PRACTICAL WORKBOOK

For

General Physics - 1 (PH-123)

Name:

Class Roll No: Seat No.

Department:

SESSION:

1|Page



PRACTICAL WORK BOOK

For The Course
General Physics - |
(PH-123)

Prepared By: Dr. Sagib Anjum
Revised By: Hafiz Muhammad Usama Ayub

Reviewed By: Dr. Igbal Tariq

Approved By:

The Board of Studies of Department of Physics

NED UNIVERSITY OF ENGINEERING & TECHNOLOGY, KARACHI
DEPARTMENT OF PHYSICS

2|Page



CERTIFICATE

Certified that Mr. / Ms.

of Class First Year Bearing Seat No.

Department has completed

the course in Physics Practical as Prescribed by the NED University of Engineering &

Technology, Karachi for the Academic Session

Lab. Teacher

3|Page



GENERAL PHYSICS -1 (LAB) (PH-123)

NAME OF STUDENT:
CLASS ROLL NO.:

S. No. Description Page # | Remarks SUIELTITE <&
Date
1 To determine the value of modulus of rigidity of the 5
' material of a metal rod by static method.
9 To determine the Young’s modulus of the material 8
' by using spherometer.
To find out the ratio of specific heat at constants
3. pressure and volume of air at room temperature by 11
using Clements & Dorm’s apparatus.
4 To determine the Co-efficient of Viscosity of a given 14
' liquid by Stock’s Method.
5 To determine the value of acceleration due to gravity 18
' ‘g’ using compound pendulum.
6. To determine the moment of inertia of a flywheel. 23
7 To determine the velocity of wave in stretched string 26
h by using sonometer.
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EXPERIMENT # 01

OBJECT:

To determine the value of the modulus of rigidity of the material of a metal rod by the static
method.

APPARATUS:

(1) Static method apparatus (it consists of a pulley, two pointers and a rod etc.)
(2) Micrometer screw gauge (3) Meter scale (4) Slotted weight of 200 gm each with
hanger.

THEORY:
The modulus of rigidity n of the material of a metal rod is given by

~360mglIR
z’r*o

Where m is the mass suspended in the hanger, g is the acceleration due to gravity, | is the length
of the rod between two pointers, R is the radius of the pulley, r is the radius of rod, and & is
the angle of twist.

PROCEDURE:

1.Determine the radius of pulley by measuring its circumference using meter scale. Now find
the radius by using formula

Circumference = 27 R

2.Measure the diameter D of the rod at three  different places with the help of micro meter
crew gauge. Take the mean value of diameter and calculate radius r of wire i.e.

D
r = —
2

3. Fix the two pointers at two suitable pointers in the rod (say 30 cm apart). Measure the
length | of rod meter scale.

4. Note the initial reading of the pointers on scales A and B when no load is suspended and

both pointers must be at zero. If otherwise, then adjust the pointers.

5. Now suspend a load of 200 gm from the string which will twist the rod and both pointers
will move over the scale.

6. Note down the angles, 6, and @, due to the deflection of pointers on scale A and B.

7. Increase the load m suspended in steps, say of 200 gm, five times and note down the
corresponding angles 6, and 6, due to the deflection of pointers on scales A and B.
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8. Now decrease the load suspended m by equal steps, say of 200 gm and note down the

corresponding angles 6, and 6, .

9. Arrange the observations in a tabular form. Take the mean of angles 6, and 6, for

loading and unloading weights in each step. The angle of twist @ is equal to the difference
between mean angles 6, and 6, in each step. Find the angle of twist & for each 200 gm by
subtracting first angle of twist reading from the second one, second reading from the third

one, and so on. Calculate the mean angle of twist & for each 200 gm.

10. The modulus of rigidity of the materials of rod can be calculated by the formula

OBSERVATIONS

360mglR
z°rt e

1. Radius of pulley =R _ cercumference _ cm
2
2. Radiusoftherodr =
3. Length of rod between two pointers = | = cm
Observation Table For Angle of Twist 0
S. Mass Pointer’s Pointer’s Angle of
No | Suspended Reading on Reading on Angle | Twist 0 Mean _Angle
Scale A Scale B of foreach | Of Twist @
degrees degrees Twist | 500 gms for each 500
gms
cl s lglg| S |8
2| g |8 |2| 8 | &
" 8| & |2|8| 2| @ |0=6-0
@ @ Degree
(gms) degree degree
1 200
2 400
3 600
4 800
5 1000
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CALCULATIONS:

The modulus of rigidity of the materials of rod is given by

~360mgIR
z°r' e
RESULT:
The modulus of rigidity of the material of rod = dyne/cm?

PRECAUTIONS AND SOURCES OF ERROR:
1. The pulley of the apparatus should be frictionless.

2. The loads should be placed or removed from the hanger gently and a considerable time
should be given before taking each reading.

3. The maximum load suspended from the string should be such that it keeps the rod within
elastic limits.

4. Since the radius occurs in fourth power in the formula, it must be measured accurately at
several points of the rod.

5. Length of rod between two pointers A and B should be measured carefully.
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EXPERIMENT # 02

OBJECT:
To determine the Young’s modulus of the material by using spherometer.

APPARATUS:

A uniform rectangular bar, Two knife edges fixed on rigid support, Spherometer, A set of 50
gm weights, Meter scale, Vernier caliper and Screw gauge

THEORY:

Consider a bar supported on two knife edges ‘I’ cm apart in a horizontal plane, so that equal
lengths of the bar projects beyond the knife edges. If a weight mg is suspended at the middle
point, a depression y is produced. For a rectangular bar of breath b and thickness d the
depression is equal to

mgl®
y=—9_
4Y bd
where Y is the Young’s modulus of the material of the bar.
mgl®
- 4ybd 3 Young’s Modulus Apparatus

PROCEDURE:

1. Measure the breath b of rectangular bar with a
Vernier calipers and thickness d with a screw
gauge at three different points.(If the bar is of
circular cross-section, then measure its radius).

2. Now place the knife-edges about 90 cm apart
and place the bar on the knife-edges such that it
projects practically equal beyond each knife-edge and the knife-edges are perpendicular to the
length of the rod.

3. Find the least count (LC) of the spherometer. Raise the central screw of spherometer and
place it at the middle of the bar. Turn the screw down slowly till it just touches the surface of
bar. Read the main and the circular scale reading. (For the depression read the circular scale
in reverse direction or simply read the circular scale in forward direction and subtract this
reading from 100).

4. Place a suitable weight in pan say 50 gm. The bar will depress at the middle. Turn the screw
of spherometer down slowly till it again just touches the surface of bar. Note the reading from
both the main scale and the circular scale.

5. Increase the weight in steps, say of 50 gm, in pan for about five times and note down the
corresponding reading of spherometer.

8|Page



6. Now unload the weight by equal steps, say of 50 gm, from the pan and take the readings as
before. Thus for a given load there will be two readings, one while the load is increasing and
the other while the load is decreasing.

7. Arrange the observations in a tabular form and take the mean reading for loading and
unloading weights in each step. Find the depression y for each 50 gm by subtracting second
spherometer reading from the first one, third reading from the second one, and so on.Calculate
the mean depression y for each 50 gm.

8. The Young’s modulus of the material of a rectangular bar can be calculated by the formula

_ mgl®
4ybd?®
OBSEVATIONS:
1. Distance between two knife-edges | = cm
2. Breath b of rectangular bar b= cm
3. Thickness d of rectangular bar  d= cm
CALCULATIONS:
_ mgl®
4ybd?®
RESULT:
Young’s modulus of the materials of rectangular bar = dyne/cm?
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PRECAUTIONS AND SOURCES OF ERROR:
1. The knife-edges should be rigid and fixed on a right support.

2. The loads should be placed or removed from the pan gently and a considerable time should
be given before taking each reading.

The Maximum load placed in pan should be such it keeps the bar measured elastic limits.

4. The distance between two knife-edges and depth of the beam should be measured carefully
as they occur in third power.

5. The exact position of coincidence between the tip of central screw and the rectangular bar
has to be carefully observed.
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EXPERIMENT # 03

OBJECT:

To find out the ratio of specific heat at constants pressure and volume of air at room
temperature by using Clements & Dorm’s apparatus.

APPARATUS:

Clements & Dorm’s apparatus, Manometer, Air pump.
THEORY:

The apparatus consist of a big, thick walled glass flask (in actual experiment of clement
and SESORME’S flask had a capacity of 28 liters) placed in a wooden box packed with cotton
wool or some other non-conducting material to prevent loss of heat. It is provided with a wide
bore stop cock a side tube having a gas tight top T and manometer M. The monometer contains
either H2O or some oil of low density at the room temperature. In order to keep the air dry strong
H2S04 is kept in the vessel. Let P1 and V1 be the initial pressure and volume of the enclosed gas
as shown in fig.

If P is the atmospheric pressure which is the pressure of the gas after adiabatic expansion and V>
the corresponding volume which the gas should possess as shown at B. then the point A and B
lie on the same adiabatic AB.

If P2 is the pressure V- is the corresponding volume, which the gas should possess after the
pressure applied. Let the level said C. then the point A and C will on the same isothermal. As
there is no temperature change from A to C.

If P is the atmospheric pressure which is the pressure of the gas after adiabatic expansion and V2
the corresponding volume which the gas should possess as shown at B. then the point A and B lie
on the Same adiabatic AB.

RV = PV/

7~ XN\
S<S
N—
|
geifine
H

If P2 is the pressure V2 is the corresponding volume, which the gas should possess after the room
temperature, has been attained at C. then the point A and C will on the same isothermal. As there
is no temperature change from A to C.

PV, = PV,

_ V
Substituting the value of  —% ineq............ 1
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Taking log both sides

7 (log P1—log P) = (log P1—log P)
y =(logP1—1logP) / (log P1—log P)
Let H represent the height of the liquid used in apparatus corresponding atmospheric pressure P.
PL. = H+ h
P, = H+ h

Substituting the value of P, Py and P> in the above eq
log(H+h ) —logH

log(H +h)—-log(H —h,)
b= gl e (G

A= |og(1+%j / (:m
- o) e el )
log (1+%j/|09|'|(1+%j—logH(1+%j

Since hy and hy are very small as compared to H we have

/A

A

This relation is fairly accurate and convenient to find the value of specific heat of air at room
temperature.

PROCEDURE:
1. Adjust the manometer plane so that taps are airtight.

2. Pump air till the diff. of two column is 10 to 15 cm, note when the difference manometer
limbs of when it gain steady state.

3. Open the tap for two seconds so that excess pressure goes out. Close the tap as soon as the
manometer shows no difference and the levels are stable.

5. Note the diff. of the two columns. Repeat it 5 times.
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OBSERVATION:

Room Temperature:

Monometer Readings

After exerting pressure After releasing pressure 1=
Upper | Lower | h =U,+L | Upper | Lower | h,=U,+L, h - h
Ui L1 U, )

CALCULATIONS:

RESULTS:

The ratio of the specific heat at constant pressure & volume of air at room temperature is find to
be

PRECUATIONS:

1. Monometer must be leveled.

2. Care about overflow of liquid when exerting pressure

3. Vibration start in the manometer when extra pressure is given out..
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EXPERIMENT # 04

OBJECT:

To determine the Co-efficient of Viscosity of a given liquid by Stock’s Method.

APPARATUS:

Large glass tube, small steel ball-bearings of three different Diameters, Stop watch,

Vernier caliper, Micrometer screw gauge, Meter scale.

THEORY:

When a body falls through a viscous medium, the layer of liquid which is in contact with it and
the other layers of liquid beneath this layer of liquid opposes the motion of the body with a force,

which increases with the velocity of the body .

If the falling body is small in size, then the opposing force is balanced by the down word driving
force and so the body attains a constant velocity called the “ferminal velocity”.

According to Stock’s law the opposing force Fq provided by the viscous medium of
coefficient of viscosity 7, on a spherical body of radius “r” moving with a velocity vo in the

medium is given by: -
Fa= 67 nrvo

If d is the density of the spherical body, g is the acceleration due to gravity then:

Weight of the body = (volume of the body).g.d
4 5
W =—7zrgd
3”79

The upward thrust due to the displaced medium action on the bc
is given by

4
Fo=—n"D
b 3 g
where D is the density of the liquid.

For Small spherical bodies when it attain terminal velocity

W=F, + Fq
Or
Fe = W - Fp
4 4 4
Fe=—nr’gd ——zr’D
3 J 3 J

67znrvo=gzzr3g(d - D)

Or
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2r’g(d - D)
‘rl =
v,

Where
n is the coefficient of viscosity of the fluid.
r is the radius of the ball bearing
g is acceleration due to gravity
d is density of the ball bearing
D is density of the liquid
V. is the terminal velocity

R is the inner radius of the glass tube
- . S
Vv is observed velocity = n

In Stock’s method small spherical balls are allowed to fall through a viscous medium, which is
contained in a long glass tube of radius ‘R’.
To get an accurate result correction must be applied in terminal velocity v, .The
correction to be applied is
2.4r
v. =v (1 + A )
Where v is the observed velocity of the body, r is the radius of the ball, ‘R’ is the inner radius of
the tube, which contains the given liquid.

PROCEDURE:

1. Take small ball bearings of three different sizes (i-e. three ball bearings of each size).
Measure the diameter of each ball bearing, with the help of screw gauge and calculate the
radius of ball bearing of each size.

2. Determine the inner diameter ‘R’ of the glass tube with the help of a vernier caliper.

3. Mark two points X and Y on the tube, one 10 to 15 cm below the upper surface of

the liquid and the other 10 to 15 cm above the bottom of the glass tube, then Measure the
distance between these two points.

4. Release small balls out of given balls from just above the surface of the liquid. As soon
as the ball crosses the point X start a stop watch and stop when it cross Y and note down
the time taken to cover the distance XY in sec.

5. Repeat this at least two times and find out the mean time t, taken to cover the distance s.
so calculate the velocity v of the ball by:

S
v="
t

6. Repeat steps 4 &5with medium and large size ball bearings and find their respective
velocities.

7. Calculate the terminal velocity for each size ball bearing and then calculate the
coefficient of viscosity ‘n’ of the liquid in each case. Calculate mean value of ‘n’.
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OBSERVATIONS:

Density of the ball bearings d S e gm/c.c

Density of the given liquid D e P gm/c.c

Diameter of the tube a e I cm

Radius of the tube R :% S errerereenes cm

Acceleration due to gravity g e cm / sec?

Diameter of small ball bearing e cm

Diameter of medium ball bearing =................ cm

Diameter of large ball bearing e cm

Radius of the small ball bearing ri=................ cm

Radius of the medium ball bearing ro=................ cm

Radius of the large ball bearing 3= e, cm

Distance between points X and Y =s=............... cm

Time taken to travel distance ‘s’ | Observed Terminal
Size of the cm between points X and Y Velocity velocity
S.No. Ball ‘t’ sec ves
Bearing t Vo
th | 2| B3 Mean cm/sec /e
1 Small
2 Medium
3 Large
CALCULATION:
v, = (1 ﬂj & n_2rad - D)
R 9v.
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RESULT:

Coefficient of viscosity of the given liquid by Stock’s method is found to be

PRECAUTIONS AND SOURCES OF ERROR:

(i) The ball bearing must be wet with the liquid to prevent it catching from air bubbles.

(if) The ball bearing must be released slowly from just above the liquid surface.

(iii) The temperature of the liquid should be kept constant throughout the experiment, since
the coefficient of viscosity varies with temperature.

(iv) Ball bearings must be released at the center of the tube.

(v) The liquid should be transparent and should be free from dust particles.
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EXPERIMENT # 05

OBJECT:
To determine the value of acceleration due to gravity ‘g’ using compound pendulum.

APPARATUS:

A bar pendulum with holes at equidistant and in the same line on the meter rod, knife-edges, stop
watch.

THEORY:

The compound pendulum you will use in this experiment is a one metre long bar of steel which
may be supported at different points along its length, as shown

N Point of suspension

oN

Figure 1 A compound penduium.

The theory of compound pendulum experiment is same as that of the Kater’s pendulum experiment
because both pendulums are examples of physical pendulum. In Kater’s pendulum experiment the
time period for knife edge K1 and K2 is related with the value of g by the expression.

___71224‘2271 ]
gg[hl hoh

For the case when T; = To=T above equation gives

TZ
g = 41? Ill
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Where | = hy + h is the length of the equivalent simple pendulum

We can find “I” and the corresponding time period “T” from the the graph as shown below

PROCEDURE:

1) Mark the position of the center of gravity of the rod by balancing it horizontally on
the wooden edge.

2) Measure the distance of each hole between A and C.

3) Suspend the bar through the holes.

4) Give suitable displacement to the bar so that it start oscillations. Make sure it
oscillate in a one plane.

5) Find time for ten oscillations.

6) Find the time period by dividing the time by 10.

7) Repeat steps (5) and (6) three times for each hole.

8) Now invert the rod and measure the distance of each hole between B and C.

9) Repeat steps (3) to (7) for each of the holes between B and C
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OBSERVATIONS:

The least count of the stop watch = S.
End 'A' End 'B'
time for ten time for ten
vibrations /sec . . vibrations / sec time period
length / cm Mean time period length / cm Mean T=i
& t=(t1+12+13)/3 sec t=(trHto+s)/3 10
t1 t t3 sec t1 t, ts sec sec

CALCULATIONS:

Plot a graph between distance from center of gravity (along horizontal-axis) and time period
(along vertical axis). Draw both parts of the graph on the same paper with same scale. Take y —
axis in the middle, on right side plot the data obtained from the holes between A and C, and on
left side plot the data obtained from the holes between B and C.
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Time period 4
End B End A

< 1

<— Distance from center of gravity —

Meausre the distances SQ (l1), and PC (l.). Take the average of I; and Iz, this gives the length of
equivalent simple pendulum. Substitute the values in the working formula and calculate the value
of ‘g’ acceleration due to gravity.
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RESULT:

The value of acceleration due to gravity is found to be cm/sec?.

PERCENTAGE ERROR:

(calculated value — actual value)
£ = x100
actual value

The actual value of acceleration due to gravity is 980 cm/sec?.

PRECAUTIONS AND SOURCES OF ERRORS:

1. The stand should be rigid.

2. The motion of the pendulum should be in one plane.

Amplitude of the vibration must be small.

Support and knife edge should be firm.

Make sure that the oscillations are free from any type of interruption of external forces
like fan etc.

ok~ w
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EXPERIMENT # 06

OBJECT:
To determine the moment of inertia of a flywheel.

APPARATUS:

Flywheel, string, weight, Vernier Caliper, stop watch
THEORY

A flywheel is a mechanical device which uses the conservation of angular momentum to
store rotational energy; a form of kinetic energy proportional to the product of its moment of
inertia and the square of its rotational speed. In particular, assuming the flywheel's moment of
inertia is constant (i.e., a flywheel with fixed mass and second moment of area revolving about
some fixed axis) then the stored (rotational) energy is directly associated with the square of its
rotational speed.

Since a flywheel serves to store mechanical energy for later use, it is natural to consider it as
a kinetic energy analogue of an electrical inductor. Once suitably abstracted, this shared principle
of energy storage is described in the generalized concept of an accumulator. As with other types
of accumulators, a flywheel inherently smooths sufficiently small deviations in the power output
of a system, thereby effectively playing the role of a low-pass filter with respect to the mechanical
velocity (angular, or otherwise) of the system. More precisely, a flywheel's stored energy will
donate a surge in power output upon a drop in power input and will conversely absorb any excess
power input (system-generated power) in the form of rotational energy.

WORKING FORMULA:

Zgzh_ 2
=ML
n

A+5H

where [ is the moment of inertia of the fly wheel
M is the mass attached to the string
g is the acceleration due to gravity
h is the height descended by the mass on just before detachment

w 1s the average angular speed of the when after the mass was detached
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7 is the radius of the axle
n, is the number of turns of the string on the axle

n, is the number of rotations of made be the flywheel after the detachment of string and
before it comes to rest.

PROCEDURE:

1. Note down the least counts of Vernier Caliper and stop watch.

2. Measure the diameter of the axle using Vernier Caliper from three different positions,
find out mean diameter, and then the radius of the flywheel.

3. Attach a mass with one end of the string. Make a small loop at other end of the string so
that the mass can be hanged from the knob on the axle.

4. Give five turns (n,)to the wheel so that string winds evenly around the axle.

5. Allow the mass to descend to the floor.

6. As soon as string detaches note down simultaneously the time taken by the fly wheel and
number of rotations it makes till it comes to rest. Repeat this step three times.

7. Repeat steps (4) to (6) forn; = 7andn; = 9.
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OBSERVATIONS:

Least count of Vernier Caliper = cm
Mass attached to the string = cm
Radius of the axle:
Main Scale Vernier Scale Diameter of the axle Mean Radius of the
Reading Reading =MSR+LSR*Least count diameter axle
S.No. | MSR/cm VSR/divisions d/cm d/cm r=d/2 cm
1
2
3

Measurement of time and no. of rotations of wheel before it comes to rest

Calculate moment of inertia for n; = 5, 7,9. Find mean moment of inertia.
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No. of turn of | No. of rotations after the Time taken b_y the
S. | string on axle detachment of string Mean | Wheel before coming to rest Mean
No. Ny N2 t/sec time
n, t
sec
1
2
3
CALCULATIONS:
Height descended by the string before detachment of string=h = 2nrn, = cm
Average angular speed of the fly wheel = w = 4”% = rad/sec




RESULT:

The moment of inertia of the fly wheel is found to be = gm cm?

PRECAUTION AND SOURCES OF ERROR:

Axle ball bearing must be properly lubricated.

The diameter of the axle must be measured carefully.

String must be wound evenly on the axle.

Time and number of rotations n, must be measured synchronized.

The length of string must be such that it slips off the knob easily before the mass is about
to touch the ground.

6. Number of rotations n, must be counted carefully.

gk wbd e
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EXPERIMENT # 07

OBJECT:

To determine the velocity of wave in a stretched string by using sonometer.

APPARATUS:

WA-9611 Sonometer, WA-9613 Driver/Detector Coils, Function Generator, Dual trace
oscilloscope, Mass and mass hanger.

THEORY:

When two exactly same waves (same amplitude, frequency and time period) travel in
opposite direction with same velocity superimpose on one another the resultant wave obtained is
called standing or stationary wave.

The wave length of standing wave in a vibrating string is a function of the tension, liner mass
density of string, frequency and the velocity of the wave.

If A is the wavelength of standing wave and v is their velocity, the frequency of the vibration f can
be determined by the relation.

v =fh (i)
The velocity of transverse wave in a string is
T .
v=_|— (i)
y7]

T is the tension applied to the string and p is the liner mass density. Substituting the above value

of v from (i) to (ii)
o
U

1T
f= FR
M
whereas the distance | between successive nodes on string give the wavelength of string waves.

When string is vibrating in one loop we have

—

I=\/2

2=2l

1T
f—a\/;

The above equation gives the frequency of transverse wave in a staring.
1T

412 f2

and

u:
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PROCEDURE:

w

ONo G

Set up the Sonometer as shown in Figure 1.
Set the bridges 60cm apart. Use any of the included strings and hang a given mass using
the tensioning lever. Adjust the string knob so that the tensioning lever is horizontal.
Position the driver coil approximately 5 cm from one of the bridges and position the
detector coil near the center of the wire.
Set the signal generator to produce a sine wave.
Slowly increase the frequency of the signal driving the driving coil, starting with a
frequency of 1 Hz. Determine the lowest frequency for a given tension at which
resonance occurs. Record this value in table.
Record the string tension (T) in the table. Note the distance between the two wedges.
Repeat steps (4) and (5) for different values of tension in the string.
Plot a graph between f2and tension T.
Calculate slope of the graph and find out linear density of string by using

fe

y7]

Take one value of tension of string from graph paper and determine velocity of waves in

string by
U

OBSERVATIONS:

Length of string between two bridges: L=

. Fundamental
Tension

S.No. Frequency(f)

2
Dyne Hy Hz

gl b wWw | N
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CALCULATIONS:

RESULT:
The velocity of vibrating string at tension is found to be
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PRECAUTIONS AND SOURCES OF ERRORS:

=

The wire should be of uniform cross-section, free from kinks and should be tight.

2. If detector is placed too close to the driver, it will pick up some interference. You can
check for this interference by observing the waveform from the detector on an
oscilloscope; when they are too close, the trace will change shape. For beat results keep
the detector at least 10 cm apart from the driver.

The weight of the hanger should be included in the load.

The wire may not be uniform and form Kkinks.

The friction of the pulley may decrease the value of the applied tension.

ok w

Driver coil

L qL\/\/\r\/‘VJ

e

\

Function generator Channel 1 (trigger) Channel 2
Oscilloscope

Figure 1: Sonometer using the driver and detector coils
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