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Units, Errors and Graphs

1.1. Units. Every physical experiment requires the measurement of one or more quantities. To
express a quantity completely we must give the unit in which it is measured and the number of times
this unit is contained in'it. There are three fundamental units, namely, those uf length, mass and time.
The systems of fundamental units in comman use are:

(i) The MLE.S. system. The units of length, mass and time on this system are metre, kilogram
and second respectivaly,

The metre is the distance between the centres of two transverse lines 2ngraved upon the polished
surface of a platinur-iridium bar at the temperature of melting ice, kept at the International Bureau
of Weights and Measures at Sevres near Paris.

The General Conference on Weights and Measures (1960) defines the metre as the length equal
10 1,650,673.73 wavelengths in vacuum of the radiation corresponding to ths transition between the
levels °p;; and *dy of krypran ~86. The wavelength of radiation beirg 6057 802 x 107" metre.

The internations ] kiloj;vam is the mass of 2 cylinder of platinum-i idiun: kept at the International
Bureau of Weights and Mvusures at Sevres near Paris.

1 i
24 x 60 x 60~ 86400

The General Confererce on Weights and Measures (1960) defines a s«cond as the duration of
9.192,631,770 periods of :he radiation corresponding to the transition betw -en two hyperfine levels
of the ground state of caessum-133 alom.

{ii) The C.G.5. systemn. The units of length, mass and time on this sysi2m are centimetre. gram
and second Tespectively.

The mean solar secon i th part of the mean s¢:'ar day.

p 3
A centimetre is one andredth | Té—é 1 part of a standard metre.
1

\ /

A gram is onz thouserdth (1_0‘1[36 ‘pan of the international kilngram

For all practical purpcses one gram is the mass of 1 cc of pure water a7 4°C.
(i1f) S.1. unite. The international system of units briefly writter as S.IL Las six fundamental units

{1} Unit of length Metre (m)
(17} Unit of mass Kilogram (kg)
(iii)  Unit of time Second (s)
(iv) Uni: of cumrent Ampere (A)
(v}  Unit of thermodynamic temperature Kelvin (K)
(vi) Unit of luminous intens:ty _ Candela (Cd)
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The metre, kilogram and second have already been defined.
The ampere is the strength of that constant current which flowing through each of the two parallel
and straight conductors of infinite length and negligible cross-section placed exactly one metre apan

in vacuum exert a mutual force of 2 x 107 newton per metre of their length.

The kelvin is

,}7; T3 of thermodynamic temperature of the triple point of water.

The candela is the luminous intensity in a perpendicular direction of & surface 1/600,000 square
metre of a black body at a temperature of freszing platinum under a pressure of 101,325 newton per
§q. metre.

Most of the quantities are measured in units, the magnitude of which depends upon those of
fundamental units of length, mass and time, These units are called derived units. As an example, the
S.I unit of area is a square metre which is the area of 2 square of side one metre in length. Some of
the derived units are given special names. For example, the 5./ unit of force is called a newton and
the S.Z. unit of work a Joule. When no special name has been given o a unit it is expressed in terms
of the fundamental units, e.¢., acceleration is stated as ‘merre per second per second’.

1.2. Errors: There is some error or the other in every measurement we make, The errors are of
two kinds:

(1) Errors due to known causes (systematic errors).

(i1) Errors due to unknown causes (random errors).

(1) Errors due to known causes. Some important causes of such errors are given below :—

(@) Error due to the temperature of the measuring scale being different from that at which it was
graduated.

(&) Error due to buoyaticy of air which arises when a large body is weighed.

(¢) Error in measuring ime with a stop watch, the watch running either too slow or too fast.

(d) Error due to radiation loss or gain in calorimetric experiments.

(e) Zero error in various measuring instruments,

All such errors can be eliminated by suitable methods since we know the cause e.g., the error
due to buoyancy can be calculated from the density of the weights, density of the substance and the
density of air; the error in a stop watch can be checked by comparison with a standard chronometer;
the rudiation error can be minimised by suitable means or calculated by the preliminary experiment
and the zero error can also be measured.

(it) Errors due to unknown eauses, If an observation is repeated a number of times by the same
person under similar conditions, it is found that every time a different reading is obtained, even though
the instrument used is very sensitive and accurate and the observer is an experienced one, These errors
are not due to any definite cause. We, therefore, cannot depend upon a single observation.

When a large number of observations are taken it is likely that some of them may have a value
slightly greater than the correct value and an equal number may have a value slightly less than the
correct value. This is why it is recommendad that sach cbservation must be repeated at least three
times.

The effect of random error may, therefore be minimised by taking a number of measurements of
the quantity to be determined and using the arithmetic mean of the measured values as the best
estimate of the true value of the quantity,

Thus if n measurements of the quantity are mads, all equally reliable and the measured values
are X, X;. ... X, then

Arithmetic mean X = 4 Xi+X+..X) = = E X

n n
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The true value is defined as the mean value of an infinite set of measurements made under
_constant conditions and is denoted by W. In practice, it is not possible to make an infinite number of

observations. Hence when the number of observations is sufficientdy large,

True value = Mean value X

The precision with which a physical quantity is measured depends inversely upon the deviation
or dispersion of the set of measured values X; about their mean value X, If the values, are widely
dispersed or the observed values have a large deviation from the true value, the precision is said to
be low.

The deviation §;=X, - X

Average deviation. The average value of the deviation of all the individual measurements from
the arithmetic mean is known as average deviation and is denoted by @

K =D -X) v+ —F)

Average deviation @ =

8, +8;,+
n

=~n

%
n
Standard deviation. The square root of the mean square deviation for an infinite set of
measurements is known as standard deviation (or root mezan square deviation) and is denoted by @,

‘When the number of observations n is sufficiently large

\/ (X - X P =T il =X F
g =

n-1
V52+51+ %
n=1 - n=1
where A A S o L O

For a fairly large sample of measurements which have a reasonably normal distribution about
the mean value X

Average deviation _ d = 0.80

Standard deviation o]

& . ’ :
Standard error, The quanuty —= is known as standard error and is denoted by o,,
' NI i

*. Standard error O, = \u'll Ky =X+ (X = X) s (K, = XY

nin=-1)
L A WS
nn=-1)
The normal law of errors predicts that the pmbab; ity that the mean value obtained from a finite
number of abservations n may be in the interval u £ o, is 0.68, that it may lie between p £ 2, 1

0.85 and for it to lie between p + 30,18 0.99,
Probable error. The probable error is a quantity e such that it is an even chance whether trus
value of the quantity measured differs from the mean value by an amount greuter or less than €. For
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y of the earth and 0.25 is the probable

error. then it means that there is an even chance that the density of earth lies between 520(545-
0.25) and 5.70 (5.45 + 0.25). It also implies that the chancs that the value of the mean density of the
earth may differ from the mean value by more than 4 or 5 umes the probable error is very remote.

On the basis of the theory of probability it can be shown that

Probable error =+ 06745 N —C-

nin-—1)
= * .6745 standard eror

where 0.6745 is a natural constant,
Let us consider the following values for the radius of curvature of the surface of a convex lens

with & spherometer.

No. Radius of curvature ! b 82
I | 15.25 | -07 0049
2 ‘ 1542 | w10 0100
3 ‘ 15.30 ‘ - 02 | 0004
4 15.20 -.12 D144
5 15.35 | +03 0009
6 | 15.40 | +.08 0064
Mean radius of curvature = 13.32
§=8+8..+8
= 0.0370
e - S
Standard deviation ¢ = —
& 0'03“0 = (0.0860
N
Standard error O, =
nin=1)
=N 220 Giessis
635
0.0370

Hence probable error + 0.6745 % g, == 6745

> ]

Radius of curvature = 15.32 £ 0.0237

0.0237

1.3. Degree of accuracy, In an experiment all observations must be taken to the same “‘degree

of uccuracy™

of the observations because it will not ake the resu

It is no use taking some observations to a much higher degree of accuracy. than the rest
It more accurate. The accuracy of the result is

the same as that of the ‘least accurate observation’. 1t does not mean that the observations should not
be taken accurately, but a careful sense of proportion must be used. For example. in the determination
of specific heat by the method of mixtures itis useless t find the weight of the liquid in the calorimeter
correct up to 2 fraction of a milligram. It is becauss apart from the errors due to the defects in the
balance and the weights, it is not possible to measure the temperature 10 the desired accuracy. Great
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care, therefore, should be taken in reading the thermometer. To increase the accuracy practice should
be made in estimating the temperature to at least 1/10th of 2 degree.

Percentage error. The students should have an ides of percentage error. For example, in the
above experiment if the weight of the calorimeter is 50 gm an error of 3 mgm in the weight will mean
only an error of .01%. The rise in the temperature is, however, only about 10°C and even if measured
accurately up to one-tenth of a degree will cause an error of 1% which is 100 times as large as the
error in the measurement of the weight.

1.4. Effect of combining errors. All observed values are subjected to mathematical treatment
to find the results. 1 is not possible to produce greater accuracy by mathematical manipulation. The
following are some of the important points:

(i) Addition and subtraction. Suppose the quantities having their true values a and b have
measured values a = 8a and b % 8b respectively where §a and 8b are their absolute errors. To find
the error 8Q in the sum O =a + b, we have

Q130 = (at8a)+(bzx8b)
=(a+b)+(£8azdh)
et 50 = da+8b

To find the error in the difference O = a~F, we have

0180 = (a£8a) - (h+8b)
= (a=-b) + (£ 8ax8h)

The maximum error in @ is again given by

80 = da+8h

Thus we find that when twa quantities are added or subtracted the absolute error in the final
result is the sum of the absolute errors in the quaniities

Example I, Resistance R, = 100+2 ohm

Resistance R; = 200%3 ohm
Equivalent resistance when connected in series
R =(100£2) + (200 3)

= 300+ 5 chm
Example 2. Mass of a bulb with air = 66,928 + .001 gm
Mass of empty bulb = 66.682 +.00] gm
Mass of air = 0.246+ 002 gm

Though the mass of air has been found by subtraction the errars are added,
(i1) Multiplication and division. Suppose the quantity 0 = ab and measured values of @ and b are
ax8a and b = 8b respectively, then
0180 = (a+8a) (b+8b) = abt bda+ abb+ 5adh.
Dividing L H.S. by Q and the R.H.S, by ab, as 0 = ab, we have

1452 _ yy 8,8
Q

a b
o ol i . = :

neglecting LI which is the product of two very small quantities. Hence the maximum error
in @ is given by

50 _da 8

o a b
and expressed as percentage error

50 o 100 = 22 100+ 5 10
o0 a b

www.FirstRanker.com



:l », FirstRanker.com

A Firstranker's choice _ .
www.FirstRanker.com www.FirstRanker.com

If the quantity @ = a/b, then also
0+80 = (at8a) (p£8b) " =ap+p Oatab Bb
Dividing L.H.S. by @ and R.H.S by ab™ as

b
b

O3

da
0 = ab=ab”’ wehave li%=ltji—

Hence the maximum error in £

50 _8a 8
0 a b
and expressed as percentage
&0 5
5L X 100 = Exlf}(ﬂ QEXIDO_
g a b

Thus if the result O is the product or quotient of two measured quanttiies a and b the fractional

or percentage error in Q is the sum of the fracrional or percentage €707 in-aandb.
Example 1. Capacity of a capacitor C = 2+ 0.1 Farad
Applied voltage V =25+£05Volt
Charge on the capacitor @ = CV=2x 25 =50 coulomb

Percentage error in C-——O—'l- x 100 = 3%

Percentage error in 'Lr’:o—';— x 100 = 2%
Percentageerrarin =5+ 2=T%
: o 7
or Ermorin @=30 x T00 = 3.5 coulomb
Hence charge on the capacitor @ = 50% 3.5 coulomb
Example 2. Mass of an object M = 3451 £ D.1gm
Volume of the object V =4155 + 0.05cm’
; : M 3451
Density of 1 == =
ensity of the object D V = 3155
= 8.31 gm.ﬁ:m3
. 0.1 P,
P tag M= = {J: %
ercentage errorin 1 3451 % 100 = 0.03
= 0.05 =
(e ge i [ = o 1%
Percentage error in ¥ 4155 » 100 = 0.12%
Percentage errorin D =003+ 0.12 = 0.15%
ar Errorin density D =R31IX % = 0,012 gm/em’
Hence densiry of the object = 831 £ 012 gm/em’

As a corollary, it follows that if the result Q is some power n of & measured quantity a, then the

fractional or perceniage error in O is n times the fractional or perceniage errorin a. .

(tif) General care. The final result of an experiment is geﬁcfaﬂ.‘-*' calculated from a set of
observations taken with a number of measuring instruments and connected .by means of a f(?r_mu]a.
the process requiring the use of multiplication and division. It can be shown that 2l l_me quantmf:s do
not affect the result equally, Some affect more than others do. For example, consider a quantity Q
which depends upon other quantities @, b and ¢ connected by the relation
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Q = ki
where & is a constant and , v, z are numerical values, then
80 _ &, 8 b
o a b c .
or Percentage errorin Q = x times the % error in a plus y times the % error in b plus  times the %
error in c.

Thus the effect on the final result is greater for the factor having higher power than that having
smaller power. If in the above case x is the higher power the quantity @ must be measured with the
greatest possible accuracy to make 8a as small as possible.

The area of a square is given by

A=F
8 _ L8
A i

In other words, if the length of the side of a square is measured and found to be 10 cm and this
measurement has a possible percentage error of £ 0.5, then the valus of the area will have a possible
erorof 2x0.5 = 1%.

To find the value of g by a simple pendulum, we have

I
g=4ﬂ2—2
P
8¢ _ 8l . &
= —-2 —
g I t

Hence a slight error in the measurement of the time period ¢ will produce double the error in the
result, The time period, therefore, should be measured very accurately,
To find the viscosity of a liquid by Poisenille’s formula, we have

_ mpr
n= 8k

o _B, 80 8 &
n P r i "
In the case of random errors i.e. errors due to unknown causes the sign should be chosen in such
a manner as to give maximum error.
B _d, 8 8 &
I
It is to be noted that an error in the measurement of the radius of the capillary tube is magnified 4
times in the final result,
This is why in experiments where the quantities to be measured are raised to some power, the
quantity with the highest power should be measured with greatest possible accuracy.
Significant figures. The number of significant figures to which the final result of an experiment
- should be stated depends upon the nature of the experiment and the accuracy with which the various
measurements have been made. For examyle. in the measurements of the value of gataplaceitis
not desirable to write it as 980.432 crm/sec” because the length and the time period are not measured
with the desired accuracy. Moreover, the various other sources of error, e.g , friction due to air,
amplitude not in one plane etc., cannot be removed,
In cases where the numbers dealt with are very large as 1053000000000 it may be written as
10.5 x 10" if the accuracy is 1 in 100, and as 10.53 % 10" if the accuracy is 1in 1000.
Thus the number of significant figuras automatically gives the accuracy of the result.
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Result, Students often attach a great importance to the result of an experiment. They are usually
alarmed when they find a large error in the result, But it is the percentage error that matters and not
the absolute error as is clear from examples given below !

(#) Tn an experiment on the determination of ‘g the acceleration due to gravity, the result is 9.6
ms™. This result has an error of 9.8 - 9.6 = 0.2 ms ™", '

(¢) In an experiment on the determination of specific gravity of common salt the result is 2.37
instead of 2.17. This result has an error of 2.37 - 2.17 = 0.20.

It is clear that the absolute error in both the experiments is the same, but it does not mean that
percentage accuracy is the same.

. . A

The percentage accuracy in the first case is 9—§ x 100 = 2% (nearly)

. i, 5. 020
and in the second case it is 17 x 100 = 9% (nearly)

1.5. Graph. Physical laws express relationship between various physical quantities. These
relationships can easily be expressed by means of graphs.

A graph is a pictorial representation of experimental data in the form of a curve which makes
visible, at a glance, the main features of the relationship between two variables.

One of the two variable quantities is varied at will, generally in convenient equal steps and the
corresponding values of the second variable quantity are observed experimentally. The corresponding
values of the two quantities obtained are plotted on a squared paper and a graph is obtained. The
quantity which is varied at will is called independent variable and the other which varies as a result
of variation in the firstis called dependent variable. As a general rule independent variable is plotted
along the X-axis while the dependent variable is plotted along the Y-axis.

Plotting of a graph. The following rules must be observed to plot a good graph.

\. Find the independent and the dependent variables. Represent the independent variable along
the X-axis and the dependent variable along the Y-axis.

Examples. (/) In an experiment with a simple pendulum the time period is measured for different
lengths by changing the length, The length is the independent variable and the rime period the
dependent variable,

(i) In the verification of Boyle's law where the volume is meas ured for various values of pressure,
the pressure is the independent variable and volume (or 1/V) the dependent variable.

(ifi) In the experiment on the determination of Young’s modulus where the extension of the wire
is measured for various loads, load is the independent variable and extension the dependent vaniable.

2. Determine the range of each of the variables and count the number of big squares available
for each along the two axes.

3. Scale. Choose a convenient scale for both the variables. It is not essential to have the same
scale for both. The scale should neither be toc narrow nor 100 wide. If the scales are too wide the
irregularities due merely to experimental errors will become very much magnified and the shape of
the graph will not be proper. If the scales are too narrow the points corresponding to accurate
observations cannot be plotted with the same degree of accuracy, For convenience one big square
should represent 1, 2, 10 or their multiples by any positive or negative power of 10.

A study of the specimen graph between P and 1/V for air in Fig, 0.1 shows that the pressure varies
from 64.00 to 88.75 cm. Since pressure is the independent variable it is represented along the X-axis.
The range of pressure lies roughly between 60 cm and 90 em. There are seven big squares and the
most convenient scale is to represent one big square by 5 cm thus utilising 6 squares.

Reciprocal of volume 1/V is the dependent variable and is represented along the ¥-axis. The value
of 1/V varies from .045 to .062. There are 10 big squares and the most convenient scale is to represent
one big square by .002 thus utilising 9 squares.

www.FirstRanker.com



:l » FirstRanker.com

A’ Firstranker's choice www.FirstRanker.com www.FirstRanker.com

)

Students sometimes unnecessarily trouble themselves in plotting and also make it less easy to
read the values from the curves by selecting an inconvenient scale, e.g., in the above case one big
‘square equal to 4 will utilise more squares but will be an unwise choice,

4. Origin, If the relation between the two variables begins from zero or if it is desired to find
the zero position on one of the variables where actual determination is not possible, then zere musi
be taken at the origin on both the scales, '

In all other cases it is not necessary to take zero at the origin. When it is desired simply to test
the proportionality of one quantity to the other the origin on both the axes should represent a quantity
a little less than the smallest value of the corresponding variable,

In the specimen graph of Boyle's law the origin should be 60 along the X-axis and 044 along |
the Y-axis which represent pressure P and the reciprocal of volume 1/V respectively,

Of course, it will be more complicared 1o take the actual least value of the two variables ar the
origin.

5. The quantities to be plotted along X-axis and Y-axis should be given on the top of the graph
in a tabular form.

6. Do not write all the values along the respective axes but only mark the ends of the thicker lines
10 indicate the values of the variables in round numbers. For example, in the graph Fig. 0.1 round
values of pressure 60, 65, 70 etc. and those of 1/V 044, .046, (M8 stc. zre indicated along the
respective axes.

7. Draw a small circle round each of the plotted points or put across mark neatly. Join the plotted
points by a regular free hand curve and not by zig-zag lines from one point to the other. Maximum
number of points should lie on the curve and the remaining points should be situated symmetrically
on either side of it.

8. Take at least six observations (preferabl y more) whenever a graph is to be plotted. The range
of observations should be as wide as possible.

Uses. 1. The graphs are used to extrapolate certain quantities beyond the limits of observations
of the experiment, e.g. absolute zero can be determined by plotting & graph between pressure and
temperature at constant volume, By extrapolating, the temperature at which pressure becomes zero
is found and that gives the value of the absclute zero. In this case, it is evident that origin must be
zero on both the axes.

2. Verification of certain laws can best be represented by graphs. There is always a mathematical
relationship between the two variables. It may be simple or & complex relation. For the purpose of
verification of a law the graphs may be divided into two groups.

(i) Straight line graphs. A straight line graph is very easy to interpret. The equation of a straight
line is

y=mx+c
where y is the dependent variable, x the independent variable, m the slope or the gradient and ¢ the
intercept on the Y-axis.

If the graph plotted is a straight line, we can evaluate the constants m and ¢ and thus we can find
the relation that exists. For example, if we plot a graph between E the potential difference across the
ends of a conductor and / the current through it the graph is a straight line passing through the origin.
If the slope of the straight line is represented by a constant & ( intercept ¢ being zero) the relation ¢an
be put in the form

= R (& constant)

~|m

This is the statement of Ohm's law.

(if) Graphs which are not straight lines. If the graph is not z straight line, there still may be a
simple equation that gives the relation between the independent and the dependent variables, The
relation can be converted into Jinear one by changing the variable, thus giving a straight line graph,
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It should, however, be clearly understood that we do not at all change the guantiry which is variable
in the experiment, For example, in the experiment on verification of Boyle’s law the independent
variable is the pressure P and the dependent variable is the velume V. According to Boyle's law
FV = k (constant )
The graph between P and V will not be a straight line, To get a straight line the relation is put in
the form
1
P=k. v
which shows that a graph berween P and 1/V will be a straight line. It is for this reason that the
specimen graph has been plotted between P and 1/V.
Similarly in the verification of Newton's law of cooling a straight line graph is obtained by
plotting log of excess of temperature and time and thus the law is verified.
In practice the matters often are not as simple as given above particularly when we do not know
the relation that exists and we are required to find it out. If y varies as some power of x, say
y sl
then the best method is to plot log y (dependent variable) against log x (independent variable). Slope
of the straight line gives the power of x in the original relation. To understand the theory suppose the

relation is
¥ 2"
or y ="
then logy = mlogx+logk
or logy = mlogx+e (1)

where ¢ is another constant.

Hence a graph between log v as dependent variable and log x as an independent variable is a
straight line.

Also consider the relation

y = bd®
where a, b and k are constants
logy = logb+ kxloga
or logy = logb+ (kloga)x
Substituting logh =c¢
and kloga =m

where ¢ and m are also constants, we get
2 logy = mx+c liE)

Hence a graph between log y as dependent variable and x as independent variable is a straight line.

3. Graphs are used to calibrate or graduate a given instrument for ready calculations. For example,
a graph is plotted between galvanometer deflection and temperature for a thermocouple to calibrate
it and find any temperature from the graph.

4, A graph is used to find the mean value from a large number of observations. For example, in
the experiment with a simple pendulum the mean value of [/ ¢ is found from the graph and the value
of g calculated from it. The method has the advantage that we can see at a glance whether the
determination is likely to be a reliable one by noting how closely the plotted points lie with respect
to the mean line, Any point which lies at alarge distance may be ignored as it represents an chservation
which has some abnormal error. If time and conditions of the experiment allow, the observations may
be repeated.
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5. A graph is used to find the inaximum and minimum values of the dependent variable. For
example, we find the value of minimum deviation by plotting a graph between i the angle of incidence
and D the corresponding angle of deviation.

O o N mm o

o

Ssmi-log

=
-~ oo v o

o

Log-leg

2 3 4 5 & 7 8 8§ 10

www.FirstRanker.com



| » FirstRanker.com

A Firstranker's choice _ .
www.FirstRanker.com www.FirstRanker.com

(3)

Limitations of a graph. Although a graph is a good method of visualising the results of an
axperiment yet it is not the best method of finding the value of a constant. A graph enables us to see
how closely the plotted points lie on a straight line and helps us to reject a point which lies a long
way from the mean line.

Normally a graat difficulty is experienced in drawing the mean line and also in de¢iding which
points to lic on the tine, Thus a number of lines having different slopes may be drawn which may
appear equally good with respect to the plotted points but give different values of the constant to be
caleulzted. Hence when the experiment is used to find the accurate value of a guantity graphical
analysis should be supplemented by a calculation based on the most accurate set of observations
yielding concordant results,

1.6. Special type of graph papers. Special type of graph papers are available which facilitate
the plotring of logarithm of quantities. In such graph papers the distances of markings along the axes
are not uniform but proportiona! to the logarithm of numbers. When one axis is marked logarithmi-
cally and the other axis is uniform the paper is called semi-log graph paper. It is used for plotting
graphs of the type

logy = mx+c¢

Ifboth the axes are marked logarithmically it is called a log-log graph paper. Itis used for plotting
graphs of the type log y=mlog x + ¢

Both the types of graph papers are shown in Fig. 1.1.

Experiment 1.1. Fit the given data to a straight line graph and calculate from the given
ohservations (f) Standard deviation (ii) Standard error and (iif) probable error.

Data The experimental data for the determination of acceleration due to gravity (g) by a simple
pendulum is as under

| Length incm 62.0 720 | 850 100.0 112.0 120.0 134.0 148.0
I :
| Time period ¢ in sec. 1.58 171 | 1.85 2.01 212 | 2320 232 2.44

(i) Plotting of graph. For a simple pendulum time period is given by the relation

t=12m \‘j-
£

) _ 47
2

f i

i

2

This is an equation of the type y = mx + ¢ where F=y, % =m,I=xandc =0,
2

Thus a graph between [ and £ will be a straight line, The slope of the line is L

To plot the graph between [ and / and to find the standard deviation and standard and probable
error we tabulate the above data as under.

No. ‘ Length linem Time period ‘' in e ! =i o
seconds ;_2 &= - pars
A 62.0 1.58 2.496 24.84 x1 =980.90
Z 72.0 s | 2.924 24 62 x2=97221
3 85.0 1.85 1422 24.84 x3=980.90
4, 100.0 2.01 4.040 24.75 x4 =977.34
5. 112.0 2,12 4.494 24.92 x5 =984.06
6. 120.0 220 4.840 2479 x=978.82
-+ 134.0 2.32 5.382 2490 x7=983.27
| & 148.0 2.44 5953 24,86 xg = 981,69
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(13)
o

— Mean value of g=97991 em s>
To plot the graph:- z
(i) As!is the independent variable it is taken along the X-axis. £ is the dependent variable it is
taken along the ¥-axis.
(ii} The scale along the X-axis is 1 small division = 2 cm and along Y-axis | small division is
t* = 0.1 sec”. The origin is taken as / = 50 and * = 2.0.
(iii) Plotting various points and joining them we get a straight line as shown in Fig. 1.2.
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Fig. 1.2

(if) Determination of standard deviation. To calculate the standard deviation we subtract the
mean value of ‘g’ found in the above case from each of the individual calculated value i.e. X, X5, X,

elc.
Mean velue of g, X=979.91 cm s
N, = ' & 52
L. 81 = 980,90 - 979.01 +099 0.98
a2 82=972.21 - 979.91 —7.70 59.29
3, §3=980.90 - 979.91 +0.99 0.98
4, 84=977.34-979.9] B 6.60
5. 85 = 984,06 - 979.91 +4.15 17.22
6. 8= 978.92 - 979.9] -0.99 . 0.98
7. | 87=98327-97951 +3.36 ' 11.29
8 8. =98169-97991 | +1.78 3.17
I8 =8]+8,+083+8+8]+8+8+8=10051
Number of observations n=8 :
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[ 58 -\f 100.51

Standard deviation 0 = ' == = 22 = 37893

¥ =2 g
Standard error. Standarderror O, = N I

nin=1)

by
nn—1)
+ 06745 x standard error
= +0.6745 x 1.3397 =1 0.9036

Value of g = 97991 +0.9036cm 577

Probable error. Probable error = £0.6745
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ACTVITIES

4,1y  AIM:TO FIND INTERNAL VOLUME, EXTERNAL VOLUME
AND VOLUME OF MATERIAL OF A CALORIMETER USING
VERNIER CALLIPERS

Apparatus Required. Vernier callipers, calorimeter

Theory-This device was invented by Pierre Vernier, 2 Belgian mathefnatician. It consists
of two scales, the main seale and the vegnier scdle. The least count of main scale is I mm and
itis graduated in centimeters. Normally main schle canread upto 15 cm. The verniet scale can
siide along the main scale and it has equally spaced ten divisions only

(i} Vernier constant (V.C.). It is the least count of vernier callipers and can be defined 2s
the minimum length, that can be measured accurately with the help of a vernier.

Vernier constant of vernier callipers is equal 1o the difference between the value of one
main scale division and one vemier scale division.

VC. =Value of 1 MSD - Value of 1 VSD (1]
Consider figure (1), Herg —
10 divisinné,on vernier scale E_ - s
coincide with 9 divisions on : % MaIN
main scale, Since both scales | §  4F 3.0 sl G S
are linear (fe. evenly spaced | Lo cd ol liriy AT S
divisionsy, so one VSD is | | %4 ., ) a0
proportional to one MSD. This VERHIER BCALE
isin factthe principle of working | _, 2
of verniercallipers, i.e. the least Fig. 1.
w=ounts of two linear scales are -
directly proportional 1o each other.Thus [rom fig. (1), we can write
10VSD =9MSD=9mm {~-1MSD =1 mm)
5 g
= 1VsD = I—UIT‘-ITI =09mm

Put values in equation (1), we get
VC =1mm-09mm ={-1mm=001cm A2
Vernier constant of a vernier callipers is also equal 1o theratio of value of 1 MSD 1o totst
no. of divisions on vernier scale.
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= Ve Value of one MSD 3}

" Total No.

of divisions on vernier scale
Brief diagram of a vernier chllipers is given below in fig. (2)

B
h VERMIER SCaLE

[ Fig. 2,

i

e
5TRIP

J

Its main scale is of stee] graduated in cen
on it is equal to one millimeter. The main scal
shown in figure). However, we shall consider g

4 vernier calliper has two jaws A and B atright angle 1o its length. Jaw

carrying a vernier scale with itecan mave forwa

position using screw . There are Two more jaws C and D in

timeter on lower side and each small division
€ is graduated in inches from upper side (not
nly cm scale, same is applicable 1o inch scale,
A is fixed and jaw B
rd and backward. This jaw can be fived at ahy
upper part of main scale, Thess

Jjaws are used to find internal diameter of tubes or ¢y, inders. On the other hand jaws A and B

are used to find external diameters of wbes or

Strip attached to the movable jaw

B. This strip is used

cylinders or spherical bodies, There is a thin
to find the internal depth of hollow

cylinders. As ani example above figure shows vernier callipers being used to determine external

diamater of a cylinder. Here the zero of vernjer
Scale reading is always the smaller of the two'i.

scaleis berween 1.4 ¢m and 1.5 crm. The main
& Main seale reading =l4cm,

Now by carefully analyzing above fig., one can see that 4th vernierdivision is coinciding

with same division on main side.

S0 vernier scale redding = (Number of vernier division coinciding) x V.C,
=4x 0.0l cm=0-04 cm '

Thus tatal read:'-ng is always sum of main
<+ Observed diameter = MSR+%sR

(il Zero error and zero
scale coincldes with the zero
fixed jaw A. Butin some instruments, both zers
in contact with each other, In such a case, the i
may either be positive or negative. This is

=1-4¢m+0.04cm=1-44cm
correction. Ina correcily adjusted instrument, the zera of vernier
of main scale, when the

scele reading and vernier scale reading,
<4}
movable jaw B is brought in contact with

S maynot be coinciding when jaws A and B are
nstrument is said 1o passess zerg error, which

demonstrated as followe -

Infig. (3] (a), the zero of vernier is to the rightofzero of main scale, Iny this case instrurment

will always read the length of object more then
is said 10 be positive. In this figure one canseet
with some division on main srale.

its actual length. The zern error in such & Case
hat the seventh vernier division is coincinding
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el e byt gigs
|
| YERNIER SCALE

Zerp error = (No. of div. coinciding) » V.C
=7=0:01=0-07cm
Zero correction ls defined as that value, which must be added to observed reading so as
to obtain corrected reading. It is always equal in magnitude but opposite in sign 10 zero £I707

“Zero correction = - {zero error) '
=-007cm
Thus eprrected reading = observed reading + zero correction «A5)

Thus continuing the example considered earl
corrected diameter of cylinder will be given as
Corrected diameter = 1.44 cm +{- 0.07 cm)
=137 cm
In fig. (3) (b], the zero of vernier is to the left of zero of main scale. In this case thelength
of objecieecarded by the instrument is less than actuatlength. The zeto error in such a case is
-said to be negative. From Fig , we can see that 7th vernier division coincides with adivisionen
mainscale. A
Zero error = (No. of div. coinciding - totdl no. of vernier div) x V.G
={7-10)%001cm =-003c

r, 1o find diameter ol & oflinder, the

Zero correction =- (Zero ertor)
=« 003 cm
Honce corrected diameter of cylinder in this case will be ! ,
Corrected diameter = Observed diameter+ Zero correction
=l44cm+0-03cm =147cm

Protedure. 1. Determine the value of one main scale division of given vernicr callipe
and courg toral no. of divisions on the vernier scale. From this data calculate the venier
constant of given vernier callipers. [ ¥

2. Find zero error, if any, in the given instrument with
proper sign. If zero of vernier scale coincides with zero of
main scale when jaws A and B arein contact, then write zero
error as hil,

3.To measure external diameter of cglorimeter. Put | «
the calotimeter diameterwise between the jaws Aand B as
shown in fig. (2) and adjust the movable jaw so asto gently
grip the calorimeter. Fix the screw 5 in this position. Note
the main scale reading just before the zero of vernier scale
Then find the no. of vernier scale division which coincides
with any of the main scale division. Multiply thisnumber of | Fig. 4.

www.FirstRanker.com



» FirstRanker.com

L Firstranker's choice

www.FirstRanker.com

www.FirstRanker.com

vernier divisions by the vernier constant and add it to the main scale reading to get the
observed diameter Apply zero correction and find correct diameter. The position al which
calorimeter is held between the jaws of callipers is called XX position. Now Joose thescrew of
movable jaw af vernier callipers and gently remove the calorimeter. Put it again diameterwise
in a direction mutnally perpendicular to the divection it was set previously (this ]':ms;r.inr'. is

called YY position) between jaws A and B. Measure the diameter of caiorimeteris
similar tothat for XX position. Find mean value of the diameter.

4.To measure the internal diameter of calorimeter. Insert the pair
Fig. (21) inside the calorimeter and adjust the position of movable jaw,

1 this position

ofjaws Cand D (see

thejaws Cand D

gently tauch the wall of the calorimeter. Fix the screw S in this position, Now note the reading
of main scale and the vernier division co inciding with some division on mainscale and from
this, calculate the observed value of internal diameter. Now measure the internal diamercy in
mutually perpendicular direction as described in point 3. Find mean value ofinternal diameter

5. Measurement of internal depth. Futthe edge of the main scale ofvernier callipers on
the hollow edge of the calorimeter so that strip R of vernier callipers is able to go inside ihe
calorimeter. Slide the movable jaw of callipers, 1ill the end of the strip just touches the battom
surface of the calorimeter. In this position, note the reading of main scale as well as vernier
division coinciding with sorme division on the main scale and from this calculate the observed
depth. Apply Ze1o correction with its sign and find corrected value of internal depth

6. Measurement of external depth/height of calorimeter. Hold the caldrimeterlengthwise
berween jaws A and B of vernier callipers and find the external depth of calorimeter just as

ol

exfernal diameter as deseribed in point 3.
Formula used : Let D; =Internal diameter
Dy =External diameter
h; =Imternal depth
h, =Externaldepih

2
. N - wDfh
. Then (i) Internal volume V(= ———
A
e . wDihy
(if) External volume Vo= _4"_

: - i x : : s 1
o 1} Volume of material used in calorimeter is given by
V,, =External volume = Internal volume

SNy = %(Dﬁ hg ~DZ ;)

Observations:
(i) Least count of vernier callipers

(if) Zeto error o mm
w ERNEHEETR
(iif) Zero corrector (C == [£ero error}
= unCiTL
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(iv) Table for External Diameter :

S. XX Position : YY Position Mean
No. (Mutually perpendicular to Diz-
E XX position] meier
Main No.of |Observed|Corrected| Main No. of Observed | Correcied - J
Scaie Vernier | External | External Scale | Vernier | External | External |[D1+D2
Reading | division |Diameter | Diameter reading | division | diameter | diameter B
4 coinciding |= a+nxL.C,|= ohserved a coinciding |= a+nxL.C.|diamerer + | (cm)
lem) n {cm} diameter | (cm) n fcm) ZETO
+zero correciion
correction lem)
{cm) D, [say}
Oy (say)
i
3 [
Mean corrected external diameter Dy=............cm
(v) Table for Internal Diameter :
F
5. 1 XX Position | YY Position Mean
No. [ Main No.of |Observed |Corrected | Main No.of | Observed |Corrected | Ia-
Scale Vernier | External | External | Scale Verpier External | External | meter
& Reading | division |Diameter | Diameter reading | difision | diametér | diamerer
a coinclding = a+nxL.C.|= ohserved a coinciding |= a+nxL.C. [diameter + (B2 =02
{cm} " (cm]) diameter fem) n | lem} zero 2
+ ZErD correction | {cm}
correction fem]
[em] Dy (say}
D (say}
1.
i
w | )
4.
Mean corrected internal diameter . om -
o (vi) Table for Internal Depth : &
[ S.No. | MainScale | No.of Vernier | Observedinternal | Corrected internal depth
Reading division depth = observed depth + zero
a coinciding =a+nxLC correction
(em) n . (cm) (em)
-—
==
|
s

Mean internal depth k;=..........cm
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(viiy Table for External Depth :

T . O
S, Nao. | Main5cale | No.ofVernier | Observedexternal | Corrected external depth
Reading division depth = Observed depth + zero
a coinciding =a+nxL.C. correction
{emy) (1) {cm) \em)
4
|
Mean external depth hy=..........cm.
Calculations :
(i) Internal volume of calorimeter is given as
2
Vo= nDfk 5
; 4
{if) External volume of calorimeter is given as
2
2 nDgh
Vg = % =iinacm®

(it} Volume of material of calorimerer is given as
- Vi =Vg-Vi=oucm? =
Precautions. .
(i} The zero error with its'proper sign must be noted carefully.
(if) The jaws should not be pressed too hard, “
(ifi} Calorimeter should be held gently between the jaws of vernier callipers.
(iv) The dimension (ie length or diameter) to be measured should be held parallel to
the main scale
(v} For measurement of diameter we should take each reading in two murtually
perpendicular directions.
Sources of Error.
(i} The movable jaw of vernier may be loosely fitted. g
(if} The jaws may not be atright angles to the main scale,
Result. () Interfial volume of given calorimeter=..........cm3
(if) External volume of given calorimeter =........cm3
(i) Volume of material of calorimeter=........cm?3

4,U1)  AIM:TO FIND VOLUME OF A WIRE USING SCREW GAUZE

Apparatus Required. Screw Gauze, scale, wire,
Theary. A screw gauze consists of a U-shaped or semicircular metal frame F One end of
the frame has fixed steel stud. Opposite 1o stud A, there is another stud C attached to a screw M:
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which passes through frame The ( =
strewM passes through a nut which

Is fixed inside cylindrical poriion S, | g A oM —F kS =
This cylindrical portion is alsg called | ( O t\\\\\‘\l diesHe if'i.___,._ =
siem. A line P is engraved op the | | | e |,|1__ ':ﬁ =
cvlinder S. Thisline s parallel 1o axis | | [ | I 3

of the screw and is called reference
line. The stem carries & scale in L E
millimetres or haif millimetres and | |
this scale is called main scale (or | |
pitch scale). The end H of SCrew is Eg_ 5.
divided into 50 or 100 equal parts oot s
and is called circular scale. The screw M is turned by the milled head R. In ”'I’fpm""?d
instruments, it is notrigidly fixed to the end ofthe serew but has g ‘rarched’ which prevenisthe
screw from being over tightened. The screw should always be rotated using this tatcher.
Screw gauze works on the principle of screw 6. whern a screw is rotated in-a nut, then
strew covers linear distance parallel to its axis and the linear distancé covered by screw s
directly proportional 1o the number of rotations given 10 the screw
The linear distance covered by screw in one complete rotation is called pitch. It can elso
be defined as perpandicular distance between two consecutive threzds on the serew Risalso
equalto the least coun: of main scale.
o find pitch of screw, rotate it by a few complete rotations (say 10 rotations) and note
down linear distance moved by screw. Then pitch is given as ;
= Pitch = Linear distance moved by screw L
: Number of rotations given
Least count of screw gauzeis defined as the least distance th atcanbe measured BCCU““EE_!’
with that screw gauze. It is €qual 1o linear distance moved by screw when circular scale is
turned through one division only. The least count of screw gauze can be found LA
Pitch
Total number of divisionson circular side.
Example. Considera screw Bauze having 100 circular scale divisions. Let when screw i -
tumned through 10 complete rotatons, then linear distance moved by screw is 10 mm - SN0
; linear distance . 16 mm
Pitch = =

£ CIRCULAR
SCAL

. Leastcount =

=¥ - )
) rotations given 10 -«m‘ % x;
- : 1 3 I
i . _LC:————P_n_CL____ = l_lT.Il'i] =001 mm* i
Total no. of C.5.D, 100 * X

Zsro error. Usually, it is found that zero of circular scale H doesnot concide with thezero 7
*4%+ -ofthelinearscale B vihen studs g and Care brought in contact. In this case: instrument is said
I to be suffering from zero etror. To find zeto error we consider the example given in fig. (6) .

1o fig. () (a) zero ofboth main seale ang circular scale exactr-coincide ea_ch Gt_hcr u.fhcn
studs A and Care in contact. In this cage zero error in the instrument is Nil. Note in this casé the
zero of main scale js just visible 1o us. )

In fig. (6) (k) the zero of main scale s coinciding with eleventh division on EHCU%BTSCHIIC-
The rotation from zero of circular scaletowardsincreasing reading {i.e.0,1,2.3,4, ..., etc,)1s
considered positive, Hence in this Case zero error is said to be +ve and our instrument will give
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(@) {
ZERD ERRACE = NIL FCSITIVE Z

|
RO ERARCR NEGATIVE ZEAC ERROR

Fig. 6.

length of object more than its actual length. Note that in this case, zero of main scale is
distinctly visible to us. The zero error in this case is found usin g following expression ;
‘ Feroe = [ No. of circular scale division % (L )
eraermor = | coinciding with reference line ) * 1~€ast count)

e.g Accordingto fig. (6) (k) Zero error in instrument is given as zero error
=(11) x {0:01) =0-11 mm,
1n fig. (6) (¢), the zero of main scale is coinciding with 96 division on circular scale, when
studs A and Care in contact with each other. The rotation of screw in the order (0, 99, 98, 97, 96,
... etc.) is considered as negative. Hence in this case zero error is sald to be negative and our
instrurnent will give length of object less than actual length. Note that in this case zero of main
scale [s not visible at all. The zero erros in this case {s found using following expression.

- {(No. of circular scale divisions | { Total No. of circular

%
7 4
Zero eIIOT ™ | coinciding with referenceline J\ scale divisions Jj % {Least count}

e.g. According 1o fig. (6) (¢, zero error in the instrument is given ds zero error
=(96-100) x (0.01) =- 0-04 mm

Zero correction. It is always equal 10 negative of zero error. It is added to obscrved
reading jn order to get corrected reading.

Backlash error. The error due to lag between rotatory motion given to the head screw
and the linear motion along the reference line is known as backlash error. Generally, either
due to imperfect construction or the constant use of the instrument, there maybe locsenessin
the fitting of screw in the nut. In such condition, ifthe screw is first adjusted by rotating the
screw head in one ditection and then direction of rotation is suddenly reversed, the screw
does nor hegin to move in the reverse direction untill the head hasgbeen ratated through an
appreciable angle (i.e. finite number of circular scale divisions). The error due to this cause is
called backlash error. This error can be avoided by rotating the screw alwaysin one direction
while taking an observation. i 3

Procedure. {{) Determine the pitch of screw and then least count of the instrurnent as
explained earlier. 2

(if) Bring the studs A and C of screw gauze in contact and note zero error.

(#if) To me=sure the diameter of the wire, turn the screw back and inwert the given wire
between rwo studs. Turn the screw with the help of ratchet R 1ill the wire is just held between
the two studs. Note the main scale reading. Also note the reading of circular scale coinciding
with refernce line. Multiply it by least count of screw 'gauze and add it to the main scale
reading, so as to obtain observed diameter of wire, Add zero correction 10 it, 50 as 1o obtain
corrected diameter. Turnthe wire through right angleatthe same point and note the diameter
again, Take three or four such obscrvations,
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liv) Remove the kinks (if any) in the wire and measure its lengthusinga scale. Repeal the
Process three times and find mearn, length of the wire

Formula used. Let length of wire=1

Diameter of wite = D

Then velume of wire is given as V=

bt

distance moved

Observatj () P ] I = ; :
servations () Pitch of screw rotations given

S mm
Pitch
(i) .= = 4
R e e CRp S
{i1i) Zeroerror mm ¥

{i1) Zera comrection =C = (zerg error)

Mean length1 =

(vi) Table for meas urement of diameter of wire -

In one direction 0] J In mutually perpendi:uiardjrecﬁon{h'i Correc-

No.of | Observed Corrected | Main No.of Observed | Corrected | ted
circular | diameter diameter | Scale | circular dismeter | diameter | dia-
stale = asnxl.C.|= phserved reading | scale =a+nxL.C = observed | meter
division {mm) diameter a division (mmj iameter + | A+B
coinciding | +itro | (mm] |coineiding zero  |Def

a

with correction with correction | | 4
refrence A refrence {mm}
line () (mm) f line (n) {mm)
‘ |
] -
Meari corrected diameter D= .. mm .

- - 2
Calculations. The volume of given wire is calculated as V = f—:;—]“-
} - ] S MIE
Precautions. (/) Pitch and Ieast count of screw gauze should be noted precisel y.
(1) The screw should not be Pressed too hard against the object but should touch the
-— Eiven object genny, =

{i#f) The screw should move freely without any friction, !

{i) The screw should be moved in one direction only so as to avoid backlash error

(v} Diameter of wire should always be noted in two mutually perpendicular directions,
(vl) Zero correction must be applied with proper sign.

Result, The volume ofgivenwireisV=........mm?
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EXPERIMENTS

g+ AIM: TO MEASURE THE DIVERGENCE OF THE LASER BEAM

A_pparatus Required. He-Ne laser, stand, screen, measuring tape, graph paper ete.

Theory. Divérgence is defined as the spread of the laser bearn i.e. how much angle is |
imtended by the laser spot at the point of erigin. I1 is measured in radian. In an optical
‘esonator if single- pass gain is more than cavity loss {incleding diffraction) then TEMgymode
s developed whose intensity distdbution has Gaussian sh apein adirection transverse to the
lirection of propagation of beam, A Gaussian beam has following property. If a beam has
Jenssian transverse profile at one location, then it will have Gaussian transverse profile at all
ocations elsewhere (extept when optical elements introduce a distortion, that is non-unifgrm
icross the wave front of the beam). Such a Gaussian beam canbe characterized completedy at
iny spatial locatioh by definifig both its “beam waist” and radius of curvaru® of wave fr
pecificlocation of thé beam. Moreover, an unaltered Gaussian bea
vaist size Wy at one location in space as shown in fig. (20), :

-

In this figurerZ-axis is chosen as direction of propagation of laser beam and origin is
‘hosen at the point where waist size is minimum (ray). Since Gaussian beam remains Gaussian
t all locations, thus the waist size of the beam ar a distance Zis given by the relation #

W2 (Zr= Wi + 0§ 22

ont at
m always has a minimum

w0

L

Fleld Amplilude
|Ag Ao dl

TRANSVERSE DISTANCE (r}—»

s
T
P -
|
|
|
|

e
GAUESION PROFILE

| .
Fig. 20.

UThis result is a standard result and follows from property qf Gaussian ls:z;mF- Here
Wy = minimum waste size, §; is angle of divergence, W (Z) is waste side at distan : leaisr .
(To find angle of divergence 8y, we set up three equations. For this Pu?;’f;;:kam Lo
spot size (W) is measured at three arbitrary planesat Z, Z + D, Z+ 2D di
reference plane (see fig. (211}

LASER

SCREEN
Fig. 21. - z . o

- ing equation (i,
Let Wy, W, W, be spot size at distance Z, Z + D, Z + 2 D from laser, then using equ;
we have . i)

i)

|

Wi £ Wi +8ie? : )
' 2 aZ72_ @iD?+2Z05
W3 = W§ +0§(z+D)® = Wi +05 Z° +8g D" +25%0

and g Wi =W¢ +0f (z+2D)?

5 2 i)
=W + 632 + p3(4D?) +4ZDE;
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From (if), (i), (i), we have
W -2W2 + W2 = 22p2

Wi -2w2 + Wi

i o )
_ D 2 ) '
( Procedure. (1) Arrange the apparatus as shown in figure (22).
(z'z‘}_Fix agraph paper on the screen and piace it at some distance Z (roughly 2 m) from
aser. Using a pencil and scale draw horizontal and vertical tangents on bpth sides of spot so

9.3 b

as 10 form a square shape on graph paper. Using scale measure mean diameter (distance
between opposite sides) 1,¢. waist size Wi

{if) Now distance screen in the direction of beam propagation by a known distance D
(i.e. total distance from laser is Z + D) and measure spot size W, at this place, as described in
Step (i7), Now displace screen further away by same value D (approximately 2 m or more] sa
that new distance of screen from laser is (Z + 2 D). Measure spot size Wy at this position &s
described in step (i), !

(i) Putvalues in formule and find laser divergence.

Formula used. LetD = displacement ofscreen®¥;, W,, Wy are spotsize at distance 7,7 +
DandZ+2 D from laser, W, is minimum waist/spot size, then angular divergence is given by

T
g1 lllwf -2WE-wE
ol
Observation. (i) Initial distance berween laser andscreenZ=......... m.
(i) Displacement of screen D =........m.
(iti) Table for spot size :- =
S. No. ~ Distance (cm) _ Spot size (cm) }

1. z: Wl:

2. | Z4D= Wy=

3. Z+2D= Wy=

Calculations. Angle of divergence is given by

1 l'wl? -2WE+ Wi

By =— =......radlan
) ; ‘Dbl 2
\_Precautions. (i) Experiment should be performed in dark room, ;
(i) Spot size should be measured accurately, .

(iii) Screen should be placed normally to the path of laser beam.

(f2) Laser light should not fall directly into the eyes of observer,

(v) Spot size and other distances must be recorded in same units. )

Result. The angle of divergence of He-Ne laser is given by 6 =........radian/ Since this

~angle is very small (= 1 milli radian), we conclude that laser beam is highly dirbctional as

tompared to ordinary light source.
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3 TO STUDY DIFFRACTION USING LASER BEAM AND THUS
* TO DETERMINE GRATING ELEMENT

) Apparatus Required. AHe-Ne laser, transmission grating, measuring tape or steel scale,
screén, graph paper.

Theory. A diffraction grating is extremely useful device to @udy diffraction. It consisis a
larg=niumber of slits placed side by side. All these slitsliein asingle plane. Due to this it isalso
called plane diffraction grating. These slits are separated from each other by opaque spaces.
‘When a wavefront is incident on a grating surface, light is transmitted through transparent
portion and obstructed by opaque parts of grating. This causes diffraction oflight and hence

bright and dark fringes are obtained on screen. The intensity of bright fringes goeson decreasing
in higher orders.

In fig. {18) beam of parallel
rays is incident on a plane
diffraction grating, The undiffracted
rays are converged to its focus by
convex lens and-these rays {orm
central (primary) maxima, However,
diffracted rays are converged to
different points on the focal plane
by the convex lens. These diffracted
rays (secondary waves) can
interfere to form maximum as well
as a minimum depending upon
value of path difference. From fig.
(23), we see that path difference
between two secondary waves
originating from corresponding CONVEX
poinis Aand C of rwo neighbouring . o LENS . |
SR PLANE N |

Let 8=angle of diffraction DIFERACTION

a =AB = width of transparent GRATING
part Eig. 16, ] -

b=BC = width of opaque part ‘

Let d=a+h (0

discalled slit width or grating element and is equal to sum of widths of transparent and
opaque parts.

M AR MU

| cenTRAL
MAXIN UM

InAACD, we b @—sine
n , we have o

CD =ACsin8=(AB+BC]sin§ 3

& ; .CD =dsin 8 o

The point P on screen will be a secondary maxima when path difference CD is integral
multiple of wavelength of light )

ie CD =1iA; w=1,88,

= dsinB, =% ot Liid

The equation (i) is called grating equation and gives the condition for formation of
secondary maxima from diffraction grating. Here 8is replaced by 8, which simply shows that
angle of diffraction is different for different orders.

. Let there are N slitwidths in a unit length of diffraction grating
, telatienbetween N and d we note that
1 one slit width =d distance = grating element

tis refalad o 'd', To find

. Number of slit widthg in unit distance = %
1 ;
or I =E ) i)
We can find N using (i) in (iv) as follows :
N= sing,

z L)
naA
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It should be noted thar diffraction of light waves can be observed only if slit wid(h d i«
suitably chosen. To find the limit on value of d, we note thar for all values of 6, sing,<1.

= fi =1 using (iff)

. d

;. dzni

Smce minimum value of 1 is one for diffraction to be chserved. Hence d,,,;, >
- Thus diffraction can be observed only if size of siit is comparable 1o the WE\-E‘]:ngt}': of
ight used,

Procedure. () Arrange the apparatus as shown in fig. (19).

PLANE DIFFRACTION !
GRATING SCREEN |

Fig. 19,

{if) Fixa graph paper on the screen and place it at appreciable distance D from grating so
that distinct maxima are seen,

(iif) Mark the centre of tentral spot (brightest) and first three maxima on both sides of
central maximum.

{iv) Using a scale find distance between first maxima on either side afcenrrai spot. Then
[EP)

mean distance of first maximum from centre of screen s half of this separation fe. y; =

Find angje ofdiffraction 8, using the result anh; = }Tj— .Thenuse this value in grating Equation
to find dand hence grating element.
{v) Repeat the procedure of step (iv) for 2nd and 3rd maxima. Then find moamadue of N,

Formula used. Let d =grating element
&, =angle of diffraction
. n =order of diffraction _ - =
& =wavelength of laser beam
Then () g—_4 - (i g, —]ryr |
§ in 9 l\.

where y, = mean distance between nth maxima a:nd central maximum
D=distance between diffraction grating and screen.

~
f
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Observations ang calculations :

(i) wavelength of He-pye laser i =5.325 « 107 m=6-328x10-5em
; e
(i) distance between diffrac uon gratirig and scre

enD=. e CITLL
(iif) Table for grating elemen; :

{8 Separation berween Position of | Angleof Grating
rf\'o. corresponding nthmaximum | diffraction | element

] maxima on either 1f T ol
|| i sideof central | yalem) |6 = 1an | o) |@=

]
(degree) ’

Mean value ofgrating element 4=
Precautions. (i) Experiment must
(0} Laser light should not fall on eyes of ohserver directly,

(1i0 Al lengths should be measured in same unit,

(iv) Light should fall normelly on diffraction gratingand screen shonld beplaced norma)
to the path of incident laserbeam.

(¥) Distance between $pots should be measired accurarely,

4
Result. Grating elemen; ofgivendiffraction grating s A5 om., *

- EHL
be performed in dark room,
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4, TO DETERMINE THE WAVELENGTH OF ﬁONOCHROHATlC
LIGHT SOURCE i.e. He-Ne LASER SOURCE USING MICHELSON
INTERFEROMETER, g

Apparatus. Michelson interferometer, He-Ne Laser, screen, stand. =
Formula used. Wavelength of monochromatic light is calculated by the relation
2d

1==£

Where, d is the distance moved by the'siiding mirror for the shift of '’ number of fringes.

Theory. The Michelson interferometer is a device that produces interference berween
fivo beams of light. A diagram of the appararus is shown in figure 22.

Mirror Adjustment Screws

Adustsbie Mirror Mz

Compensating Plats

)\ Beam-Spiitter
| s
B e X - o
L - e
I ‘r > ~ 3 \4\ | He-Ne Laser !
Flxed n‘ni:.-oa M+ | Micrascopic objsctive
¥
= ‘.
Fig. 22, § Vigwing Scresn L

J

The basic operation of the interferometer is as follows® Light from a light source is split

intotwo parts. One part ofthe light travels a different path length than the other. After trave tsing

these different path lengths, the two parts of the light are brought together to interfere with each
ther. The interference pattern canbeseenona screer.

Light fromthe source strikes the beam splitter (BS). The beam splitter allows 50% of the
vadiatien to be transmirted to the fixed mirror MI. The other 50% of the radiation is reflected to
the wanslatable mirror M2. The compensaror plate C is introduced along this path to make
gach path have the same optical path length when M1 and M2 are the same distance from the °

peam sp_lirter. After returning from M1, 50% of the light is reflected toward the frosted glass
gereen. Likewise, 50% of the light returning from M2 is transmitted to the glass screen. At the
4.c¥een, the two beams are superposed and one can observe tha.interference between them.

Optical paths. The rays falling on mirrors M1 and M2 are derived from the same wave
source] originally incident dt center point on beam splitter ‘BS’. The wave reflected from M1
and entering the viewing screcn crosses the compensating plate C twice, However the path of
ihe wave falling on the mirror M1, in the absence of compensating plate ‘'C’ travels totallyin air.
Thus an extia optical path 2(u—1)£is introduced where, ' is the thickness of the compensating
Plate Cand 'y’ is the refractive index of the medium. It is immaterial if we produce fringes with
monochromatic light, but it produces a serious problém when white light is used. Thus, it
becomes Tiecessary to compensate for the extra optical path 2 (u - 1) tfor all wavelengths. This
& done by introducing another glass plate C (compensating plate) of same thickness as that of
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Mirror Adjustment Screws
Adjustable Mirtor Mg i'

Mictozcopic objective

Fixed Mirror (Mq )

L W

¥

He-Ne Laser

Beam-Spiitter

3 Viewing Scraen

Fig. 23.

Bearn Splitter parallel to it. Light reflected from M1 passes through plate twice and an extra
optical path 2(x - 1)7 produced in plate BS is compensated by the plate C.
Change in phase, A phase change of p occurs onreflection at M1 and M2, The exact phase
change at the plate G will depend on the nature of the semi reflecting film deposited on the
- plate G. The optical path difference between the two rays is due to the different paths traveled
in-air before reaching the eye. The two waves will interfere constructively or destructively
according as the path difference,
cA=2mAl2=mi (for maxima) and
._aﬁ ={Zm+ 1)i/2 {for minima) &
The path difference between two two rays can be varied by moving M1.
The plates G and C are inclined at 450 to the incident and reflected beams. Hence, M2 is
imaged virtually in the plate G. Thus, one of the interfering beams from M1 and otherfrom M2
(or as if it had come from M2). The virtual image M2 and the mirror M1 may be supposed astwo

surfaces of an air film. The air film may be wedge shaped or parallel depending upon whpthm
M2 and M1 are parallel or not,

Types of fringes. The fringes formed in Michelson interferometer may be straight, circular,
parabolas or hyperbola depending upon the distance d betw een M1, M2 and angle 0 between
these surface,

1. Circular fringes. To obtain circular fringes, the planes of M1 and M2 musi be

perpendicular.

2. Localized fringes or fringes of equal optical thickness. When the mirrer M1 and

virtual image M2 are inclined to each other, the film enclosed is wedge shaped.
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3. With Light Fringes. When M2 and M1 intersect, the path difference along the ling of
intersection is zero and therefore, is same for all the wavelengths. When a source of
white light is used we get central achromatic bright fringe. On either side of central
fringe, three or four colored straight fringes are observed.

Procedure

= {a) How to Get Circular Fringes
L. Set the Michelson Interferometer on lab table with coarse adjustable knob pointing
towards you.
. Set thelab jackin front of microscopic objective holder and set the height using lifting
knob,

. Place the He-Ne Laser source on lab jack, pointing the source towards the centre of

fixed mirro.

4. Plug-in the laser cord on AC 220V, 50Hz socket.

5. Turn the laser on and ajust the laser beam height using lab jack lifting knob until the
beam is approximately parallel with the top ofthe interferometer and strikes the fixed
mirror in the centre. (To check that the beam is parallel with the base, place a piece of
paperin the beam path, with the edge of the the paper flush against the base. Mark the
height of the beam on the paper. Using the piece of paper to check that, the beam
height is the same at bath ends of the interferometer, )

6. Set the viewing screen just opposite of the adjustable mirror M2 to get the laser beam
field view. (Note : Viewing screen should be placed at 1-2 meter from the adjustable
mirror to get better resolution.)

7. To get circular fringes, M1 should be exactly perpendicular to M2. In this position,

Michelson interfergmeter is said to be in normal adjustment. The setting need® that

X

ra

[

A

[ )M.’.’
\

| as o] e
He-Ne i

[ ko ‘lV' |

Microscopic objective
-

M1

il v

Vlawing Screen Q

4 Fig. 24.
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the plane of BS exactly bisects the angle (45°) between the polished surfaces of M1
and M2,

8. Using coarse adjustment knob makes the disiance of M1 and M2 from BS nearly
equal. (The distance of M1 and M2 from BS should notbe exactly equal; otherwise the
field of view on viewing sereen will be dark).

. When laser beam will be passing through beam splitter (BS) at 45° and observed in
the direction M2, four spots of the He-Ne Laser beam are seen on the viewing screen;
two of which are faint and two are intense as shown in figure. The faint spots are due
to reflection from unsilvered surface of BS and then from M1 and M2 respectively. The
intense spots are due to reflection from silvered surface of BS and M1, M2. (Nate. Two
spots of He-Ne laser beam also been seen on the viewing screen other than four
spots, which are ignorable. Because these two spots are formed through compensating
plate).

10. Thetilting screws at the back of M1and M2 as shown in fig. are adjusted to obtain only

two images as shown in fig. 25. This happens only when the mirrors M1 and M2 are
exactly perpendicular to each other,

-E ]

> . ’ -
Migrescopic cbjsctive

\ M1
v ;

Viawing Scresn Q
_| Fig. 25,

11 Now place ‘the Microscope Objective in Microscopic nbjecfve holder.

12. Adjust the height of the microscope objective so that clear circular fringes are opained
on viewing screett, !

13. Make fine adjustments of mirrors M1 and M2 using top tilting screws to obtain concenric
circular fringes in the viewing screen.

Determination of wavelength of He-Ne laser light source: Thecircular fringes are obtzined

as already explained.
1. Move the mirror M2 using fine adjustment knob. The fringes appear or disappear in

the field of view. (Always move the knob in one direction for precise measurement).

wn
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2. Note down the reading of coarse adjustment knob. Let it be ‘m’. Multiply this reading
with least count0.01lmm

3. Take the reading of fine adjustment knob, Letit be'n’ Multiply this reading with least
count0.0001 mm.

4. Now add the above two readings of coarse and fine adjustment knobs. Letitbe Ll

. Rotate the fine adjustment knob ta count the number of fringes appearing 0T

disappearing. Letitbe N.

. Note the observarions as already explained in (c) and (d). Let it be 2.

-~ Subrract L1 from L2 to get the value of '@ for'm' fringes.

. Use the formula to calculate the value of d.

Note. Experiment can also be performed using a Sodium light source,

Observations. Wavelength of He-Ne laserlight.

-~ o

[==3

S.No. Initial | No. of Final Distance moved A=2dim
Reading fringes Reading (d=12-L1) (em)
‘L1’ (Cm) shifted‘m' 27 Cm)
1
5
Calculations

(i) Meanvalueofd=...

(if) Exactvalue ofi=632.8 M -
(ealculated value ~ exact value)
x1
Exact value

Percentage error = oo .

Sources of Error

1. Mirror Movement. The amount of adjustable mirror M2 mavement per fine adjustment
knob is constant to with 1%. Most of error nceurs at extreme end of the mirror's rotal
possible movements.

2. Movementof fine adjustment knob. The rotation.of fine adjustmentknobshould be
either clock-wise or antielock-wise during the experiment to reduce any distortion
onthe fringes. O

3. Backlash. The effect of backlash should be practically eliminated by using proper
technigue when counling fringes. Gl

4. The fixed Mirror M1 should be exactly perpendicular to movable mirror M2 and
nearly equal distance so that the fringes will be formed in circular pattern.

5. Distance of M1 and M2 from the back surface of beam splitter BS must not be exactly
equal so as to get circular fringes.

6. The fine adjustment kneb should be moved in one direction
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5. TO DETERMINE NUMERICAL APERTURE OF AN OPTICAL
FIBRE

Apparatus Required. He-Nelaser, 20 X microscopic objective, fibre optic chuck, optical
fibre, screen, graph paper, measuring tape eic g

Theory. ‘Numerical
gperture isa basic descriptive

characteristic of specific /
fibres)it can be thoughtofas || oo oooooooiooe- .

representing the size or i
degree of openness of the

input acceptancé Ccone.
‘Mathematically, numerical
apertureis defined asthesine lFig. 26.
of angle of acceptance! The
light gathering power or flux carrying capacity of afibre is numerically equal to the sequence
of the aperture, which isthe ratio berween the area of a unit sphere with acceptance conearca
of the hemisphere (2 nsolid angle). A fibre with 2 numerical aperture of 0-66 has 43% asmu ch
as flux carrying capacity as a fibre with numerical aperture of 1-0.

Le (0-66)%/(1 0)F =043,
_a Let n, = refractive index of core

-~
* n, = refractive index of clad

~Then numerical aperture of optical fibre (with air as surrounding medium) is given as
NA = sin 8 = |ni -3 D
Proof of this relation can be seenin chapter of fibre optics of the book

1fa ray of light is incident at acceptance angle then, on entering the fibre, ray is incident

-on core clad interface at angle of incidence equal to critical angle. Hence it just suffers Lotal

internal reflection inside the fibre. All light rays entering in the fibre with angle of incidence

less than acceptance angle are accepted, while light rays entering in the fibre at anglo of
_incidence more than acceptance angle are leaked into the clad.

« Tomeasure the numerical aperture experimentally, we consider figure (26). Here light

| comesoutof optical fibre and makes same acceplance Cone at output end, as at the input end.

Let this light cone coming out from optical fibre is made 1o fall on a screen at a distance L from
output end of fibre. Ler Dis diameter of circular spot formed on the screen. Then from fig. (26]. .

we can write ¢
i D
1an 0y =—
Il Ug 5L
= D - iy
! 8, =tan™ [—— i
| _ . 5L
} Knowing D, L, we can find angle of acceptance using equation (if). Then NA can be found as
NA :s'm&c.=5m|(1an"l‘-—n—\'1 i
l. 2L J)
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Fig. 27.
—

Procedure,

(i) Arrange the apparatus as shown in fig. (27). Mount both ends of optical fibre on the
fibre optic chucks.

(i} Couple the light from the He-Ne laser onto one of the fibre ends using a 20 X
microscopic objective.

(1if) Place the screen ar some distance frorn the outputend (end other than at which light
Is coupled) of the fibre such that itis perpendicular to the axis ofthe fibre.

(iv) Now move the screen towatds or away from the output end of optical fibre, sch that
a circular spot is formed on the screen as shown in fig, (28).

(v} Measure the distance between the output end of optical fibre and screen. Let it is L.
Also measure the diameter of the circular spot formed on the screen. Let it is D,

(v1) Use formula to find numerical aperture of optical fibre. Repeat the above procedure
for different values of L and D. and calculate average value of NA.
Formula used. (@) 8y =tan~! [-ﬁ—] (if) NA = sin g

where D = diameter of spat
L = distance between screen and output end of optical fibre o

Observations and Calculations : .

L]
§.No. | Distance between . Diameter of spot Angle of acceptance | Numerical

screen’and output. D By =13ﬂ"]{§%j Aperture
end of fibre ] . (cm) . (degrec) NA=sin 05
Licm) j
;).
) - -

3.

Meanvalue of NA=......... 3
Precautions. (7) Spot forined on graph paper should be sharply defined.
(#} Experiment should be performed in a dark room,

(ifi) Coupling of light to optical fibre should be adeguate,

(iv) Diameter of spot and distance between screen and output end of optical fibre should
be measured carefully,

Result. Numerical aperture ofoprical fibreis=........... ... ..
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6. TO DETERMINE ATTENUATION AND PROPAGATION LOSSES
IN OPTICAL FIBRES

Apparatus Required, He-Ne laser, 20 X microscopic objective, fibre chuck, two optical
fibres of same type but of different length, digital multimeter or digital microvaltmeter,
photodetector.

Theory. As light travels along a fibre, its power decreases exponentially with distance.

LetPyis optical power in a fibre at the origin (input end), then the power P at a distance z inside
the fibre is given as

P=pye *¥*
where ; is called fibre attenuation coefficient. It is given in units of (km)-2. The units of 2Zg,,
canalso be designated as nepers. For simplicity in calculating the oprical signal attenuation in
a fibre, the common procedure is to express attenuation coefficient in units of decibels per

kilometer. For accomplishing this task we define a new parameter « called “fibre loss” or “fibre
attenuation” as follows -

CHUCK CHUCK
E L O PHOTO DETECTOR
1 o ' J
LASER
: /
= oeTicAL FIBRE — | Boiam
T Qo
CBJECTIVE MICRDG VOLT METER
Fig. 28. -~
10 Py
o=—lo — =
z g;u_\ F J v (i}
To find relation between a and o, we note that
logyg (x) = E Inx .-
T T
Hence (ii) gives ,
10 P, 4343 (P
o =—1n[-—-°— | B —”]
@z3mz \PJ) "z P
az (P, =
- )
= 4343 L P ]
oz
= 94-343 =i
P
EE "
= 3 pne‘ﬂ-aqa > L)
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Comparing (i) and ({ii), we get

or o =4343 o, ]
Fibre loss or fibre attenuationis a function of several parameters, like bonds in the fibre
wavelength of light, ternperature etc.
In order to measure fibre loss experimentally, we will further modify equation (ii). Let P,
is optical power at distance z and P; is optical power at distance z + L from the input end of
optical fibre, then

P.'
@ =—T°E;a [ : ]
\ B,
(P
= z-—logln l?-] (1
a= L lo -
and = Ein
P
or " =% :_}ng [ Pi ,'. ¥ (i)

Subtract (v) from (vi), we get
10 P
L= {]‘331’ ‘D—] IOS]r\ (B ]

o= }E]O (B)
L g‘ULPQ‘

However, Py, P; are optical powers and are not easy to be measured<directly, To overcome
this problem, the optical power is converted into electrical power using photodetector. The
photodetector generates a voltage pulse V, corresponding to power P, and voltage pulse V;
corresponding to power P;. If ris resistance of photodetector circuit, then electrical power is

IU]D [P] .‘|
. = 810 | P;J_ )

(V]

‘ given as
vi vi
P =—— and P, =—=
r. R -
- i P, |[ v, JZ e
S L= 1L
P, \V;
Put this value in equation (vif), we get
’ ~2
- 10 (M) -
o= -——Ing
i
ﬂ=§]gg (i POy
or 10 v, (0]
NVl

Since voltage can be directly measured using sensitive dugl'al voltmeter, so equation
(viif) can be used to calculate fibre loss.
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Procedure. (i) Couple the laser output to a 20 X microscopic objective [see fig. (28)].
Then hold both ends of optical fibre of length L; in chucks,

(i} Couple one end of optical fibre to objective and other end to photodetector. The
photodetector {tself is connected to a digital voltmeter. Measure the voltage readingVy.

(i) Now remove the optical fibre and replace it by a similar optical fibre but of longer
length L,. Measure the output volia ge reading for this fibre

(i) Find L = 1, - L; as difference of the two lengths, Put the observed values in the
formula to find fibre loss,

(1) Perform the experiment with glass as well as plastic fibres.

Formula used. Let V) =voltage at the output of fibre of length L,
/> =voltage at output of fibre of length L,
u = fibre loss
o, =attenuation coefficient

Then () o =£Eiogm(l]—J whereL=1,-1;

L Vs
_ &
W% =130

Observations and calculations:

(i) Length of smaller piege offibreL; =..
(i) Length of longer piece of fibre L, =
Voltage reading at output of smaller fibre V; =.........uV
Voltage reading at output of longer fibre V, =..
Differenceintwolengths L=L,~ L, =........ km

Fibreloss a= -Zl—niogw [E—;J e dB(km
; : =
4.343 ©
Precautions. (i) Coupling of light into the fibre and into the photodetector should-be
almost perfect. - .
(if] The two fibres should be exactly similar, Only their length should be different,
(iif) When first fibre is being replaced by second fibre, then light coupling between laser
and 20 X microscopic objective should not get disturbed, ;
(iv) Since we are not cdlculating additional bending loss, so there should not be S]‘larp
bends in the fibre while taking observations. ;
(v) Experiment should be performed in dark room.
= i Li ght from output end of fibre should only be allowed 1o fall on photedetector. Care
should be taken that laser light or a part of it is not falling directly on photodetector.
Result. (i) Fibre lossis given by a=......... dB (k.
(i) Attenuation coefficient T = k)=,
(##1) The fibre loss is several hundred decibels per kilometer of plastic fibres and a few
decibel per kilometer in case of glass fibres, So we conclude that there is more power loss in
plastic fibres as compared to glass fibres.

Attenuation coefficient &y =—— = {Yam)-?
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7. Aim. To find the refractive<ndex of a prism material using
e %
spectrometer. -
Apparatus Required. Spectrometer, magnifying glass. spiritlevel, prism, sodium vapour
lamp etc. ‘ o .
g Formula Used. If A is angle of prism, dm is angle of minimum deviation, then.refractive
index u is given as

sin |

|

Theory. A spectrometer is a device used to study pure spectrum. Its brief diagram is
shown in figure 32. It has following main parts,

(a) Collimator. It contains a slit ofadjustable width fitted at outer end ofa telesc opic tubs,
while inner end has a convex lens. The distance berween shir and lens of cailimater is <o
adjusted that it is equal ta the focal length of the lens. A source oflightis placed in fron
slitand light coming out from this slit is converted into a parallel beam by the lens and thi
is then made incident on a prism, which is placed on prism table

ot this
s light

Collimator Clemping Scraw

Prism Table

Léueamg

Screws

Fig. 3z,

(b) Prism Table. It is a circular table used for keeping prismn on it. It is provided with
screws underneath it so as to make the table hoirzontal. The height of table can be adjusted by
a clam_m'_ng screw. The table can be rotated ak outa vertical axis, Concentric circular lines on the
tabie help to place the prism correctly on the table.

(c) Telescope. It is an astronomical telescope containing achromatie objective and
Ramsden’s eye piece with 2 cross wire. The length of tube can be adjusted with rack and pmion
arangement. The telescope can be rotared freely in & circular path, The angle described by
telescope can be noted from two vernier scales V; and V; as shown in the figure.

Procedure, 1. Firét of all the telescope is adjusted in normal mode so as 1o view objects at
infinity. For thata very distant object like building or atree is focussed by taking telescope taan
open area, or by looking through an open window of the room. Thereafter it is not disturbed
from this serting while doing experiment. It should be nored that cross wire should also be
clearly visible in this adjustment

2, Keep the spirit level on the base of spectrometer and using levelling screws make it in
Norizontal plane. When it happens then bubble of level is in the centre.
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3. Place the slit of collimator facing a sodium lamp source and view the light coming ::u1®
of collimator using telescope directly (i.e. without placing prism on thetable) Now adjust the
slit width of the collimator so that a fine slit image is seen Find the vernier constant of the
spectrometer. (For details see experiment no. 1.

4, (@) To find angle of prism. Place prism |
ABC on the prism table such that light from | |
collimator is falling on the refracting faces AB | |
and AC of the prism i.e. non refracting face BC L
(or base) is away from cellimator and refracting ]
edge passing through A is facing the collimator | /\ |
This is shown in figure 33

Ligrt
T coming from
collimaior

(b) Mow Totate the telescope so as 1o collect
light reflected from face AB of prism. Coincide
vertical line of crosswire with slit image in the
telescope. Now lock telescope at this position ] C
and use fine adjustment screws for proper | Fig. 33.
matching once this is done, note down readings —!
of bath verniers V; and V. Note that it is good tolocate the image with naked eye first and then
bring telescope at that position.

(¢) Now repeat procedure (b) for face AC and note down new readings of both verniersVy
andVy' (say).

(d) Repeat procedure (&) and (¢) three times and find angle of pyism A from following
observation table :-

Vernier constant of Spectrometer=.....

Table for Measuring angle of prism

L| VernierV, \ VernierVs
Position of Difference Position of
S.No.
Telescope Telescope Difference
FaceAB | FaceAC | 8=|Vy'-V,|| FaceAB Face AC G=[Vo' =V
Vi) (V") (Val v,
J z
L3

Meanvalue of € =

8

Angle ofprism =A= 3
6.To find Angle of Minimum Deviation. (@) Place the prism on prism table with its centre
exactly coinciding with the centre of prism tzhle. Rotate the table in such a way thatlightenters
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from second refracting face AC as shown in figure 34. l .;Ehfa;{::
Now collect the light coming from second face + |

AC with the help of telescope. Now very carefully |
rotate prism table by small margin in one direction. |
The image of slit will also move. Adjust the telescope Brseg M
position again so that slit image remains in the field
of view. Continue to repeat this process again and
again, Itwill be found that asthe prism is continuously
rotated in one direction, the image moves across the
field of view, pauses and then moves in reverse
direction again. At the moment when slitimage just
reveses its direction the prism table is fixed and slit
{mage is coincided with the vertical portion of cross
wire. Note the readings of both verniers V) and V; at
this position by locking the telescope. This is the

position of prism at minimum dewviation.
4. ; . s |
(k) Now remove the prism from table so that /::7&“!5&”9

light from collimator goes undeviated. Now move | gy, 34,
the telescope so as to collect directlight and coincide
slit image again with vertical part of cross wire. Lock telescope at this position and note new
readings of both verniers Vy' and V' (say) Repeat the procedure three times @ find angle of
minimum deviation ém according to fellowing table.

Table for measurement of angle ofminimum deviation

; 3
St Reading at Minimum Direct Reading Angle of Minimum 1 )
No. deviation position deviation I3
Vernier Vernier * Vernier Vernier ém = dm=
Vi Va2 Vi’ V! Vi =V V' =V

; | |
: | |

Mean value of dm ...
Now find refractive index of prism using formula

i {A*—ém]
sin | —=—

=T K
- smL—]

2

Result. Refractive index of prism material is foundtobepus=......e

Precautions of Sources of Error:

1. Position of eye piece shduld be se adjusted that cross wires are distinctly seen

2. The plane of prism table should be horizontal ‘
3. Axis of collimator and telescope should be horizontal

4. The telescope must be focussed at infinity and there should be no paraliex between
cross wire and image of distant object. :

5. §lit size should be narrow.

& While measuring angle of minimum deviation, the centre of prism table should coincide
with centre of prism -

7. Experiment must be performed in a dark room.
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Apparatus, Spectrometer, hollow prism, given liquid, spirit level, magnifying glass.

8. To find nefractive index of a liquid using spectrometer

Formula used. Same as in experiment no. 7,

Theory. Same as in experiment no. 7,

Procedure. 1. Set the appratus as described in experimentno. 13

2. Fill the hollow prisim with given liquid and measure angle of prism (4) and angle of
minmmum deviation (dm) as descrihed in experimentno. 13,

3. Find the refiactive index of liquid using formula

5

sin f
smn { % ]

Result. Refractive index of giverrTiquid isu=. ...

/
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q, Cathode Ray Oscilloscope

~ . Cathode ray oscifloscope. The cathode ray oscilloscOpE is an instrument which can record
instantancous values of rapidly varying voltages. Itis used to observe various alternating current wave
forms. There is no mechanical moving part in the oscilloscope but the ‘moving’ is done by a beam of
c!ccm_'nns. There is no inertia and the electron beam serves as an ideal indicator for any rapidly
ch.angmg voltage, The electron beam is focused on a flugrescent screen where it produces a fme’,
bright spot of light. By applying an electrostatic (or magnetic) field in the vicinity of the beam it can
be t.ieﬂected and the spot of light made to move over the face of the screen tracing out a visible pattemn
which i_s determined by the potential producing the electrostatic field (or the current producing the
magnetic field), )

. A cathode ray oscilloscope (C.R.0.) essentially consists of 2 cathode ray tube (C.R.T), a sweep
eircuit or time base circuit, a synchronisation circuit, high and low voltage supplies, and horizontal
and vertical amplifiers,

1. Cathode ray tube. The cathode ray tube is an evacuated tube of the shape shown in Fig. 42.1
(a). Its main parts are an electron emitter called the cathode (K), & device to control the intensity
called the grid (G); accelerating and focusing electrodes (A, Az A3) known as anodes; deflecting
pIa‘re: vertical (¥;, ¥,) and horizontal (X, X;) and a screen which fluoresces when electrons impinge
on at,

(i) Electron emitter, The method of obtaining electrons is similar to that used in a thermionic
\ra.[ve: The cathode K is indirectly heated by passing a suitable current through the filamen: FF. Tt is
tlectrically insulated but thermally connected to the filament. The cathode is oxide coated type (with
3mah:::ial like Mg ) and when heated gives out a copious supply of electrons,

(if) Intensity control. The cathode is surrounded by a metal shield in the form of a cylinder with
4hole &t the end farther from the cathode, The cylinder is given a negative potential with respect to
the cathode so that the electrons are repelled from it and any off axis electrons join the axial stream
© form a fine beam which passes through the hole. This electrode is called the grid (or shield or
Modulator). By varying the negarive potential of the grid, the emission of electrons from the cathode
r;ebc D()lnlIFllled and thus Ihe brighiness of the spot on the screen can be varied, This control is usuall y

Hfd brightess. ‘brilliance’ or ‘intensity’ on the C.R.Q. panel board,

i ﬁ(m‘J Focus. The beam of electrons from the grid passes through a series of electrodes known as

5%, second or third anode (A;, A, and A;) all of which are at positive potentials with respect to
:‘::amodc. These electrodes act like an electron lens system and bring about a sharp focusing of the
g tron beam on the fluorescent screen. Generally, the anodes A; and A; are connected together and
‘.a"'-' the highest positive potential with respect (o the cathode while the anode 4, has 2 potential lower
han thay of Ay and A, but higher than that of the cathode. The potential of the anode 4, can be varied
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sus the spot of light brought to a fine focus on the screen. The potentiometer knob controiling
potential of A, is usually labglled ‘focus’.

T: - whole system consisting of the cathode, the grid and the anode shoots cut & fine pencil of

ing elecrons and is therefore, called an electron gum.
y Deflection of electron beam. The common form of a cathode ray mube uses electrostatic
ion arrangement. Far this purpose two sets of plates X; X, and ¥, ¥, are mounted between the
»de A, and the screen, As shown in Fig. 42.1. (a) the plaies I, Y; are horizontal and 1epresent

plate capacitor in which an electric field inthe verrical (¥) direction is setup when a potentia]

nee is spplisd to the plates thereby causing the electron beam to move up or down according
the polarity of the plates. The plates X, and X; are vertical and an electric field in the’ horizontal
tion is set up when the potential diffgrence is applied to these plates thereby causing the
beam to move from left to Fight or right to left according to the polarity of the plates, If
- fields are simultaneously set up between the vertical and the herizontal deflecting plates, the
displacernent of the electron will be in accordance with the vector sum of the vertical and
displacements.

3

defle

Anod i
odes  Deflscting Piates

Cathode Giid /\ VERT
A \
.'Iiamanlk 'l- [L;]'_I"Ll dyz Phesphor
.3 Scresn
E 7Y
'L L‘ 1JA= S
F oF L{ lG A2'1A1.A@
8 G oK %P2 FAL A

iy ]

-

JDJJ 1000 Y

] E
. C. mains {c}

(b}
aCathods raytuoe b Powersupply  c. Deflecting plates shown separately

Fig. 42.1

The vartical and horizontal plates though shown separately are at the same place.

The position of the spot on the screen can, therefore, be adjusted to a pre-determined position by
spplying suitable D.C. potentials to each of the two sets of deflecting plates. The variable D.C.
P ial #rv this purpose is regulated by control knobs labelled *Horizontal positioning (Hor. Pos)
2rtical positioning (Vert. Pos.)

One plate of each pair (X, and ¥) is connected to the anode A, so that there is no electric field
==n the plates and the electron gun. Finally the anode A; is earth connected so that the deflectof
¢ are not in the vicinity of high potentials which would cause the spot to behave in an errati¢

aIs
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mﬂnne‘r_ anc_i may also be dangerous. Thus the cathode and the other electrodes ape al & negative
potential with respect to the earth.

" Caution, It ;'{ a'angftmu& to handle the cathode, the filament (heater) and the Jocusing anode
4, when the tube is working.

(v) Screen. The screen is coated with & fluorescent material such as zine orthosilicate and 2
brilliant spot is visible on the screen due to fluorescence where the electron beam strikes. The inside
of the neck of the tube is coated with aguadag or some other conducting material thereby connecting
the sczeen to the final plate A; which keeps the electron beam fiom A, to the screen in free flight as
the space through which the electron beam passes is free from all electrostatic (or magnetic) fields
except those set up between the defiecting plates. As the electrons strike the scresn these ‘leak off
to the anode A; and finally through the power supply to the cathods.

2. Time base. One of the great advantages of a cathode ray oscillograph is its ability 1o indicate
very short time intervals and to re- ’
cord variations of voltage with time. :_W
Ifanalternating potential difference
isapplied to the plates ¥, ¥, the spot c
on the screen will trace out a vertical
line proportional to the peak value
of the applied voltage. If the wave & E +
form of the alternating voltage is to

| be obtained the spot must be made

tomove horizontally along the X-di-

rection as well as move up and down along the ¥-axis so that the pattern may spread out on the screen.
This is done by connecting the horizontal deflecting plates X, X, to a source of voltage that rises
gradually at a constant rate to @ maximum value and then suddenly drops back to zzro, Such a voltage
Is said 1o have a saw tooth shape. It causes the beam to move horizontally across the screen 2t a
uniform speed and then snaps back to its starting point. The electronic circuit producing the saw tooth
voliage is called the ‘sweep circuit’ or ‘time base circuir’, A time base is said to be linear if it produces
a uniformn movement of the spot. The sweep circuit or time base enables us to obtain a pattern on the
screen which is exactly the same as a curve of varying voltage applied across the vertical deflecting
plates I'; ¥; as a function of time. The only condition that has to be fulfilled is that the period of the
saw tooth voliage must be equal to or an exact multiple of the period of the applied voltage to be
studied. For exampie, suppose the frequency of the alternating voltage applied to the Y-plates is 50
&.p.s., then if the time period of the saw tooth voltage is also 1/50 sec (frequency 50 ¢.p.s.), then one
complete cycle of the applied voltage will appear on the screen. If the time period of the saw tooth
voltage is double i.e. 1/25 sec (frequency 25 ¢.p.s.), then two complete cycles of the applied voltage
will appear and so on.

A simple form of 'time base’ makes use of a gas filled triode known as thyratron. The circuit is
shows in Fig, 42.2. The capacitor C is charged through a high resistance R by connecting itto a D.C.
source of constant e.m.f. V. With the thyratron connected in parallel with the capacitor, the'voltage
V, builds up from zero to V, according to the equation.

V. =V, (1—e~""RC)

The curve for the voltage V, plotted against time is shown in Fig. 42,3, The quantity RC is called
the fime constant and is defined as the time during which the voltage rises (o
& p

1—iJ=\(1_—-I—W=D.6E

e 27
i

Fig, 42.2

www.FirstRanker.com



» FirstRanker.com

A Firstranker's choice

www.FirstRanker.com

of the maximum value, When the voltage across C is sufficient

063V,

Voltage —

RC——|

g ="
Fig. 423

“flies back’ to the starting point during

of build up of the charge and then discharge of the capacitor

www.FirstRanker.com

to ‘fire’ the thyratron the capacitor
discharges rapidly through the valve. (The current
being limited to a safe value by the resistance Ry)
till the capacitor potential fzlls to ‘extinction value'
at which it is unable to maintain the discharge. At
this stage the discharge SiOps and the capacitor
commences to recharge. The process repeats itself
and the resulting potential variation across C is
shown in Fig. 42.4. The pattern is similar to theedge
of a saw and hence the name ‘saw foofir’. If the
X-plates are connected across the capacitor, then

during the charging period the spot moves across
the screen at a nearly uniform rate and suddenly

the discharge period. The time required for a complete cycle

i.e., the frequency of oscillations of the

sweep circuit can be adjusted by changing the value of time constant RC. The length of the sweep
depends upon the value of the ‘firing voltage’ and ‘extinction volrage'. The capacitar charge curve
is exponential buta sufficiently small section of it, as abin Fig. 423 canbe regarded as almost linear.

The circuit is made to operate between these two points

by adjusting the firing and ‘extinction’

voltages corresponding to V; and V; respectively. For greater linearity the resistance R is replaced by

a pentode valve.

In order to study the wave
adjusted with the help of two controls—a ‘Range
switch' giving different ranges of frequencies in
coarse steps by changing the capacitance Cand
marked ‘frequency selecror’ and a ‘frequency
control switch® marked ‘frequency verniet’
which by gradually varying the resistance R per-
mits fine adjnstment of sweep frequency within
the limits of any one setting on the range switch.

3. Synchronisation. When two events oc-
cur simulameously they are said to be synchro-

forms of different frequencies,

the sweep frequency can be suitably

Charging Discharging

Filring

Extinction valtage

Tima——*

Fig. 424

nised. The input signal applied to the Y-plates, if itis periodic is synchroniscd with the sweep signf!i
and will appear srarionary or ‘locked in step’ when the beginning of 2 pulse of the signal wave train
is caused to appear at the beginning of the sweep trace. If there is a slight lack of synchronisation the

wave pattern will move across the screen either

left to right or right to left. To keep the trace steady

without frequent recourse to fine frequency control a portion of the incoming signal is fed to the sa¥

tooth generator and serves o ‘lock’ the generator
control varies the signal fed to

knob helps to ‘freeze’ (or fock")

in step with the vertical input frequency. The Lsymek -

the sweep oscillator and a slight adjustment of fine ‘synch’ cgnu'ﬂl
the pattern on the screen. When synchronisation has been achieved

the trace is repeated again and again in the same position and thus appears stationary on the scree?

4, Power supply. The power supply provides the high voltage for

the cathode ray tube (1-D

&V}, filament voltages for vacuum tubes and low voltages (1-150V) for other valves in the ciroul

A simple form is shown in Fig. 42.1 (b).

5. Amplifiers, To amplify weak signals t4) increase the deflection in the vertical and horizon®

dirsctions without distortion of the incoming signals,

the X-and Y-plates producing the horizontal &

vertical deflections are connected to suitable amplifiers. Regulating knobs provided on the CRY
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Panci are respectively labelled ‘Horizontal gain' (HOR. GAIN) and ‘Vertical gain’ (VERT. GAIN).

With the help of these the gain or amplification of the
signal may be varied for the horizontal and vertical

{~ Cathode ray oscilloscops | Int. \
plates. The horizontal amplifier can also amplify the 3 o '@ |
sweep circuit oscillations and is provided with a 'chis I
switch so that it can be connected to the internal sweep ) { o7
circuit or the external signal. W";A&P"-"

Experiment  § (a) To obtain the wave form \i/ el

of a given oscillator using a cathode ray oscillo-

scope. v )
‘3[(!:) To obtzin the wave form of A.C. mains )
supply using a cathode ray oscilloscope. Ver. gain H‘;:fé;;erq‘ Horiz. gair

Apparatus. Cathode ray oscilloscope, audio os-
cillator (signal generator), a step down transformer.

Procedure (a) 1. Connect the output tenminal
marked ‘ground” (GND) or ‘earth’ of the oscillator to
the terminal marked ‘ground or ‘earth’ of the vertical

switch on the “intensiny’ control (or power switch).
Note the position of the ‘spor’ as it appears on the

e
sl |k input

Jdod

OFOTO!

O

Synch AMP  Freq. vem EEE

input of the CR.O. & :
2. Connect the CR.O. to the A.C. mains and l Or_,‘l‘::‘u"'““'“”' O

Horz, input

Pliot lamp GNDO

Fig. 42.5

S

screen and adjust the ‘intensity’ and ‘focus’ controls
to get a sharp and fine spot. Now adjust the bias on the X and ¥ deflecting plates by using the
‘horizontal’ and vertical positioning' (centering) controls so that the spotis in the centre of the scresr,

CAUTION. See that the bright spot does not remain on the screen for any length of fime
otherwise that area of the ube will be burnt,

3. Switch on the ‘time base’ or ‘sweep circuir' so that the spot sweeps across the screen in rapid
successions. See that the time axis is straight horizontal ard clearly defined.

4. Connect the oscillator to A.C. mains and switch it on. Set the oscillator frequency &t 1000
cycles/see. Now sel the ‘coarse’ frequency control of the sweep circuit of the C.R.O. with the help
of ‘frequency selector' control to a step with 1000 c.p.s. and adjust the ‘vernier frequency’ control
carefully to “srop’ the wave pattern obtained. Adjust the oscillator gain as well as the vertical and
horizontal gains of the C.R.0. to get a proper amplitude of the wave form on a large part of the scre
When the hand is taken off the ‘vernier frequenc)” control the pattern will, probably, begin to welk
along the sweep. If it does, adjust the ‘synch. amp' control 1o ‘freeze’ the pattern, You will get one
complete wave form of the oscillator with this adjustment. Trace the wave form.

% N I 8
O W Tl
Sine wave Square wave
(&) ()
Fig. 42.6

5. Now set the ‘COARSE' FREQUENCY CONTROL to a step with 500 c.p.s. and again adjust
the ‘vernier frequency’ control to ‘stop’ the pattern. ‘Freeze” the pattern with the help of ‘synch amp’
control, if necessary. You should now get nwo similar patterns. Similarly get 4, 5, and 10 patierns,
Note the type of wave pattern f.e. sinusoidal, square wave, triangular wave or any other form. Trace
the wave form an 2 tracing paper. A sine wave and a square wave is shown in Fig, 42.6 (a) and (i),
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itch off the oscillator and the C.R.O. and disconnect from A.C. mains. Disconinect ths
rom the C.R.O.

. Tostudy the wave form of A.C. supply. the secondary terminals of a step-down transformer
ected -9 the ‘vertical input’ terminals of the CR.O.

= A.C, mains frequency is 50 eycles/sec and is usually held to a very small tolerance.

2. Conmect the C.R.0. to the A.C. mains and obtain a sharp and fine spot on the centre of the
evg)lained in step 2. Adjust the "coarse frequency’ control of the sweep circuit to a step with
cand pmceed as in step 4 to get one-complate 4 C. wave form 'locked in” on the screen. Trace
=m obtained.

Kepeat with time base frequency set at 25 c.p.s. and 100 c.p.s.

cautiens. 1. Do not allow the spot of light to remain on the screen for a long time, otherwise
vill be bumt.

ust the horizontal and vertical gain controls of the C.R.0. to obtain proper amplitude of
the wave pattern on a large part of the screen.

o

Calibration of an oscilloscope. If one plate of 2 pair of deflecting plates of 2 CR.O. is
imaintained at a positive potential with respect to the other, then electron beam will be attracted
'lowards the positive plate and the spot of light will move across the screen,
| IfD.C. potential is applied to the X -plates the spot will move from the ‘centre’ position to & point
'=1lher on the left or right of the centre depending upon the poiarity of the plates. If the potential is
‘applied to the ¥-plates, the spot will move up or down for the same reason, The deflection of the spot
Mll be proportional to the difference of potential between the plates.

If alternating voltages are applied, the spot will be drawn out into a line. The length of the line
fis a measure of the peak 10 peak voltage applied. The D.C. voltage corresponding to the length of the
lline ie. the sum of the deflections on either side of the centre will be equal to 242 times the r.m.s.
\voltage,

The calibration of an oscilloscope is generally done with A.C. voltage to avoid the possibility of
hl-u'mng of the screen due to the electron spot having remained in one particular position for & long
lime. For calibration purposes some oscilloscopes are provided with an in built standard 1 volt A, c.
tignal. The usual circuit for calibration is shown in Fig. 42.9. (a). T is a step-down transformer, the
voltage across its secondary is measured by an A.C. voltmeter V. This voltage is applied to a potential
dividing arrangement consisting of two resistance boxes R, and R,. To find the vertical sensitivity
'lhe potential difference across R, is applied to the plate T, of the vertical deflecting plates and the
_P[aleXg of the horizontal deflecting plates is earthed by connerting it to the terminal marked *ground’.
The deflecting plates X; X, and ¥, T, are shown se =1y in Fig, €2.9 (#). To find the horizontal
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sensitivity the potential difference across R, is applied to the plate X; and plate'Y; is earthed py
connecting it to the terminal marked ‘ground’. If V is the voltmeter reading, then

C.R.O.

5 | D

g
&
: O
g T 2

I Ghd__Cchd

(al

(b)

P.D, across R

If L, is the total length of the line traced on the screen, then since it is proportional to peak i
peak voltage, we have

R
Pezk 10 peak voltage 2 V2V 2 L,

R +R,y o
or 22V i = kk
Ri+R, ™
where k, is the vertical sensitivity.
2V2 VR,
YTLRR)

Similarly If L is the total length of the line traced on the screen in the horizontal direction, then

horizontal sensitivity
22 VR,
T L (R +Ry)

The vertical and horizontal sensitivity of a cathode ray oscilloscope depends upon the gain from
the respective amplifiers. The sensitivity is minimum for no gain position, maximum for full gein
position and has an intermediate value for any other gain position. For example, the sensitivity of2
C.R.0. may be 1 volt per cm for no gain position and 0.1 volt per em for full gain. The vertical and
horizontal sensitivities may also be different. In general, the sensitivity of a C.R.O. is required to b
determined in a particular gain position which may have been used in an experiment. In such a cas
the gain position should not be disturbed after the experiment. In other words, the vertical and
horizontal gain control knobs should be kepr fixed in position.

Experiment: ?(C o find the vertical and horizontal sensitivity of a cathode ray oscilioscopt
(i) with no amplifier gain and (if) with full amplifier gain. 2

- Apparatus, A cathode ray oscilloscope, two resistance boxes, an A.C. voltmeter, a step doW
transformer etc.

Procedure. 1. Draw a diagram showing the scneme of connections as in Fig. 42.9 (a) and connett
accordingly.

2. (a) Vertical sensitivity. Connect the ‘hor. inpus’ terminal to the ‘ground’ terminal. Set the
‘hor. freq. select’ control knob to the ‘exr. inpur' position. Set the “vert. gain’ control knob to the ¢
(zero) gain position.
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4, Connect the C.R,0. to the A.C. mains. Put off the time base circuit and obtain & sharp, bright
spot on the sersen. Switch on the A.C. mains supply to the step down transformer T and adjust the
yalue of Ry and R, so that & vertical trace of a suitable length is obtained on the C.R.0, screen. Note
the reading of the voltmeter, values of Ry and R; and trace the line displayed on the screen on a
ransparent paper. Mieasure the length L, of the line '

Take six such readings by changing the values of R, and R, and getting the line trace from a
ginimum to the mazimum length.

4, Now set the “vert. gain' control knob to the maximum (full) gain position and repeat the
grperiment,

5. (b) Horizontal sensitivity. Connect the ‘vers, inpur' terminal to its ‘Ground' terminal. Set the
hor, freg. select’ control knob to the no (zero) gain position. Take at least six observations as
gxplained in step 3 by tracing the horizontal line displayed on the screen.

6. Now set the ‘hor. gain’ control knob to the maximum (full) gain position and repeat the
grperiment. )

Record. (a) Vertical sensitivity

Ne gain Full gain
Voltmeter- | Ri | Ra | Lv |, _ 242 VRs Volimeter- | Ry R: Lo _ 2 \Z VR2
Reading (V) "Ry + Ra) Ly | Reading (V) VTR +Ry) Ly
i T
Mean sensitivity = voltfem Mean sensitivity =  voltem
(b) Horizontal sensitivity
No gain | Full gain
Valtmeter- I R | R |l | o2 2 VRz | Valtmeter- | R’ R | La - 22 VR2
| Reading (V) "= TR1+Ra) Ly, | Reading (V) (R + F2) Ln
.'
|
|
|
lh—-_ 1
Mean sensitivity = veolvem ' Mean sensitivity =  voltlem

Precautions. 1, While finding the vertical sensitivity both the horizontal deflecting plates must

‘be earthed and vice versa. .
2. The sensitivity depends upon the amplifier gain. The gain control knob should not be disturbed

furing the experiment.
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3. The A.C. voltmeter must be connected in parallel with the secondary of ‘the step dowy
transformer. o

Exercise. Find the vertical and horizontal sensitivity of a C.R.0. at half gain.

Hint. In each case set the “gain conrrol’ kncb midway between the zero and full gain markings
and proceed as in Expt. .

Experiment Té)Te measure A.C. voltages using & C.R.0. and to calculate the deflection
sensitivity in m.m. per r.m.s. volf,

Apparatus, Same as in Expt. + 3, _

Theory. When an A.C. voltage is applied to the ¥-¥ plates of a C.R.0. keeping X-X platss
garthed, the spot remains moving up and down due to the varation of potential, However, due
persistence of vision & line is traced on the screen. The length of the line corresponds 1o peak to peak
value of the A.C. voltage applied and thus measures 242 r.m.s. valtage. If V' is the r.m.s. voltage,
then i

Vel
where L is the length of the line traced.

Procedure 1. Draw a diagram showing the scheme of connections as shown in Fig. 42.10 and
make connections accordingly. The variable resistance R is a wire potentiometer type with a variable
knob having resistance in the range 2-5 KQ.

2. Switch on the C.R.O putting off the time base circuit and get a sharp and bright, stationary
spot at O the centre of the screen. Using
the Brightens conirol make the bright-
ness of the spot minimum.

3. Now apply a suitable A.C. volt-
age to the Y-Y plates by adjusting the
variable knob of the resistance R. Not
the voltmeter reading. Measure the
length of the line 0’0" traced by the
spot of light on the screen by tracing it
on a butter paper.

4. Go on changing the voltage and
note the voltage as well as the corre-
sponding length of the line traced by the spot of light on the screen. Take 6-7 readings first by
increasing the voltage and then decreasing it,

5. Now apply the unknown A.C. veltage E, to the ¥-Y plates of the C.R.O and note the length
of the line on the screen traced by the spot of light.

Step down
transformer

Fig, 42.10

Observations.
]
S. Ne. Applied voltage (V) | Length of the line |
Voltage increasing Voltage decreasing ‘ Mést e Li+L2
' Length L= 00" | Length L= 00" it
3
2
)
4
5
6 {=
7 | |
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6. Plot a graph taking the voltage V (r.m.s. value) along the X-axis and the mean length L of the
jine traced by the spot of light (in m.m.) along Y-axis.
The graph is a straight line. [NOTE: The deflection Y4
¢'0" measures the peak to peak voltage whereas the
voltage measured by the voltmeter is the r.m.s. value].
Deflection sensitivity v = slope of the graph =
AC

= = mm per r.m.s. voli,

L —>mm

Unknewn voltage. Length of the line for the
gnknown A.C. voltage == mm

Unknown voltage  E=wxl =
volts (r.m.s.)

Preacations. Same as in Expt. Voltmster reading

Experiment 9 ( E)To measure a d.c. voltage V (rm.s) —
with the help of a2 C.R.O._ Fig, 42.11

Apparatus. A d.c. source, A variable resistance
of the order of 20-50 k€2, a d.c. voltmeter (of suitable range) a key, connecting wires.

Theory. When the X-X plates of a C.R.O are earthed, its time base-circuit switched off and no
voltage is applied to the Y- plates we get a sharp, bright spot of light at O the centre of the screen.
If a d.c. voltage is now applied by connecting ¥; to the positive and ¥ to the negative of the d.c.
source the spot of light is displaced towards the positive plate ¥; and appears at ¢’ instead of 0. The
displacement of the spot OQ' is directly proportional to the applied voltage as indicated by the
voltmeter V connected in parallel with ¥-Y plates.

Procedure. 1. Draw a diagram showing the scheme of connections as shown in Fig. 42.12 and

Length of line traced

Fig. 4212
make connections aceordingly. The resistance R is of the order of 20-50k£2. Tt is a wire potentiometer
type with a variable knob.

2. Switch on the C.R.0. putting off the time base circuit and get a sharp, bright and stationary
spot at O the centre of the screen. Rotate the brightness control to the leff to reduce the brightness of
the spot temporarily.

3. Now apply a known suitable d.c. voltage to the ¥; ¥, plates by inserting the key K in the
battery circuit. Rotate the brightness control to the right so as 1o increase the brightness. The spot of
light is now displaced to the point O towards the ¥; plate. Note the displacement 00’ in m.m. either
by tracing the position of the spot on a tracing paper fixed to the screen or on the screen itself if it is
already graduated.

Note the corresponding voltage from the voltmeter connected in parallel with ¥-¥ plates.

4. Now change the value of the voltage applied to the Y-V plates and go on noting the voltage
as well as the corresponding displacement of the spot of light on the screen,
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NOTE The spor should not be allowed ro stay at one point for a long time. Always bring the
brighmess control to minimuwm before taking the next reading.

5. Now interchange the polarities of ¥, and Y; plates connecting ¥, to the posirive and Y, to the
negative of the battery and repeat the observation. The displacement of O is now in the downward
direction from O to O” towards the plate ¥;. Note the reading of the voltmeter and corresponding
displacement of the spot of light. .

6. Now apply the unknown d.c. voltage to the Y, ¥ plates of the C.R.O. and note the displacement
first with ¥, positive and then with ¥, positive.

Observations
No. Applied voliage in | Displacement OO in | Displacement OO0 in | Mean displacement d
volts mm. Yz (+ve) mm. Y} (+ve)

|

2

3

4

5

(i]

7

Graph. 7. Plota graph.takjng voltage v in

volts along the X-axis and the mean displacement of Ya
the spot of light d along the Y-axis. The graph is a
straight line.
Voltage per m.m. from the graphv = t E A
£
AC = volts/mm. E T
BC 24
Displacement for unknown voltage ] B c
Y; (4ve) = mm E
Y, (+ve) = mm E
Mean displacement d= mm. & Voltage V =%
Unknown d.c. voltage V=ovxd=volts. volts —
Precautions. 1. The spot of light should not Flg. 42.13

be allowed to stay at one point to avoid damage to
the screen.

2. The variable resistance R should have a suitable value,

3. Always decrease the brightness of the spot of light to minimum before proceeding to the next
observation, ;

4. The C.R.O sheuld be handled very carefully.

- Lissajous figures, When a particle is acted upon simultaneously by two simple harmonic

motions at right angle to each other the resultant parh traced out by the particle is called a Lissajous
Jigure, x

Since simple harmonic motions plotted against time give sinusoidal configurations two sinusois
dal electrical inputs to a cathode ray oscilloscope will give Lissajous pattern on the screen, The exact
pattern traced out ie., the nature of the resultant path depends upon the frequencies (or periods),
amplitude and phase relationships of the two inputs,

(a) Equal frequencies (or periods). Let the two simple harmonic vibrations having the same
period take place along the X and ¥ axes respectively. These can be represented as
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)

x = gsinuy
and y = bsin (ot + )
where a and b are the tespective amplitudes and the Y-vibrations is ahead of the X-vibration by 8
phase angle ¢.
fée=0
x = asinf
y = bsinot
b
or y==x
a

This represents a straight line through the origin as shown in Fig. 42.18. (i). The slope is given
by

___.bl:_ﬁ--x---}é (.ib\\.\ \\:\b\ 8/
'- % [

] i ) W) {

A

o

Z

-

Fig. 42.18
Ifo=m2 x = asinot
y = bsin (wr+1/2) = b cos wt
% i
X ¥
S+=5=1
&b

This represents a symmetrical ellipse whose major and minor axes coincide with X and ¥ axes
respectively as shown in Fig. 42.18 ({ii).
If @ = b the resultant curve is a circle given by

¥ +y = a
fo==m x = asin s
y = bsin (t+m)=— b sinwr
Y =
'This again represents a straight line through the origin as shown is Fig. 42.18. (v). The slope is
given by
tan @ = —E
a

For § = /4 and ¢ = 3n/4 we get oblique ellipses as shown in Fig. 42.18. (31) and (iv}

As ¢ exceeds 7 the whole cycle is repeated in the reverse order.

(b) Freguencies in the rations of 1 : 2. When the frequency of the Y-vibration is double that of
the X-vibration but the two are in phase (¢ = 0), the curve traced out is shown in Fig. 42.19 (ii).

If, however, the frequency of the X-vibration is double that of ¥-vibration, then the pattern
obtained is as shown in Fig. 42.19. (iif).
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Yieq 1
Xireg. 2
Flg. 42.19

In fact, the frequency ratio of the two inputs may be determined from an analyses of the Lissajous
figures produced. A simple method is to enclose the Lissajous figures in a rectangle whose sides are.
parallel to the formation axes of the figure and note the niember of tangency points along the vermical

(T-axis) and the horizontal (X-axis). The raiio of the number of tangency points is in the inverse ratio
of the two frequencies i.e.
Number of tangency points along X-axis _ Freguency of F-vibration
Number of tangency points along ~axis ~ Frequency of X—vibration

An altenate method is to count the number of points at which the vertical and horizontal linas
cross the figure. In other words

Frequency of ¥-vibration _ Number of crossings along the X-axis
Frequency of —vibration  Numberof crossings alang the Y-axis
Yfreg. 1 2 1

X frea, *1'1'2'3 are shownin Fig. 42.19(0), (i) (i) and ().

The cases of

Experiment ?{‘H To find unknown frequency of an oscillator using Lissajous
figures.

Apparatus. Cathode ray oscilloscope (CRQ), Oscillator of unknown frequency.
variable frequency oscillator, connecting cables.

Pmcg:::::: one of the oscillator O (say knulw-] to the vertical input ie. Y-plates and the second
illato izontal input (X-pleis),

‘5\:1“5_‘."‘ clifsll ‘;:k:!‘zwg;gelsc::’z:;io::f:iElitm{f_'llpté 1 frequency 1000 Hz (gay}. Adjust the frequency of
o, 5u:h that Iyou get &n eliipse, The unknawn frequeny of O, at this stage shall a]si be IQOD. e
"7 3 Decrease the frequency of oseillator O keeping the f_roquelr;c)' of O s:lm:]; .:mp mc‘-] you gt u
figure of * sa'" (horizontal eight), At this stage the frcqu:nc?' of one is double that o t.m sel..on i
" 4. Increase the frequancy of oscillator O; keeping the frequency of O, same. Stop xhern‘;m; %L g
of “8"(Vertical eight). At this stage the frequiucy on ¥ plates is double tha: of the fraquency of T plate:.

5. Similarly obtain Lissajous figures of ratly 123, 23,301,302

Dhservations, Vertical input freque:.cy = 1009 Hz

e A
No. . points i Unknown frequency ¥ freqX freg. = _\' i
Shape of figure i | Yol .
Yerg 2 i
Ellipss parabala 2 \ 2 % 1 i
i B
5 <
= [
= I
| Mean value =.....cume

F oiven oscillator is
| Result: The mean value of frequency ot given @
| Precautions.
Take ail the precoutions of handing CR.O,
2 The frequency of the ascillator €', should be changed gradually.
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Experiment ?{3) To find unknown frequency of an oscillator without using Lissajous figures
(direct method).

Apparatus. Cathode ray oscilloscope (CRO). Oscillator of unknown frequency, connecting
cables, '

Procedure. 1. Switch on CRO and do the basic settings as explained in experiment 9(f).

2. Now switch on the oscillator of unknown frequency and connect its output to channel-1 of
CRO.

3. Using voltage sensitivity knob, adjust the amplitude of the waveform obtained to suitable
value,

4. Using Time Base (TB) or sweep knob, make a stable pattern of the waveform on the screen.

5. Using X and Y shift knobs, bring one crest of waveform at the origin and measure the
separation between two consecutive crests in terms of the divisions marked on the screen.
Multiply this value with the time base factor (TB), which gives the time period (T) of the
waveform. Take reciprocal of time period, which gives the frequency of the waveform. Now trace
thie waveform of the screen using trace paper and pencil and keep & record of this trace. (If it is not
possible to trace the waveform for some reason, then take its-snapshot and then keep the printout
of snapshot in your record).

6. Change the value of time base factor and repeat step 5 and again find the frequency, Then take
mean of both these values.

Ohbservations:

S. No. Peak to peak | Time base | No. of div. | Time Period | Frequency

Amplitude | factor Between two | T=nxTB(s) o 1 )
V (Volts) TB (s) consecutive T
crests: n |

13

2. T

Mean VElLe =i Hz

Result: The mean value of frequency of given oscillator is ... Hz

Precautions and Sources of error:  Same as experiment no. 9(f)
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NV6108
] O« Experiment (57)
Objective:
Study of the hysteresis loop for a given ferromagnetic material on a CRO using a solenoid
Equipments Needed:
1. CRO

2. Ferromagnetic Sample

3. Solenoid

4, Hysteresis Loop Tracer
Procedure:

1. Take sample holder and insert a ferromagnetic sample in the lower side.

2. Now insert this sample holder in the solenoid.
3. Connect the mains cord to instrument {Hysteresis Loop Tracer) on the back side.

4. Before switch ‘On’ the Hysteresis Loop Tracer, connect din connector cable of sample
holder to the Input of the Hysteresis Loop Tracer.

5. Connect solenoid to Solenoid socket of Hysteresis Loop Tracer using three pin connector
cable,

6. Connect "Y' terminal of Hysteresis Loop Tracer to CRO "Y' terminal with the help of BNC
to 4 mm connector cable and other terminal of its cable to the ‘E’ terminal of Hysteresis
Loop Tracer,

7. Similarly connect ‘X’ terminal of Hysteresis Loop Tracer to CRO X’ terminal with the help
of BNC to 4 mm connector cable and other terminal of its cable to the ‘E’ terminal of
Hysteresis Loop Tracer.

Note: Here red terminal of both cables should be connected to 'Y" and “X' terminals
respectively of Hysteresis Loop Tracer and black terminal of both cable should be
connected te ‘E” terminal to Hysteresis Loop Tracer.

8. Keep CRO in XY’ mode,

9. After installation of complete setup, Switch *On’ the Hysteresis Loop Tracer and CRO.

Nvis Technologies Pvt, Ltd,
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10. Adjust the magnetic field intensity with the help of Magnetic Field knob of the tracer.

11. Here magnetic field in Gauss will displays on DPM in accordance to the intensity of magnetic
field.

12. Now the Hysteresis Loop of the taken sample will be displayed on CRO.

13. Adjust this Hysteresis Loop on the CRO screen using both Volts/Div knobs (X & Y) such
that you can read all parameters of this loop easily.

t

- ------‘4

Loap N\muh

Observations:

Equipment diameter of pickup coil =3.21 mm
g.= 100 (Total gain of both amplifier)
gy=1 (Gain of amplifier)

Sample = Commercial Nickel (standard)
Length of Sample (C) = 39 mm
Diameter of Sample (a)} =1.17 mm

Cross Sectional Area of Sample (A, ) =TIl T.2 =1.074

Cross Sectional Area of pickup coil (A,) = T1 7 = 8.088

A 07 5
Therefore, Area ratio —> = L . 0.133 mm
A, T7.088
Demagnetizing Factor (N) = C/a=39/1.17 = 33,33
= (.0029 (As per Appendix)

Nvis Technologies Pvt. Ltd.
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Calibration:

By Adjusting N & As as given above the J-H loop width is too small, Thus both are adjusted
to three times i.e. (.399 (0.4) & 0.0087 (near about zero) respectively, This instrument is also
calibrated internally i.e. Demagnetization = near about zero & Area Ratio =0.4.

Set Magnetic Field: 200(rms)
e; = 80 mm
e, = 8.0 V (If read by applying on Y input of CRQ)

For area ratio of unity:

By = gl =200 MR A el (1)
0.4
8

g, = e I T e, 2
04 (2)

Now G,(rms)= ]:[—

Where, Ha = rms »';Jue of magnetic field = 200 (from the display)
G,(rms) = 200/200 (from eq. (1))
Gy(rms) = 1 G/mm
Gy tpeakso ety = 1 X 2+/2 = 2,828 G/mMurvrverreserns (3)

G, (rms) = 200/20 (from eq. (2))
Gy(rms) =10 G/V

Gypeako penti =10 X 242 =282 G/V.ireerrurrsraranns (4)
Calculation:
Loop Width = ...... mm
B e mm (after dividing by the multiplying factor 3)

Note: Here Loop Width is a distance between both intersection points on horizontal axis (x) in mm
which is multiplied by position of X channel’s Volt/Div knob.

Tip to Tip Height=..,..V

Note: Here Tip to Tip Height is a distance between both peak points of loop on vertical axis (Y) in
cm (Division) which is multiplied by position of ¥ channel’s Volt/Div knob.

Intercept = .....V

Note: Here Intercept is a distance between both intersection points on vertical axis (Y) in cm
(Division) which is multiplied by pesition of Y channel's Volt/Div knob.

Nvis Technologies Pvt. Ltd.
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1. Coercivity:
Gge
Ho=p e
LAs
Where, e,= ‘2 x Loop Width
2. Saturation Magnetization:
Jg
i, =—=
oAl
Gl e
Where, JS=O+I‘V}'
25N
Ey[ﬁt j|

(ey)s = 2 x Tip to Tip height
3. Retentivity:
i =—L
4T1
v Gylyay (ex ),

Where, r TA
AC
(ey)-= 42 x Intercept
Results:
| Sample | Coercivity Saturation Retentivity |
[ Magnetization
. Commerecial Nickel Oe Gauss Gauss |
Hard Steel Oe Gauss | Gauss
Soft Iron De Gauss | Gauss

“Nvis Technologies Pvt. Ltd,
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Loop Width = 30 mm

Typical Example

=10 mm (after dividing by the multiplying factor 3)

Tip to Tip Height =3.6 V
Intercept =28V

1. Coercivity:

Where,

g,='ex Loop Width="'4x 10 = S mm

G, =2.828 G/mm

Now

2. Saturation Magnetization:

Where,

— =0.133

C

N=10.0029

__ 2828x5
¢ 7 [0.133-0.0029]

H, =108.68
1,
B =—-
4
G[)“uf-.'-.\ l’\'J
)=

(e,)s="Y x Tip to Tip Height = 3.62=18V

‘Nvis Technologies Pvt. Ltd.

(from eq. (3))

{Permeability of free space)
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282x1x100x 18
57 1x[0.133 - 0.0029]
T, =39016.14
Now
_39016.14
M= gx31a

ps =3.1 K gauss
3. Relentivity:

“ = i‘—
"4
G2y lex ),
Where, 2 :,DU—“(‘(}T
AS
By i
Lc J
g=1
g,= 100
iy=1
By w0133
A
N = (0.0029 (Permeability of free space)

(€)= " x Intercept = 2.8/2= 14V
_282x1x100x14
T 1x[0.133 - 0.0029]

1, =303445.8

Now

H,=
B, =24 K gauss

Note: The above observation and calculation are given as a typical example.

Nvis Technologies Pvt. Ltd.
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Appendix

Demagnetization factors for ellipsoids of revolution for prolate spheroids, ¢ is the polar axis,

Cla Ne/d Cla No/4 Cla | Nd4
1.0 0.333 333 40 0.0754.7 20 | 0.006749
1.1 0.308 285 4] 0.072 990 21 0,006 230
1.2 0.286 128 42 0.070 693 22 0,005 771
1.3 0.266 420 43 0.068 509 23 0,005 363
1.4 0.248 803 4.4 0066431 | 24 0.004 998
15 0,232 981 4.5 0.064450 | 25 0.004 671
1.6 0218713 46 0,062 562 30 0.003 444
1.7 0.205 794 47 0.060 760 35 0.002 655
1.8 0,194 056 438 0.059 039 40 0.002 116
1.9 0.183 353 49 | 0057394 45 0.001 730
2.0 0.173 564 5.0 0.050 821 50 0.001 443
2.1 0.164585 | 55 0.048 890 60 0.001 053 |
2.1 0.156 326 6.0 0.043 230 70 0.000 805
23 0.148 710 6.5 0,038 541 80 0.000 637
24 0.141 669 7.0 0.034 609 90 0.000 518
25 0.135 146 7.5 0.031275 | 100 | 0.000430
26 | 0129090 8.0 0.028 421 110 | 0.000363
[ 247 0123455 | 75 0025958 | 120 | 0000311
28 0.118203 | 90 0023816 | 130 | 0.000270
29 0.113 298 9.5 0021939 | 140 | 0.000236
30 0.108 709 10 0.020286 | 150 | 0.000209
3.1 0.104 410 11 0017515 | 200 | 0.000125
3.2 0.100 376 12 0015297 | 250 | 0.000083
33 0.096 584 13 0.013490 | 300 | 0.000060
34 0,093 013 14 0011997 | 350 | 0.000045
15 | 0089651 15 0010749 | 400 | 0.000036
36 0.086 477 16 0.009692 | 500 | 0.000024
37 0.083 478 17 0.0008790 | 600 | 0.000017
38 0.080 641 | 18 0.0018013 | 700 | 0.000013
19 0077954 | 19 0.0007339 | 800 | 0.000010

Nvis Technologies Pvt. Ltd.
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{ ]+ Aim. To find the velocity of ultrasound in a given liquid using
ultrasenicinterferometer.

Apparatus. Ulirasonic interferometer, sample liquid, high frequency generator.

) Formula Used. If 1 is wavelength of ulasonic waves in a given liquid and ¢ is distance
Detween two consecutive current maxima, then velocity of ultrasonic waves in the liguid is
given by

V =2df

Theory. The schematic diagram of an ultrasonic inrer ferameter is shown in figure (35)
In this intesferometer, ultrasonic waves are produced using piezoelectric methed. The
apparatus consists of an ultrasonic cell, which is a double walled brass cell with chromium
piated surfaces and has a capacity to contain liquid upto 10ml volume. The least count of
micrometer screw is 0.001 cm and pitch'scale has length 25 mm. Ultrasonic waves of known
frequency are produced by a quartz crystal which is fixed 41 the bottom af the cell, This erystal
produces ultrasonic waves, which travel through the liguid filled in the cell. These weves are
refllgsted from a movable metallic plate attached to micrometez=crew, These reflected waves
come toward quarnz crystal. Thus waves generated by quanz erystal and reflected by metallic
wave super impose an each other, If the separation between quariz plate and reflecting plate
isexactly equal to whole number multiple of wavelength of ultrasonics, then st anding waves
are produced in the liquid medium, At this point, acoustic resonance occurs and this gives
rise to an electrical resonance on the generator driving the quartz plate, Due to this the anode
current cf R E (Radio frequency) generator becomes maximurm. If we increase or decrease

Micrometar

Reflector
Experimental Liguid
To constant temperaiure water hath

Quanz crystal Microammatar

N T,
R.F. Inpul |

o ;. 'l
Urasonic inlerferomeler o R !

R.F. Cantrol ¥rob

Fig. 35.
\e

A

the distance berween quartz place and reflecting plate exactly by an amount = orits multiple,

then anode current again hecomes maximum, Ifd is the separarion berween sutcessive adjacent
maximnum anode currentthen —

- d=

A =2d 4]

or (
The frequency of the ultrasonic waves is equal to the frequency of oscillation of quartz
crystal, which can be noted from R.F generator. Letitbe 'f. Thus velocity of ultrasonic waves is
given by i
V =if=2df 3 (2
Further adiabatic compressibility of the liquid (), which is equal 1o reciprocal of bulk
modulus of elasticiry (K) is also given as
sin 1

O T S 2

e BT D
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Procedure;— - I

1. Fill the ultrasonic cell with a given liquid and close the cell.
+ =
2. Connect the quartz crystal to R.E generator and switch an the apparatus.

3. Adjust the frequency of R.E generator so that ultrasonic waves are produced in liquid
dueto vibrations of quartz crystal and detectable current is noted on the microammerer amached
2o the generator,

4. Adjust the micrometer screw slowl v sa that current shows 2 maximum. Note this readin £ .
of screw. Again rotate the screw in same sense to note next consecutive maximum reducing of
current. Now find the distance moved (d) by the screw by subtractng two readings.

5. Repeat the procedure two or three times by rotating screw in the same sense.

6. Note down frequency of ultrasonics from RF generator and then find velocity of
ulrrasonic waves from following table |

Least count of micrometerscrew=.......,
Table for finding wavelength of ultrasonics :

8, Position of Screw Positon of Screw Distance moved
No. al one maximum at next consecutive d=[d;-di]
dy maximum (d)
1
¢ |
3.

Mean separation between two Consecutive maxima=d=.........
Frequency ofultrasonics used =f= .........

Velocity of Ultrasonic waves in ﬁven liquidV=2df =......

Result. The velocity of ultrasonics in a given liquid is ...

Precauions and Sources of Error

1. The least count of screw gauze must be carefully noted.

2, Surew must be rotated in one direction to avoid backlash

3. Ultrasonic cell shoufd not be overfilled with the liquid, =t

4. There should not be any aif gap between the quartz plate and reflecting plate.

www.FirstRanker.com
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|4 To find the dielectric constant and polarizability o

www.FirstRanker.com

f a solid sample.

Apparatus Required. A standard capacitor (= 50 pF), two gold plated circular metal discs,
a dielectric sample, an A.E oscillator. digital voltmeter, an inductor, cathode ray oscilloscope

{C.R.0.), screw gauze, vernier callipers, connecting wires, resistance box eic

Theory. The circuit diagram for
the experiment is shown in figure (16).
It contains ar inductor, a standard
capacitor Cy, a capacitor with dielectric
slab (also called as dielectric cell) of
capacity C; and a suitable resistance R
in series. ée assemblyis connected to
a suitablé a.c. source of variable
frequency.Normal a.c. from household
power supply cannot be used because
its frequency (50 HzJ is very low and
capacitors offer high' reactance
(¥. - 1’T .
\Be =55 ) to low frequency a.¢

Thus ;LFEquency'of a.c. source is chose
suitably so that the passage of current
through both capacitors is easy. This
is achieved by checking wave shape of
a.c. using a C.R.0. The frequency is so
adjusted that a purely sinusoidal wave
form of voltage/current exists in the
circuit| Suppose o is angular frequency
of a.c. passed

) 4 .
T capacitive

. zeactance of standard capacitor

= 3 " B

Cs. I Cg

1 '
—\g =tV =t

WA,

DIELECTRIC
CELL

GoL 1 - 7 T
soprum F
| G e

Fig. 17.

cath L

D = diameter of gold plated brass discs

= capacitive reactance of dielectric.cell
i

d* = distance between gold plated brass discs

= thickness of the dielectric sample

- K = dielectric constant of dielectric sample

V; = voltage across standard capacitor

Vg = voltage across dielectric cell
2

W 5
A= o area of each gold plated brass disc

I; = current passing through standard capacito

14 = current passing through dielectric cell

In series combination, current through all the components remains same. Hence

].s =

V, _V,
XCJ }\-E‘.T
Vow C; =Vaw Cy
V;
Gyt Cs
Vg *
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Suppose dielectric
berween plates is still 'd’
capacitor becomes Cg W

| Let K is dielectric const

capacity of capacitor with d}eieﬁnc slabtothe capac

le

slab is removed from go
i.e. plates are not allowed to touch each other. Then capacity

hich is given by

www.FirstRanker.com www.FirstRanker.com

Id plated brass discs such that separation

ofthe

w1l

r Boliet 16 & n r
ant of the substance. Then by definition, it is equal 10 ratio o
ity without dielectric slab.

Using equation (iff), Dielectric constant of samiple can be found,

The volume polarn
a=g(K-1)V

arizability of solid dielectric is given as:

- where V is the volume of specimen

Procedure, (i) Connect the A.F a.c. generator to the terminals of C.R.0. and adjust the

~libration of generator so that & purely sinusoidal wave is appeared just before clipping.
Note that the voltage ourput from AF generator should be in millivolt range only.

(i) Disconnect the A.F generator-from C.R.0. and make connections as shown in the
circuit diagram shown in fig. (17). Do not change the set'mgs of oscillator throughout the

experiment after calibration is done:

_~ liii-Switch on the unit. Using digital voltmeter, find the \rmtage across srar-da d capacitor

erd then across dielectric cell.

{iv) Disconnect the circuit and using screw gauze find thickness (d) of the dielectric

W inserted berween gold plated discs,

swl‘(v} Disconnert the circuit and using vernier callipers find diameter D of the brass dises.
(vi) Insert various-values in standard formula to find me dielectric constant of the

material.

. (vii) Bepeat the expe:ument with different samples.
d =thickness of dielectric slab
D =diameter of brass plate "X
C, =capacity ofstandard capacitor
_ V; =voltage across standard capacitor
" Vg = volsage across dielectric cell

Formula used Let

K = Dielectric constant

@ = Volume Polarizability

(i) a=g(K-1)V

= Volume of the specimen
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