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Applied Science - Physics (22202)

X1V
1.

Observations and Calculations

Range of spring balance =
2. Least count of the spring balance =
3. Acceleration due to gravity (g) =

g

_g2
m/s”.

Table A : For tap water

Reading .
Weight of
. of the Loss in cent o Difference in
Reading . . Volume of tap
of spring weight tap water loss
. balance, of the in weight of
Spring when solid water collected solid
Sr | Solid | balance, . collected in .
No | object when solid when in measuring and weight of
solid object fully measurin cylinder displaced tap
c . is full immersed . g — water
object is | . . cylinder V| Wwtap =
in air immersed | in water Tap V Tap x Ws Tap -
in Wg Tap ptap x g Ww Tap
tap water
1 First
2 | Second
Table B : For strongly salted water
Reading .
Weight of
. of the Loss in @t o Difference in
Reading . . Volume fo tap
spring weight loss
of tap water . .
. balance, of the in weight of
SPYIng |y hen solid water collected solid
Sr | Solid | balance, . collected in .
No | obiect when solid when in measuring and weight of
J solid object fully measurin evlinder displaced tap
. . g y
s is full immersed . _ water
object is | . . cylinder V| Wwtap =
in air immersed | in water Ta V Tap x Ws Tap -
in Ws Tap P ptapxg Ww Tap
tap water
1 First
2 | Second
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XV Calculations:

XVI Results

XIX Practical Related Questions
Note: Below given are few sample questions for reference. Teachers must design
more such questions so as to ensure the achievement of identified CO.

1. If the density of a body is greater than the density of the liquid, what will the weight of
body be?

2. State Archimede’s Principle.

3. State applications of Archimede’s Principle.
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Space to write answers
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XX References / Suggestions for further Reading
youtube.com: Videos of Practical demonstration of Ohm’s law.
vimeo.com: Videos of Practical demonstration of Ohm’s law.

a.
b.
c.

d.

XXI

www.authorstream.cony/.../aSGuest60357-468668-ohm-s-law/OHM'S

Presentation.

http://amrita.olabs.edu.in/?sub=1&brch=4&sim=99&cnt=199

Suggested Assessment

Scheme

LAW

Ppt

The given performance indicators should serve as a guideline for assessment
regarding process and product related marks

Performance Indicators Weightage

Process Related : 15 Marks 60 %
1 Selection of the instrument 10
2 | Arrangement of instrument 10
3 | Handling of instruments 10
4 | Proper measurement 15
5 | Calculation of parameters concerned 15

Product Related : 10 Marks 40 %
1 | Accuracy of Measurement 10
2 | Interpretation of result 10
3 | Conclusions& Recommendations 10
4 | Practical related questions 10

Total (25 Marks) 100 %

Name of Student Team Members

L el
7SSOSR RUSRRRRO
3 e,
A
Marks Obtained Dated Signature of
Process Related (15) | Product Related (10) | Total (25) Teacher
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111

v

VI

Practical No. 3: Coefficient of Viscosity by Stokes method

Practical Significance

In mechanical industry, viscosity is useful in bearing operation to reduce friction
by using lubricant of optimum viscosity. Concept of viscosity is useful to control flow
in turbo machines. In hydraulics, viscosity is most frequently used in the calculation of
Reynolds number to determine whether laminar, transitional, or completely turbulent
flow exists. In light machinery, thin oils (e.g., clock oil) with low viscosity are used. In
heavy and fast moving machinery solids or thick highly viscous oils (e.g., grease) are
used. Viscosity plays an important role in the quality control and various research and
development stages in lab, process and research environments as well as a wide range
of industries and applications including Food, Chemical, Pharmaceutical,
Petrochemical, Cosmetics, Paint, Ink, Coatings, Oil and Automotives. In refineries and
petrochemical processes, on-site control is of primary importance in regards to product
quality. Viscosity is one of the key parameter of many petroleum products. It influences
storage, handling, and operational conditions.

Drug companies manufacture medicines, such as cough syrup, that have a high
viscosity. Still cough syrups are drinkable, in order to coat and soothe the throat. People
in many occupations need to know how to adjust the viscosity of a substance to suit
specific applications. For example, chefs need to know how to make gravies thinner
than sauces and frostings thicker than icings. Mechanics must choose an engine oil that
is the right viscosity for the season. Artists need to know how to thin or thicken oil
paints or acrylics. Technicians must control the viscosity of various chemicals in
chemical processing plants. The coating on candy bars must be at precisely the right
consistency and temperature in order to cover the bar completely with the same amount
of chocolate each time. In this experiment Stoke’s method is used to determine the
coefficient of viscosity of given fluid.

Relevant Program Outcomes (POs)
PO1- Basic knowledge.

PO2- Discipline knowledge.
PO3- Experiments and practice.
POS8- Individual and team work
PO10-Lifelong learning

Relevant Course Outcomes
Select relevant material in industry by analyzing its physical properties.

Practical Outcome
Determine the coefficient of viscosity of given liquid by Stoke’s method.

Competency & Practical Skills
a. Measurement skills
b. Error Analysis

Relevant Affective domain related Outcomes
a. Handling the instrument carefully.
b. Demonstrate working as a leader/a team member.
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VIIT Minimum Theoretical Background
1) Viscosity: It is the property of a fluid by virtue of which an internal resistance comes
into play when the liquid is in motion, and opposes the relative motion between its
different layers. Thus, it is the resistance of a fluid to flow.
When liquid flows over flat surface, a backward viscous force acts tangentially to
every layer. This force depends upon the area of the layer, velocity of the layer, and
the distance of the layer from the surface.

Foed?  poqa®
dx dx
Where n is the coefficient of viscosity of the liquid.

2) Terminal velocity: When a spherical body freely falls in a liquid, It falls down in the
liquid with accelerated velocity for about one-third of the height. Then it travels with
uniform velocity called terminal velocity.

3) Stoke’s Law: Stoke’s law was established by an English scientist Sir George

G Stokes (1819-1903).

When a spherical body moves down through an infinite column of highly
viscous liquid, it drags the layer of the liquid in contact with it. As a result, the
body experiences a retarding force.

Then according to Stokes law, the viscous drag force,
F=6xnrv
Where, r - Radius of the spherical body
v - Velocity of the spherical body
It gives the relationship between retarding force and velocity. When viscous force
plus buoyant force becomes equal to force due to gravity, the net force becomes
zero. The sphere then descends with a constant terminal velocity (v ).

b

Now, 67mrv=§7zr3(0'—p)g

where, p - Density of the liquid
o - Density of the spherical body
Now, the coefficient of viscosity of the liquid can be calculated by using the
formula,

2r’(c-p)g
n=———""
9 %

VIII Circuit diagram / Experimental set-up / Work Situation

I§

Ball +34 ]

bearingl- — —

A - Glycerine
F--4 o

‘P'
Glass Jar| — — 1

Stoke's Appartus
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IX Resources required:

1S\11;; Name of Instrument Specifications Quantity Remarks

1 J{;rlong cylindrical glass Borocil 01 No Available dimensions

2 | Transparent viscous fluid | Glycerin, AR grade 5 it Available dimensions

3 | Metre scale Wooden/metal, 1 meter | 01 No Available dimensions

4 | Spherical ball Steel bob ® Ol Packet Available dimensions
Smm,6mm,7mm each

. L.C=0.001cm, . . .

5 | Micrometer Screw gauge Range=0 to 2.5cm 01 No Available dimensions

6 | Stop clock Seconds timer 01 No Available dimensions

7 | Vernier caliper L.C.=0_.0020m 01 No Available dimensions
Range=0-15cm

X Procedure
Part 1: Find the diameter (d) of the ball using the micrometer screw gauge.

Find the least count and zero error correction (z) of the given micrometer screw guage.

Find the diameter (d) of the ball using the micrometer screw gauge.

Record the observations in table 1

Calculate the radius(r) of ball r = d/2.

1.

AW

Part 2: Calculate the terminal velocity of the ball
Mark two reference points A and B on the jar using two threads/rubber bands well
below the free surface of liquid. The marking A is made well below the free surface of
liquid, so that by the time when the ball reaches A, it would have acquired terminal

1.

w N

XI

velocity v.

Adjust the position the thread B so that the distance between A and B is 60cm.
Place the funnel near the mouth of the tube.
Drop the ball of known diameter gently in the liquid. When the ball crosses the point A,

start the stop watch.

When the ball reaches the point B, stop the stop watch and note the time taken by the

ball to reach the point B.

If the distance moved by the ball is d and the time taken to travel is t, then velocity,

Calculate the coefficient of viscosity of glycerin using formula,

Precautions (if any)

s . .
Vv o=— v = terminal velocity
t

2 (0~ p)g
n=———""
9 v

1. Avoid contaminating the balls, use tweezers or tissue paper to hold the balls.
2. Drop the balls centrally into the sample liquid using funnel.
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XII Actual procedure followed

XYV Observations and Calculations

Part 1: To find the diameter of the sphere using screw gauge:
Pitch of the screw gauge

Number of divisions on the circular scale

Least count of the screw gauge (L.C.)

Zero error correction of the micrometer screw gauge (z) = .......... cm
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Table 1
Metal . Corrected | Mean Diameter | _adius of
sphere l\éi% (?1?3 CSR:(CES LG h}gﬁfg@‘ﬁ“ﬁ;) Reading =|  of the Metal “rleflds/pzhere
No. TR+Z | sphere, ‘d’m .
1
2
3
4
Part 2: To find the terminal velocity of the sphere:
Given data: Density of the liquid, p=........... kg/m’
Volume of Metal Sphere V=4/3nr>........... m’
Mass of Metal Sphere M =.............. kg
Density of the sphere,c=V/M =.......... kg/m’

Distance between points A and B on the tube, s = 60 cm= 0.6 m

Liquid taken = ----------—-
Table 2
Metal Time taken to Velocit Mean
sphere | travel the distance v=s/t (n)ll;s) terminal velocity
No. s, t (s) v (m/s)
1
2
3

XVI Calculations:

Coefficient of viscosity of glycerin using formula,

nzgrz(a—p)g
9 v
_2,
=9
7= e N.S/m’
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XVII Results:

Standard value of coefficient | coefficient of viscosity of
of viscosity of given liquid given liquid by Experiment

XVIII Interpretation of results

XX  Sample Practical Related Questions.
Note: Below given are few sample questions for reference. Teachers must design more
such questions so as to ensure the achievement of identified CO.

1.

2
3.
4

What will happen if density of ball bearing is less than density of glycerine 0il?
Why funnel is used for dropping the ball bearing?

State the relation between radius of the ball bearing and terminal velocity.

A spherical ball of radius 0.3 mm falls vertically through water. Find the coefficient
of viscosity of water given that terminal velocity acquired by the ball=9.8 x 107
m/s, density of water =10° Kg/m’, density of ball = 1.5 x 10° Kg/m’.

Cooking oil appears to move more fluidly upon a frying pan after being heated on a
stove. Why?

Space to write answers:

Maharashtra State Board of Technical Education 24



Applied Science - Physics (22202)

Maharashtra State Board of Technical Education 25



Applied Science - Physics (22202)

XX References / Suggestions for further Reading
a. amrita.olabs.edu.in/?sub=1&brch=>5&sim=168&cnt=2
b. www.learncbse.in
c.  http://www.youtube.com/watch?v=SCNZHSgzRY's
d.  http://www.youtube.com/watch?v=950x13MEKM8& feature=related

XXI Suggested Assessment Scheme
The given performance indicators should serve as a guideline for assessment
regarding process and product related marks

Performance Indicators Weightage
Process Related : 15 Marks 60 %
Handling of the instrument 20
2 | Determination of radius of metal sphere using 20
micrometer screw gauge
3 | Determination of terminal velocity using Stoke’s tube. 20
Product Related : 10 Marks 40 %
1 | Timely submission of reports 5
2 | Neatness 5
3 | Calculation of coefficient of viscosity using Stoke’s 10
formula
4 | Interpretation of result 5
5 | Conclusions & Recommendations 5
6 | Practical related questions 10
Total (25 Marks) 100 %

Name of Student Team Members

2
T
A
Marks Obtained Dated Signature
Process Related (15) Product Related (10) Total (25) of Teacher
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II.

I11.

IVv.

VI.

Practical No. 4: Force on the roller on an inclined plane

Practical Significance

The force laws, together with the laws of motion, are the foundations of classical
mechanics. They are based on experimental observations and were formulated more
than three centuries ago by Isaac Newton_(1642-1727).

An inclined plane, also known as a ramp, is a flat supporting surface tilted at an angle,
with one end higher than the other, used as an aid for raising or lowering a load. The
inclined plane is one of the six classical simple machines defined by Renaissance
scientists. Inclined planes are widely used to move heavy loads over vertical obstacles;
examples vary from a ramp used to load goods into a truck, to a person walking up a
pedestrian ramp, to an automobile or railroad train climbing a grade.

Moving an object up an inclined plane requires less force than lifting it straight up, at a
cost of an increase in the distance moved. The mechanical advantage of an inclined
plane, the factor by which the force is reduced, is equal to the ratio of the length of the
sloped surface to the height it spans. Due to conservation of energy, the same amount of
mechanical energy (work) is required to lift a given object by a given vertical distance,
disregarding losses from friction, but the inclined plane allows the same work to be
done with a smaller force exerted over a greater distance.

Relevant Program Qutcomes (POs)
PO1 — Basic knowledge

PO3 — Experiments and practice

POS8 — Individual and teamwork
PO10 — Life-long learning

Relevant Course Outcomes
Apply laws of motion in various applications.

Practical Outcome
To Find: The downward force, along an inclined plane, acting on a roller due to gravity
and its relationship with the angle of inclination.

Competency and Practical Skills
a. Measurement skills
b. Error estimation skills

Relevant Affective Domain Related Outcomes

a. Follow safe practices

b. Demonstrate working as a leader/ a team member
c. Follow ethical practices
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VII. Minimum Theoretical Background

\ Yo axis T
mz

mazZ

If total weight W; — m;g moves the body up and total weight W, — m,g makes the body move
down, then downwards force acting on the body along the inclined plane is

— W1+Wz — ]I:M!.+M2:[
w 2 z  °

This force must be equal to mg sin[’]
e W=mgsinl]
For the same body m is a constant.
So Wa sin[]
If a graph is plotted between W (along Y axis) and sin[] (along X axis).then it is a straight line.

VIII. Circuit diagram/experimental setup/work situation:
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IX. Resources required
An inclined plane, A trolley or roller, pan, weight box, spring balance spirit level,
strong thread, half meter scale.

X. Procedure

1.

2.

10.

11.

12.

13.

Test the pulley of the inclined plane and see that is free from friction. Oil it, if
necessary.

Keep the apparatus on the table with the slot portion of the base beyond the edge of
the table.

Make the base of inclined plane horizontal (test by spirit level) and make it stable
(by putting paper pieces if necessary).

Bring the inclined plane to horizontal position (touching the base). The angle of
inclination is now zero (as indicated by protractor).

Find the weight of the roller by a spring balance and place it on the inclined plane in
the middle.

Tie one end of a thread to the roller placed on the inclined plane and pass it over the
pulley.

Pass the thread through the slot in base.

Find the weight of the pan by the spring balance and tie it to free end of thread,
keeping the thread free from board.

Raise the inclined plane and fix it at an angle of 30% The roller may start rolling
down with acceleration.

Put weights on pan and increase them till the roller just starts moving upward with
uniform velocity only on tapping. Note the total weights in pan.

Remove some small weights from weights in the pan till the roller just starts moving
downward with uniform speed only on tapping. Note the total weights in pan.
Increase the angle of inclination in steps of 5% each, making it 35° 40°, 45°, 50°, 55°
and 60° and repeat steps 10 and 11.

Record your observation in table as given below.

XI. Precautions

AN

Pulley should be friction less.

Base should be stable and horizontal.

Thread should not touch the board or table.

Inclined surface should be clean, dry and smooth (use glass top).

Weights in pan should be increased or decreased in small steps.

Weights should be noted only when the roller just starts moving up or moving
down.
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XII. Actual Procedure Followed:

XIII. Resources Used (with proper specifications)

XV. Observations and Calculations:
a. Least count of spring balance =......... g wt.
b. Zero error of spring balance (e) =......... g wt.
c. Zero correction of spring balance (¢) = (+e) =......... g wt.
d. Observed weight of the roller (wo) =......... g wt.
e. Corrected weight of the roller (w=mg) =(wo+c)=......... g wt.
f.  Observed weight of the pan (po) =......... g wt.
g. Corrected weight of the pan (p)=(po+c)=......... g wt.
Tables for angle of inclination and weights in pan
Weight in pan when Total weight when Force acting | Error
Angle roller moves roller moves on roller W.- mg
Sr. of W sin® downward sin@
No | inclination | sin0 = Upward | Downward | Upward | Downward
C) mg sin® W W, W, = W, = W=t Wy
(degree) @v) | (@w) | witp wrtp *
(gwt) (gwt)
1 30
2 35
3 40
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4 45
5 50
6 55
7 60
Y
‘aojt Graph between sin 6 and W
Scale : :
X-axis : 1 cm=0.05of sin &

WO+ v.axis:1cm=30gwtof W

W(gw)

05

sin 8

Fig. Graph between sin 6 and W. It is a straight line.

XVI. Results
1. Downwards force on the body of weight W = mg on an inclined plane is mg sin[’

2. The graph between W and sin 0 is a straight line, i.e. W o sin[]

XVII. Interpretation of Results
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XIX. Practical Related Questions

What is inclined plane?

What is the relation between downward force and angle of inclination of the plane?
What is the normal reaction on the inclined plane?

Why is the glass plate fixed on an inclined plane?

Eal e e

Space to write answers
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