
33.c. ’ ‘ :

In the experiment of Lab 1 you have studied inductive reactance (.de;\oted by X;). The
impedance of an inductor is.equal to 2*¥*f*L , where f = frequency and L = inductance.
If both A.C. and D.C. are flowing through an inductor, it has a high impedance for A.C.but |
not for D.C. So we will find a constant D.C.voltage across the load. In this way it will :
remove ripples (i.e. A.C.components) and convert pulsating D.C. into constant D.C.

The ripple factor can be further reduced by a combination of inductor and capacitor. The
combination of L and C given in Fig.3.3.d is known as LC filter and the combination of .
L and C shown in Fig. 3.3.c is known as a 1 section LC filter. '

| 3.4 Precautions

(a) ~  While measuring voltages using multimeters,select the correct (appropriate)
ranges and keep the selector knobs in the correct positions.

(b)  Check the poiaﬁty of the diode using the multimeters and make sure that
you have connected them correctly. ‘How to check? v

(c) Make sure that you are connécting the electrolytic capatitor with correct
polarity.

(d) Soldering should be done perfectly.

3.5 THE EXPERIMENT

'3.5.1 Half Wave Rectifier

To construct a half wave. rectifier and observe the output waveform using a CRO and
‘measure the output voltage.

APPARATUS

'Stcpdown transformet, diode, resistors, soldering iron, solder and rosin.

Step (1) | .
Check the continuity of the primary and secondary winding of the stepdown transformer.
Step (2) - |
Find the polarity of the diode using the multimeter. (By applying either forward bias or

reverse bias one can identify the polarity of the diode.)

Note : Other ways of identifying the polarity of the diode.
(a) A band at one end of the diode indicates cathode (e.g IN4007 ) as shown in Fig.3.4.

Fig34




Temad ]

Qb) K it portion-in a-diode like BY126 or BY127 is anode and the curved end or an Construction and Characterisa-

affo ‘simped portion is cathode as shown in Fig.3 S5 tion of Power Supplies and
Filters
' |:=:::-:. BY 127 }:=.:-
Fig.3.5
Step (3)

Connect the circuit as shown in Fig.3.1.

Step 3(c)
Give input voltage (220V A.C)

Step 4: :
Measure the A.C. input voltage, A.C.output voltage and the rectlﬁed voltage across the
load resistance R using a multlmeter

, Step 5
The output voltage across the R, is given to the Y-Y input of the CRO. Adjust the
‘appropriate knobs to get the wave pattern of the output . :
Trace the output on a tracing paper, and paste it in this report, below. Compare the figure
with the expected figure.

3.5.2 Full Wave Rectifiéf

To construct a full wave rectlﬁer and observe the output waveform usmg aCRO and measure
the output voltage.

PROCEDURE

Take a centre-tapped stepdoWnt .transformer @V-0-9V) -

Step 1 : : ‘
Follow step 1 and 2 of the expenment in Section 351 (Here two diodes have to be
checked) : ,

Step 2
Connect the circuit as given in Fig. (3.2)

Step 3

Measure the A.C.input voltage, A.C. output voltage and the recnficd (D )] voltage across
the load resistance R, using a multimeter.

31
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CRO screen and paste it below)

Step 4
Voltages across R, Diode 1, Diode 2are measured usmg a CRO Aas in the experiment in
section 3.5.1.

Trace thé output wayefom on a tracing paper, and paste it in this rcpoﬂ in the spa.ce below.

3.53 Capacitor Input Filters

To study the capacitor filter and calculate the ripple factor and record the output wave form with
and without filters. : : -

Step 1
Connect a high value (1000 uF, 25 V) capacitor (electrolytic capacitor) across R as shown in
Fig. 3.3.b and connect it between A and B as shown in Fig 3.3.a. _

The clrcmt has only a sxmple capacitor filter.

Step 2 '
Measure the D.C.and A.C. voltage across R, . Repeat the experiment fordifferentR, valuesand -
calculate the npple factor for each load and tabulate the values.

TABLE I
SNO. | Load | Output | Output- o E_
resistance (d©) © (ac) ripple factor y = ------- .
Voltage | - Voltage E,

Step 3
Record the wave form of the output voltage with and wnthout capacltor (trace it from the




' SAQ

Note down your observations when you compare the wave form of the output with and without
the capacitor.

....................................................................
....................................................................
.....................................................................

.....................................................................

3.5.4 Inductor Filters

To study the inductor filter and calculate the ripple factor.

Step 1
Follow step 1 and 2 of the experiment in Section 3.5.1.

Step 2

With the circuit given in Fig. 3.3.a, between A and B connect the circuit given in Fig.33.c.

Here the inductor is connected in series. The circuit is called inductor filter.

Step 3
Connect the primary of the transformer to the mains and measure the output voltage across R,
(both A.C.and D.C). Repeat the experiment for different load values and tabulate your data:

TABLE II
S.NO. Load Output Output E_,
resistance d<) (a.0) ripple factor y = -------
Voltage Voltage E,

3.5.5 LC and x Filters

To study LC and n Filters and compare the ripple factor in these two filters.

. Procedure:
In the previous part of the experiment you have used an induetor as a filter. Now, connect 2

~ capacitor in parallel to the load resistarice as shown in Fig. 3.3.d. This combination of inductor
- and capacitor is known as an LC filter. Now measure D.C.and A.C.voltages across the load as

O

Construction and Characterisa-
tion of Power Supplies and
Filters '

33



T

Electrical Circuits
and Electronics

34

measured ip the previous part of this experiment. Repeat the experiment for different load
resistances and record your data in Table III. Calculate the ripple factor for each load.

TABLE I
S.NO. Load Output Output E_,
: resistance (d.c) (ac) ripple factor 'y = -------
Voltage Voltage E,

Now connect the output of load resistance R to the Y plate of the oscilloscope. You will find

. the output waveform. Now, you trace these wave forms ona tracing paper and paste in the space
given below:

SAQ

Compare the waveform of C, L and LC filter.

Write your conclusion in the spacc' below :

......................................................................

........................................................................

....................................................

..................



SAQ
What is the difference in the ripple factor in L, C, and LC filter 2

....................................................................

Now: connect one more capacitor before the inductor, in parallel to the previous capacitor. It
is shown in Fig.3.3.e.

Such a combination is known as a 1 filter. Now measure D.C. and A.C. voltages across load
resistance R, as measured in the above part of this experiment. Repeat the experiment for
different load and record your data in Table IV. Calculate the ripple factor for different loads.

TABLE v
SNO. | Load | Output Output E_
resistance (d.c) (ac) ripple factor Y = -------
Voltage Voltage E,

Write your conclusion in the space given below:

........................................................................
...........................................................................
.......................................................................

S T R T S R R I R R R I R R AR

Now connect the output of the load resistance R, to the Y-Y input of the oscilloscope. You will
find the output wave form. Now, you trace this wave form on a tracing paper and paste in the
space given below:

S i

tion of Power Supplies and
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SAQ ‘ :
From your data find the difference between the waveforms of the LC and 1 filters. Write your
conclusion in the space given below: '

e e e et e, .
R PR
te e e s neasaesaannan s teaneaeseasenaetaeaaaruneanr maneneenans

NOTE Due to technological advancement, the present day power supplies are made more
compact by using integrated chips (like 7905) for power regulation instead of all kinds of filters.

3.6 CONCLUSIONS

You have constructed halfand full wave rectifiers and smoothed the output using dlft‘erent types
of filters. Now answer the questions below in a brief manner.

(a) What will happen if you give an unfiltered voltage to a radio set ? .

RS ) . .
T T OIS P PP PPCOLICOCEIVUCGOCOCRSTOSOILO00LA0A008AR0KIE12 00050000000 00sc000s0000000000s000

(b) At heavy loads which kind of filter is preferable 2.

o‘oooc.otac»c.-»-..blvl.l..oo'.ogcoonl-ooo-c--o)onlo'nctoo'ona0.00000'0--0
--o‘ﬂo‘oooo-ct.uoct-f‘-;ocloo.v..onotiv.lok-ooo-pi-o;ocnnovoc:;...oo.oo..o-ocol
o'oooolOooctovico.ullg'ooovuutocunotoooooooooo-'u‘f'"_-t--oo--cooooeuo-u.ococl
(c) How will you chec arity of a semiconductor diode

you check the pol tyf nductor diode ?
M EEEEEEEREEEE E R E I a ar S ar S R I IR I I I I I R A A A A IR BB B B B B R A R B A I B A

O R I R I I IR I I T T R R R R I R NI LA A A

(d) How does an inductor filter work?

e 5 6 3 6 6 6 8 5 6 5 88 8 6 S E S S LS B0 0 e LIPS eSS 60 303 eI ILOCENORL LGOI OLNICPNBLEOGOIOIEMNOGE
. . .
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;EXPERIMENT 4

'STUDY OF OPAMP AS SUMMING AND
INVERTING AMPLIFIER

4.1. Introduction

Objectives
4.2. Apparatus S
43. Study Metarial L SN
Staéesofan Opamp T s T

Use of Negative Feed Back
Opamp as a Half Wave Rectifier )
Opamp Specifications 5 ~ . ) ) : -
Types of Opamps : ) )
4.4  Precautions |
4.5 The Experiments
' Inverting Amplifier
Summing Amplifier .
a6  Conclusions -

41 INTRODUCTION

i

Given below is a list of some systems and equipment that I hope you have seen and/or used in
your everyday life.

@@ A radio- set v
(b)  Adoctor’s stethescope
(c) An clectrocardlogmphy (ECG) machme
(d) - A microscope
(¢) A public address system. -

1 am sure you will be surprised if I ask you what is common in all the above equipment? The

answer is “Some sort of an amplifier”. In a radio set, we have an amplifier which amplifies very

small electricalsignals (of the order of a few millivolts). These signals are received from distant

radio stations. Not only that, you can even change the amplification by turning the volume
- control, In a doctor’s stethescope, sound of heartbeat is amplified. In an ECG, we have

amplification of small electrical signals (a few microvolt) given out by the heart. A microscope

isanoptical instrument tosee amplified (magnified) images of very small, microscopic objects.

In a public address system, speech is given to the microphone by the person speaking. Speech

is converted into electrical signals, amplified and fed to the loudspeaker. Thus, in all above

examples, we have some type of amplifier.

37
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Today you shall study a special type of amplifier, to amplify clec‘tncal sxgnals called an.

Operational Amplifier (Opamp).

- Opamps may be treated as multipurpose devices which may be used as amplifiers, osciliators, )
differentiators, integrators, and can also perform other mathematical operationals like addition,

subtraction, multiplication etc. (and hence the name Opamp). They are very extensively used
inpresentday electronics ranging from entertainment electronics to medical instrumentation
and computers.

In this laboratory, we will carry out some simple expenmenls onan Opamp 1]]ustratmg some

of its elementary characteristics.
Objectives
After performing this expériment you w1ll be able to use an Opamp as:

* Inverting amplifier.
* Summing amplifier.

'4.2. APPARATUS

2 nos. - Variable power supplies of +15 V and -15 V.

2 nos. - Drycells of 1.5 V each.

1 no. - Digital multimeter for both a.c and d.c measurements.

2 nos. - Rheostats, or Potentiometer, Resistance, 10 K ohms each.

1 no. - Half-watt resistance of different values like 4.7 K ohm, 10 K ohm etc.
2 nos. - Switches.

1 no. - Oscilloscope.

Ino. - Opamp IC 741, with socket

4.3 STUDY MATERIAL

4.3.1 Stages of OPAMP

The opamp is a high gain direct coupled amplifier;has  high input impedance and low output
impedance. Multiple  applications of the opamp are made possible by the external control
of the variable feedback employed in it. Feedback means that some or all of the output is
connected to one of the inputs. The connection may be simple or it may be through a
complicated circuit. Fig.4.1.shows the symbol for an opamp. It has two inputs marked.

hvm. Inpwt O———t—u

Noa hvcrﬁ.l;pd o

' Fig. 4.1

The (-) input is called the “inveninginf)ut” The (+) input is called the “ non-inverting input”.
A signal applied to the (-) input will be shifted in phase by 180° at the output. It means that
if a -ve pulse is given at inverting input it will appear as a +ve pulse at the output. On



o3 4
the other hand a signal applied to the non-inverting (+) input will appear in the same phase Study of OPAMP as Summing
at the output. This is shown in Figs.4.2 and 4.3, for inverting and non-mvertmg cases, and Inverting Amplifier

. respectively. :

A .
7

_ )

-—< —p

Fig4.2

Input Output
AN |
Input Output

F1g43

Though from the point of using the opamp itis not necessary to go into the details of the inside -
circuits of the opamp, but from the point of view of learning one may understand its working
‘with reference to'the block. diagram shown in Flg 4.4. :

-Fig44

STAGE 1

The filst stage of an opamp is a dlfference amphﬁer
For most of the parameters like open loop gain, input impedence etc., we refer to the data sheet
provided at the end of this experiment. :

- The difference amplifier amplifies. the difference between the two input signals. It'is an’
amplifier that could amplify a small difference in voltage between the inputs, -even if the
mputs themselves may be ata few volts above ground. For example, if the terminal marked
-ve is at +2.01 volt DC and the other at +2.00 volts DC, the difference 0.01 volt DC -alone -
will be’ amphﬁed A well designed difference amplifier is not sensitive to environmental
changes. The outputsignal froma difference amplifieris proportional to the difference between
the two mput signals. The mode of operation in which two different signals are applied at the
inputs to get an output signal proportional to the difference of the two input signals is callcd
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“differential input differential output mode”. The difference amplifier may also be used ina

single ended output mode if one of the two inputs is grounded. When the +ve input (non-

inverting ) is grounded,a +ve input signal at the inverting input will appear as a -ve signal

at the output (see Fig.4.5). This is referred to as “single ended input single ended output
inverting mode”. Similarly, if the inverting input is grounded and a signal is applied at the
noninverting input it will appear at the output without any phase change. The operation will
be termed as “single ended input single ended output non-inverting mode”.

Inverting Input .
’ /VO T » . _ O . Output
1 - : Difference Amplifier
. Noa inverting Imput + 4 )
T —°
Inverting o —
- T
. ? Difference Amplifier .
. ' o
e S P S P

Non. inverting Input

Fig.4.5
, A '
If in differential mode operation inputs V, and V,are applied respectively at the inverting
and non-inverting inputs such that V= -V, = V, the differential gain A  is given by

ouput . - Vowpm

A= - (1)
Viowun RO

" Onthe other hand under ideal conditions the output of the differential amplifier should be zero

ifidentical signals(equalinamplitude and phase)are applied to the two inputs of the amplifier.
In practice, however, this ideal condition of zero output signal is not achieved. One gets some
outputsignalevenwhen ldentlcal signals are applied at both mputs The gamA inthis condition

is given by
2 Vo\ll]_)\ll
A = --- — )
(V+V)

The ratio A /A _ is calléd the common mode rejectionratio (CMRR). It is anindex of the ablhly
of the amplifier to reject signals common to both the inputs. In other words CMRR may be
looked on as the quality factor of the amplifier to select proper signals out of a mass of noise
commontoboth the inputs. The range of the common mode voltags over which the difference
amplifier works properly is called the common mode voltage range. '

STAGE 2

Stage 2 is the second amplifierand may bc another dlffcrence amplifier with single ended mput
mode. It provides further gain.

e



STAGE 3

The third stage in the opamp is the “level shifter”. Since each stage in the opamp is directly
coupled to the next stage, the dc level increases from one stage to the next and ultimately

approaches the power supply voltage. The level shifter stage provides compensation for this -

rise in the dc level. '
STAGE4

The last stage is the output power amplifier. It has high current gain, wide band width and
low output impedance. S

4.3.2 Use of negative feed back

The outputof the opampis always inverted with respectto the invertinginput.Ifa smallamount
of output is fed back (added) along with the inverting input, it will result in a feedback called
negative feedback.

Multiple applications of the opamp are made possible by the external control of the negative
feed back. The basic feedback circuit is shown in Fig.4.6.a. As shown, the output is fed back
tothe invertinginput througha resistance R,. This provides negative feed back. Suppose a signal
is applied at - the inverting input as in Fig.4.6.a. )

"'V' =
Po L~
' ' It Output .
" I
Fig.4.6.a

. Fig.4.6.b

Study of OPAMP as Summing
and Inverting Amplifier
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The output will be an amplified and inverted mgnal A part of this output signal which is 186°
out of phase with the input is fedback at the inverting input through resistance R, and hence
negative feed back takes place. It is also possibie to use the opamp as a non- mvertmg amplifier
by applying signal to the (+) input (non-inverting), as shown in Fig.4.6.b. It may, however, be
noted that the feed back network (resistance R_ ) is still connected to the inverting input. From

the detailed analysis which is beyond the scope of the present discussion it can be shown that

for the arrangement of Fig.4.6.a, (inverting amplifier) the output voltage V_ _  is given by
R‘F
qum= ) - * Vinpul ....... 4)

here V,__ is the input voltage and the -ve sign represents the phase change of 180°

For the non-inverting amplifier circuit of fig. 4.6.b the total output voltage V pupu 1S given by

_wa=+ (1+--

the +ve sign in the above equation mdlcates no phase. change As such the .gains for the

» mvertmgand the non - mvertmgamphﬁercxrcuns are respectwelyG and Gy 18 glven
R F
G, = ¢) —— e (6)
R,
R F
Gy = 1 A — O
R .

It may be noted that apart from the ph ase term (-ve or+ve) the gain of the inverting and non-
inverting configurations are different. A carefulstudy of the circuits of Fig.4.6.a and Fig.4.6.b
Ygr inverting and non-inverting amplifier configurations will tell that the two circuits are
identical except for the interchange of input terminals and the ground connections. The
expressions for the gain differ because in inverting configuration resistances R, and R, form
a voltage division network for both the input signal V,__ and the signal fed back from output
to the input through R.. In the non-inverting conﬁguratlon Fig.4.6.b the voltage division takes
place only for the fccdback sngnal and not for the mput sngnnl

The following numerical examples will make things more clear.

(a) Suppose in Fig.4.6.a
R, =2.5kohmand R, = 10 k ohm
then the gain is givenby : _
. . -10
G, =) —8m =() —/ (8)
R 25 .

i.e.,the output sngnal will be amphficd by a factor of 4 but will get out of phasc by 180° W.L.t.

* the input. One may use both a.c. and d.c. signals at the input.

(b)If R, = R, the gain will be unity, and the s:gnal in the output will be of the same magmtude
but in opposnte phase.



() if Ry > R;, G, will be < 1. ' R | Study of OPAMP as Summing

L . ' and Inverting Amplifier
Do you know why? Write a possible reason. »

...................................................................

In all above three cases one can see that by controllmg the ratio of R, and R, an output signal
of increased amplitude, same amplitude or of diminished amphtude may be obtalncd but thc
phase change is always 180°. . :

In a similar way for the non-inverting amplifier ;:onfi‘guratio.n'if

(@) R, = 10K ohm, R, =2.5K ohm

(1 R
Gmn o = 1 + ‘ —_— =5 . esssesced ( 9)
25 '
®) forth;case N \

R, =R, =10 K ohm (say)
G =2 ,and for

. will always be greater than unity.

(©R, > R, Gm
(d) In thc extreme case when in non-lnvertmg oonﬁguratlon

R,=0 and RR-OO' (seeF1g47)

. Fig. 47— .
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=1+0=1 ... (10)

T uon-iny

so in this configuration the output voltage is equal in amplitude and in phase with the input.
This is called the voltage follower circuit.

Mathematical operation of summing may also be performed by the opamp, using the
connection shown in Fig.4.8.

R,
RI AAAAA
Imput > :
' —0
» - Output
R, . v T
— I
Fig. 4.8
The gain of the above circuit is given by
R, - R,
-( vV, + v,)
R, R
G — 00 @@ . (1)
Vv, +V,)

If RF =R, =R, then the gam G=-1 and therefore Vo =
of input voltage
signal This will be true even 1f V! and V2 are of oppos:te sign, so this is really an algebraic
summing circuit.

-(V +V, )Whlch is the sum

The output voltage may be made equal to'the sum of input voltages V, and V,, each scaled by
some multiplying constant, by choosing thevaluesof R, R, and R,. For instance R =2R =3R .

Vo = (2V,+3V)
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4.3.3. OPAMP as a Half-Wave rectifier and as an Electronic Ammeter: Study of OPAMP as Summing
~and Inverting Amplifier

Opamp half-wave rectifier circuit is shown in Fig.4.9

This is a modified version of Fig.4.7, with diode inserted in the output. When the output is
positive, the diode conducts and the circuitacts exactly as Fig.4.7. The gainis 1 and the positive
part of the signal is falthfully given to the output. :

When the output is negative the diode does not conduct. The output is effectively dlsconnected
from the opamp, and only connected to ground through the resistor.

Thus the circuit acts as an amplifier for only positive signals. It acts as a half-wave rectifier.
So does a diode by itself! But in the opamp circuit the signal source always faces a high-
impedance amplifier input. Witha simple diode the source is short-circuited on positive inputs.

AAA

A
LA AAS

W

Fig.4.9
In the following circuit diagram (Fig.4.10) an opamp works as an electronic ammeter.

The input voltage V, applied to the left end of R causes a current A, to flow in the input circuit.
It is this current which is to be measured. The output voltage of the opamp is V.

Vo=-R.*V, /RR'?RF*RRAi /RR=RfAl

Thus the output voltage is proportional to the current A, and does not depend on R,.. This is the
action for which the circuit is called an “electronic ammeter”.

*VDC R’
TN
3
1. ‘P
. + <
S SR
S
’ I
Fig.4.10
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43.4 OPAMP Specification:

The manufacturer provides a circuitdiagram,a base diagram and spec:ﬁczmons foreachopamp
type including performance graphs. These specifications arealso available inopamp manuals.
Opamp specifications can be divided into two types.

Data Sheet Specifications give maximnm ratings or limits which if exceeded may

permanently damage the device. They are,

(Please refer the data sheet attached)

(a)  Supply Voltage: In most of the opamp two power supplies suchas + 15 v and 15 V are

required. However some opamps require only a single supply.

(b)  Power Dissipation: The maximum power that the opamp IC can dissipate without being
damaged is always specified. A typical value is 0.5 watt.

(c)  Bandwidth : Roughly, this indicates the maximum frcquency at which a s1gnal will
experience the other characteristic values.

(d) Inputand output impedances: The inputand output impedances innorma!operationarck
specified.

- 4.3.5 Types of OPAMP:

In géneral opamp can be classified into four types.
a. General purpose type, examples 709, 101, 741, 747, etc.
b. High frequency, 'high slew rate type. eg. LH 0063

c. High voltage, high power type. eg. LH 0004, LH 0021

d. programmable type or nucropower opamp. eg. 4250

Most of the opamps are manufactrued in three types ofthe base packages having different

_number of pins in their bases namely (i) Metal can Package (ii) flat packages and (iii) Dual
-4n-line pakage.

4.4 PRECAUTIONS

1. Neve:exceed V+, V-potentials +9V. Theseare the maxnmum values to avond electrical
damage

2. Never apply potentials at input more than +5 V.

'4.5. THE EXPERIMENT

To study the inverting amplifier confnguratlon of the opamp 741 and to fmd the gam of the
amplifier for different combinations of the feed back resistances R, and R.

Procedure- 1. Make the connections as shown in Fig.4.11 and follow the steps given below.



AAAAA
YVVYV
. !

®

AAAAA

o

Study of OPAMP as Summing

_and Inverting Ampllller

Figd.11

Step 1. KeepR =R, =R, =4.7K ohm

Step 2. Open switch S

PE2 3

S,S, &S,

Step 3. Switch on power and adjust power supplics to +6 V and - 6 V. Switch on S, and S,

Step 4. Adjust theostats Rh, and Rh, so that voltage readings of V, .and V, are zero.

Step 5. Switch on S, and S, and read V. If it glvcs some value of voltage at the output (V)
note it. It may be treated as zero error.

Step 6. Switch off S,,

Step 7. By varymg rheostat Rh clmtge V,. This will also change the output voltage V Take
readings of V, and V, for different settmgs of V.

Step 8. Switch off S, and switch on S, vary rheostat Rh to change V -Take readings of V, for

different settings of V

Step 9. Tabulate your data in Table 1.

TABLE -1

TABLE FOR THE OPAMP INVERTING CONFIGURATION

R,
RR

4.7 K ohm
(R,

= R,)=4.7Kohm "

SWITCH

SWITCH

INPUT OUTPUT

GAIN

OFF

3

- 40.50

025

- -0.75

+0.25

+0.75
+1.00
+1.25
+1.50

-0.50
-1.00

-1.25
-1.50

" MEAN GAIN =

47
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Step 11. Set R, = R, = 9.5 K ohm and keep R_ = 4.7 K ohm.

Step 12. Repeat steps 4 to 10, using Table 2.

TABLE - 2 ,
TABLE FOR THE OPAMP INVERTING CONFIGURATION
4.7 K ohm ~
(

R, =
R, = (R, = R,)=9.5Kohm

SWITCH | SWITCH INPUT OUTPUT | GAIN PHASE

ON OFF +0.25 180°
| “ “ 1050 | “
. “ “ +0.75 “

“ “ +1.00 “

“ “ +1.25

“ “ +1.50 “
OFF ON -0.25 “
“ “ -0.50 “
“ “ -0.75 “
“ “ -1.00 “
“ “ -1.25 “
“ “« | 150 | “

MEAN GAIN =
'Step 13.SetR, = R, =2.5K ohm

Step 14. Repeat steps 4 to 10, using Table 3.

TABLE - 3
TABLE FOR THE OPAMP INVERTING CONFIGURATION
R, = 4.7 Kohm
R, =R, =25Kohm
SWITCH SWITCH INPUT OUTPUT | GAIN PHASE
ON OFF +0.25 - 180°
“ “ +0.50 ) “
“ L +0.75 : ) “
“ “ +1.00 “
>« “ +125 “
«“ “ +1.50 “
OFF ON -0.25 “
“ “ -0.50 “
“ “ -0.75 “
“ T -1.00 “
“ “ - -1.25 “
“ “ -1.50 “
MEAN GAIN =
Procedure-2

Using the same circuit connections you can investigate the summing operation of an opamp.

Step 1. Adjust the power supplies to +6 Vand -6 V and turn ON S, and S .



Step 2. Make R, =R =R, =4.7K ohm
Step 3. Make V, = V, =1 Volt, and note the measured values b.f V,, V,and V,, in Table 4.

Step 4. Make R,=R, =4.7Kohm

R,=9.4Kohm .
Repeat Step 3.
Step 5. Make R_=4.7Kohm
‘ R, =23 Kohm
R,=9.4 K ohm
Repeat Step 3.
TABLE 4
R, R, R, ' v, v, Vv, Expected V,

Calculations: For each set of R and R, cal«‘ulate gain using Equation (6), Equation (7) or
Equatlon (11).

Compare the mean gain obtained by doing the experiment with the one calculated.

Result & Discussion: Discuss the variation of gamthhR and R,. Also estimate the likely error
in your measurements discuss possible reasons for these. :

.............................................

R L T

800000000 0e00000000000000000000000000000000000000000000000000000000000000000000000000000000¢0000000000000000800060000000000000000000000000000

.........................................

4.6 CONCLUSIONS

You have found out how to amplify signal voltages and perform the summing operations upon
two voltage signals. ‘

s

(a) Write down 3 situations where you can us;e this type of amplifier.

........................................................................................

.............................................

D L o L A A P
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(b) What output will you ¢-t if you give zero volt to both inputs?

sesesessseccnstessee cessssens sesssssscscscsssncacns esscesesserccesene eeseseescesatssassessesasecatarssrvsrssrrneotans sesesessse sesesee ssessse
eesetessssnressessssrssctsanassesstreress cesesssssesscscsccens ecesedscrsescecsesses trecescccstssene sesssecnassens seesecsestesscinerrasttanans
seseesessssecscsssscassnans ceose . eesssessccccssee ehsesseesseseerestrseracerarserssncacstsecscresstteonsone
¢
eseassssssesscens . een . sscsssscesscscss seseescsanes cessasccanes eeseescsscrsessccssessccscsesasrscesvere

('c)v Do you find any change in gain when you change supply voltages?

vessesse escescsescscsesnssans essecece . .

.os YTY e esesese cscsveses ceceses
viee seseseceserstesntsanscsasesccisccscereserssersesseRe

sessene esescscscsescscesscsssense esoese

i
.
.
>
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1 U g NC
7] +Vc§
6] ouTPUT

51 OFFSET NULL

OFFSET NULL
Coony ineut 2
(+ INON-INV INPUT 043
o -Vee Cla
A TopVicw

SUPPL‘Y VOLTAGE |  +15V
POWER DISSIPATION 500 mw
OPEN LOOP GAIN 106
BANDWIDTH \ 1KHz

IﬁPUT BIAS CURRENT 1 microampere
INPUT IMPEDANCE 1 megohm

OUTPUT IMPEDANCE 100 Ohm.

INPUT OFFSET VOLTAGE
INPUT BIAS CURRENT
LARGE SIGNAL GAIN
CMMR

SLEW RATE & SETTLING TIME

e
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EXPERIMENT 5

STUDY OF OPAMP AS DIFFERENTIATOR
AND INTEGRATOR -

51 Introduction

" Objectives
52  Apparatus
53  Study Metarial
54  Precautions

55  The Experiment

Integrator Circuit using Opamp 741
Differentiatior Circuit using OPAMP 741
56 Conclusions ‘

—

5.1 INTRODUCTION'

You might have used electronic calculators, or computers at some stage. How does a computer
perform mathematial operations? In fact some electronic circuits are designed to perform the
various mathematical calculations.Exaimples of such circuits are integrators and differentiators.
In these circuits, if you apply any electrical signal in the input, you will get its integrated or
differentiated form at the output. These circuits are extremely-useful in computing, signal
processing and signal generating applications. Operational amplifiers can be used for such
‘applications. L : '

 /Objectives

After performing the experiment you will be able to

*  Integratea sine wave or a squarc wave using OPAMP.
* Differentiate a sine or a square wave using OPAMP.
*  Compare the expected and observed integrated and differentiated signals.

5.2 APPARATUS: L

" OPAMP(741) .

2 power supplies (+15V and -15V)

oscillator giving sine and square waves of various frequencies
oscilloscope (CRO) ' o
-connecting wires



53
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53 STUDY MATERIAL =~ | | Differeatistor and Integrator

You already have a wnteup on operatlonal amplifier. OPAMPs as their name suggcsts are

devices used for carrying out mathematical operations on electrical signals. If you have already

performed the experiment on the OPAMP as a summing or mvertmgamphfier, then you know -
that OPAMP can add and subtract. _

In the present experiment you will know how OPAMP can be used for integratioﬁ and
differentiation. :

5.3.1 Operations Perfo_rined

. The basic circuit fqr integration using an OPAMP is shown in the following Fig.5.1.

1—=>i
1

% OUTPUT

.T

ThlS isacircuitusing the mvemng configuration. The equations of the operatlon canbederived
by using an ideal operatnonal amplifier of open loop gain A. .

FigS 1

In Fig. 5.1 the current flowing through resistance R is given by
' e, -e2

o =

..a

e,-e, —Zj ij(el'-éz)dt
0 o

eo
e = -2
2 A

.if A-e then ®;~ 0 also eo - —feldt

Thus you can see that you have an integrated output of thc mput sxgml
53. 2 Differentlatlon

In the cnrcult of Fig:5. 1, if the position of the resistorand capacitor are interchanged, you can
similarly dérive and see that the output will be '

- cie1 ‘
L e

83
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.‘;E.lettl.'kl,l‘- Circuits Hence you can get the differential output of the input. The differentiated and integrated outputs |
and Electronics for sine and square waves are shown in Fig.5.2. '

tm'urfsre:m &nve: R | [WPUT| 52URRG WAVE

A

DIFFRENTIATED! QUTPUT

[

INTEGRATED QuTPUT

! A v ! I — ' "
k_/' \./ " IIITE&TMTEO “qurm‘r [

L | T

Fig.5.2

SAQ: In the above circuit, if you see an ordinary transistor amplifier in place of OPAMP, will
you still get a differentiated or integrated output? Explain it in the space given below.

54 PRECAUTIONS

1. The poteatial + V should not exceed a volts. 4
_ 2. Choose a good operational amplifier with low bias current, to perform the operations below
correctly. - ' '

5.5 THE EXPERIMENT

5.5.1 Integrator Circuit using OPAMP 741.

Make the circuit as shown in Fig.5.3 using OPAMP 741. -



59

Study of OPAMP as
Differentiator and Integrator

8.1 uf

188Kohm ;BU

—

ouTPUT

|

Pexform the following steps to carry out the experiment.
PROCEDURE

(i)  Connect the oscillator output {6 y-y terminals of the oscilloscope and adjust The
_amplitude of the sine wave to 0.5V and frequency to 1K Hz. :

(i)  Disconnect the oscillator from the oscilloscope and connect it to the inputof the circuit. .
(iii) Connect the oscilloscope to the output of the circuit.
(iv) Synchronise the output signal on the screen of the oscilloscope.

'(v) " Measure the outpﬁt signal amplitude and frequency.

(vi) Change the frequency and amplitude of the input signal and again measure the output .
. voltage.and frequency  repeating steps (i) - (vi). o

(vii) Repeat the experiment using square wave input from the oscillator.

(viii) Record your observations in the following table.

55
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For sine-wave input.

Serial INPUT - INPUT OUTPUT OUTPUT
| volts  freq. - volts freq.
1 .
2
3
5
\
- OBSERVATION TABLE II

For square-wave input.

Serial | INPUT CINPUT |, OUTPUT OUTPUT
volts freq. . volts freq.

SAQ: | |
What do you observe in the output of the circuits as displayed on the screen of the oscilloscope,
compare it with the input and record your findings in the space given below.

&L



5.5.2 Differentator Circuit using OPAMP 741 i iy K OPAMPs
"PROCEDURE

‘Make the circuit as shown in Fig.5.4.

10 K ohm +gV

Fig.54

Follow the same procedure as mentioned in the previous opamp experiment and mcord your
observations in a similar table both sine and square inputs. Compare the outputs with
correspondmg inputs and record your findmgs in the space given below.

OB§ERVA,TION TABLE III

| Forsine-wave input. ( |
Sefial INPUT - INPUT OU'IPUT | ourpur
- volts freq. volts. - freq.
1
2
3
4 %3
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For square-wave input.

‘Serial © | INPUT . | INPUT | OUTPUT OUTPUT
I volts - freq. : volts | - freq.

SAQ
- What do you observe inthe output of the circuits as dnsplaycd onthe screen of the oscllloscope,
~compare it with the input and record your ﬁndmgs in the space gwen below. : :

SAQ:In the abovecxpenment of integrator circuit with a square wave input, connect its output

to the differentiating circuit. What do you observe in the output on the screen. Explain your
‘ findmgs in the spacc given below.

5.6 CONCLUSIONS

You have found out how (ovintcgmte and differentiate sinusoidal and square wave forms. .‘\(

-a) What h;ppéns’tp the fast-rising portions of the wa}}e form after integratioh'f

i

b) Fmd that if the input.oscillates equally in posmvc and negatnve voltages the output of -
: thc mtcgmmr is zero. Explam this in snmple tcrms 3

B ’ 3

PPN



,cj What happened to the constant of intcg‘ratziq_,n in this case?.

1

d)What response do you get when you apply adc. voltage to thc .in[’vmt of the differentiator? :

€)Which circuit smooths the waveform?

f)Which circuit picks up sharp variations in the input?

=5

Study of OPAMP as

Differeatiator and Integrator ~
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EXPERIMENT 6

DETECTION AND MEASUREMENT OF
CHARGE USING AN OPAMP

Structure

6.1 Introduction
Ol;jeetives

6.2  Apparatus

6.3  Study Material
Coil of Wire as Transducer

" Principle of Charge Measuring System
~ Current Amplifier and Current-to-Voltage Converter
Voltage Integrator
Holding Circuit
Measurement of Magnetic Field Strength
6.4 . Precautions v
6.5 . The Experiment
" Offset Null
~ Calibration
Magneﬁc Field Mesnmnent e
6.6 Co&lusnons '

I

6.1 INTRODUCTION

A tnneduCer converts a physicai variable into a suitable output. For example; a piezo-electric

- transducer converts mechanical pressure into an electrical signal, which can further be used to

drive another circuit. On the other hand an optoelectrical transducer such as a photodiode gives
an clectrical signal when visible light shines on its cathode.
Varied examples of suchtransducers canbe found inourday to-day life, right fmma doorbuzzer

* toagas lighter. Transducers are used to measure a physical parameterorto control it. Signals

obtained"from the ttansduéers usually need amplificatio'n before measurement.

In this experiment, you will see how an electncal charge can be measured Such a charge is
generated by an electromechamcal transducer :

You havealreadystudied aboutanopeunonal ampliﬁer (OPAMP)and the various nmtheniaticei
operations it can perform. You have also seen earlier the various opamp configurations.



Objective

*  Inthe following ex’périment, we will use a circuit for an electronic syétem compbged of
_three opamps to detect and measure the electrical charge such as that on a-charged
capacitor, or a charge generated by an electromechanical transducer.

6.2 APPARATUS .

-1 ‘no.
1 no.
3 no.
-1 no.
1 no.

strong magnet

search coil of 300 turns, dxa 3 mm.

OPAMP 741

circuit board with resistors, capacitors and switches
transistor power supply, plus and minus 12 volts

6.3 STUDY MATERIAL:

6.3.1 Coil of Wire as a Transducer

Tﬁe basic principle ofan electmmcchanicél tﬁmdumr is that of electromagnetié induction,
namely generation of an induced emf in a conductor (coil) caused by a change of magnetic
flux linking the coil.

_ The magnet shown in Fig.6.1 is a magnet which can lift an iron nail from a distance of about

A . B

SWP P R

v .
o ,
‘R,'a_if
e [ Discharge J

Fig.6.1

5 mm, and hold it vertically. When the magnet is moved very fast near the search coil an emf
is induced in the coil. The emf in the coil, has an equivalent of charge Q, is explained below.
Faraday s Law of Induction gives this emf as the following,

Where

d

0, -— N ;_.a_t. '

%

dt-

RN
Detection and Measurdment of
Charge Using an OPAMP
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From sw,

is the rate of change of flux linked with the coil. N is the number of turns in the search coil. The
negative sign indicates that the direction of the emf from this coil is such as to oppose the motion
of the coil in the field. The charge ampllfier measures the transferred charge Q in terms of the
output voltage e .

6.3.2 Principle of tﬁe charge-measuring system.

The output from the transduceris in the formof voltage in some cases, and in the form of current
in other cases. The output varies with time, and the total charge transferred during the process
is the quantity of interest. The charge transferred (as indicated by the transducer) s easily found
by integrating using an integrating circuit, which you have built and tested in a previous
experiment.

If the transducer output is a voltage, it is simply amplified with a voltage amplifier and then
sent to the input of a voltage integrator. If the transducer output is a current then it is first sent
to a current-to-voltage circuit, whose output in turn is sent to the integrator.

Because of some inherent defects in the 741 opamps you will use, it is not possible to integrate
over a very long time (more than a few seconds) So a separate sampling circuit is used to take
the output from the integrator and keep it in storage for an extended time so that you can note
the value conveniently. .

6.3.3 Current amplifier, and cnfrent?to-voltage conversion.

The voltage signal that may come out ofa typical charge-output transducer like a search coil
will be of the order of a few ten of millivolts only. The voltage will usually last for only a few

" milliseconds, and is in the shape of a “triangular pulse” in many applications. This pulse has

to be amplified by a voltage amplifier of gain about 1000. The circuit of a useful amplifier is
shown in Fig.6.2.

Note that this is an inverting amplifier, whose gain is determined by the resistors R, and R,. The
value of R, is small when compared to the feedback resistor R,.This combmatlon is selected
sothatthe mput transducer is nearly short-circuited to ground through the 39-ohm resistor. This
insures that the circuit will work as a current amplifier as well as a voltage-to-current converter.

2K

330hms to

A

Fig6.2
6.3.4 Voltage Integrator

The voltage integrator is desngned usmg 741 (IC2) Overational amplifier. The circuitis shown

in Fig.6.3.

Ry
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Fig6.3

The amplifier has offset voltage of the order few millivolts. When used for a long time
integration the offset is also integrated, sometimes completely masking the input. High quality
Amplifiers like FET input Operational amplifier 740 will not pose this problem but are
expensive. By doing the integration for a short interval of time and using an offset null circuit
the followmg circuit is designed with operatlonal amplifier 741 which is suitable for the
expenments in this section.

The output of the intcgrator is given by

RZ
. v, = f Vdt
16.3.5. Holding circuit | R R C, |
The output of the integrator is used to charge the capacntor C, through a diode. The circuit
is shown in Fig.6.4. , A :
Integrator  IN4007 \

g

&

g

i

~
o

10100 Mrq

w
=
i |

Fig.6.4
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Electrical Cir-cults » Thus the output of the intcgrator is copied on the capacitor. The integrator is then switched to
and Electronics the scalar mode as soon as the integration is over by releasing the switch SW,. The capacitor
C,is prevented from drschargmg by the diode connected between output of the amplifier and
capacrtor C,. The voltagé across capacitor C, is fed to a voliage follower made of IC3 The
voltage follower output can be connected to any voltmeter.
“SAQ.

What will happen‘ if the voltmeter is connected directly to the capacitor C, 2.

...........................................................................

6.3.6 Measuring the'ch'al"ge_ stored ina capacitor.

* The complete circuit diagram of the set up is given in Fig.6.5 '

+12 . . 12V

nE
1
i X
' b3
N Push o Integrate -
: 1
3 ‘ )
| )
|
1 IN 4007
) B‘l
' .
s
S 16wo Mfd
‘ow b T
's%? 4+
1
)
|
Fig.6.5

Note the potentral divider circuit made of R and R, whrch can be used to get few tens of

millivolts. The capacitor is charged to 50 mrllrvolts V and discharged through the amplifier-
integrator-sample circuit by pressmg swrtch The output that shows up corresponds to a charge

of Q grven by

Q C*V Coulombs

where C is the capacrtance of the capacitor and V, the voltage (50 mrlhvolts) to which the
capacntor C, is charged. The charge sensitivity.S of the circuitis calculated usmgthe followmg
_expression. : t :

=V, Coulon‘\b/volt'

To find the total amount of unknown charge transferred the output due to the charge V is
measured. Q the unknown charge is given by the followmg expression. -

‘:'64 EEE ' o Q =V*S Coulomb



 The capacntance of an unknown capacitor is determined by chargmg the capacxtor C,toa

voltage V, and d:scfmrgmgthrough the same circuit. If the output voltage in this case is V then

the capacntance of the unknown capacitance is calculated | using the cXpressnomwhlch follows.
C,=S%V/V) Coulombslvolt

6.3.7 Measurement of magnetic field strength.

When used w1th a search coil, the output conesponds to the time integral of induced voltage.
The output in this case corresponds to the total magnetxc ﬂux that has linked the search coil.

.. E N . 2
a:f ldtf -E:- dt= “ﬁ" —-d"t"dt

Since
’ NA
N _ﬂ_ =-E; Q -‘»-ﬁ.--?-
’ °1
Also Q=V .S;A¢= AB

‘Where A is the area of the coil and B is the magnetlc flux densnty

Comparing the expressions for Q. we wnte the followmg
NAB

sz = “Th'""

1

B the magnetie flux density is calculated from

R,
B-= Vx S ----NA---.

in Tesla.

6.4. PRECAUTIONS:

It is very important to choose an Operational Amplifier with very small bias current. Take
care to discharge the capacitor before beginning the measurement.

6.5 PROCEDURE

6.5.1 Nulling the offset of the integrator

- 'fhe offset of the integrator is nullifiec.i by the following procedure.
"a. Put the calibrate switch SW1 in CAL position
b, Hold down the integrate push switch SW3.
c. ' Watch the outpet. Adjust the offset poteniti_omcter so that the output shows a steady but

slow increase. Discharge the capacitor by pressing the rest switch SW4. Adjust the offset
so that the variation at the output is still slower. Repeat steps band c until the output stays

atzerowhenyouhold the integrate switchdown. This offsetadjustment need notbe carried -

out tvery time you use the Cll’Clllt because the settings will stay fixed for a long time.

6S
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6.5.2 Calibration of the éircuit.

The amplifier is calibrated by dischafginga known quantity of charge. By this means the charge

sensitivity is measured.

a. Discharge the capacitor by pressing SW2 while holding the integrate key down. Thenrelease
the integrate switch. Note down the out put and enter in the TABLE 1.

. TABLE 1.
Capacitance in InputV, Output V, Charge Sensit.
microfarads in volts in volts in Coul./volt

Repeat the measurement with an unknown capacit(;r of capacitance C, by replaéing the

. down and entered in the TABLE 2. given below.

. capacitor C, with C,. The capacitorC x is charged and then discharged. The output V, is noted

TABLE 2.
Input V, Output V; ~ Capacitance C,
in volts in volts . in microfarads




Detection and Measureme.

Repeat the measurements withseries and parallel combmatlons of capac:tors and venfy thelaw ~ Charge Using an OPAMP

of capacitor combinations. Enter your ﬁndmgs in TABLE 3.

TABLE 3.
Input V‘l Output V. Capacitance C_
in volts in volts in microfarads

6.5.3 Magnetic Flux Density Measurement

a. Put the CAL sw1tch in MEASURE position.

b. Move a magnet into the search coil while holding the integrate switch down.

. c. Note down the output in volts and enter the value in the TABLE 4.

TABLE 4.
. Coil and Magnet Output V, Flux density B
movement in volts in Tesla (calc.)




Electrical Circuits ~ SAQ

and Electronics ' :

' When you move the magnet very very slowly you do not get any output even though the same
amount of flux has been linked. Explain how the circuit is not able to follow very very slow
change in the: magnetlc ﬁelds

B R I S T T T T T T T T T T T T

.........................................................................

.......................................................................

6.6 CONCLUSIONS

You have noticed the properties of integrating a charge pulse signal in this experiment. The
integral of the pulse is proportional to the total amount of charge that has flowed through the
coil. Hence you can measure the charge flowed through a circuit. You have also measured the
magnetic field density that existed near the search coil.

SAQ

1) Compare Fig.6.3 with the integration ¢ircuit provided in the experiment on OPAMP
INTEGRATION and note down the similarities and differences.

...........................................................................

2) Replace the 741 Opamp with FET ¢740) Opamp and note down the performance compared

tothcAL',

........... ettt teneneeene e T s et ee e et areene e
ooooooooooo bl'llol'cI.Ita.l.q.000000ot.oolocoo..“\‘..."“""""..
...................... ..'...”"4.”...."\.“.””......“'.“.“'..'*"
e, e e e TR TR

3) Leave the circuit fora long time, say about 10 minutes, and watch the output. Give a reason
for the behavior you observe

0
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4) If you feed S0mV AC through the input, whatdo you expectat the output? Could you estimate Charge Using an OPAMP
the AC voltage? ’ '

........................................................................
R A B B T

.........................................................................
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EXPERIMENT 7

| STUDY OF SOME PROPERTIES OF LENSES

Structure

7.1 Introduction

Objectives

7.2  Apparatus

7.3  Study Materials
Classification of Lenses

Distinction between Lenses
7.4  Precautions
7.5 The Experiments
Focal Length of a Lens by:
Image Coincidence Method
U-V Method
Graphical Method
Distant Object Method
Focal length and Brightness .
Focal Length of Concave Lens : -
7.6 Conclusions

7.1 INTRODUCTION

Most of you have handled a camera at one time or other. A most important part of a camera
is its lens. It forms the image of the scene at the plane where a filmis kept. The telescope,
the microscope and reading lens are some optical  instruments used in the laboratories. All
of them use at least one lens. Therefore it is important that we learn the properties of lenses.
Alens system is a combination of two or more lenses. We will learn about some of these
combinations also. -

Objectives: )
After doing this experiment, you should be able to determine the focal length of
a given convex lens by the following method :

* Distant object method

* Image coincidence method
*  U-V method

*  Graphical method



@)

After doing this éxperiment you should be able to explain the relationship between
lens focal length, lens diameter and brightness of an image.

(3) -After doing this experiment you would be able to determine the focal length of a
concave lens using another convex lens of known focal length.
(i) By contact method with a convex lens of known focal length.
(i) ' By the method of “separation by a distance”, using a convex lens.
7.2 APPARATUS .

Two convex lenses of focal length abdJdt 15 cms
Two concave lenses of focal length 10 cms

Meter - scale

60 watts frosted mcandescent bulb, holder and wires
Wire mesh

Lens holders

Plane-mirror

Screen

Stop e . ‘

Note: Lens holdeis, if not available can be made conveniently and cheaply by cutting
circular holes on 15 cm squares of “thermocole” material. The circular holes have a diameter
slightly less than the-diameter of the leéns. A lens is kept sandwiched between two thermocole
pieces and rubber bands can be used to press the two thermocoles together To keep the lens
mount sturdy, an aluminium T frame can be inserted at thc bottom in between the two
thermocoles, 'as shown in Flg.l.l :

Thurmocole

ST

Lense

==l

~
|~

Rubbbers Band
A

0

Fig 7.1

7.3 STUDY MATERIAL

7.3.1 Classification of Lenses

There are two classification of lenses :
(1) converging lens or positive lens and (2) diverging lens or negative lens.
A converging lens forms a real image on a plane in space. If a'screen is placed at that

plane, the image canbe seen. Forthis reason the converging lens is also called a positive
lens.

1
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Optlcs » A diverging lens cannot form a real ymage. It produces a virtual image, which cannot
be caught on a screen. So diverging lens is also called a as negative lens.

- 7.3.2 Distinction between the Lenses

How to dlstmgmsh between convergmg lens and a diverging lens 2

A converging lens is thick at the centre and-is thin at the edge. A diverging lens is thin
at the centre and thick at the edge. We can also distinguish them by their optical
properties. When a lens is kcpt close toan object and viewed through the lens, if the
object appears enlarged, it is a converging lens. If the object appears smaller, it is a
diverging lens. If the thickness of the lens is neglected, a lens can be regarded as a thin
lens. For a system of lenses, consisting of two or more lenses seperated by a distance
this approximation is not valid.

A lens has two sphencal surfaces. The straight. hne joining the centres of curvature
of these surfaces is called the “optic axis” of the lens. The “optic centre” of the- lens
is the point of intersection of the straight line connecting the diametrically opposite
points on the edge of the lens and the optic axis of the lens. Fora thin lens, the optic
centre is situated at the centre of the lens, as shown in Fig.7.2.

WMWhen abeam of parallel llght rays, coming from the left, runs close
to the optic axis of a converging lens, it converges to a fixed point on the other side -

of the lens. This point is called the “principal focus” or simply the “focus” of the lens.
The focal length is positive for a converging lens. This focus is called the second (image
side) focus. When a beam of parallel light rays coming from the right runs close to the
principal axis of a converging lens, it converges to a fixed point on the other side of
the lens. This focus is called the first (object side) focus of the lens.

‘When a beam of pafallel light rays coming from the left runs close to the optic axis

of a diverging lens, it appears to diverge from a fixed point on the same side of the

lens. This point is called the second (image side) focus of the lens. When a beam

of parallel light rays coming from the right runs close to the optic axis of a diverging

lens, it appears to diverge froma point on the same side of the lens. This pointis called’
the first (object side) focus of the lens. The focal length of a converging lens is assigned

a positive sign and that of a diverging lens, negative. This is known as the sign

convention to distinguish the lenses. See fig.7.2. below.

OF,a-Q-,' o ) 0!?‘33,'
} - Optic Centre
> i
- > L
! L - ¢ e o - e LN IR 1] \0-‘ . - e aum 6w "
| —_ S5 .
F’ x a . h 3
,F' _ OpticAxls. .- L
- . . A F
! O - Optic Centre
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7.4 PRECAUTIONS - ) : and Optical Instruments

Lenses should not be kept on rough surfaces like the table. A lens should be handled
by the edge of the lens with fingers only. When lenses are not used, they should be
putin their enclosures so that dust does not gather on the surface of the lens. Lenses
should be mounted vertically and at a proper height from the sources.

7.5 EXPERIMENTS

7.5.1 Image Concidence Method

Illuminate the wire mesh with the frosted bulb. Cover the bulb with a card board to
stop the unwanted light. Use this illuminated wire mesh as the object ‘O’ in the
experiments to follow. Place this object in front of the convex lens and a plane mirror
at the back of the lens as shown below:

~ o
W

W\

Fig7.3

If you adjust the position of the object, the image ‘I’ the object is seen by the side of the
object on the same plane. The light incident normally on the mirror is reflected back
and rays retrace their path. When the object is at the front focal plane, the light after
refraction from the lens becomes parallel and, incident normally on the plane mirror
- which reflects it. So the rays nearly retrace their paths and an image is formed on the
same side of the object. Measure the distance between the object and the centre of the
lens. This distance is the focal length of the covex lens. Repeat the experiment by
removing the mirror and again replacing it. Locate the position of a clear image by the
side of the objéét. Repeat fora total of 5 trials.Tabulate your observations in Table
1. Do the experiment with another lens. -

TABLE 1. : Focal Length
‘ trial 1 | trial 2 | trial 3 | trial 4 - | trial §- average | error
/ estimate
lens 1
lens 2

p——

Calculate the average of each set of measurements. For each set of measurements -
estimate the measument error, by methods you know already. Enter values in the
Table 1. o B



~ Optics.

~ A

F 2
nogf

7.5.2 U-V Method

The first method give an estimate of the focal length of the converging ‘lens. In the
u-vmethod you measure the objectand image distances from the lens many times and
using a formula you calculate the focal length. There is a control over the distances
of the object and image from the lens you measure. Besides, you cansee magnified and
diminished images of the object.

Mount the “15 cm focal length” lens Keep the objectat a distance from the lens  greater
than the focal length but less then twice the focal length of lens. The screen is placed

on the other side. Adjust the screen position until a well - defined clear image of the '

object is obtained. Measure the distance between the objectand the centre of the lens.
Enter this asu in Table 2. Measure the distance or the image and the centre of the

» lens Enter itas v in Table 2. Then use the formula

uv
S =

u+v

1o calculate the focal length of the lens, and"enter in Table 2. Note the characteristics
- of the image and enter in the last two-columns of Table 2. Repeat the experiment by

- Repeat the experimeht by keeping the object distance beyond 2f. In this case, the i;lmge’

changing the object distance u keeping it between f* and 2f of the lens, where f is the
focal length fof the lens. In each case measure ¥ and v. Calculate f and note the
characteristics of the image.

is formed between fand 2f on the other side and it is diminished and inverted. Use the

same formula to calculate the focal length of the lens. You can take 5 readings for

magnified and 5 readings for diminished images. Calculate the mean focal length of the

lens, and enter in Table 2. Calculate an estimate of the statistical error by yout usual

method,and enter in Table 2.

TABLE 2 : Focal length of a convex lens: u-v method

uv u . Image Image ,
u v f= —— | — inverted? enlarged?
u+v v Not? Reduced?
£
-. Error estimate =

The linear magnification of the i image is givenby M = v/u. Calculate and ente ‘Lm the fourth

column in Table 2. Thls corresponds to the ratio of the size, ox/the image and

object

e size of the



7.5. 3 Graphlcal Method -

Gmphlcal method makes it easy to vnsuahse the rclanve magmtude of u and v.Draw
each of the following graphs.

(i) u-v graph

_Fhe object distance ‘u’is plotted along the x - axis and the image distance v, along the
y - axis. Take a suitable ‘scale” to cover the maximum distance in the observations.
Take the same ‘scale’ on both axes. For each trial in Table 2, plot the u and v values as
a point. When all are plotted, sketch a smooth curve connectmg the points as near as
posslble

Draw a straight line through the origin, - and at an angle of 45 degrees o the X - axis.
It intersects the curve at a point. Find the co-ordinates of this point. They are equal. Each
co-ordinate gives 2f. Enter the value of f here. .

SAQ

- . Each point'on the curve gives a set of u,v values. The point of intersecfion of the
straight line with the u,v curve corresponds to the position of the object ata:
distance 2f from the lens. What is the dlstance of the image from. the lens ?

u-v gmph
G L vs 1 GRAPH e
In this method, plot l/u alongx - axis and l/v along y ax /s, by chosing

proper scales. Calculate the appmpmtc ¢ values using the u-v pairs from the
o Table 2 and enter i Table 3.

\

TABLE 3
1 1

7>
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Choose a proper scale for the x - axis (1/u) and the y -axis (1/v )so thatali points can be plotted.
Plot the points, and draw a smooth curve connecting the points as near as possible. This graph
is a nearly a straight line. You extrapolate the straight line to intersect the axes atpoints P and
Q, respectively. Calculate f= 1/ OP and f= 1/0Q. Enter here, and calculate the mean value.

YOP  =...... |
10Q  =......
Averagef =......
The formula of 7.5.2 is written here again.
uv
f= —
u+v

It can be rewritten as 1/u + 1/v = 1/f. Along an axis, 1/u = 1/for 1/v = 1/f. 1/fis
called the “power” of the lens.

1/u-1/v graph °

7.5.4 Distant Object Method

Keep a 15 cm focal length convex lens in the mount and place it on a labomtory bench.

-~ infront of an open window. Place a sheet of thin white paper in one of the thermocole
* holders, in place of a lens. This will act as a screen. If you are not using thermocole
holders, gum a white paper to a Scm x 10 cm stiff cardboard and mount vertically - in
aclamp, as ascreen. Place the screen on the otherside of the lens. Adjust the distance
between the lens and the screenso thai the distant object is clearly imaged on the screen.
Measure the distance between the centre of the lens and the plane of the screen with
the meterscale, and enterin Table 4. Remove the screen, again replace itand locate the

position of the sharp image.- Measure the lens-to screen distance and enter in Table'

4. Rep‘eat for atotal of 5 trials. Repeat for a lens of different focal length. Calcv.\late

the avenge value for the trials of each lens, and calculate the esnmatbd error by your
usual method. Enter in the Table 4. ~



Table 4 : Focal Length

v
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trial 1

trial 2

trial 3

trial 4

3

trial 5 average error
estimate

lens1

lens 2

7.5.5. Focal Length and Brightness

Mount two or three converging lenses of the same diameter and of different focal
lengths. Place them side by side to face a distant object such a tree. Place a screen
on the opposite side of the lenses and adjust the distance between each of the

lenses and the fixed wider screen such that the images formed on the screen are
clear. You will now see these images side by side. Now compare the brightness of .
the images formed by the lenses, and their sizes. Enter your visual observation in

the Table 5.
| _Table §
\ qual length - relative brightness size of the image
lens 1/
lens 2 g

Wn’te inthe space below any relationship you find in the  Table 5 between relative
brightness, size of the image and the focal length of each lens. o

.................................................................

..................................................................

..................................................................

Take a cardboard witha round hole, called the ‘aperture’,init. Such a cardboard is called -
a‘stop’. The diameter of the aperture should be about 70 % of the diameter of lens.
Take one of the lenses and keep the stop justin front of the lens. The stop reduces.
the amount of light falling on the lens.

Measure the focal lengt

7.5.4. Enter the data in Table 6.

h of this lens with the stop by the distant object method of Sec

Table 6 : Focal Length

stop | trial 1 trial 2 | trial 3| trial 4 trial 5 | average | eror

' ' ' estimate
lens 1 !
lens 2

Are'yéu able to locate: the position of the focus précisely? Why? Repeat the

experiment with the stops of smaller apertures: 50 % and 30 % of the diameter of
the lens: Enter the data in Tables 7 and 8 respectively.

i

m
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Optics . | ' ~ Table 7 : Focal Length
---% | trial 1 | trial 2 | trial 3 | trial 4 trial 5 | average error
stop . » , estimate
lens 1’ .
lens 2

Table 8 : Focal Length

-=-% | trial 1 | trial 2 | trial 3 | trial 4 trial S average crro,r/
stop : | éstimate
lens 1

| lens 2

As you use stops of lesser diameter in conjunction with ‘a lens, the ‘error’ of your
measurement may change. The ‘error’ rcpresents the | range of distarice of acccptable :

- focus. However the amount of light passmg through the lens decreases when you' use |
use a stop of smaller diameter. The compénsation you get is that therc is a greater range
of object dlstancc of ac‘ceptable focus on the image plane.

SAQ’S

In your high-school, you have studied about ‘pin-hole’  camera. What is the focal
length of a pin-hole camera?

<

h
\

You know that some cameras are expensive and these cameras have lenses of large’
diameter. There isa provision to adjust the distance of the lens from the film plane.
With a range finder you first measure the distance of the scene you want to photograph
and adjust the lens accordingly. .
The ‘Aim and shoot’ cameras are not very expensive and the lenses of these cameras |
have a small aperture. There is no provision for the adjustments of the lens. Why?
Correlate these cameras with the results of the experiment* you have done with stops
and lenses. :

N

~

7.5.6 Focal Length of a Concave Lens.

Since a concavelc\ns cannot form a real image ona screen, we have to combine it with
a convex lens of suitable known focal length. This lens-combination is called a lens-
system. There are two methods by which.you can find the focal length of a concave
lens: '
(1) Contact method.
(2) “Separated by a distance” method.

(1) Contact method : Kee[; the given concave lens and a single convex lens together

ey

Il “g’n



in-contact. Tlns combination is treated as though it were a single lens. Adopt the u-v

method to find the effective focal length F. If f;and fzare the focal lengths of the convex
lens and concave lens respectively, then

Uf, + Uf,= \F
: rr
f-F
You will f;nd that F > f, and therefore the focal leﬁgth of the concave lens is negative
as expected. The experimental procedure is identical to the one you did earlier, namely

the determinationof focallength ofa convexlens. Uand V are the distances of the object
and image distances from the centre of the lens system.

or  f,=

Enter the readmgs in the Table 9 shown below:

! / .
TABLE 9 : Focal length of a concave lens - Contact Héthod

Focal length of convex lens = f | =
' uv
U |4 F = ——
| . ViU

F,_. . =
estimated error =

)  Ff,

f,=- ——— =

F- fl ‘ . .

(2) “Separated by a distance” method :

- With the convex lens, ‘an image I’ of the screen source is formed on the screen. Note
the position of the screen. The concave lens is introduced in between the convex lens
and the screen at a distance U from the image I'. You observe that the image I’ after
the introduction of the concave lens becomes blurred. Move the screen away from the
. concave lens to a new position where the new image I formed on itis clear. The distance
of this new image I from the concave lens is measured as V. Enter the distances U and
V ‘in the Table 10. Calculate f2 For the concave lens, the virtual object I produces a
real i 1mage I’. See Fig.7.4. :

>
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We have aee
£ v v

P

vv
= - ——— a V> U.
vV-U

Repeat the experiment by changing the distance-.between the concave lens and the
convex lens. Make measurements for two such lenses. '

" TABLE 10 : Focal lehgth ofa 'cohcave lens - “Separated by a distance” method

Focal length of convex lens = f, = _

uv
U ‘ \ 4 F = —————
vV-U

estimated error

7.6 Conclusion_s

You have determined the focal length of a convex lens by a number of methods. The
focal length of a concave lens was determined using another convex lens of known focal
length. You have observed the way in which focal length and diameter affect the .
brightness and size of an image formed by a lens.

You now know quite a lot about lenses and how they behave!

s,
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EXPERIMENT 8

SPECTRAL ANALYSIS USING A PRISM
SPECTROMETER |

Structure |

. 8.1 Introduction

Objéctives
8.2 Apparatus
83 Study Material
- -+ Refractive Indiex
Light Sources

‘8.4 Precautions
85 The Experiments
Adjustment of Spectrometer
Adjustment of Collimator
~ Adjustment of Prism Tabte:
Measurement of Angle of the Prism
~Measurement of Angles of Minumum Deviation for Various Colours of hght
SObservanom
_Solar Spectrum
8.6 Calculations
-8.7  Conclusions

‘81 INTRODUCTION

You have already learned about the phenomena of dispersion, interference and
diffraction in yourschool. These phenomena are beautiful to observe and give a lot
of scientific information. Most of the informations gathered regardmg heavenly bodies
are due to the study of these phenomena. Inthe experiments you are going to perform, you
obsérve these phenomena and determine values of some physical quantities such as refractive
index of the material of the prism for different wavelengths of lines of various colours in
the visible.spectrum of some sources of light. You should be aware that the observation of
the solar spectrum gives information regarding the- constituents of the atmosphere of the
sun.

Of course before you are able' to determine the quantities you wili learn to use the
apparatus required. They are the spectrometer, prisms, and sources of light. The knowledge
and skills you acquire in this experiment will form the basis of your future experiments in
spectroscopy. The Experiment will be a sequential experiment with this experiment.
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| Objectives

- After perfomung this expenment you should be ableto

* Identrfy the various parts of spectrometerand make initial adjustmcnts inorderto obtam
Sa clear and resolved spectrum. : :

., o Deterrmne the refract:ve indices of the material of the prism for different wavelengths.

'+ Observeand interpﬁt the solar speétrum.

8.2 :APPARATUS

Student spectrometer ' :
~ Dense flint glass equilateral prlsmMercury vapour lamp
Spirit level . _ ]

Reading lens. : /

8.3 STUDY MATERIAL

}8.3.1 Refr‘active Index .

When a composite vxsrble light is dlspersed

in a medium, the light of different colours are separated and propagated in drfferent )
directions. The light of different colours travel with different speeds ip a transparent medium.
This phenomenon is called dispersion. The speed of light in vacuum is a constant equal to
3*10°m. The speed of blue light is less than that of the red light in the dispersive medium.
The ratio of the speed-of light in vacuum to the speed of hght of a partlcular colour in the

: medrum called refractwe mdex

speed of llght in vacuum

n= lrefractivejndex/: —_—r——————————— ......1

‘speed of light of a particular-
_‘colour in the medmm

These drfferent colours of hght also have dnfferent wavelengths “the wavelength of blue hght'
isless than the wavelength of redhght, ’I'here isarelation betweenthe wavelength and refractrve__ -

".mdex S . , el : - Se

n= A+(B/A.2)

_where A = wavelength, and A and B are called the Cauchy’s constants.

To determine the wavelength and the refractive|index, we use a spectrpmeter With a
spectrometerand a prism we can determine the refra tive indices of various colours ofhghts

"Witha spectrometer and a gra__ng, we can determi nel the wavelengths of hghts of different
- colours. o _

'”8.3.‘2 Light Si)urces :

- The source ofhght canbea whnte hght source such as mcandescentll\ght, sunhghtor mercury

vapour hght

Inthe laboratory, we use two types of lrght monochromat:c llgbt source;". polychromatic
" light source. Sodjum vapour lamp emits . light of one wavelength (actually a
. doublet) at yellow region of spectrum. Its wavelength is 589.3nm. The low pressure”
~ mercury lamp emits lights: of different colours. They are : two closely spaced lines |



(doublet) in yellow region, a few lines in bhnsh grecn reglon, a bnght line in green region
and a bright line in blue region, _

Identificaﬁon ofelements by the spectrum of emitﬁed]ight isa partof the study of spectroscopy.

8.4 PRECAUTIONS

1)  Sometimes, it may happen that you are able to see the reflected light Jrom one side of

the prism and not from the other side. The slit might not have received light properly.

2) F i.~x the prism table and the telescope firmly while taking readings

3) When the prism is fixed on the prism table, the refracting edge of the prism should

. be at the centre of the prism table while measuring the angle of the pnsm This
enables to get the reflected light from the slit, on both the sides of the pnsm

SAQ’s

1) The refractive indices of blue and red colour are denoted as nb and nr. What does (nb
- nr) denote? what is its value in your observations?

2)  The mean refractive index of the material of the pnsni is

(n, +n)

2

Calculate its value.

3) ' The dispe:siVe power of the material of the prism between the blue and yellow colours
is : :
(n, - ny) :
dw = :
(n-1)
Calculate its value.

4) A How will you 1detmfy the refractmgangle of the pnsm" From the geometry of the pnsm,
what is its value?

8.5 THE EXPERIMENT

PARTS OF A SPECTROMETER
1.  Telescope
2. Collimator

3. Prism-table

8.5.1 Adjustments of a Spe_ctrometer

ADJUSTMENT OF THE EYE-PIECE : Looking through the eyepneoe of the telescope,
you cansee the cross wire. The cross wire canbe clearly seenona white back-ground when
the eyepiece is moved in oraway in the slot, for a particular position, the cross wire is clearly
seen. Aftersetting this, do not disturb the eye-piece. This adjustment has to be done by every
person who uses a spectrometer as the eye-lens also plays a role in focusing the crosswire.

/

(L3
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" Turn the telescope towards the distant object like a building or a tree more than 20 metres

away. Focus the telescope, so that the details of the distant objects are clearly seen; for
example the leaves of the distant tree shall be clearly seen. You know that light rays coming
froma distant object is parallel and the telescope is able to receive parallel beam of light and

brings it into its focal plane. After doing this adjustment do not disturb the telescope -

adjustment through out the experiment.

8.5.2 Adjustment of the Collimator

After the adjustment of the telescope, we turn towards the collimator and adJust the
collimator. The collimator has a slit at one end of it. Keep the slit width minimum keeping
good visibility. Look through the telescope, and focus itso that the slitisseen clearly. A parallel
beam of light then emerges from the collimator. The telescope which is already set to
receive parallel beam of light, is able to converge the light at its back focal plane, where
the image of the slit is formed. Throughout the experiment the telescope that is adjusted to

receive parallel rays and the collimator that is adjusted to produce paralied rays should notbe -

altered.

8.5.3 Adjustment of the Prism Table:

Using the spmt levcl adjust the prism table to be horizontal. There are three screws on
the prism table rests. Keep the spirit level on the line joining two screws and turn the
screws suitably to bring the bubble to the centre. Then keep the spirit level perpendicular to
the original position and turn the third screw to keep the bubble at the centre. Repeat this
alternatively till the bubble of the spirit level is always at the centre. Now if you keep the
spirit level inrany position on the prism table, the bubble is always at the centre. Then the
prism table is horizontal. :

Keep the prism on the prism table and clamp it. The base of the prism is agéinst the

clamp.

There is a facility to rotate the prism-table along with the vernier scale by releasinga mainscrew

- at the base of the instrument. By tightening the screw, the vernier scale can be fixed and the

prism-table alone can be rotated.

The telescope can be rotated and fixed at any desired posntlons by fixing a mainscrew,

whnch is ‘also at the base of the instrument.

Any fine movements of the telescope or the vernier scale are poss:ble by worlgmg the
screws called vernierscrew. Vernier screw can work oniy when the main screws - are
fixed.

The circular scale is graduated in degrees. The value of main scale lelSlO!\S is usually
1/2° or 30'

The number of divisions in the vernier scale is usually 30 (VSD), which is equal to 29

~main scale divisions. The least count of the vernier is usually 1'.

8.5.4 Measurement of Angle of the Prism

In ths case refractive. indices of the various lines of the mercury vapour lamp by using an
equilateral prism and a spectrometer.

. APPARATUS REQUIRED:

Prism (dense flint glass),
Spirit level,

Reading Lens,

‘Mirrors,

Mercury lamp,

[ ——



After xin‘akmg the adjustments ‘of the spectrometer, the prism is mounted on the prism-table.
The reflection edges are kept symmetrically on the prism table with respect tothe collimator.
Rotate the telescope to receive the reflected light from orie side of the prism. Fix the main
screw of the telescope and then turn the fine screw of the telescope so that the cross wire is
“coinciding with image of the slit, as shown below in Fig. 8.1.

Slit
- Image o Cross Lines

~

Field of View
Fig8.1

Refer to Fig. 8.2. Note the main scale readings and vernier scale coincidence on both scales,
Aand B. Release the telescope and rotate ittoreceive the reflected light from the secona
face and do exactly as before to take the readings on both scales. The difference in the
two readings of scales A and B is equal to the angle through which the telescope is rotated and

‘this is equal to twice the angle of the prism (24). Hence we can determine A. Tabulate
the readings. Repeat the experiment by keeping the vernier scale at other positions and fixing
it. The mean value of a numberof trials gives a better estime of A. Write your measurements
in Table I.

_ TABLEI
_ - o .
SIDE I SIDEII VERI VERH A
VERI VERI VERIVERII | DIFEDIFE. | MEAN
1+
MEAN PRISM ANGLE=...........

Tl

reserien i3

SIS LIOST Erem
. AT st08 o8 saiem

Fig. 8.2

35
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8.5.5 Measurement of Angles of Minimuni Deviation fbr various
Colours of Light

After measuring the angle of the prism, letus turn the prism table sa-that the side
of the prism is inclined to the collimator as shown in Fig. 8.3.
1

—

Fig 8.3
After refraction through the prism in which direction the emergent ray will come out? .
The emergent ray will be deviated towards the base ofthe prism. Now rotate the telescope

sothat theemergent rays pass throughthe telescope. You can'see  the beautiful spectrum
of the incident light. Refer to Fig.8.4. .

Fig 84
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Specural Analysis using a

When the prism table is rotated, th f incid :
en the prism table is ro eangle of incidence changes and the angle of emergence Pckm Spectrometer

also changes. Consequently the angle of deviation also changes, as shown in Fig. 8.5

Fig 8.5

Our aim is to fix the prism-table at the minimum deviation position. For this, you observe
the spectrum through the telescope and simultaneously rotate the prism-table and follow
the spectrum. If you rotate the prism table in one direction the spectrum will move towards
one end. As you rotated prism more in the same direction you will see the spectrum halt
its motion and then move in the opposite direction. Fix the prismtable atthe “halt’ position.
This is the position of minimum deviation.

TABLEII

DIRECT RAY READING - VERNIERT .............
{ -VERNIERII .............

MIN.DEV.POS. ANGLE OF MIN.DEV.

COLOURS
VERI | VERII MEAN n
VERI } VERII DIFF. | DIFF. D

SAQ: Do 'you need to.adjust the prismtable for each line of the spectrum? Does the adjustment

of the prism table for one line in' minimum deviation position automatically guarantees
. Q7
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minimum deviations for-all the other lines? Do the experiment and the answer in Table II.

Aftertaking the readings of the minimun deviation position forall t(he" lines, remove the prism.
Release the telescope and turn it in line with the axis of the collimator and take the direct ray
reading on both verniers. _ _ e

Calculate the difference in the readings on the same vernier for the two positions of the
telescope, that is the positions to receive the deviated and the direct rays. Take the mean of

the two difference readings. It gives D, the angle of minimum deviatiop. .

" Using the formula »n = sin ((A+D)/2) / sin (A/2) and substitutiﬁg the values for A and

D, calculate the mfractive index can be calculated.

8.5.6 Observations:

1 msd = 112°
30 vsd = 29msd
1vsd = 29/30 msd
Least count 1 msd - 1 vsd= (1-29/30)msd = 1/30 msd

130*1/2 =1/60 =1'
Least Coﬁnt = 1' Angle of the prism = A =
Set the prism and prism table at minimum deviation position for the green line in the mercury

spectrum. Now adjust the telescope so that the cross-wire falls on the prominent lines, one
by one. Record the scales for each line in Table III, which you should draw in the space below.

8.4.‘{ Solar Spectrum:

In obse“r’viné solar spectruxh in the visible region, instead of the laboratory sources, we use
the sun light. Keep the prism position the same as for 8.4.6. Adjust a small mirror to reflect

- sunlightstraight into the Spectrometer throughtheslit. Adjustthe slitto the narrowest possible,

while letting through appreciable light.

The procedure of taking readings is the same as before. Here one observes dark lines on
a ‘continuous background spectrum. These dark lines correspond to absorption lines of
elements which are in vapour state on the Sun. So these absorption lines appear as dark lines.
The H-alpha and H-beta lines are prominently seen as dark lines. ' '

Measure the angles at which very prominent (dark) absorption lines are seen. Enteryourscale
readings in Table IV, which you should draw in the space below. :
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) : ‘ : - ~ Spectral Ahalyslc usinga
8.6 CALCULATIONS o o Prism Spectrometer

-

Make a graphin which you plot the calculated indexes of refraction forvarious colours (Table
- 1II). The wavelength (nm) of the colours (see the chart below).

| Colour - Red | Yellow | Green Bluel | Blue2 | Violet
_wavelength . ] ' .
(nm) 690.72 546.07 | 491.61 | 435.83 | 404.66 o i,

8.7 CONCLUSIONS R s

The angle of the prism is detemuned The refractive indices of* the matenal of the pnsm are ..
determined for various colours of the spectrum of light emitted from_a_source, The
spectrometer is calibrated forthe mercury lines using green-light minimum deirators. The
prominent solEr‘qbsgrptions lines are observed and their wavelen"gtll calculated.

Make a graph in which you plotthe wavelengths of prominent mercury lines or telescope anble
readmgs (Table III). :

From the telescope angle readmgs of prominent solar absorptlons lmes (Table IV) and
by use of the above graph, find the wavelength of the solar lines. Enter in Table V.

QN
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EXPERIMENT 9

INTERFERENCE OF LIGHT - YOUNG’S |
EXPERIMENT | | |

Structure

9.1 Introduction
Objectives
9.2  Apparatus
9.3  Study Material
Young'’s Experiment
9.4 Precautions
9.5 The Experiment
Procedure
Measurements and Tabulations

9.6 Conclusions

9.1 INTRODUCTION

Knowing about the nature of light will be helpful to us in many -ways. In fact the knowledge

of its behaviour helped us to use it in technology, medicine, industry, communication,
cinematography, photography and in quite a number of useful areas.

Interestingvly‘, people thought in the early days that light travels in straight lines only. Newton
proposed the corpuscular theory of light which was found to be inadequate later.

It was Youngwho performed a very simple experiment but very significantone. Thatsuggests
that light is propogated by means of waves. Anyone, including you, can perform what Young
did. : :

Since you are a science student you might have observed the fact that soap bubbles and also
thin films.of oil spread over water surface appear to be coloured. Later you would know that
the reason for the above is due to interference of light which is the subject of this experiment,
You will realise how simple is the Youngs experiment from the following description. It
is shown in Fig.9.1



N

Interference of Light -
Young’s Experiment

Fig9.1

kY

S is a source of light having single colour (called monohromatic source). S, S,and S,
are narrow rectangular parallel slits of width order of magnitute .03mm to .02mm. Light from
each of the slits spreads out, and light from sources S,and S, overlap in the region X on the
screen. In this interfering region one finds alternate bright and dark parallel bands of equal
width, the bands being perpendicular to the plane of the figure and parallel to the slit opening.
It is shown in Fig 9.7. This observation formed the basis for the wave theory of light.

Objectives
After performing the experiment you will be.able to:
*  Explain the phenomenon of interference.

*  Measure the wave length of any given monochromatic source, using a Young’s
two-slit interference experiment. ' ‘

9.2 APPARATUS

- A monochromatic source like sodium vapour lamp.
A travelling microscope.

Glass platés 1mm or 2mm thick.

///‘

Kerosene lamp or any other lamp that could be used to smoke th/c’f‘élass surfaces.
Sharp edge like the tip of a shaving blade. ‘ : . ‘ ' -

~ Meterscale.

9.3 BACKGROUND MATERIAL

YOUNG’S EXPERIMENT.

Assume two waves of equal frequercy travelling inapproximately in the same direction,
having nearly equal intensities and having a phase difference that remains constant with

‘time. Such waves combine so that their energy is not distributed uniformly in space but is a
maximum at certain points and minimum at other points. Young was able to measure the wave
length of light from such an experiment.
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Fig9.2

InFig9.2, S;and S, represent the narrow parallel slits separated from each other by a distance
d. P is any point on the screen C. P is at distances 7, and r, from the narrow slits S,and
§, respectively. Draw a line from S, to bin such a way that the lines PS, and Pb ire equal. If
thc distance between the slits S, and S,is much smaller than the dlstance DthenS,b isalmost
petpendlcular tobothr, and r,. Tlns means that angle §,8,b is almost equal to angle Pao., in
the Fig9.2. -~

The two rays arriving at P fromS and S,are coherent since both arederived from same
sourccS Because the rays have dlfferent opncalpath lengths, theyarrive at Pwith a constant
phase dlfference The number of wave lengths contained inS, b, which s the path difference,
determines the nature of the interference atP1 .e.whetheritisa maxnmummtensnyormlmmum :
intensity at P.

a

\&

-Fig9.3

" To have maximum at P: (See Fig. 9.3) )

Slb =dsin0® - must contain an integral gu?nber of wave lengths (mL)
Sp=mL m=0,1,2,3, ...

Which can be written as |

d?;iné-='m'*tf' m=0,1,23,..(1)

Note that each maximum above O in the Flg 7.2, has a symmetncally located
maximum below 0.

‘The central maximum occurs at O form = 0.
For minimum intensity to occur at P:
S;b dsin® - must contain a half integral number of wave lengths. i.e.

d*sin@-= (m+1/2)*L m=0,1,2,3,....(2)

- From Fig. 9.2 if 0 is small enough wehcan use the mwing approximation;



sin@-=tan0-=0-
We see thattan 0 - =0 - =y/D
Substituﬁﬁg this eqn in Eqn.(1) we get
do-=mL
dy/D = mL
y =mLD/d m=0,1,2,3,... (for maximum)

This positions of any two adjacent maxima are given by

Y, =mL D/d \ Y )

Y, = (m+1) LD/d = (m+1) LD/d | . o -4

Their separation W that is the width of a smgle fringe or band is obtamed by subtracting

equation (3) from eqn (4).

W=Y_ -Y =LD/d v (5)
From the above eqn L is given by
L =dW/D - (6)

9.4 PRECAUTIONS-

Care should be taken to keep the centre slits S, S,and S,and the eye piece in the travelling

microscope are almost ina stralght line. The slits S,, S, and S, mustall be parallel. Care should
"be taken to locate the eye piece in the region where llght from S, and S, overlap. To do this,

take out the eyepiece also, and look through the microscope tube. Move |t until bothslits show
~light. Replace the eyepiece-fringes appear!

| 9 5 EXPERIMEN’I‘.

~ AIM: To set up Young s Double slit Experiment and to measure the wave length of the

monochromat:c source (Sodium hght)

. 9 s. 1 Procedure

_ MAKING THE SLITS

: Fust you shou]d make rectangularshts of yourown. Take two ordinary transpcrent glass plates

" (approximately) 3cm * 5cm of 0.2 cm thick orany convenient dimensions. Using a kerosene
‘lamp, smoke the two glass plates (one side only) to a convenient area so that the glass plate
becomes complctely opaque as shown in the Fig 9 4.a.

' 2c-1

te)

y 'x 2= > PV L Vel
Q(O)'. (b)

~ Fig94
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Interference of nght .
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Take any two wooden strips of Smm or 6mm thick. Place them apart on a plane table
sufficiently apartin order to place the smoked glass plate in between them. Place the scale over
the two wooden blocks, then with a pointed tip (which could be the tip of a ball point pen or
a blunt needle or blunt edge of a shaving blade) scratch the smoked surface by drawing
a straight line with the help of the scale. This arrangement is shown in the Fig. 9.5. The
transparent scratch mark acts as a rectangular slit. you draw two close-by lines. This acts asa
doub]e slit. As shown in Flg 9.4.b and 9.4.c, make a smgle slit and a double slit.

Smoke Surface
N\
AN
—
|
/7
Glass . Plate
Block Wood
‘Fig9.5

For performing Young’s Experiment, we need a single slit a double slitand aneye piece. The
widths of the slits should be as narrow as possible, say of the order of 0.02 mm. The length .
of the slitshall be about 2 cm. The distance between the centres of the closely spaced double
slits shall be of the order of 0.05 mm. You canuse the eye piece attached to any travelling
microscope by removing the objective lens.

- ADJUSTMENT TO GET INTERFERENCE FRINGES

Place the single slitina clamp close to the sodium light (aboint 10 to 20 cms). Then place
the double slit, you made, about 20-25 cms away from the single slit. The expenmental set
up is shown in the Fig 9.6.

: il ” ms T he

& Ncm — - - 40.cm _—

| »|S. 1,il — = |
° -
s l ls, . o

0em & »
, o Q

Fig 9.6

i
i

Place the eye piece of a travelling microscope (you can just remove the objective lens
temporarily). So that S, the mid point of S, and S, are in a line. You probably see the -
interference pattern of alternate bright and dark bands. If not rotate slightly either G, or G,
about an axis perpendicular to the plane of the glass plates G, and G, while looking through
the eye piece, until you get the interference pattern. In order to get sharp interference bands.
it is necessary that slit S, must be parallel toslits S,and S, and the widths of the slits shall
be as narrow as possible.



9.5.2 Measurements and Tabulations
" The wave length of light of the given source (monochromatic)is given by the equation
6 - o

: L =dW/D e ©)

*Where: d is the distance between the centres of the double slits S, and S,.

D is the distance between the glass plate G,. (whichis the plane which carries the double slit

S,and S,) and the position of the crosswire of the eye piece E.
W is the width of the band (either dark or bright). '

MEASUREMENT OF ‘d’ THE DISTANCE BETWEEN THE CENTRES OF THETWO
SLITS S2 AND S3; o

The travelling microscope with the objective lens (replaced back), could be used for measuring
d. The glass plates G, is held with the help of a stand and clamp such that the plane of the
glass plate, G, is vertical which contains the slits S,and S,. The axis of the microscope is kept
inthe horizontal position. The microscope is focussed onthe slitS,. Its position on the horizontal
scale is noted. Again the microscope is focussed on the slitS,. Its position on the horizontal
scale is noted.The difference between the two positions give the distance between the two slits
S,and S, and that is d. Tabulate the observations in the tabular form 1.

TABLE1

MEASUREMENT OF THE DISTANCE 4 BETWEEN THE TWO SOURCES S, AND S

Position of the Microscope The distance between
when the vertical cross - centres of the two
wire coincides with the i slits S, and S,
centre of the _
Slit s, Stit S, dcm
cm cm
The mean value of d = cm.

MEASUREMENT OF W AND L
Again remove the objective lens from the microscope, and observe the interference “fringes”.

Make the vertical cross-wire of the eye piece to coincide with the centre of any of the dark
or bright fringe. Consider it as the mth order fringe (band). See Fig 9.7

T

Bright band
Fig9.7

Intéerference of Light -
Young’s Experiment



Note the initial position of the eye piece reading of the microscope. Then move the eye piece
lateral to the direction of light rays from the slits such that the alternate bright and dark
bands cross the field of view. Count them by watching the number of fringes shifted. Then make
the cross wire to ccincide with the (m+n) , fringe, n could be 10 or 11. Note the reading on
the travelling microscope which gives the final positions of the eye piece correspondmg to
the (m+n) , fringe. The difference between the initial and fina] positions of the eye piece will
give the wndth of n fringes. Hence calculate the width of one fringe W. Tabulate the readings.
e tabular form is shown in Table IL '

- Optics

D - The distance between G, (contammgsourccss andS,)and the posmon of the crosswire
in the eye piece. ,

P - The positionof the eye piece in the horizontal scale of the travelling microscope when
the vertical crosswire coincides with the mth order bright fringe.

P,- The positioh of the eye piece inthe horizontal scale of the travelling microscope when
- the vertical crosswire coincides with thc (m+n), order of the bright fringe.

n - The mlmber of fringes that has shifted in the field of view when the position of the eye
piece is sluftcd from P to P,

W- Width of the fringes.
W - Width of one fringe.

L - The wave length of the source light [ L = (d/D }*W ]

TABLEII

MEASUREMENT OF THE WIDTH OF THE FRINGE W AND THE
WAVE LENGTH L

D cms P cms | P,cms n Woems | Wems | Lnm

Mean value of L = nm
The standard deviation =%  nm
The wave length of the source of light =
What will-happen to the widths of the fringes if d the distance between the two slits S, and

S,is increased ordecreased? Find slits of otherstudents which have a different separatlon,
and observe the figures. Answer the question, and explain.

................................................................

................................................................

................................................................
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SAQ’s _ ~ Interference of Light

. : . Young’s Experiment
1. Why do the fringes in Young’s experiment have equal width?

................................................................

...................... B TR
-

2 Suggest any other method to produce interference of light waves.

3 Can interference be observed for (a) sound waves? (b) radio waves? Give reason.’

4. If the sodium light is replaced by a filament bulb what will you observe on the

screen? Try, and verify your idea. Record here what you find.

.................................................................

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

9.6 CONCLUSIONS

The alternate bright and dark bands obtained due to two closely spaced Qlits'éuggést that the
light propagates by means of waves. This method helps to determine the wave length of a
given monochromatic source. '

97



UA)

(For Counsellor’s use only)

EXPERIMENT 10

SPECTRAL ANALYSIS USING A GRAT-
ING SPECTROMETER

Structure
~10.1 Introduction
o -dbjwtives
~ 10.2 - Apparatus
10.3 Study Material
Standardisation of Grating
Interference Orders
10.4 Precutions
10.5 The Experiment
: Normal Incidence
 Angles of Diffraction
Calculations
10.6 Conclusions .

10.1 INTRODUCTION

- You have used a spectrometer to determine the index of refraction of the material of
the prism for various colours of light. In that process you have learned to  adjust the.
prism and the telescope. You have also learned to make measurement of angles. This
experiment, using a grating can be considered as a sequence to that experiment, where
you have used a prism. :

- -Objective |
After performing this experiment, you;wil’lv be able to
# standardise a grating, and
4 determine the wavelength of the various colours of !ight;

10.2 APPARATUS

.Student spectrometer

Transmission grating

‘Mercury vapour lamp

Sodium vapour lamp

Spirit level . T
Reading lens ‘ i '
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10.3.1 Standardisation of Grating

The determination of number of lines per meter of "the grating is called
standardisation of the grating. Usually, this information is writtén on the grating.
This information is sometimes given as certain number of lines . per inch or
‘centimeter, or meter.- .

What does this number denote? For this you must know how a grating is made
and how it acts on the light falling on it. On a plane transparent glass, parallel lines
are drawn with a very small separation between adjacent ones using diamond
point. Through the tranparent portion between the - two adjacent lines,light
passes and the opaque portions stop the incident light. The gap between the

- opaque lines is so  small that light is diffracted by it. Diffracted light from all
such transparent slits interfere to form various interence orders

The width of the transparent slit is a. The width of the opaque pomon is b, then
gratmg elementis e = a + b. (See Fig. 10.1) The reciprocal N of e (N = 1/e) is called -

“number ' of lines” or equivalently, number of slits per unit length. Measurement
of N is known as standardxsatlon of grating.

L 4

.
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: Flg 10.1

When you look at a source of hght through a gmtmg, you see that light is pulled . |
to the sides into a patch of coloured light. This patch is due to the interference
. of diffracted light from the many tiny slits. "

10.3.2 Interference Ol‘ders

The light coming from ;,VadJaccnt slits has a path difference e * sin 0- as shown in

Fig. 10.2. If e *sin 8- = m * (wavelength of light), where - is the angle of

diffraction and m is the order of interference, then all the diffracted light from the ‘

many slits interferes to form an image of the slit -in the direction of 8-. If m = 1, ' _
it is called first order,.and if m =2 it is called second order The above equation . :

can be written ast : '.
N 4

sin@-=N*m* (Wavelcngth)

wrhara N = 1/0 — numhar af linac near matar 99
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If we are “able to determine 6- of a known Wa\}elength of light, then N can be
determined, by setting m =1 or 2 for the order of the spectrum.

Fig.10.2

For the determination of N, the angle of difraction ©- is determined for a

' monochromatic line of a spectrum. In the laboratory, sodium vapour light is

used as a source. of spectrum. With two lines at wavelengths 589.0 nm and
589.6nm, sodium vapour ‘lamp is usually used to determine N. With mercury
vapour lamp, we determine the angle 6- for the greenJlight which has a standard
wavelength 546.1 nm, and thus we can determmeN In your laboratory if both

" sodium light and mercury light are avaliable, you can 'c

determine N

It is interesting_ to ‘note that determination of N and the determination of

wavelength involves the same formula. For the determination of N, We assume
wavelength while in the determination of wavelenigth we assume N, which was

" already determined. In either case, we measure the angle of diffraction 6- from

the experiment.

Fig. 10.3 shows how light of one color is dlffracted at each of the slits. Some light
from ecede slit reaches each order.

Transmission grating

\

1 order

!
1 _—\e

By G A { (PP S B O ap——— o)

AV A\

-lorder

Fig.10.3
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10.4 PRECAUTIONS

1) Fix the grating on the central round table called the “prism table”, in a vertical
~ position in between the clips.

2) Perform all adjustments as in the prism experiment before taking readings.
3) Fix the telescope firmly while taking readings. ’

4) Carefully note the readings on vernier I and vernier II in their rcspectiQe places
in tabular column. '

10.5 THE EXPERIMENT

10.5.1 Normal Incidence

TO SET THE PLANE TRANSMISSSION GRATING FOR NORMAL
INCIDENCE OF LIGHT. ) ‘

The lignt incident on the grating from the collimator is a plane wave and there is no
phase difference between waves from adjacent slits. If you have not already performed
the Experiment 8 “Spectral Analysis using a Prism Spectrometer”, read it now. Then
carry out the spectrometer adjustments described.  After having done all the
adjustments of the spectrometer, keep the telescope so as to receive the light from
collimator directly. Note the readings on the verniers.

“The telescope is then released and turned exactly through 90° and held fixed. Thus the
axis of the telescope and the collimator axis are perpendicular to each other.

Now rotate the prism-table such that the reflected image of the slit from the plane surface
of the grating is received at the cross wire of the fixed telescope. You move only the
prism table for achieving this coincidence and mot the telescope. The situation is

~ described in Fig.10.4 below: _
: Light Source

Transmission grating

VernierI

‘Fig.10.4 . , 101
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The angle between the collimator and normal GN to the grafing is 450. If the grating
is turned exactly through 450 towards the collimator, then the parallel light from the
collimator will be incident normally on the grating surface. How to rotate the grating
exactly through 45° ? Since the mere rotation of the pnsm-table can not determine the
angle of rotation precisely, the pnsm-table has to be rotated along with the vernier scale
through 45°. Thus the grating is set at normal incidence, as shown in Fig. 10.5.

_ Light Source
¥/
- Colllmator
L~
Vernier I
VJ,T
Treasmission grating Vernierl -

Fig.10.5

10.5.2 TO MEASURE THE ANGLES OF DIFFRACTION CORRESPONDING TO THE
LINES OF VARIOUS COLOURS OF THE SPECTRUM IN THE FIRST AND'

SECOND ORDERS.

The incident composite light the from mercury vapour lamp can be considered as
composed of many discrete monochromatic lines or wavelengths. Due. to diffraction, -
these lines are deviated away from the direction of incidence, after incidence on the

grating.

By rotating the telescope on one side, you can observe the images of the slit in blue,
bluish green, green and yellow regions. Again you see the images of the slits in the same
series for even larger angles of diffraction.’ They are called the first and second order
spectra. They are also observed on the other side of the direct beam.



 The dlrect beam suffers no di ffraction. All the wavelengths present in the source of light
reinforce 1ogether and so the direct light has the same resuliant colour as the source
itself.

The cross wire of the telescope is made to coincidence with of the image of the slit and
the readings of vernier I and vernier I are noted. In the same way, the readings for all the
prominent lines in the blue, bluish green, green and yellow are noted. Enter your
readings in the table. '

After all the readings are taken on one side, the readings of the direct ray is noted down.
You have already noted the direct ray reading before you turned the telescope to  90°.
Then why is it necessary to take this readings for a second time? Yes, you have turned
the prism taBle along with the vernier through 45° and this has changed the direct ray
reading. So you have to once again determine the direct ray reading. The difference
between the direct ray and the various deviated rays gives the angles of diffraction.

TABLE FOR STANDARDISATION

SIDE1 |  SIDE2 ANGLE OF DIFFR. WAVELENGTH
VNI | VNI | VNI | vNO | 6-|6-fe6-|e-fe- (nm) Dir. Beam
NUMBER OF LINES PERMETER =.............ccouvnun.
TABLEFOR WAVELENGTH
SIDE 1 SIDE 2 ANGLEOFDIFFR. | WAVELENGTH
vNI |vNi | vNI | vNOL | e-|e-,|6-]|6- |6, |(m) Dir. Beam

10.5.3 Calculations

In general the: grating produces many orders of visible spectrum. Usually there are
two orders th spectrum corresponding to m = 1 and m = 2. They are seen on either side
“of the direct image. The angles of diffraction for m = 2 can should be taken and tabulated.

Using the formula sin-0- = m *(wavelength), wavelength is calculated as 0- and N .

are known. Put m = 1 for ﬁrst order and m = 2 for seoond order. The results are tabulated,
and compared with “standard” values.

iv5

Spectral Analysis using a
Grating Spectrometer
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Answer the following questions:

1. In the grating experiments you are using a standard grating with 7000 lines /ém.
Supposing I have only a grating with 700 lines /cm, how would the spectrum appear.

2. If I break the grating by mistake & only one cm 1 width of the piece of it avahab]e
(@) Can one still see the diffraction pattern?
(b) If so how does it differ from that of a grating of larger size? .

3. Draw the diagram of a spectrometer and identify its parts.

4. Using a spectrometer, one observes coloured lines both by using a prism and a grating.
You have observed the angles of deviation for each coloured line with respect to the
direct light. What are the differences between these two spectra observcd" List as' many
differences as you can.

5. While Qyou are doing an experiment with the gréting, ‘a mischievous student slightly
pushes the grating in its plane. Will this affect your reading? Explain.

10.6 CONCLUSIONS

You have determined the vwavelcngths of various colours of light using a transmission
grating and a spectrometer. You have observed the first and the second order spectra
on either side of the direct light, and compared your results with standard values.
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" Polariser and analyser

Introduction

Objective

Appartus

Study Metarial

A Model of Perpendicular or Transverse waves
a special case .

How to produce polarised light

How to observe polarised light

How to find the polariod transmitfing plane.

Another way to make polarised light e
Yet another way to make polarised light

" dielectriv reflection in detail

Precautions
The Experiments

"Polaroid

Plarisation by reflection
Polarisation by scattering .
The rule of reflection polarisation -

" calculations

Another Experiment, using a calcite crystal
Conclusnons

11.1 INTRODUCTION

Expenence in optlcs, especially in mtexference expenmcnts reveals that hght is a- wave
phenomenon.

Question: Have you done any experiments in your school wlnch are explamed by mterfcrencc

. of light? Write down what you remember.

105
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Question: Do you remember any natural observations which are explained by interféxcnce of ,\
light? Write down what you remember, (Hint: Oil films on a wet pavement?)

The theory of electromagnetic waves ( You may have studied this if you have completed your
Electric and Magnetic Phenomena course.) requires that the quantity which changes in an
electromagnetic wave mustbe only in the plane of the wave front and hence must have a vector
character. This means it must be transverse, or perpendicular to the direction of propagation
of the wave. Light, of course is one example of an electromagnetic wave! -

It is- this transverse character of light which gives rise to experimental effects called
polarisation.

This experiment will help you to find out yourself if this is the case. You will find out if
experiments come to the same conclusion as the theory about how light behaves — as a polarised
wave or otherwise. Some of the experiments will be done in the lab, and some of those will
measure quantities numerically. In addition to those “quantitative” experiments, you can do
quite a few non-measuring experiments just in the world around you. In fact tliere are many
polarisation effects in nature which can be seen without apparatus or with really simple
apparatus. You canlookatthe sky or atlight reflected from various surfaces to find theseeffects.

How many can‘you think of now?

Probably not a lot, but ask yourself this question again after the experiment is over!
OBJECTIVES

After performing this experiment you should be able to:

* Verify by knowing some examples, that the elcctromagnetnc wave theory predlcts
polarisation effects correctly.

* Produce, by several methods, both linearly polarised and pamally polarised light.

* Demonstrate the methods of detecting the polansatlons mentioned in the prevnous

sentence.

* Find the rules by which polarised light is reflected from glass, as a function of the angle
of incidence.

* Correlate this experimental rule with the predictions of electromagnetic theory.

11.2 APPARATUS

2 - polariser/analyser eyepleces with angle scales.
1 - student spectrometer.

1 - prism for the spectrometer.

2 - calcite plates.

1 - 60-watt filament frosted bulb and holder.

1 - coloured filter.

11.3 STUDY MATERIAL

11.3.1 A model of perpendicular, or transverse waves.

Let us think of a light wave as going in a particular direction in a straight line, say left-to-right.



" The oscillating quantities are ﬂperpendic'ular to this direction, so we can think of thenﬁs lying
on this page, as shown by the short arrows shown in Fig.11.1.

ELECTRIC VECTORS

1& / 4; - DIRECTION

OF
LICHT

FIGURE 11.1

But we can as easily think of the arrows as being also perpendicular to the page, in whlch case -

the heads of the arrows would just be visible as dots, as shown in Fig.11. 2

'ELECTRIC VECTORS
e DIRECTION
OF
LIGHT
FIGURE 11.2

Or we could also think of them as being a combination of oscillations both lying in the page,

. perpendicular to the  page, or in fact in any direction at all. But remember that the arrows
are perpendicular to the direction of the light! The Figure 11.3 shows these possibilities,
looking from the directionin which the llght is going, that is, as though the light is approaching
your eye.

FIGURE 11.3

Further, these arrows need not be in phase. This means that at a time when one direction is at
a maximum, the other need not be also at a maximum. What a lot of possibilities there are!

11.3.2 A SPECIAL CASE

In this experiment we will think only of light in which the oscillating quantities lie in one plane

only. This is a plane which also contains the direction of the wave. You could think of this as
’the example in Figure 11.1 above, or the example in Figure 11.2 above. Such a light wave is

“called a “LINEARLY POLARISED WAVE”. (Some books may refer to this as plane-
* polarized wave). In electromagnetic wave theory you learn that the quantities which oscillate

are the electric and the magnetic field vectors. Light which does not have this special property,

~ but in which the oscillating quantities lie in randomly-placed planes containing the direction
. of the wave, is called “UNPOLARISED LIGHT”.

07
Production, Detection and
Reflection of Polarised Light
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11.3.3 Some Ways to Producé Linearly Polarised Light

The s1mplest way is to have a specnal material that simply filters out all of the light except the

part for which the electric vectors lie in one plane (the “PLANE OF POLARISATION™). This

might sound like magic - but in fact there are a number of materials which do that! Some are
the minerals calcite and tourmaline. A special plastic material also acts in this way and is

known as “Polaroid”. These materials work by letting through only the parts of the oscillation
which lie in the particular plane which the materials transmit. The rest of the. llght is absorbed o

“in the material.

QUESTION: Why does ‘the Polaroid sheet in your eyepiece look grey? Write your answerhere.

A second way of making linearly polarised light involves reflecting unpolansed light from the
surface of a dielectric such as glass or polished wood. This is an easy way to make polarised

light, but as with many other tlungs, you have to know how to view it! -

11.3. 4 How to Observe Polarised Light

g Unfortunately oureyes are not sensitive in any significant way to the polarisation of light. That

means that we need some help to overcome the problem of detecting polarisation. The answer
to this problem is really s:mple You observe polarised light by the same means you produced
it! The easiest way is to view light through a Polaroid sheet.
Question: What is the polarising property O‘f such a sheet?

eseecscssscosccessscssssssnes sessee . vesee oe D R YT Y TP PP TP RPY PP PPN

.............................................

Ifindeed the shcet lets through light of one plane of oscillation, then the followmg table could

- be true.
Light incident ’ Light coming through on the .
the Polaroid _ Polaroid ‘
Oscillation of electric field | Allof the light comes
is parallel to the direction through.
which the Polaroid transmits )
Same, but the oscillation s None of the light
perpendicular to the comes through.

Polaroid direction.

\

-

QUESTION: Make a suitable sketch illustrating the above conditions. _



| | | it
 QUESTION: What happens for in-between cases? Write your present idea, if you have one. - Production, Detectlon and
Reflection of Polarised Light
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We can guess that the component of linearly polarised light parallel to the transmitting
direction will be transmitted, while the component perpendicular will be not transmitted.
Remember “components”? You used them in mechanical problems to “resolve” velocities in
various directions. In just the same way you resolved velocity vectors, you can resolve the
electric vectors of a light wave. The usual resolutionis along the Polaroid transmitting direction,
and the perpendicular direction. And the same rule is used: the component of a linearly-
polarised wave transmitted through a Polaroid is proportional to the COSINE of the angle 0
between the oscillation plane and the Polaroid transmitting plane!

Amplitude transmitted = Incident Amplitude * cos(8)
So-that’s how you find the plane of oscillation of a linearly polarised wave. You turn a Polaroid

until none of the wave is transmitted. Then the wave has an osc1llat10n plane just perpendicular
(90°) to the Polaroid transmitting plane.

11.3.5 How to Find the Polaroid Transmitting Plane

You may have noticed a problem in the previous section. How are you to find out the
transmitting direction of the Polaroid ?

The answer to this is to observe a wave whose polarisation you know fromsome fundamental
physics reasoning. We usually use light reflected from a dielectric surface at a fairly glancing
angle, say about 60 degrees. The rule which theory gives us is that at such an angle, most if not
all of the light is polarised with the oscillations parallel to the dielectric surface.

You will try this out in the experiment. It is a lot easier to do than it is to explain!
11.3.6 Polariser and Analyser

From the above, you will understand that sometimes a Polaroid acts to produce polarised light.
Then we call it a “polariser”.

Somctlmes the same Polaroid acts to find out the presence of polarised light. Then we call it -
n “analyser”.

We can say the following, in terms of these two new words.
Whena polariserand analyser are parallel, then maximum light is transmitted through the pair.
When a polariser and analyser are crossed (perpendicular) then no light is transmitted.

When the angle between the polariser direction and the analyser direction is theta, the
transmitted light has an amplitude proportional to cos(8). This is known as “the law of Malus™.

Question: To transmit half the light amplitude mmdent what angle should there be between
polariser and analyser?

ENaYet
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CALCULATION:

ANSWER: ........ccco.c... :

Please note that oureye (and almost every othcrdetectcrof light) responds not to the amplitude
of the light, but to the light, which is the amplitude.

Thus the law of Malus is :
Transmitted intensity = (incident intensity) * cos*(6)

Question: To transmit half the light intensity incident, what angle should there be between.
polariser and analyser? ' -

CALCULATION:
ANSWER: .....ccccevvernnnne

11.3.7 Another way to Make Polariéed Light

Some crystals and other materials have a property knownas opticalactivity. They don’t treat
light of two perpendicular polarisations in different ways. Calcite (calcium carbonate) is one
of those materials. (It is found very commonly in many countries, including India.) Calcite
is often found in crystalline form, when it is clearand colourless. Such crystals often have flat
and clear developed crystal faces or plane surfaces. ’

If you place such a crystal ona paper you will find that two images of the writing on the paper

willappear. You’ll do this in the experiment. What distinguishes the two images? Try itlater
and see, but we can reveal now that the difference has to do with polarisation!

11.3.8 Yet Another Example of Polarised Light
Polarised light this way, but you can of light which is scattered from molecules. Try lookin‘gﬁ
atthe blue sky through a Polaroid analyser. (We’ll try this laterin the expenment oryou can

take your analyser and have an advance look!).

You’ll see several interesting and important effects which  are due to polarisation of the blue-
sky light. Be patient, and we’ll see these later.

HINT:  The effects are most prominent if you look at right angles to the direction of the
direct sunlight, in early morning or late afternoon.

11.3.9 Dielectric Reflection in Detail

You have read several times above about the po]ansmg effect of reflection from a dielectric

surface.

Question: How do you characterise a “dnelectnc”" Remember your electricity studles to
answer this question!
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Now we will look at the quantitative rules that govern this kind of reflection. We won’tdeal = Production, Detection and .
with derivations, but we  can use the of electromagnetic theory In the experiment you will ~ Reflection of P olarised Light
try to find how closely nature agrees with the theory!

First a h.ttle setting-up of the scene.
A wave-front incident on a plane surface definess This is determined by the incident ray..
(direction-vector of the wave-front) and the componentof this vector onto the surface. We’ll
take the special case where the wave-front is linearly polarised. :
This polarisation has two components (there is that ’concept again - and not for the last tlme .

“ One is perpendicularto the plane of incidence (“senkrechtin German) and  quantities relating
to this component get the subscript S The other component is parallel to the plane, and
quantities re]atmg to this get the subscript p. .

deltlona]ly, quantmes relatingto the mcndent reﬂected andrefracted wavefront aredenoted
as follows:

E : Refers to incident quantities.
- R : Refers to reflected quantities.
- E’: Refers to refracted quantities.
The rules for reflection from dielectrics provideus a waty to calculate the R and E ’ values for

an E-wave incident  under quite a complete range of conditions. The reflection rules are
as follows. a .

RJE, = (-)sin(i - r)/sini + r)

RJE,=tan (i-r)ftan(i+r)

E’JE, = 2*sin (r) *cos (i) /sin (i + 1)

E’JE, =2 *sini*cosi/(sin(i+r)*cos(i-r)
where i= angle of incidence

r = angle of refraction

' QUES;I'ION: If you know the angle of incidence how will you will find the angle of refraction?

A special case is one in which the plane of incident ~polarisation is at 45 degrees to the plane
of 1nc1dence Tlns means the E, component is the same as the E, component

- Then :
(R/E) | (RJE,) =R, /R, = tan (6)
So, . ,
"R /R, = tan6= cos (i + r) /cos (i - 1),

(Where modulus values are taken)

* where theta s the angle of the plane of the reﬂected polarisation compared to the plane of the
P-polarisation. In the experiment you will try to create this special situation. You will see how
the result compares with the relation above. Thus you will see that the polansatnon rules are
really followed in practice. - : ' ’

111 .
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11.4 PRECAUTIONS

A.  Generally, with any optics experiment, you must keep all the surfaces clean! You can
use a.clean soft cloth, and plain water.

\

Before you start the cxpeximént, look at each surface:
Polaroid analyser/polarisers ’
Prisms
Telescope lens
Collimator lens

Often you will see finger marks made by earlier users.

Make the clean cloth damp, and gently rub each surface until the marks are less. Just the
way you clean eye-glasses.

Keep the surfaces clean!

B.  Please follow the adjustment steps for section 11.5.4.  very carefully, If results seem

unexpected, go back to the Step 1, and repeat the whole series.

C.  Optics experiments can be a lot of fun, but see, not always for what “the book” says you
should see!

You will learn a lot.

11.5 THE EXPERIMENTS

11.5.1 Polaroid

Take one tube with a Polaroid mounted on it and just look through itata light (say a tube light).

~ Note the brightness with & without the Polaroid. Rotate the Polaroid and note varfations of

the light seen through the Polaroid.

Source: Tube Light

With Polaroid -

Rotating Polaroid -
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Fill in the table with your observations most bri t, less bri more bri chan Production, Detection and
y gh ght, ght, changing Reflection of Polarised Light
brightness, etc. :

Put the two Polaroids in series (one after another) and again look at the tube light. Rotate
the second Polaroid (the analyser). Record your observations.

Source : Tube Light

Second Polaroid rotated :

Try to notice any special directions (most bright, least bright).

Set the analyser for most brightness. Remove the analyser (look just through the polariser).
Describe the relative brightness.

.............

..........

.........

......

..............

..................................................................................

.............

11.5.2 Polarisation by Reflection

Look at the tube-light, or any other light reflected on a desk-top or from a glass window. See
the actual light, in the reflecting surface.

Look now at this reflected light through an analyser (Polaroid) and describe the brightness as
you rotate the analyser.

ROTARY POSITION OF BRIGI-TTNESS
ANALYSER POLAROID -

Pefpendicular to
surface

Parallel to
surface -

Intenm_:diate
Position

113



i} 7
Optics

-4 2

'11.5.3 Polarisation by Scattering

Look at the blue sky through a Polaroid. Do this in the morning or evening. Keep the sun
on yourrightside orleft side, observe the sky in frontof you and above you. Rotate the analyser
and describe your observations of brightness, - for several positions of the Polaroid rotation.

......

......

11.5.4 The Rule of Reflection Polarisation

You will find the rule by which polarised hght is reflected from a dielectric surface, at least
for the special case of 11.3.9.

Set up a prism on a spectrograph, As shown, in Figure 11.4

PR&‘S/‘\ 'fABLE

COLQUR FILTER POLAROID
CDLL]A?TDR

. -SCALE
FILARENT LAAP -

TELESCOPE.  pRISM SCALE
SCALE {CLAMPED )

=

- FIGURE l\._4‘

The following adjustments must be made:

‘1. Make sure the eyepiece is focussed clearly on the cross-wire. Push or pull the eyepleoe
to adjust this. Focus the telescope at a very distant ob)ect '
(Do not change these ad]ustments ever')

2 Look through the telescope at the collimatorand adjust the collimator (sht-w:dth and
then collimator focus) until you see a slit image which is somewhat wide, with edges
in sharp focus. Then don’t change this adjustment



10.

11.

Adjﬁst the prism table until one polished prism face is perpendicular{a.the iélcscope

, (Thls means using the leveling scréws, while looking at the slit reflected in the face of

the prism).

Remove prism, look through telescope at the slit, line up the vertical cross-wire with
the edge of the slit, then fix the prism-table with table scale to read 180 degrees and
clamp it Don’t unclamp later on!

Put the Polaroid aml);ser on the telescope lens, put the prism on the table with table axis
in the prism face, set the telescope at about 115 degrees.

Rotate the prism table (But not its scale. Loosen the little screw on the table rod to do
this) until you see the slit reflected in the prism. (This is near the angle of most
polarisation)

i

Rotate the analyser Polaroid until bnghmess is minimum. Hold the Polaroid and set it
scaleto “zero”, ornote the reading. Enterinthe Table as “Zero Analyser Reading”. This
is the “perpendicular” polarisation direction.

Take off the prism. Look straight at the slit again. (180 degrees scale). Rotate analyser
to 45 degrees. Put polariser on the collimator lens. Rotate polariser to minimum
brightness. Now incident light must be at 45° degrees, which is the required case!

Replace prism. Set telescope to about S0 degrees {angle of incidence-abut 25 degrees).
Rotate the prism table (as in 6. above) to reflect the slit into the telescope.

Rotate the analyser for minimum bright'\ess Note the analyser scale reading in the next
Table. Repat the adjustment for minimum bnghtness two more times, and enter the
readings.

Repeat from Step 9., forangles of incidence between 25 degrees and 80 degrees in steps
of 5 degrees, notmg the analyser angle each time.

I

Production, Detection and
Reflection of Polarised Light
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- for this.

TABLE 1
Zero analyser
, reading:..............

ANGLE ANALYSER READING , AVG. AVG.

OF 1 2 |- 3 OF [ANALYSER |R/R | Tan(B)
INCIDENCE - . 1,23 | ANGLE™

25
30
35
40
45
50
55
60
65
170

75

**+ AVERAGE ANALYSER ANGLE = AVERAGE ANALYSER READING ZERO
READING (STEP7)) ' |

S~

Estimate the percent error of the average. -

11.5.5 CALCULATIONS

Foreachofthe angles of incidences above, calculate R |’/R‘. Add one column to the Table above,

Now calculate the TAN (average analyser angle) and add a column to the table also.
Compare these last two columns. You can make graphs of each vs incident angle, or from
the ratio of the two columns, or other means of comparision. Use the graph area below, if
you want. Use another graph sheet and attach it, if you need more space.




Comment on your comparisions. Comment on whether yoy feel your theoretical calculations
agreed with the experiment.

..............................................................................................................................................

..............................................................................................................................................

11.5.6 ANOTHER EXPERIMENT USING A CALCITE CRYSTAL

Take the crystal, lay iton your paperand trace the edges. By extending these edge lines, measure
the two angles which characterise the crystal shape.

Obtuse éngle =

~ Acute angle =

Place the crystal overa very black dot, on a white paper. Mark the dots you see, on the sketch

below.

Using a Polaroid analyser, mark on the diagram below the - direction of polarisation of each
dot.

Rotate the crystal about an axis pérpendicular to the table. Mark on the diagram here how the
dots move, as the crystal has rotated.

]

Place another crystal just over the first, in the same orientation. What happens to the dots as
the pair of crystals are rotated together? Mark their apparent motion on the diagrams below.
Rotate the secondone by 180 degrees so the crystals are inopposite orientation with eachother.
* What do you see ?

1

1k
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Test and record the polarisation in all cases. Using your Polaroid as analyser. Write your
explanation of these observations. ° C :

00 00000000008000060000000000000000000000000800008006000000000000300000000000000C00000008600000000000000000000000csorasecsnrrsansortcasectcece

sseesne X ssescsscsacene Y seesessen eeecesseessesscsssscescsroescasree
escessecsescsescscsscssccocatesoiseny seesessecssecessesecessonscsseste seeee
. esescscsscsscesccs esesessscssscnccns

.

11.6 CONCLUSIONS

Here you can find out if you have met the Objectives listed inSection 11.1. Answer the questions
below in a brief manner

a. Do any of the expenmcnts reveal an agreement with the rcsults of the thcory of polansed
light? Which experiments? ' :

cevoee N S cessceesseseeassnes S P PP P P PN

.
Seesecssssssssatscscssasasnne P cesesserssancnnns F P S cegeeeseoninsvsacacssane
P S T T ceeesssessetiietsieetsennes cesesssscnsnnarnee erasessesssesrensaasesanntaraserrasnsssasartane ceesense

[

b. Write down one method at least for producmglmearly polansed light, and one for partlally
polarised hght

......\......-.o----.....-...-...p.......--...v. ............. essessegsacscscsenne tectaseesscsanes eessscsccsssssnense cessecanenns esspsenee cesss
ssessesssctscsctessesnsssatanae eessvssessessenne sessessescsscesvesesasnns sesaesescssenccnne cesssssecscesce seessessesetcascnene sesssserssnesns

sesesescrscesscescecsossirsesnanan scossssesscssrssranas seseeseasntccscstsscssenar essscanane ssscescecsccsecsscracassans esseese seisssressnesnes

c. Describe one rule you have found for the way polarised  light is reflected from glass at

,vanous angles. Refer to any useful results above in section 11.5.

esececnassensrses Qeeseraiaessananes S S tesesnedbereenes [N deennnee .

rd
cecccccernasasctanastssias eredeesisescosienne sedesesitecanssatesesaieennanes cesescdssccsscnnennn cesessnessenseracicens Geseevecrenaes TP
....... 0000000000 00080000e80000000900000800000800000000000000003000000000000000000000000000000astseesacesctsrsorrcsssssssrrssanssicsoccrssses

d. In your opinion, how well does. this rule agree. wnh the stated results of elcctromagnehc
theory?
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EXPERIMENT 12

STUDY OF IN TERFERENCE OF POLARISED

LIGHT

12.1

12.2

- 123

12.4
12.5

12.6

Introduction

Objectives

Apparatus

Study Metarial

General Reatures of Double Refraction
A Special Geometric Case
Quantitative Phase Shifts

Interference

Some More Secial Cases

CASE 1- Monochromatic light, special geometry
CASE 2- White light, same geometry

CASE 3- Like CASE 2, but observed with a spectrograph.
 CASE 4- White light and thin film.

- ONE LAST REMARK

Precautions
The Experiment
1- Follows CASE 1.

. 2- Follows CASE 2
3- Follows CASE 3

Conclusions

" 12.1 INTRODUCTION

When you studled polarised light you first made many interesting observatnons using lmearly
polarised light only. You found suchlight could be represented as a time- varying vector. This
vector pointed in the direction of polarisation, and was perpendicularto the directionin  which

the light traveled.

Nowwe aék the question, “How cantwo such beams be combined ?”. What are the rules ? What
are the limitations ? The answers come from the subject of interference of polarised light.
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One limitation is very plain - the two beams must besynchronised in time. IL optics thisis called

time - coherence. If the beams are coherent then there is no changing of phases between the two
vibrations - except the changes we introduce.

Qne common way to introduce such shifts is with a “doubly - defractmg material. So your
experiment will use such materials.

OBJECTIVES

“After performing this experiment, you will be able to:

* Demonstrate at least one way in which monochromatic polarised light interferes.

* Demonstrate the properties of daubly - refracting plates, in regard to polarised light

velocities.

* Demonstrate some white - light effects of interference of polansed light, and correctly
explain them according to interference principles.

plates, polarisers and a spectrograph.

12.2 APPARATUS

~ " 2 nos.- Polaroid eye-pieces

2 nos - holder, with graduated angle scale.

1 nos - slotted connector tube

4 nos - sample holders, to fit into connector tube
1no - student spectrograph with prism.

1no - red-plastic filter.

1 roll- ‘CELLOTAPE’

1 no - white-light source, tube hght or 60 w bulb. '
1no - +10 cm focal-length lens, and lenis-holder - T

123 STUDY MATERIAL

GENERAL FEATURES\OF DOUBLE REFRACTION

The optical effectsknown as “interference of polarised llght” are the resultof a specnal property
of some materials. This property is called “birefringence” or “double refraction”. This is just
a technical word which means that light in such matenals travels at different velocities,
dependmg on the followmg

1. The direction of travel and .
2. The direction of polarisation of the lAght

Whatis the relation between the velocity of light and the index of refraction? The actual ve]ocnty
v is given by c/n where c=veloc1ty in free space, n is index of refraction.

‘Since there are two directions of polarisation, and each has a separate velocity (or refractive
_ index), the property is called birefringence, and depends on the direction of travel.

Lots of materials have this property. Some are crystals. Calcite and tourmaline are two

examples. But several transparent plastics have the property also, specially when they are
stretched or squeezed. Plastics are easy to get, so we. will use them in the experiments to be
done later.

- * Demonstrate quarte;-wave-platc and half-wave-plate interference, using birefringent

|

P



There are a lot of complicated observations possible with these effects, and their explanation
isoften confusing. We will use one particula rly simple situation. It willbe very directtoanalyse
and explain. It also has some very important technical applications.

/ :
A fact about birefringence. .

: o v
In almost all doubly-refracting materials there is just one direction along which light waves
having either direction of polarisation travel at the same velocity (have the same index of
refraction).

' This direction is calied the optic axis. Please note this “axis” is not a single line, buta direction
in the material. A linearly polarised beam of light travelling in the material can be considered
as two beams, in phase. .

We are going to make an important simplifying assumption, which will agree with the

conditions we will encounter in the experiment.

Assume that the optic axis of the doubly-refracting materisl lies in the plane of the surface
of the material. : :

Then the two beams consist of one whose direction of polarisation is perpendicular to the optic
. axis, and called the O-ray, and another whose plane of polarisation is parallel to the optic

axis, and called the E-ray. These two letters come from the words “Ordinary” and “Extraor-

dinary”, which are the traditional names of the two beams or rays. :

Togethe they combine to form the original beam.

Sometimes this idea is described by saying the
followinyg, for the special case assumed.

Abeam of linearly polarised light is resolved into two components, one polarised parallel.

to the optic axis (E-component), and one polarised perpendicular to the optic axis (O-
component). :

The two ways of looking at this idea give the same result.
How do the two waves travel in a doubly-refracting material?
Well, one component, with a plane of polarisation perpendicular to the optics axis, is found

to travel at the same speed in all directions (O-component). This is shown in the Fig.12.1, by
“Huygens construction”. ‘ '

-
_— P
e 4 AN
OpicAss D ( € )
Y \ /\ O -wave Surface
- el Perpendicular optic axk)
/
Fig.12.1

Justimagine a brief spark of light at the poiht Csends light in all directions. After a time it will
reach the points on a wave-surface. Since the velocity is the same .PN in all directions, this

surface will be a sphere (a circle in the Fig.12.1.) This wave is called the ordinary wave,
or O-wave, or O-wave surface.

\ A\

Study of Interferente of
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1. The incident beam is not deflected by refraction. That means all the li

The other component. with a plane of polarisation different from the O-component travels in
different velocities indifferent directions. The same, along the optic axis, and greater for other
directions (this is called ‘negative birefringence’, because the E-component index of refraction
is less than the O-component). The Huygens construction is shown in the Fig.12.2.

Surface

o — o)
It \\\\/;/E-wnve
" Fig.12.2

The constructiongives a Fig.12.2asshown,and thenew waveis called the extraordinary wave,
or E-wave.

OUR SPECIAL CASE

There are lots of geometric situations possible, some of which lead to. very complex -‘ideas.
Luckily there is one very simple setup which explainsa lot. It is also very important practically.
We will stick almost entirely to this situation. Here it is.

The doubly-refracting material is a sheet (layer) of thickness d.

The optic axis is parallel to the layer surface.

The beam of linearly polarised light is incident perpendicular to the surface.

With these restrictions in mind we can draw a Fig. 12.3 showing rays of light inside a negative
birefringent material.

Incident Beam
Surface ) YC
1 N Y
/V \O-ny
— \ ¥ /F,
E-ray
Optic e -/ \\M
/D d
B SN
—~ v
Surface
Viewed from edge of the sheet
Fig.12.3

Notice a fe“{ simple aspects of the Figure 12.3.

ht i
through the sheet. ght goes straight



2. Some of the light (O - ray ) travels at a relatively slow velocity V_ = c/n_., where n_is
called the ordinary index of refraction. This ray goes strzught through the crystal, and
is called the slow ray , or O - ray.

3. Someofthelight (E-ray )travelsata relatively fast velocity Vg=c/n,. Wheren, is called

the extraordinary index of refraction. This ray goes stmght through the crystal also,
but is called the E - ray, or fast ray.

The O - ray and E - ray were in phase when they were incident, but one emerges before the
other in time. Hence a phase difference has been created.
QUANTITATIVE PHASE SHIFTS
_ How much? Here is one way to calculate. Please follow the argurent, as well as the algebra!
1. How much time corresponds to one full oscillation of the light?
Well, A*v =V, where A = wavelength of the light
v = frequency of the light
vibration.

V = velocity of the light. This has the special symbol ¢ for ]ight traveling in free space,

So, time for one oscillation is inverse of the frequency, hence:
P = time for one oscillation = 1/v = NV ‘

2. How much phase is this? (Remember your wave-studies)

Ans: The phase for 1 oscillation is 2 * x radians.

3. What is the time difference between O and E rays?

dT = time-difference = (time for O-ray to go through the layer of thickness d)v
MINUS

. (time for the E-ray to go the same distance).

= d/(O-velocity) - d/(E-velocity)

So the result is that the time-difference is:
T= ajVv,-d/ Vo)

Now remember from the dcfinitioh of index of refraction:
n,=c/V, and n_ = c/Vy

Hence: T=d(n,- ﬁa)/c
4. To find what phase this corresponds to, use the rule of proportions.

Time for 1 oscillation / Time between O and E rays-= 2*nfy
where y is the phase change we want to know, in radians.

So, by algebra: y=2*n*d*(n, -n,)/\

What is the meaning of the equation just derived?

- The Oand E rays travel through a birefringent material perpendicular to the optic axis fora -

distance d and geta phase difference of 2 * x *d * (n, - n)/\.

V&

Study of Interference of
Polarised Light ’
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But this is by no means the end of the possibilitics, when linearly-polarised light is incident on
the material as above, one partacts as an O-ray and one partacts asan E-ray. The Fig.12.4 shows
the situation. : :

s

- O -component = A sin ¢

-

/ A Incident plage of polarisation A

g
—>
—>
— (e
—>
By AN

E - component = A cos ¢

L

Viewed looking
dc va on the sheet

- ‘ Fig.12.4
A linearly-polarised wave of amplitude A is incident perpendicularly to a material with optic

axis in the plane of the surface, and with the plane of the polarisationat the angle ¢ to the
optic axis. This divides into two parts as follows.

1. A component E=A * cos ¢ with plane of polarisation parallel to optic axis and moving with
velocity V. '

2. A component O=A *sin ¢ with plane of polarisation perpendicular to optic axis and moving
with velocity V.

These two components move through the material and can be observed as they leave the crystal.

When the two components leave, they recombine. This is interference ! If the phase-
difference is 2 * & or 4 * n etc., then the emerging wave is unchanged. Or, if it ismor3 * x

 then the emerging wave is plane-polarised also, but in another direction !

As an example, suppose the driginal plane of polarisation is at angle O to the optic axis, and
the phase-difference y is , or 3 * m, etc., what is the angle of the emerging plane?

* The diagrams below show both the incident and the emerging situation.
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Fig.12.6
Fig.12.5

Here the vector describing the emergent light has a head which moves on a line B-B’.

Well, as an aside, h6w does the head of the vector move if the phase-change is not one of the
special cases above?

The answer is: the head moves on an elliptical path, and the light is called “elliptically
polarised”. ' :

Of course you know that a special case of an ellipse is a circle. If two conditions are satisfied:

¢ = /4, so that sin ¢ = cos¢
and ‘ _
phase-difference =y=n/20r3 *n /2, etc.

then the ellipse will be a circle, and the light emerging will be “circularly polarised”.

Your experiment is going to investigate the effects above, 'by putting a birefringent plate v
betweenananalyser, crossed witha polariser. So letus find out what we can expecttosee. There
are many possible predictions, depending on circumstances!

‘Case 1: Monochromatic light .
Polaroids crossed. o
Birefringent sheet of thickness d.
Indexes of refractionn, and n_. )
Optic axis at an angle ¢ to polariser axis.

 LINEARLY POLARISED  ELLIPTICALLY POLARISED

/ LINEARLY POLARISED : ,
/ ~ L

UNPOLARISED

N
: A
POLARISER I ANALYSER
R NT
' B|RE‘:":HgEl.'GTE {CROSSED WITH POLARISER)
Fig.12.7

-
\

QUESTION: What are the amplitudes of the two components in the analyser direction? (refer
 to the previous Figure 12.6) ‘ ) ' 4

ANS: Each has the value A sin ¢ cos ¢
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You will see the two components have the same amplitude. These are the: components that will
come out of the-analyser, hut they will have a phase dlfferencc which determines what we see
through the analyser of Fig.12.7.

The table below shows some possibilities.

Yhase Difference Situation 1 What we see through
: Analyser ’
//’ ’ : » -
2*n, or The components are out No light
4*x, etc. of phase, and destructively
interfere.
®, or The components are in-phase Maximum
3*x, efc. so add for biggest value. ~ intensity
Other phase The components are partly Intensity
differences in phase, so add for lesser . . between
value. = zero and
' * brightest.

We will test this prediction in the experiment.

Case 2: White Light
- Polaroids crossed. :
- Other condmons same as Case 12

Now to predict the result for this ca§: we have to calculate the quantntatxve effect of phase-
difference on the transmitted intensity. . -

This just means starting in the nght place, domg a lot of tngonometry, and getting a compact

~and useful answer.

To start, you have to begin with two vectbxs each of snzeE =A *sin¢ * cos¢ but with a phase’
difference of (y + m), since when is zero the two are oppositely directed, from the Fig.12.6.
So, the transmitted intensity is the square of the sum of the two vectors.

This is the start mentioned above.

- The final result of the mathematics is the following expression.

A, = intensity coming out of the analyser - _

= 4E?* sin*cos?p*sin’d (1/2)

- Where ¢ = angle of polariser w.r.t. optic axis.

Y =phase difference between emerging O and E rays.
= (2*n*d) *(n-n)/\

This is a very useful expression to use in predicting the result of several experiments.

CASE 3: Like Case 2, but A is allowed to vary. This means the whltc light is spread out by a
spectrometer.



PR
Probably, if d is more than a few wavelengths, there wnll be ‘some value of A for whichy =0, Study Of Interference of
or /2, orx, etc. For these values, no light emerges from the analyser. That means the lightfrom Polarised Light
the birefringent plate is linearly polarised, with plane perpendicular to the analyser plane.

i

A
NCIEED CR SR

Similarly there willbe values of A for which y = n/2, or 3 *x/2, et. For these values maximum
light emerges from the analyser. The light from the blrefrmgcnt layeris lmearly polansed with
plane parallel to the analyser plane.

In-between the hght will be elliptically polarised as it emerges from the blrefnngent layer The
result is as suggested in Fig. 12 9.

—~0 00]00 0w | «

. 3x2 - x ' x/2

Fig129
\\
This in turn should give rise to an mtensity as shown in Fig.12.10.

VA VA VA VAR

T — Dka —p

LI ||||||||I|l||||||m||||||||| T |||||||||||lll '

Dark band

m——

G— Veviagh __p
- Fig12.10
CASE 4: White-light

Thin birefringent film
(Only one dark band)

127
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Then, through the analyser all colours will come except the blocked colour! The light will
appear coloured, by the absence of a certain colour. These effects are very beautiful. In the
experiment you will see several examples of this idea. - :

Suppose the analyser plane is now turned 90° to be parallel to the plane of the the polariser.
This will change the situation a lot.

Try yourself to sketch here the intensity versus wavelength curve to expect, and what colour
may be expected. You can check in the experiment, about your own expectations.

PUT YOUR SKETCH HERE

ONE LAST REMARK

For the case of monochromatic light, with polarised light incident 45° on a biret_'ringent p]afc\j
with optic axis in the surface, there is a thickness for which the emergent light is just rotated .

* by 90°. You have seen this described above, for positions where y = &t. Such plates retard the,

O beam by a half-wave-length, and are called half-wave-length plates. There are also plates

called quarter-wave plates.

What is the polarisation for light coming out of a quarter-wave plate?
It is\circularly polarised.
N \ AN o .
NCE:

Jenkins and White Fundamentals of Optics v
McGraw-Hill (any edltlon) Chapter on “Interfercnce of Polarised Light”.

12.4 PRECAUTIONS:

Care with the optical parts is as ﬁsﬁal: treat them gently,

‘and keep them clean!

Insettingup thé spectrograph, make sure the lightis - travelling straight throughi the appiratus.
The easiest way toassure this is to place your eye at each place possible, lookingbacktoward
the source. -

'12.5 EXPERIMENTS

Lzl

Throughout, the birefringent matcnal to be used is ord)m/lry cellotape ‘During manufacture
the process gives a birefringent plastic with optic axis in the plane of the tape, and in the long

. direction of the tape. You will be using this material in several ways. The ‘sticky” material has

no polarising properties * Only the plastic tape itself has the properties.

125.1CASE1

Assemblea ‘polarimeter’ from the parts Two Polarolds andscales should be fixed, one on each
end of the tube for holdmg the samples and the filter.
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o Study of Interference of
Make sure the red filter is in place. : v o Polarised Light

Prepare 4 glass slides, with 1, 2, 3,4 parallel-placed layers of cellotape stuck ‘o‘.n,> fespectivcly.

Start with polariser set at 0°, and analyser “crossed” with it, so no light emerges.

Place the sample with one layer in the connector tube, look at a light source, and record what
. you see, in terms of brightness. Then set the polariser at 45°, cross analyser, insert sample and

again record brightness. :

Proceed this way for 90°, 135°, 180° settings of the polariser.

Fill in the Table with your results, for all four samples.

TABLE

Polariser | - Angle | Sample 1 | Sample 2 Sample 3 | Sample 4 | Sample 5

135

180

Now make a sample with two paralle]l layers and a third layer stuck on Cross-ways
(perpendicular). . :

Repeat the observations with this sample (Sample 5).

'Does it behave like any of the other samples?

...........................................................

............................................................................................

.......................

...............................................................................................................................

AR S SO

............................................................................................................................................

12.5.2 CASE 2

Use the same.émngcment and samples as Experiment 1 except' remove the red filter. Now,
crossed Polariser + Analyser may not give complete dark, but some dim colour. Record this.

170
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- ‘Now, repeitl the observations of 12.5.1:bﬁt _réCgird, fo_r each Saniblé and‘ahélé $oin’¢ estimate
~ of the colours seen. Noteany colour-similiarities or colour-complements especially. -

. (CROSSEDPOLAROIDS) ~ -~ "
Polariser Angle -‘_"S.an’iplg'l-A' Samplc 2 .ngple‘3 -Sample 4‘ Sample 5
0 PR | |
) ©
45
135
180
Again,v.compéte Simple 5 results with other samples. .

Rotate the Analyser until it is parallel to the Polariserand again nq‘teA colours observed.

TABLE 2

(PARALLEL POLAROIDS)
Polariser Angle | Sami)_le_ 1 " Sample 2 | Sample 3 | Sample 4 | Sample 5 1
45
90
135
180

Please note any ways in which the “crossed” table and the”paraliel” table have similarities.

.....................................................................................

.............................................................................................................................................

.............................................................................................................................................

1253 CASE3 -

In this experiment you jus
is as shown. -

, rierin PRLSS TARLE
tm\u wr ] coug rasren
[=—1==x0))

TELESCOPE
scaLe RIS SCALE

(CLABPEQ)

Fig.12.11

t set up a prism spectrograph instead of your eye. The arrangement

Bl
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Again insert the S samples one-by one and sketch the spectrum observed, for the two  Study of Interference of
polarisations suggested, especially to note black regions, for crossed polariser and analyser. ~ Polarised Light

Samb]e 1, polariser set at 0°

~VIOLET BLUE = GREEN YELLOW RED

| Sample 2, polariser set at 0°

VIOLET BLUE = GREEN  YELLOW  RED

Sémple3,p013riserseta_t'0° T R o .

VIOLET BLUE  GREEN YELLOW  RED

Sample 4, polariser set at 0°

VIOLET BLUE  GREEN YELLOW  RED

\ ‘San'lple S, polariser set at (° -

VIOLET BLUE  GREEN  YELLOW . RED

Sample 1, polariser set at 45‘ ‘

VIOLET BLUE ~ GREEN  YELLOW = RED

.  Sﬂmplé 2, p’oia_risét set at 45°

L

© VIOLET BLUE =~ GREEN YELLOW = RED = =

- Sample 3, po‘larise.r set-at 45°

VIOLET BLUE  GREEN YELLOW & RED

 Sample 4, polariser st at 45°

VIOLET BLUE  GREEN YELLOW ~ RED

Sample 5, polariser 'sefat 4,55

VIOLET BLUE  GREEN YELLOW REDN - g4
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After you have completed this, plcasé try to point out at least a few examples where the

thickness-variations or/and the wavelength variation agree with what is expected in the Study

Material. » :

......................................................................................

seeesesssscsstssseven

.....................

L T N

........

............................................................

................................................

..............

..........

.........................................

.....

................................

........................

.............

----------

...................................

12.6 CONCLUSIONS

Write in your own words what you have found in this experimént, especially if your

observations agree with the expectations of the Study Material.
. . . P

B
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'EXPERIMENT 13

_ / ‘
MEASUREMENT OF C,/C, BY AN ACOUSTIC

METHOD

~13. . Introduction
~ Objectives
132 Apparatus
13.3 Study Metarial
First Law of Thermodynamics
- Application to a Hydrodynamic System
~_Application to an Ideal Gas
" "Heat Capacities of Various Gases
Velocity of Sound in a Gas
- Acoustic Resonance in a Tube
134 Precautions e
13.5 The Experiment -
Setting up the Apparatus
Measurement of Wavelength in Air
Measurement of Wavelength in Carbon-Dioxide
Calculations and Estimation of Erross
13.6 Conclusions

131 INTRODUCTION |

_ The properties of matter depend ultimately on the details way in which atoms and molecules
~ are armanged with respect to each other. It is all the more remarkable then that the properties

of gases should largely depend on the simple perfect-gas law, for very many gases of a wide
-range of composition. . S

While the Law itself is obeyea in_large part, the constants which appear in the Law do
themselves dependonthe particulargas atoms rmolecules involved. In this way the properties
_of the particular gas molecbles are made evident.

This experiment is designed to let you see how the gas molecules control-to some extent one
gas property, namely the speed with which sound moves through a gas. As we will see, this in
turn depends on the way the atoms of the gas molecule ar¢ arranged. Fortunately some very
simple molecules are available to use in the investigation. :
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"OBJECTIVES

At the end of this experiment a student will be able to,do tine fdllowing.

. Setup and use apparatus of a resonant—tube sort, to measure the speed of sound in several.
simple gases.

. Caiculate the statistical errors involved in'the n'ieasurchtents

* Be able to correlate the speed of sound with the,nio]ecular structure of the gases through
: thermodynaxmc quantities calculafed. :

13.2 APPARATUS

One audio-fréquency oscillator of low power and variable frequency.

One poyer amplifier, of the sort used for public- address systems.

One}tdm driver, from a public-address system, with the hom unscrewed.
glass tubing about 1.5 cm to 3 cm diameter.

Onc cap for tube, with gas-admitting arrangement

One meter-scale

One thermometer for measuring room temperature.

One generator for carbon-dioxide (acid - marble chip). -

cotton for ear-plugs.

13.3 STUDY MATERIAL

13.3.1 An Ideal Gas

‘Thermodynamics takes its importance from the combination of two aspects of physics. One is

the rules by which materials and their properties are related. The other is the rules by which
processes proceed, that means the way in which quantities change under various conditions.

You have studied in school the way an ideal gas behaves. The quantities which describe the
behavior of anideal gas are: the temperature, the pressure and the volume of the gas. You have
learned that these are related by the following formula.

PV = nRO
Where the symbols have the following meaning.

P = Pressure, in units of pascals (a pascal is one newton per square meter)
V = Volume, in cubic meters.

n = number of moles in the volume of gas.
R = universal gas constant, with the value 8.31 Joules/mol*K-degrees
8 = ideal-gas tefiipenture, which for our purposes

can be considered to be identical to the
Kelvin temperature. '

‘It is one of the properties of an ideal gas that the internal energy U is a function only of the

temperature@. This will turn out to be a useful fact.



13":33 First Law of Thermodynafnics

If vou havc studied your course in Heat and Thermodynamlcs you will be famlhar with lhe

Reference book. ‘

¢ i
All material has been found to follow a very important and simple rule, when the thermody-
namic quantities for the material are changed little-by-little, and fairly slowly. In those
circumstances the following rule applies. ’

When such a material undergoes a process in which energy is transferred by non-mechanical
means, the difference in the internal energy changc for the system, and the work done is called
HEAT.

This sounds like a strange rule, but when it is properly appiiéd it can help us understand a lot.

13.3.3 Application to a Hydrodynamic System

For the case where pressure and volume are the quantities which are determining the system,
this rule can be written in a neat mathematical form as follows.

dQ =dU + PdV
Where the new symbols have the following meaning.
Q = energy in the form of heat.
U = internal energy of a system (in this case a gas). This will be composed of the kinetic and
potentlal energies of the atoms and molecules which compose the gas.
Just take this equation as true, if you have not yet progressed to where you can derive it.
Now we need a definition - the definition of the heat éapacity of such a system at consiant

volume. This is given by the following expression, for the case of the restricted dependence
mentioned above.

. Now, the I Law of Thermodynamics above may be used at constant volume (dV = 0), when dQ
= dU. Hence the following equation. : :

. du
o= (g ,
dU = C,d®

This expression is substituted in the expression above, for the change in heat of the system when
»a change occurs. This results in the following important relation.

daQ = c,de + PdV
13.3.4 Application to an Ideal Gas

This expression is good for all kinds of materials. If now we look at the equation for an ideal
gas (above) and substitute it in the general expression for dQ then we get the following,
considering a process involving very small changes.

.dQ = (C,+ nR)d®

\3S

Measurement of C / C
P v
by an Acoustic method
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‘SAQ Please use the space here to actually fill i m the denvatlon retcrrcd to, by substitution. It

will take only a few lines!

If the process takes place at’coristant pressure then this expression, when divided by dQ results
inthe value of C,, the heat capacity atconstant pressure This results inthe following very useful

relation. v C =C, +nR

SAQ Please fill inhere the few lmcs needed to actually carrym!t the dcnvatlon of the previous
equatlon _ ‘ !

This shows that the heat oapacny of a gas is-always greater at. constant pressure than it is at
constanttemperature, and the difference is constantand equal to nR. This is mdecd a remarkablc _
fact!

Now using the ideal gas law in the expression for dQ, you can get the fo]lowmg otherexpression -
for dQ :

dQ = C,d©- VdP

SAQ: Please actually place here the ‘fe~w lines needed to get this expression.'v

......-....-.-...uo-----o.......n-‘n--uu.........c..u..-............u.....n..n..-----uuu............--u.u..-..n............"...

Now these two expressions for dQ can be combined for the case of adiabatic processes (those.
for which dQ 0) to get the following important expression.

-.-P--- - - -jd-.v.-\q\-
3 Yy
where ¥.= C/C, = c/cv

and ¢, and vcv are molar heat capacities.

SAQ: : . .
Please use the space below for doing this combination and arriving at the above expression.

et Neete ettt taNeeatteeteeenstantettttettnateeaceetettactattnatenbeerettrttentseetotutotnatetatesoetiottrotnntertttsesttestachssennrannnas

............ D TR EETTTTTTITIES cesessresaresctnncace



13.3.5 Heat Capaéities of Various Gases

The subject of statistical mechanics is closely linked with heat and thermodynamics. One
important result of that subject is that the molar heat capacities of gases are closely linked with
the number of motions which a gas atom can undertake. In fact the rule is as follows.

Fbrl evety»motio‘;‘n‘ a gas atom can have, there is an amount of molar heat capacity at constant
volume equal to (1/2)R.. ) '

So, for a monatomic g;is like helium, which can move independently in any of three directions

- (x,y or z) the following is true.

¢, =(3/2)R -
€, =(3/2)R + R = (5/2)R (see an equation above)
N =5/3=1.67
A diatomic gas like oxygen or nitrogen (mostly what composes the atmospheric air) has
molecules which, in addition to x-y-z motions can rotate about an axis (not the axis whichjoins
the atoms, though!) ‘ ' ’
In addition, the atoms can vibrate along an axis which joins the atoms. Hence the following.

c, = (5/2)R
€,=(5/2)R + R = (7/2)R (see an equation above)
Y=75=14

A gas like carbon dioxide (CO,) which has three atoms strung out in almost a straight line, can N

in addition bend in two independent ways. Hence the following,

cy= (12)R -
¢, =(7/2)R + R = (9/2)R (see an equation above)
Y=9/7=1.29 ' :

So, by a measurement of ¥'we can find out something about the atomic and molecularstructure

of the elements composing a gas! This is exactly what you will do in the experiment.
13.3.6 Velocity of Sound in a Gas

Your reference book (Page 118 and following) has a detailed derivation of a formula by which
you can calculate the velocity of sound in a gas. This derivation assumes that sound is
transmitted by longitudinal waves using an adiabatic process, which is the same assumption
we have used above. The result of this derivation is as follows.

%
w=f L.« 1___
P Ve y
dP

"Where
w = velocity of suond in m/s

P = gas density in kg/m’

Measurement of C' 1€ -

by an Acoustic method
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" SAQ:

Please verify using the equations of 13.3.4 that the second equality above follows from the first.

)

So, you can find out y by finding out w, and this is the experimental objective you have now.

13.3.6 Acoustic Resonahcé in a Tube

The method you are going to use to measure the speed of sound in a gas is often called “Kundt s ‘
Tube Method”, after a German physicist. It simply depends on the fact that longitudinal sound
waves ‘traveling in a tube closed at one end have a resonant phenomenon.

POSITION OF CRIVER

 Figl3.l

The wave whlch progresses to the right in Fig.13. l and the reflected wave which procceds to
the left are coherent since they have the same source. These two pressure waves add up and
produce a standing-wave pattern of alternating minima and maxima. The distance between
these is A/2, where A is the wavelength of the acoustic wave. :

Usually the driver for the sound wave is at the open end of the tube, where the amplitude of the
wave is a maximum. If the length of the tube is equal to an odd -integral number of wavelengths

then the interference will be resonant and the pressure maxima and minima will be very

pronounced.

In your experiment you will put a small amount of very light power along the bottom inside
of a glass tube closed at one end, and introduce sound at the open end. When the frequency is
adjusfed so that resonance is observed, you will see that the Strong sound waves displace the
powder, whichaccu imulates at the resonant nodes. These are the places where there is very little
net motion of the gas in the tube.

With this observation you can easily measure the distance L between nodes separated by N half-
wavelengths. This will then allow the calculation of the wavelength A. If the frequency vis
known then the speed of sound w:can be calculated from the following expression.
~
v W= Ay

 This in turn will allow the verification of the ratio if heat capacities, y, which is one object of

this experiment.



-13.4 PRECAUTIONS

_ The chief precautions in this expeﬁment concern the high ]cvplé of sound power you will be

’

using. It is really best to plug your ears with cotton bits before you start the experiment. This
will go a long way to avoiding any painful experience, or even the possibility of ear damage.

Next, make sure that you start each section of the experiment with the volume control on the
power amplifier setto “zero”. You can then turn up the oscillator level to say mid-range value,
and slowly and carefully increase the power amplifier volume until you have enough powcr to

_ mover the powder in thc tube.

Remember that when you tune the oscillator to a resonance a lo/t of sound energy will escape
from the tube, so be prepared to turn the power volume down.

Once you have established a resonance with modest power output, you canjust quickly increase
the power and immediately decrease it. This will boost the powder to the regions of the nodes.
Then you can measure the node spacing with the oscillator and power amplifier turned
completely down!. This will avoid yourbecommg unpopular with your fellow-students, from
having the sound blasting ALL the time.

13.5 THE EXPERIMENT

13.5.1 Setting up the Apparatus

Please arrange and clamp your glass tube. The tube should have a small amount (one or two
“pinches”) of a light powder inside and distributed along the whole bottom length. You can do
this by rotating the tube and tapping it to move the powder.

The usual powder is ‘lycopodium powder’, not naturally available in India. Use instead the
pollen from pine tree blossoms, or from reed-flower blossoms. Both are excellent but require
to be gathered at the right time of year! If no preparation has been made for this, you caneven
use the chalk dust from the chalkboard rail in your classroom!

Close the end of the tube with a piece of aluminium foil held in place by several layers of black

electrical insulation tape. This will give a satisfactory sound- reflection, and permit you to
introduce other gases besides air just by poking a hole!

The driver from the loudépeaker horn is,heavy. Clamp it solidly to a stand. You may be able
to force on the threaded portion a short tube which will help you to hold the driver.
HORN' [RIVER

EXTENSION TUBE (CLANPED ).
. OLASS TUBE ( CLANPED HORIZONTAL )

N

LOVY FREQUENCY OSCILLATOR

—

/ ACID AND AARBLE CHIPS

Fig.13.2

-Measurement of C /C,.
by an Acoustic method .
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Climp the entire apparatus as shown in Fig.13.2. It is important that the tube be horizontal i-

otherwise the powder will slowly drift out of the tube as it is agitated by the sound!

Once the apparatus is mechanically clamped please connect the driver to the output terminals
of the power amplifier, and the output of the oscillator to the input terminals of the power
amplifier. Of course both of these should be OFF when the connections are being made!

13.5.2 Measurement of Wavelength in Air.

Set the oscillator frequency to about 1000 hz. Set the output to about midway to the maximum.

Set the power amplifier volume to ZERO. Switch on the oscillator and the power amplifier and
wait a little while for them to function. Aftera minute or so, slowly increase the volume of the
power amplifier until some sound is heard. If nothing is heard at all, TURN DOWN THE
VOLUME, and go back to check your connections.. :

When some sound is heard. slowly increase the frequency of the oscillator. You will notice that ~
at certain frequencies the sound is suddenly louder. These are the resonant frequencies.

STEP 1:Increase the power (the sound level) near such a resonance until you see the powder
in the tube begin to {dance” a little. Then tune the oscillator very slowly to maximize the
“dancing”. Note the frequency of the oscillator and record in Table 1

STEP 2: Now just quickly turn up the volume and immediately turn it down again. This short
blast of sound power will move the powder towards the nodes of the resonance. Do this a few
times until the powder is in small and clearly-defined heaps. Then turn down the power to zero.

'STEP 3: Measure the distance between the most widely-separated clear heaps, as well as the

number of gaps between these heaps. Enter these values in Table 1

TABLE 1
FREQUENCY | NO.OF DISTANCE TO
SPACES COVER THESE WAVELENGTH
- SPACES (CALC)

PART 1
PART 2

~ Average Wavelength = m/s

Statistical error = m/s



Now turn up the power oscillatora brt and increase the frequency ofthe oscrllator until another

resonance 1s observed.

Repeat Steps 1 - 3, and do this for at least three more frequencies.

The result of these measurements will be a seties of values for the speed of sound over the o

frequency range you covered

AT
Measurement of Cp / C

by an Acoustic method

Please now repeat the entire measurement sequence, stamngagam at about 1000 hz frequency. o »

Enter all the readings in the second part of Table 13 1.

13.5.3 Measurement of Wavelength in Carbon-Dioxide

First you must set up a generator of carbon-dioxide gas. This is easily done with a lrttle'

chemistry. Take the generator-Jar and place a small handful of marble chips in the bottom. Add
hydrochloric acid to cover the chips, and close the apparatus. Carbon-droxrde should be
‘ generated for at least 1/2 hour in the small quantltles you need.

Connect a rubber tubing to the generator,‘ and a glass nozzle to the other end. Push the sharp
glass nozzle through the black-tape-and-aluminium-foil end of the resonant tube. Gas will

slowly flow into the tube and fill 1t after a few minutes. The gas is heav:er than air so it will -

not easrly Just run out.

Now, repeat all the measurements suggested for 13.5.2, and enter the results in Table | :l2.~

N

When you have finished, remove the gas generator, flush it with water to remove all traces of
acid, and return the marble chrp residue to its stock. Clean and dry the generator apparatus for
the next student

¥

TABLE?2 .

'FREQUENCY | NO.OF DISTANCE TO .
| . SPACES | COVERTHESE | WAVELENGTH
- | SPACES - (CALC)

PART 1

PART 2

141
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13.5.4 Calculations and Estimation of Errors

For each resonant frequency, calculate the speed of the sound wave, as Suggested in 13.3.6.
Formthe average value forair, includingall the readingsinPart 1and Part2of Table1 . Using
all the values and your usual methed, find the statistical error of the readings.”

If you find a value greater than 2% for the error, then you should look at your readings for
possible actual mistakes (wrong numberof spaces counted, oscillator calibrationno good, etc.).
This is an experiment in which you can expect pretty good accuracy - at least 1% or less.

Now repeat the calculations for the readings in carbon-dioxide, and enter in the suitable part
of Table 2. ‘

Now using the equation suggested in 13.3.6 you can calculate the values for y and see if they
agree with the values predicted in 13.3.5. You can take the pressure from the daily weather map
in your local newspaper, and the value for density you should find from a handbook in your
library. Please look these up in advance! ‘

13.6 CONCLUSIONS

You should be in a position now to say whether your experimental experience agrees with the
predictions of the study material or not. You will probably find some deviations — the world
is often not ideal! Please write here what you feel about the results you have obtained.

..........

...........

...............

.............

...........

...........
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EXPERIMENT 14

PHASE CHANGE

14.1

14.2 .

14.3

144
145

14.6

Introduction

Objective

Appartus

Study Metarial

Kinetic Theory and Phase Change
Evaporation causes cooling
First Order Phase Change
Transition Temperature
Precautions

The Experiment

Melting of the sold
Measurement of Temperature
Cooling Curve

Calculation

Observation

Conclusion

14.1 INTRODUCTION

It is well known that matter around us exists in solid,

liquid and gaseous (vapour) forms. Itis also well known that under suitable conditions the same
substance (such as water) can exist as ice (solid), water (liquid) and steam (vapour/gas). In
scientific language these are referred to as solid phase, liquid phase and gaseous phase,

respectively. A change from one phase to another is usuall
volume and some absorption or liberation of heat. -

SAQ:

When you go to a doctor for an “injection”, before

y accompanied by a change in

. injecting the needle the doctor wipes an area of your skin with a ball of cotton soaked in spirit.
Write down how you had felt in that region soon after wiping.

.........

...........

-------

---------
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7,-.‘-142 APPARATUS

_. In hot summer you order for a glass of “sharbat”. You ask fora good quantxty of ice to be added

to get a really cool “sharbat” Write down what you had noticed on the surface of the glass.

.....

OBJECTIVES

‘ After“performing the experiment you should be ableto o

*  Inferthat there is a transfer of heat without any change in temperature, dunng a phase
change.
Estimate the amount of heat given out when a liquid fteezes into a SOlld
Understand and interpret cooling curves.
‘Verify that there is a change in volume during phase changes
*x Comlatc the experiment with other phase changes that you come acrossevery day

Glass test tube
Bunsen burner or a spirit lamp
Water bath
Stand and clamp
Thermistor
" Resistance (ohm) meter, or LCR bndge
Clock or stop watch
Sprmg balance or rough balance

143 STUDY MATERIAL *

- 1431 KINETIC THEORY AND PHASE CHANGE

The kinetic-theory of matter tells us that matter cxlsts as molecules, and molecules are in
constant motion. In the case of solids the molecules are almost fixed around certain locations
and the motion in such oases is one of vibration only When the solid is heated (more energy
is supplied) the vnbratloﬂs become more and more energetic and the molecules are no longer
tied to fixed locations. They move randomly within the body of the material and we get the

liquid phase which is defined by a surface . When the liquid is heated the molecules gain more

and more energy and are able to overcome the pull of the other molecules near the surface and
evaportion sets in. The molecules get into the vapour phase. Likewise when a llquld is to be
frozen the kinetic energy of the molecules is to be reduced. This i /18 done by removing some
energy from the liquid. The same is true for condensations of vapour

The ener#y needed for the phase change ata giventemperature is knownas the latent heat. Since
- the mean'distance between the molecules changes, the volume also changes during a phase

change.

e
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14.3.2 EVAPORATION CAUSES COOLING o ’gm;n?g;;&m'gm o

.

The average Kinetic energy of the molecules is a measure of the temperature of the material.
When there is evaporation it is the energetic molecules that are able to overcome the pull of

the other molecules at the suxface of the liquid. Thus evaporation reduces'the average kinetic
energy of the molecules left behind in the liquid and the result is “evaporation causes cooling”.

- 143.3 FIRST ORDER PHASE CHANGE

The phase éhange of the type described above with changes in volume, and absorption or i
libentipn of heat (change in entropy) is known as a first order phase change.

—

143.4 TRANSITION TEMPERATURE

"The melting of a solid (fusion) or the boiling 6f a liduid takes place at cé:taimtemperafnms
- known as the melting point (m.p) or “boiling point” (b.p). These temperatures are also known

- as the transition temperatures for the respective phase changes.

'144. PRECAUTIONS |

{ You will be-using napthalene as the solid for this‘expcﬁment. Make sure you don’t inhale the

- vapour of napthalene 'dire.étl_y. It is unpleasent and may be harmful.

‘While melting napthalene to avoid OVthcaﬁng.'It is vsuggeszted that yoh ﬁeat the test tube
containing napthalene by keeping it in hot water in a water bath. Do not heat the test tube
directly as the liquid napthalene may catch fire and sometimes the test tube may crack.

14.5 THE EXPERIMENT

14.5.1 I‘iELTI‘NQ\ '

Find the weight of the empty téstube and record it here.

Wekight of gnipty_test-tube = m=...... Kg |

Now take about 15 0r20 grams of x\mpg\halene bits, and find theirweight. Record thc weight here.
Weight of napthalene = m, =Kg '

Pour the napthelene bits into the test-tube. Melt it by keeping the test tube immersed in hot water
ina water bath. Napathelene will melt into a clear liquid. You would notice that the  napthalene |
melts even before the water boils! When you see entirely clear liquid within the test-tube,
remove the test tube from the bath and wipe the outside of the tube dry using a piece of cloth.
~Clamp the test-tube near the top (above the level of the liquid napthalene) so that air can
circulate freely around the tube for cooling. , -

14.5.2 MEASUREMENT OF TEMPERATURE
Lowerthe given thermistor half-way down inside the molten I_iqﬁid (without touching the wall
of the test-tube) and measure its resistance usingan LCR bridge or ohm-meter. You would have

. performed an experiment for calibrating a thermistor. If not; you inay get from your Instructor
. a calibration graph-connecting the temperaturé and resistance of the given thermistor.

- 145
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14.5.3 COOLING CURVE

Measure the resistance of the thermistor at regularintervals of time (say every 30seconds) until
the liquid gets frozenintoa solid and the solid also gets cooled to about room temperature. Enter

your values into Table 1.

TABLE 1
.Time Resistance ‘ Temperature
(minutes) (ohms) from calib.




‘N

Draw a graph connecting the time (x-axis) and temperature (Y-axis). This graph is known as Measurement and Interpretation
) of Cooling Curves - Phase Change

. the cooling curve.

~—1 - = 1 ~—<r—‘;-r~-—- ~r— ey -~J .

14.5.4 CALCULATION

The graph will look something like the example in Fig. 14.1 .

COOLING GURVE FOR NAPTHALENE

BE
It

. dT
66 dE

64
62 B R= AT/ 9%

TEMPERATURE - deg. Celsius
~
(@]

0 2 4 6 8 10 12 14 16 18 20 22 24 28
TIME - minutes ’

Fig.14.1
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. The volume ;)f the napthalene .
(increases/decreases) during solidification.

I Ifas three distinct regions. (1) The ooolitig region for liquid. (2) The region during which the

change of phase takes place. (3) The cooling region for the solid.-

The region of the graph parallel to the time axis (x-axis) represents the time during which the
phase change takes place. During this time the test-tube is giving away heat without any fall-
of temperature. Extend the Region 2. oneitherside of your graph, as shown in Fig.14.1. Extend

' the smooth cooling regions of your giaph (Regions 1. and 3.) to meet the extended line; again

as shown in the example. The duration represented by the interval AB is the time taken for the
entire material to solidify. Record this here. :

“Time for phase change = = ............ sec.

Measure the rate of coolmg in Region 3. (measure the slope d7/d) and record it here.

Réte of cooling in Region 3. = AT/t = ....oovernrs deg/sec.

ﬁow ‘assume the specific heat of glass is

¢, =670 IKg,

and that of solid napthalenc

c,= 1170J/Kg.

Fﬁm this yoﬁ can calculate the l:a_tent heat of‘fusion of napthalene by noting that the heat lloss
during freezing time is the same as the heat loss of a solid cooling during that time. Write your
calculated result here. . ' '

m*L = mzfcz'k *t+ m}_‘.(:l*i_("t '

Hence L = c,*R*t+ (m/m)*c *R*t = ............. JKg

14.5.5 OBSERVATION .-

Note the surface of the liquid inside the test tube during solidification. record yourobsen}ati'ons
here. ' ' . ' ‘

Also give your inference from these observations, as follows.

14.6 CONCLUSIONS

Have you met the objectives hs(ed in 14.1?

Is the volume of a solid always less than the volume of the same material asa liquid? Tohelp

you ansewer, think whether the ice pieces in thie“sharbat” float, or sink.

-

RENEY




'Will the slope of the time-vs-temperature curve depend on the quantity of solid taken in the
test tube? Give reasons.. : ‘ '
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$00000400000000000000000000000000000000000000000000000000000000R00R0e sesee . ssesscessessccssersesessccescecran
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Suggest a suitable experiment for determining the latent heat of fusion of ice?
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For preparing ice cream ice is not sufficient to cool the cream. A mixture of ice and salt is used.
How does it help?

0000000000000000000000000000000000000000000000000000000resoreccsorssrsterer seee coees eessesscscssscsssensnee
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of Cooling Curves - Phase Change
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