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Basic Science —Physics (311305)

Preface
The need and importance of fundamental or basic sciences have been established in all
walks of technology and everyone has experience that the most important component of basic
science are physics and chemistry. The role of physics and chemistry are well accepted in the
development of future technology. Therefore it has become essential for every diploma student
irrespective of their core discipline to acquire basic knowledge and skills to develop insight not
only into its potential and application but also to utilize technology effectively.

Focus in writing this manual has been on devel oping highly readable experiments that will
provide learner with a successful learning experience. Method for devel oping laboratories begins
with identifying concepts that are for particular interest or challenge to students and which would
benefit from clarification through laboratory work. From this, experimental learning outcomes
are developed and which serve as a key focus point for aspects of given experiment. The
pedagogical approach of the laboratory is then chosen to make the most of the topics are trying
to be learned. For example, some laboratories benefits from a discovery type approach while
others are based taught following a more traditional expository approach.

In particular through this course the students acquire knowledge and skills related to basic
physics and chemistry that equip them with the ability to measure, observe keenly, analyze
critically, creates the documents for various purpose. The laboratory manual provides detailed
guidance to preform the practicals in the right way with necessary resources required to achieve
desired outcome.

This lab manual is designed in a way that it is helpful to both the instructors and the
students. The manual provides guidelines to help instructors effectively facilitate student-
centered activities to be carried out in the lab though practical thus arranging and managing
necessary resources, practical outcomes, skills to be achieved through given practical and let
students follow the procedures and precautions ensuring the achievement of outcomes and
assessing the performance of students.

For students it gives complete guidance regarding minimum theoretica background
required to undertake the practical, skills they achieve through the given practical, procedure and
necessary precautions to be followed by them. Students can use the acquired knowledge and
skills achieved through hands on to solve real-world problems in their professional life. To do
this, student must first understand the topic and acquire sufficient background knowledge and
implications and limitations of this knowledge.
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POL.

PO2.

PO3.

POA4.

POS5.

POG.

PQO7.

Programme Outcomes (POs) to be achieved through Practical’s

Basic and Discipline Specific Knowledge: Apply knowledge of basic
mathematics, science and engineering fundamentals and engineering specialization

to solve the engineering problems.

Problem Analysis: Identify and analyse well-defined engineering problems using
codified standard methods.

Design/Development of Solutions: Design solutions for well-defined technical
problems and assist with the design of systems components or processes to meet
specified needs.

Engineering Tools, Experimentation and Testing: Apply modern engineering

tools and appropriate technique to conduct standard tests and measurements.

Engineering practices for Society, Sustainability and Environment: Apply
appropriate technology in context of society, sustainability, environment and
ethical practices.

Project Management: Use engineering management principles individually, as a
team member or a leader to manage projects and effectively communicate about

well-defined engineering activities.

Life-Long learning: Ability to analyse individual needs and engage in updating in

the context of technological changes.
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Basic Science —Physics (311305)

Practical- Cour se Outcome matrix

Cour se Outcomes (COs)
a.  Use basic instruments to measure the physical quantitiesin various engineering situations.
b. Apply the basic principles of electromagnetics to solve given engineering problems.
c. Apply basic principles of thermometry and fibre optics to solve engineering problems.
ok Title of the Practical col | coz | cos
No. a. b. C.
1 M easurements of dimensions of given object by J
Vernier caliper.
2. M easurements of dimensions of given objects by J
micrometer screw gauge.
3. Determination of resistance by Ohm’s law. N
4. Determination of specific resistance of given J
wire.
5. Determination of equivalent resistance in series N
connection of resistors.
6. Determination of equivalent resistancein N
parallel connection of resistors.
7. Determination of neutral points by magnetic J
compass.
8. Determination of static and dynamic resistance
of given P N junction diode. \
Q. Determination of forbidden energy band gap in
semiconductors. v
10. " | Determination of Joule’s mechanical equivalent N
of heat by Joule’s law.
11. | Determination of pressure-volume relation using N
Boyle’s law.
12. Determination of the rate of heat loss due to N
convection by Newton's law of cooling.
13. Determination of Coefficient of thermal N
conductivity.
14. Determination of the refractive index-of glass
slab. v
15.  Determination of the Numerical Aperture (NA) N
of agiven step index optical fiber
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List of relevant skills

1. Intellectual Skills

2. Psychomotor Skills

3. Affective Domain Skills
4. Teamwork

5. Prioritisation

6. Communication

7. Interpersonal skills

8. Research skill
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Brief Guiddlines to Teachers

1.  For incidental writing on the day of each practical session every student should
maintain a dated log book for the whole semester, apart from this laboratory manual
which s/he has to submit for assessment to the teacher in the next practical session.

2.  There will be two sheets of blank pages after every practical for the student to report
other matters which is not mentioned in the printed practicals.

3. For difficult practicals if required, teacher could provide the demonstration of the
practical emphasizing of the skills which the student should achieve.

4.  Teachers should give opportunity to students for hands-on after the demonstration.

5. Assesstheskill achievement of the students and COs of each unit.

Instructions to Students

1.  Students should listen carefully the procedure of practical, method of assessment,
tentative plan of work in laboratory and total amount of work to be completed in the
whole semester.

2. - Students should be well prepared while submitting the practical work and submit it for
assessment to the teacher in the next practical session, which will develop continuity in
the studies.

Maharashtra State Board of Technical Education (‘K Scheme) \



Basic Science —Physics (311305)

Content Page
List of Practical’s and Progressive Assessment Sheet

Sr. Practical outcomes Page Date of Date of Assessment | Dated sign.
No. No. | performance | Submission | marks(25) | of teacher

1. | *Measurements of dimensions of

given object by Vernier caliper. 1

2. | *Measurements of dimensions of
given objects by micrometer screw| 8

gauge.
3. | *Determination of resistance by
) 15
Ohm’s law.
Determination of specific 3

4. | resistance of given wire.

5. | *Determination of equivalent
resistance in series connection of 31
resistors.

6. | Determination of equivalent
resistance in paralel connection of | 39
resistors.

7. | *Determination of neutral points

by magnetic compass. =

8. | *Determination of static and
dynamic resistance of given PN 54
junction diode.

9. | Determination of forbidden energy
band gap in semiconductors. 63

10. | *Determination of Joule’s
mechanical equivalent of heat by | 71
Joule’s law.

11. | Determination of pressure-volume

relation using Boyle’s law. ks

12. | Determination of the rate of heat
loss due to convection by Newton's 86
law of cooling.

13. | Determination of Coefficient of

thermal conductivity. -

14. | *Determination of the refractive

index of glass dab. 93

15. | Determination of the Numerical
Aperture (NA) of agiven step 105
index optical fiber

Marks out of 25 ...........

Note: Out of above suggestive LL Os -
e "*'Marked Practical’s (LLOs) are mandatory.
e Minimum 80% of above list of lab experiment are to be performed.
e Judicial mix of LLOs are to be performed to achieve desired outcomes.
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Practical No. 01: Measurements of dimensions of given object by Vernier caliper.

Practical Significance
In industries measurement of inner diameter, outer diameter, height and depth of

objects with utmost accuracy and precision is a prime requirement. For the
measurement of the objects having dimensions less than 1mm or to measure the
dimensions of curved surfaces, norma scales cannot be used. Such kind of
measurements are possible using measuring instruments like Vernier caliper,
micrometer screw gauge etc. Inthis lab experiment we use Vernier caliper to measure

the dimensions of objects in centimeters-up to two significant figures.

Industry/ Employer Expected Outcome
Apply principles of physics and chemistry to solve broad based relevant engineering
problems.

CourseLevd L earning Outcome
Use basic instruments to measure the physical quantities in various engineering
Situations

L aboratory L earning Outcome(s)
> Use Vernier caliper to: Measure dimensions of given objects. Measure the

dimensions of objects of known dimensions.

> Estimate the errors in measurement.

Relevant Affective domain related Outcomes
a. Handle tools and equipment carefully.

b. Select proper instrument.

Relevant Theor etical Background
Vernier Caliper is an instrument used to measure dimensions such as inner diameter,

outer diameter, height, depth, thickness of an object. Least count (L.C) of instrument is
the smallest measurement that can be taken by using an instrument. Range of Vernier
caliper is the maximum measurement that can be taken by using the instrument. There
are two separate scales on Vernier caliper namely Main Scale and Vernier scale. Least
count of Vernier Caliper is given by

Least count = Smallest reading on main scale (m) / Total Number of divisions on
Vernier scale (n)

Zero error occurs in an instrument due to non coincidence of zero of main scale with

zero of vernier scale when the jaws are closed.

Maharashtra State Board of Technical Education (‘K’ Scheme)
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VIl Circuit Diagram / Experimental Set Up/ Work Situation
INTERNAL
LOCKING
il SCREW

IMPERIAL SCALE

| |.l : |‘ H: g 'I\ I' .{" t ra n I" e
Vi b [y i [ i | | fi
; o 3 J
/ et DEPTH MEASURING
BLADE
-
\/ ?/
|
EXTERNAL
JAWS

Main 0 0.5 1.0cm
SCale »-
Wernier—e | | |
scale ] 10
NO Zero error
Mair N 0.5 1.0cm
scale
Wearnier—m | | [ | -
scale o 10
T Positive zero error
Main 0 0.5 1.0cm
scale g
Vaermiar—e | | | | -
scale 0 10
MNegative zero error
Figure2
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VIII  Resourcesrequired
Sr. No. Instrument /Object Specification Quantity
. . L.C.=0.002cm
1 Vernier Caliper Range=0-15¢m 1 No.
2. Hollow Cylindrical Pipe Any dimensions 1 No.

3.

Rectangular wooden

block Any dimensions 1 No.

4.

16 gauge 1 No.

Hollow pipe thickness

IX  Precautions

1.
2.

3.

Thejaws of Vernier caliper should not be pressed hard while taking the readings.
The division of Vernier scale exactly coinciding with the main scale should be
noted down accurately.

Parallax should be removed.

X  Procedure

1,

2.

©

|dentify each part of the instrument.

Find the least count of given Vernier calipers using the formula given in the
theoretical background.

Find the zero error (z) of given Vernier caliper asgiven in Fig.02.

Hold the given object in the appropriate jaws depending upon the parameter to be
measured.

Observe the zero of the Vernier scale and take main scale reading (MSR)

Check the division of Vernier scale coinciding with the main scale and note it
down as (VSD).

Find the vernier scalereading; VSR =(VSD x L.C.)

Calculate the total reading using the formula: Total reading (TR)= MSR+V SR.
Calculate the corrected readingCR=TR £ z

X1 Observations

1

o &~ W DN

Vaue of smallest divissonon mainscale=em=  cm.

Total no of divisionson Vernier scale=n=............

Least count (LC) of Vernier caliper=m/n =........... cm.
Zero error = (coinciding Vernier division with main scale x LC) =.....cm.
Zero error correction (z) = +............... CMOr - cm or No error.

Maharashtra State Board of Technical Education (‘K’ Scheme)
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Observation Table

VR | 1r= | CR
N MSR | Coincidin S MS | =
Object Dimension 9, VD R | TR |Average
cm VSD XLC + . om
cm VSR | (2)
cm cm
1
% g Inner
== Diameter 2
3 (D1) 3
1
% _g Outer
== Diameter 2
=0 !
ohye: Height 2
O f= (h)
X1l Resaults
a. Average inner diameter of hollow cylinder Di=........ cm

b. Average outer diameter of hollow cylinder= D2 =.......cm
c. Average height Hollow cylinder= h =

XI1l  Interpretation of results

Using digital vernier caliper we verify the

» Inner diameter of hollow cylinder D1=
» Outer diameter of hollow cylinder= Do=
» Height of Hollow cylinder=h= -

X1V  Conclusions and Recommendations

Maharashtra State Board of Technical Education (‘K’ Scheme)
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XV  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. Give the value of smallest division on main scale and the total no. of divisions on

Vernier scale of the instrument used in experiment.

2. Write the range of the Vernier caliper used in the experiment.Write two application of
vernier caliper.

3. Determine the least count (L.C.) of Vernier caliper if smallest divison on main
scale is 1mm and the number of divisionson Vernier scaleis 20.

4. A student has used a Vernier caliper with LC 0.01 ¢m, to measure the length of his
pencil. He found that the main scale showed a reading of 7.3 cm and Vernier scale
coincides with 5" position to the main scale.

5.  Givethe correct measurement of the length of the pencil neglecting zero error

[Spaceto Write Answers]
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XVI1  References/ Suggestionsfor further Reading
a  https.//amrita.olabs.edu.in/?sub=1& brch=5& sim=16& cnt=4
b. https.//youtu.be/eJpdb7UaOug
c. https.//iwant2study.org/lookangeiss/01 _measurement/ejss model AAPTVernierCaliper/AA
PTVernierCaliper Simulation.xhtml

XVII Assessment Scheme

Performance indicators Weightage

Processrelated: 15Marks 60%
1. | Handling of the instrument 10
2. | Arrangement of Practical set up 10
3. | Observation & Observation Table 10
4. | Calculation 10
5. Result 10
6. | Team Spirit 10

Product related: 10 Marks 40%
1. [Timely Submission 10
2. | Interpretation of result 10
3. | Conclusions & Recommendations 10
4. | Practical related questions 10

List of Student Team Members.

1) By ....... R .
2| E4N....... N .
3.0 .l N .
4, \ .00\ . . S
Marks Obtained .
Dated Signature
Process Related | Product Related
(15) (10) Total (25) of Faculty
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Practical No. 02: M easurements of dimensions of given objects by micrometer
SCrew gauge.
Practical Significance

In industries, many times there is a need to measure the thickness, diameter of
objects with utmost precision. Scale is used for the measurement of parameters
like length, breadth and height of plane surfaces. Micrometer screw gauge is used
to measure dimensions of objects less than 0.1 mm, that cannot be measured by

other instruments.

Industry/ Employer Expected Outcome
Apply principles of physics and chemistry to solve broad based relevant

engineering problems.

CourseLevd Learning Outcome
Use basic instruments to measure the physical quantities in various engineering

situations.

L aboratory L earning Outcome(s)
Use Micrometer Screw gauge to: Measure dimensions of given objects. Measure

the dimensions of objects of known dimensions. Estimate the errors in

measurement.

Relevant Affectivedomain related Outcomes
a. Handling tools carefully.

b. Select proper instrument.

Relevant Theor etical Background
Micrometer screw gauge: It was-invented by William Gascoigne. It is an

instrument which consists of two scalesi.e. main scale and circular scale.

1. Pitch (p): It isthe distance between two consecutive threads of the screw. The

screw moves forward or backward through a distance equal to its pitch when one
complete rotation isgiven to it. Therefore to find out pitch of the screw, give one

rotation to it and find out through how much distance it moves.

2. Least count (LC)

Least count is the smallest measurement that can be done accurately by any
measuring instrument. Thus least count indicates the degree of accuracy of

measurement by that instrument.

Maharashtra State Board of Technical Education (‘K’ Scheme)
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3. Least count (L C) of micrometer screw gauge

Itisratio of pitch of the screw (p) to the total no of division on circular scale (n).
L C— Pitch of the Screw (p) (D

"~ Number of division on the circular scale (n) "

4. Zeroerror
The zero error is the error caused by non coincidence of zero of circular scale with
axia line on main scale when the jaws are closed. Students should refer following
diagrams to determine zero error in the instrument used in this lab experiment.
5.Zeroerror correction (2)
Zero error correction (2) isobtained by adding or subtracting zero error.
When zero error obtained is positive zero error correction (z) is negative.

When zero error obtained IS negative zero error correction (z) is positive.

1
=10 =10 =
= S =5 =
0—E-D 0E£ o 0E-45
B =-45 =40
40
(a) (b) (c)
No zero error Positive zero error | Negative zero error
Zero error = Positive error .
Zero error = Negative error
Zeroerror =+ (3% LC)
. Zexo error
Zero error = No error Zero correction (z) = :
=-[(n- 99 xLC]
-3 x L.C) .
Zero correction (z) =
+[(n-99) x L.C.

6. Total reading (TR) of measurement
(i) Total reading (TR) is an addition of main scale reading (MSR) and circular scale

reading (CSR).
(i) Circular scale reading is the multiplication of circular scale division (CSD) and least
count (LC)

7. Corrected reading (CR) of measurement
Corrected reading isthe addition of total reading (TR) and the zero error correction (2).

TR=MSR +CSR
TR=MSR + (CSD X LC)
and CR= TR Zero error correction (2)

Maharashtra State Board of Technical Education (‘K’ Scheme)
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VIl  Experimental Set Up

| IET | [Wiain Scale | [€ircatar Scale | [Sleave]  [Hesd]

[5trong Curved Frame ]
VIIl  Resourcesrequired
Sr. No. Particulars Specification Quantity
Micrometer Screw Gauge | L.C=0.00lcm, 01 for
1 Range=0 to 2.5cm each student
2 Metallic Sphere Unknown Diameter 01
3 Plate Unknown thickness 01
Thin metal wire Diameter-16/18/20 01
£ gauge
IX Precautions
1. Only screw head should be rotated and the sleeve should not be rotated to avoid
ExCess pressure.
2. The screw should be always rotated in one direction to avoid backslash error.
X ' Procedure
1. Hold the micrometer screw gauge carefully.
2. ldentify the main scale and circular scale.
3. Determine the pitch of the screw.
4. Count the number of divisions on circular scale.
5. Calculate L.C. of micrometer screw gauge using equation (1).
6. Identify coinciding division from axial line and calculate zero error (refer zero error
diagram.
7. Hold the object in the jaws of micrometer screw gauge. ( The jaws should perfectly
touch the surface of object).
8. Note main scale reading (M SR) with respect to edge of the rotating drum.
9. Note the circular scale division (CSD) coinciding with the axia line.
10. Determine the circular scale reading (CSR) using the formula CSR= coinciding
circular divison(CSD) x L.C.
11. Calculate Total Reading T.R. =M.S.R.+ C.SR.
12. Calculate zero error correction z (refer error diagrams)
13. Calculate corrected Reading.

Corrected Reading = T.R.+ Zero error correction (2)

Maharashtra State Board of Technical Education (‘K’ Scheme)
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X1 Observationsand Calculations
1. Pitch of the screw= Distance travelled by the screw on main scale | in one rotation=

3. Least count of micrometer screw gauge = pin=.......... cm

ViS4 (X< § (0] =N cm

LC= + .......... cml cml No zero error

Table 1: M easurement of diameter and thickness

CSR | TR= |*CR
Object | Dimension MSR (C:SD (:\Q/LS TR+ A\éira
cm | CSD L)((:) CfR (i) readin
cm
cm Cm g J
alli -
Wigall Diameter | 2
- (D3
Sphere 3
1
Block | Thickness| 2
®
Thi !
in :
metallic D'(a[;“m‘f)‘er 2
wire 3
XIl  Results
1. Average diameter of metallic sphere=Ds=.................. cm.
2. Average thickness of block=t=................ cm
3. Average diameter of thinmetallic wire=Dw=................ cm
XI1T  Interpretation of results

Using Digital micrometer screw gauge verify the above result
1. Averagediameter of metallic sphere=Ds=........cccccccevvevvrnnne cm.

2. Average thickness of block=t=.......cccccceieviriiirierecce e, cm.

Maharashtra State Board of Technical Education (‘K’ Scheme)
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3. Average diameter of thinmetalicwire=Dw=...........c.c...... cm

XIV Conclusionsand Recommendations

XV Practical Related Questions
Note: Below given are few sample questions for reference. Teachers must design more such
guestions so as to ensure the achievement of identified CO.
1. Aremicrometers used in telescopes or microscopes?
State the main types of screw gauges.
State the range of given micrometer screw gauge used in experiment.
The circular scale of a screw gauge contains 100 divisions and its pitch is 1 mm.
Give the least count of the screw gauge.
In ten rotations of the screw, distance travelled on main scale is 20 mm. If number of
divisions on circular scale are 50. Find L.C. of micrometer screw gauge.

o ks wN

[Spaceto Write Answer s]

Maharashtra State Board of Technical Education (‘K’ Scheme) 12



Basic Science- Physics- 311305

XVI1 References/ Suggestionsfor further Readings
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a. https://maheshkurmi.github.io/experiments/micrometer.html

b. https://amrita.olabs.edu.in/?sub=1& brch=5& sim=156& cnt=4

c. https://www.stefanelli.eng.br/en/simul ator-virtual -micrometer-hundredths-millimeter/

XVIl  Assessment Scheme

Performance indicators Weightage
Processrelated: 15Marks 60%
1 Handling of the instrument 10
2. Arrangement of Practical set up 10
3. Observation & Observation Table 10
4, Calculation 10
5. Result 10
6. Team Spirit 10
Product related: 10 Marks 40%
1 Timely Submission 10
2. Interpretation of result 10
3. Conclusions & Recommendations 10
4, Practical related questions 10
List of Student Team Members.
i R PTC
2¢9./.... . . SRR .
. ....... [ . . S .
... /RS . S .
Marks Obtained Dated
Process Product Signatur e of
Related (15) Related (10) TR Faculty

Maharashtra State Board of Technical Education (‘K’ Scheme)
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Practical No. 3 Determination of resistance by Ohm’s law.

Practical Significance

The precise measurement of electric current, voltage, resistance is required in
electrical, mechanical industries. It is imperative to have a method by which we can
measure all these electrical parameters. Resistance, current and voltage can all be
determined by way of the formula which is needed for designing circuits. Ohm's
law is used to find out the desired amount of resistance, voltage and / or current
levels to make sure that we are able to design circuits. It is applicable to decide the
ratings of home and electrical appliances.

Industry/ Employer Expected Outcome
Apply principles of physics and chemistry to solve broad based relevant engineering
problems.

Course L evel Learning Outcome

Apply the basic principles of electromagnetics to solve given engineering problems.
L aboratory L earning Outcome(s)

Apply Ohm’s law to solve circuit problems..

Relevant Affective domain related Outcomes

. Circuit connections Skills.

M easurement Skills.

Relevant Theor etical Background

Ammeter Is used to measure electric current (I) & voltmeter is used to measure
potential difference (voltage) (V).

Ohm'slaw: It states that "provided the physical state of the conductor (length, area,
temperature) remaining the same in the closed circuit, the current (1) flowing
through the conductor is directly proportional to the potential difference (voltage)
(V) between the two points of the conductor”.

| <V

V=IR

R=V/I

Where R is the resistance of the conductor.

Nicrome wire: Nichrome is the form of resistance heating aloy. A common
Nichrome alloy is 80% nickel and-20% chromium, by mass, but there are many
other combinations of metals for various applications. Nichrome is silvery-grey in
colour, is corrosion-resistant, and has a high melting point of about 1,400 °C
(2,550 °F). Nichrome is widely used in electric heating elements such as in hair
dryers and heat guns.

Eureka wire: Constantan or Eureka is a Cupronic alloy usually conslstmg of few
metals and chemicals melted together at a very high temperature and pressure to
form alloy. Its main feature is its resistivity which is constant over a wide range of
temperature. Due to its powerful property of constant resistivity up to a wide range
of temperature it is widely used in Electrical instruments like current controlling

Maharashtra State Board of Technical Education (‘K’ Scheme)
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devices, Rheostats, Potentiometers, Thermocouples, Compensating Cables,
Load Banks, Electrical speed controllers, Switches, Electric Meters and so on.

VIl Circuit Diagram / Experimental set up / Work Situation.

EBesistor n

« ANAAN -
+ Y + : - -
— (O to 5 W) +
CA % 0-12V —L
= é Wariahle O 7 -
v wupsprhy r
Rheostat
T _ Kay
,\/Y\N\ -_._.
2 8
Fig. 01
VIIl  Resourcesrequired
Sr. No. Instrument Specification Quantity

Range- Oto 12V
L ROVETS R RanggeSOO mA G
p. Ammeter Range- 0to 5A 01
3 Voltmeter Range- 0to 10V 01
4 Rheostat Range- 0to 500! 1 01
5 Key 01
6 Resistance Wire Nichrome/Eureka 01

Range-0to20M n

7 Multimeter Range-0to5 A 01

Range-Oto 10V
8 Key 01

IX  Precautions
1. All electrical Connections should be neat and tight.
2. The pointer of ammeter/voltmeter should coincide with zero mark.
3. Check the power supply before connection.
4. Check connection with the help of teacher.
5. Connect Ammeter in series.
6. Connect Voltmeter in parald.
7. The key should beinserted only while taking readings.

X Procedure

Maharashtra State Board of Technical Education (‘K’ Scheme)
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Part |
Make connection as per circuit diagram (Fig. 01)

Note the LC of Ammeter and range
Note the LC of Ammeter and range.
Check connection with the help of teacher.
Switch on power supply.
Close key in circuit.
Keep the position of rheostat at maximum resistance.
Ensure that the position of ammeter and voltmeter pointer at minimum.
Note the reading of ammeter and voltmeter
. Change the position of sliding arm/ variable arm of rheostat gradually.
. Note the corresponding change reading in ammeter and voltmeter.
. Calculate the resistance of wire using theformula: g ;

© oo N OAWODNPR

e
N R O

[ERN
w

. Repeat the step from 10 to 12 fivetimes
. Plot the graph with electric current (I) along X-axis and voltage (V) along Y -axis.
. Find slope of the graph. Determine the resistance by graph.

=
oM

Part |1
Make connection as per circuit diagram.

Connect multimeter instead of ammeter.
Connect multimeter instead of voltmeter.
Repeat the steps 4 to 16 given in Part | of procedure.

O INPRE

Xl Observationsand Calculations

Using Voltmeter & ammeter Least count of ammeter = -
Range of ammeter =--------

Least count of voltmeter = -

Range of voltmeter =--------

WD R

Table 1 (Using ammeter/ voltmeter )
Using Multimeter for the measurement Range of multimeter asammeter = -
Range of multimeter asvoltmeter=................

Range of multimeter asohm meter=.................

Potential

Electriccurrent i e Resistance M ean Resistance
Sr. No. | \V R (ohm) = V/I R (ohm)
(Ampere) (volt)

g WIN|PF

Table 2 (Using multimeter)
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. Potential , .
Electriccurrent difference Resistance M ean Resistance
Sr. No. | v R (ohm) = V/I R (ohm)
(Ampere) (volt)
1
2
3
4
5
X1l Results
. : , From observation From graph
Resistance of given wire R O RO

By using voltmeter and ammeter

By using multimeter

XI1lI  Interpretation of results

XV  Practical Related Questions

Note: Below given are few sample questions for reference. Teachers must design more
such questions so asto ensur e the achievement of identified CO.
1. Statethefunction of rheostat inthislab experiment.

2. A potentia difference of 15V appears across the ends of aresistor when 5A of current

flows through it. Find resistance of the resistor?

3. If thevoltage across afixed value of resistance isincreased five times, what will be the
variation in current? Does the resistance depend on the temperature?

4.  Calculate the voltage if a resistance of 25 Q produces a current of 250 amperes.

5. State Ohm’s Law.

[Spaceto Write Answers]
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XVI References/ Suggestionsfor further Reading
a  https://phet.colorado.edu/sims/html/ohms-law/| atest/ohms-law en.html
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b. https://youtu.be/8yHia3gE LY

c. https://www.youtube.com/watch?V=E DsgQARbFqg

XVIlI Assessment Scheme

Performance indicators Weightage
Processrelated: 15Marks 60%
1 Handling of the instrument 10
2. Arrangement of Practical set up 10
S Observation & Observation Table 10
4. Calculation 10
5. Result 10
6. Team Spirit 10
Product related: 10 Marks 40%
1 Timely Submission 10
2. Interpretation of result 10
3. Conclusions & Recommendations 10
4 Practical related questions 10

List of Student Team M embers.

) i
21 ...

3.\ .

Marks Obtained

Process Product
Related (15) Related (10)

Total (25)

Dated
Signature of
Faculty
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Practical No:- 04 Deter mination of specific resistance of given wire

I Practical Significance

In industries, components like resistors, inductors and chokes al have to verify that
their product meets the requirements of specific resistance, tolerance, and quality
control testing. Resistivity or specific resistance (p) is a measure of the resistance
offered to the electrical conduction for a given size of material. To remove the effect
of size from resistance, specific resistance is used. This is a material property which
does not depend on size.

Il Industry/ Employer Expected Outcome
Apply principles of physics and chemistry to solve broad based relevant engineering
problems

1l CourseLevel Learning Outcome
Apply the basic principles of electromagnetics to solve given engineering problems.

IV Laboratory Learning Outcome(s)
Determine the specific resistance of given wire.

V  Relevant Affectivedomain related Outcomes

a)  Circuit connections Skills.
b) Measurement Skills.
c) Experimentsand practice

VI = Relevant Theoretical Background
Ohm's Law: It states that "Provided the physical conditions of a conductor remaining
the same(length, area, temperature of the conductor), in a closed circuit the amount of
current (1) flowing through the conductor is directly proportional to the potential
difference (V) between two ends of the conductor."
Va l
V = IRWhere R isresistance of conductor.
Factors affecting resistance of a conductor At constant temperature, resistance(R) of
the conductor is directly proportional to the length of the conductor and inversely
proportional to its cross sectional area.
Ro L

1
Ra(—)
i
L
R=p.—
a

where p isspecific resistance or resistivity of material.
Specific resistance : It isdefined as the resistance of amaterial per unit length
per unit cross sectional area when temperature of conductor is constant.

p=Ra/L
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Vi

VI

I X

Circuit Diagram / Experimental set up / Work Situation.

Caonductingwire of Resistance R

AN -
’,,@_—'
> (0to 5 V)

Q otOEA) 0-12V —
- DC power

|+
supply -
4/:——
Key
Resourcesrequired
Sr. No. Particulars Specification Quantity
1 Voltmeter 0-5v 01
2 Ammeter O-1A 01
3 Battery 0-12v 01
4 Metal wire 20cm,30cm,40cm.50cm,60cm, 70c |01 each
m,80cm, 90cm or as available
5 Resistance box | 0O-1000 ohm o1
Precautions

1. Handle all the equipments with care.

2. Make connections according to circuit diagram.

3. The plug key should be open while connecting the circuit

4. Get the connections checked by the teacher.

5. Before switching on the supply, the knob of the DC supply should be strictly kept
at O V(minimum)

6. Takethereadings carefully & the connections should betight.

Procedure

1. Measure the radius 'r' of wire using micrometer screw gauge.
2. Determine the area'a of the wire using the formula.

3. Find L.C. and range of the given ammeter and voltmeter.

4. Take conducting wire of known length (L).

5. Connect the circuit as per circuit diagram.
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© 00 N O

16.

Xl

. Now put in the plug key.

. Switch on the circuit.

. For a constant supply voltage (V), note down the current (1) using the ammeter.

. By keeping the voltage constant, note the current (I) for wires of different length.
10.
11.
12.
13.
14.
15.

Calculate the resistance (R) of the wire using theformula, R=V /|

R=V/I

Calculate the value of specific resistance using theformula, = p=Ra/L

Plot the graph of resistance(R) Vslength (L) of the wire.

Find the slope of the graph.

From the value of slope, determine the specific resistance of the given wire using the
formulap=Slope X Area (a).

Cqmpare the experimental and graphical value of the specific resistance of the given

life.

Observationsand Calculations

Todetermine theradiusand hence ar ea of the given wire:

| TR= CR Area of
wse | | O | e | | A | e
Dimension cm CSD L C + TR d 9 section
. CSR) | + = 2
cm " cm
cm (2) cm?
cm
1
Diameter
(d) of 2
Water
3
Observation Table
1. Least count of ammeter =........ A.
2. Range of anmeter=......... A.
3. Least count of voltmeter.=.......... V
4. Range of voltmeter=............... \%
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To determine the specific resistance (p) of the wire

: . Specific
Obs. Length Current I?otentlaj Resstgnce of resistance
No of wire () dlffergr1ce Wire ———
' (L) in in ampere (V)in R=VI/I Q a-cm
cm P volt
1 20
2 30
3 40
4 50
5 60
6 70
7 80
8 90
Calculations
Specific Resistance
_Ra
P=T
P =
Specific resistance of the materia of the given wire by graph
Graph:
R
P=Slopexa
L
XIl  Results
1. Mean Resistance for wire of length of wire=  n
2. Specific resistance of the material of given wire by experiment=........ Qcm.
3. Specific resistance of the material of given wireby graph=......... Q.cm

Maharashtra State Board of Technical Education (‘K” Scheme)
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X111 Interpretation of results

Error inthe value of specific resistance=Experimental value- Standard value

XIV  Conclusions and Recommendations

XV  Practical Related Questions

Note: Below given are few sample questions for reference. Teachers must design
mor e such questions so asto ensur e the achievement of identified CO.
1. State the factors on which specific resistance of the wire depends in your

experiment.

2. For two wires of same length and different radii, does the resistance of wire
change? Give reasons.

3. Namethedifferent methods of finding unknown resistance.

4. Calculate the resistance of a copper wire 20 meter long and diameter of 0.05 cm.
(specific resistance of copper =1.678 x 10-° Q-cm.)

5. If theradius wireisdoubled, will the specific resistance change? Explain.

[Spaceto Write Answer s
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XVI References/ Suggestionsfor further Readings
1. https.//phet.colorado.edu/sims/html/resi stance-in-a-wire/l atest/resi stance-in-
awire en.html
2. https://www.youtube.com/watch?v=ReHgmOjR9Hg
3. https://www.youtube.com/watch?v=nsQUtQUU9-Q

XVII Assessment Scheme

Performance indicators Weightage
Processrelated: 15Marks 60%
1. | Handling of theinstrument 10
2. | Arrangement of Practical set up 10
3. | Observation & Observation Table 10
4. | Calculation 10
5. | Result 10
6. | Team Spirit 10
Product related: 10 Marks 40%
1. [Timely Submission 10
2 Interpretation of result 10
3. | Conclusions & Recommendations 10
4 Practical related questions 10

List of Student Team Members.

1. .ol..... . . S
2 <EL.\... . . SR . .
3.\ WL\ T . U . .
4, N X Seennnnnnce . ....... 0.
Marks Obtained Dated
Process Product Signature of

Total (25)

Related (15) | ~ Related (10) Faculty
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Vi

Practical No. 05: Determination of equivalent resistance in series connection of

resistors.
Practical Significance
Series circuit connections are common and greatly employed in electrical
equipments. Current controlling devices, Fuses , automatic house-heating
equipment electromagnetic coils and safety cut-outs connected in series with a
voltage source . The application of series and parallel circuit connection can be
evidently seen in our homes and industry. In this experiment, resistive wires are
connected in series and equivalent resistance of circuit is determined using ohm's
law, helps students to analyze series circuits.

Industry/ Employer Expected Outcome
Apply principles of physics and chemistry to solve broad based relevant
engineering problems.

Course L evel Learning Outcome
Apply the basic principles of electromagnetics to solve given engineering
problems.

L aboratory L earning Outcome(s)
Verify law of series connection of resistors.

Redlevant Affectivedomain related Outcomes
1. Circuit connections Skills.

2. Measurement Skills.
3. Experimentsand practice

Relevant Theor etical Background

.Ohm'sLaw

It states that, physical conditions of a conductor such as length, area of cross section,
temperature, resistivity remaining the same, in a closed circuit amount of current (1)
flowing through the conductor is directly proportional to the potential difference (V)
between two ends of the conductor.

laV

I=VI/R

. Seriescircuit

A series circuit is a circuit in which resistors or loads are connected end to end so
that the circuit will have only one path through which electric current flows. Thus,
when a number of resistors are connected in series, the effective resistance (tota
resistance in the circuit) is obtained by adding the individual resistance algebraically.
That is to say, if we have resistors with resistance RI, R2, R3 ... Rn connected in
series, then;

Maharashtra State Board of Technical Education (‘K’ Scheme)
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Reff=Rs=R1+R2+ R3+ ... Rn.
In series connections, the same current flows across all

the branches of the circuits,

but different voltage across it thus making the resistors to have different voltage
across them. Each resistor or load will experience a voltage drop. The applied
voltage is equa to the sum of the voltage drop across the different parts of the
circuit. Voltage drop is proportional to the resistance current being the same

throughout the circuit.

When loads are connected in series, the loads will tend to have a common switch.
Thiskind of connection is employed in halls, street lights.

. Law of resistancesin series

It states that equivalent resistance of the resistances connected in series is sum of

individual resistances

Rs= R1+R2+R3+...... Rn

Vil

Resistor r1/R2

Circuit Diagram / Experimental set up / Work Situation.

— ANAN .

(v )
+ + u = 4
f (0t 5 V)
2 0-12V —
a E__ Variable DC -
PO Sy A
Rheostat
ey
’\/\1/\/\/'\— N
N =
Fig.01
R1 Resistor R2
-I-: : -
(0to 5 V)

0-12V
Varable DC
pawer supply

Rheostat
Key

A
86

- Jl\)+
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VIIl  Resourcesrequired
Sr.No Name of Specifications Quantit
7 | Instrument y
1 Eurekawire Im,2m 1 each
2 Copper wire Multi-strand 1 bundle
3 Voltmeter 0-5Vv 1
4 Ammeter 0-l1A 1
5 Rheostat 50-1100 1
6 Battery eliminator 0-6V 1

IX  Precautions

1.  Connections should be clean and tight.
2. Thick copper wires should be used for connection after removing the
insulations near the ends.
3.  While changing the voltage, rheostat must be move in one direction only.
4.  Voltmeters and ammeters should be of proper range.
5. Alow resistance rheostat should be used.
6. The key should be inserted only while taking the observations to avoid
excessive heating of resistors.
7. Do not pass alarge current through the resistance.
8.  While measuring the voltage and current the needle of meters should not move
out of the scale.
X' Procedure
1. = Connect thecircuit according to the circuit diagram (Fig. 01).
2. Connect unknown resistance Ry inthe circuit.
3. Vary current inthecircuit using rheostat.
4.  Record the observations from voltmeter and ammeter inequal intervals.
5. Takefive observations.
6. Calculate theresistance of given wire by ohm's law as per the formula.
7. Find mean resistance Ry
8. Repeat the steps 2 to 7 to calculate unknown resistance Ro.
9.  Connect the two resistances R and R> in series combination as per the circuit
diagram ( Fig. 02).
10. Repesat the steps 2to 7 to calculate equival ent resistance Rsby experiment.
11.  Calculate equivalent resistance Rsby theory using formula.
12.  Show sample calculation.
13. Notedown theresults.
14.  Writeinterpretation and conclusion.
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XI  Observationsand Calculations
Range of Voltmeter = Vv
Range of Ammeter= A
Least count of voltmeter= VvV
Least count of ammeter= A
e.m.f of the Battery= \Y/
Table No. 1
Sr. Voltage volt Current Resistance Mean
No. (V) Ampere (A) Ri1=V/1 Q Resistance
Q
01
02
03
04
05
Table 2: For wire 2 (Fig.01)
Sr. Voltage volt Current Resistance Mean
No. (V) Ampere (A) R2=V/1 Q Resistance
Q
01
02
03
04
05
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Table 3: For wirelin serieswith wire 2 ( Fig. 02)

Sr. Voltage volt Current Resistance M ean
No. V) Ampere (A) Rs=V/I Q Resistance
Q

01

02

03

04

05

Calculations

» 1& 2 and show the sample
» Sample calculation of resistance of wire
» (Students should consider any one observation from table calculation)
= R=V/I (Byusing Ohm'slaw)
» Caculation of equivalent resistance in series combination By theory,
» (Students should consider mean values R1 and R2 observation from table |& table
2 and show the sample calculation)

> R=ER1+ R
XIl  Results
Valueof resistanceof | Valueof resistanceof wire | Equivalent resistance of
wire 1 (Ri) 1(R2) seriescombination of
resistances (Rs)
BY Experiment BY Experiment BY Theory /[Experiment

X1l  Interpretation of results
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XV  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. Write thefunction of rheostat inthe circuit used.

2. Calculate the potential difference required to pass a current of 5A through a metallic
rod of resistance 10Q.

3. Three resistors of resistances 250, 500, and 750 respectively are connected in seriesin
acircuit. What is the effective resistance of the combination of the three resistors?

4. If the voltage across afixed value of resistance is increased five times, what will be the
variation in current?

5. Three resistances of 15, 10, and 20 ohms are connected in series. Find the equivalent
resistance for the system.

[Spaceto Write Answers]
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XVI  References/ Suggestionsfor further Readings

1. https://youtu.be/xXWY KM-mDryo
2. https://lyoutu.be/Q3yFLn63VLI

3.  https://mww.youtube.com/watch?v=pd3RkGs1Tsg

XVII  Assessment Scheme
Performance indicators Weightage
Processrelated: 15 Marks 60%
1 Handling of theinstrument 10
2. Arrangement of Practical set up 10
3. Observation & Observation Table 10
4. Calculation 10
5. Result 10
6. Team Spirit 10
Product related: 10 Marks 40%
1 Timely Submission 10
2. Interpretation of result 10
3. Conclusions & Recommendations 10
4. Practical related questions 10

List of Student Team M embers.

ooooooooooooooooooooooooooooooooooo

Marks Obtained

(15)

Process Related Product Related

(10)

Total (25)

Dated Signature
of Faculty
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Practical No. 6: Determination of equivalent resistancein parallel connection of
resistors.
| Practical Significance

In industry, parallél circuits are one of the main building blocks used in the
infrastructure that supplies power to large populations. By making use of parallel
circuits, engineers have been able to create power grids that are more secure and
more efficient. Parallel circuits also make it easier to provide an equal power.
Parallel circuits are used inside many electrical devices and appliances. Using
parale circuits, a device takes an equal amount of power from different sources
and combines it on the same line. The most familiar use of parallel circuits is
found in lighting fixtures. If one bulb bums out, the other bulbs in the fixture
continue to operate. Other uses include an electronic OR gate, where two
switches are in a paralld circuit: one of the switches must be closed for the
circuit to function. If both sides are closed, the circuit will not function.
Household wiring is a series of paralel circuits. In this lab experience,
equivalent resistance is found using paralel combination of resistors supply to
different sectors.

Il Industry/ Employer Expected Outcome
Apply principles of physics and chemistry to solve broad based relevant
engineering problems.
1l CourselLevel Learning Outcome
Apply the basic principles of electromagnetics to solve given engineering problems.

IV _ Laboratory L ear ning Outcome(s)

Verify law of paralel connection of resistors.

V Relevant Affectivedomain related Outcomes
1.  Circuit connections Skills.
2.  Measurement Skills.

3. Experiments and practice

VI  Relevant Theoretical Background

1) Ohm's Law
It states that, physical conditions of a conductor such as length, area of cross section,

temperature, resistivity remaining the same, in a closed circuit amount of current (1)
flowing through the conductor is directly proportional to the potential difference (V)
between two ends of the conductor.

| xV
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| = \i Where R isthe resistance of conductor.

2) Law of resistancesin parallel
The law states that the effective resistance in paralel combination is the sum of

reciprocal of all resistance which are connected in parallel combination.
Hence the equation is

1 1 . 1
R R, R,
_ Ry XR,
" R,+R,

VIl Circuit Diagram / Experimental set up / Work Situation.

BEesistor Rl -'R_'I

+ +* : - .
= {0 to 5 V)
=
OF 4
= 0-6\V —
- E Stariahbs D =
BT A p ety
Rheostat
/\/W n
9 @
Fig.01
R, Fesistor

;

+ v
= +1I\-_-ﬂ}- x
A ity (Dto s V) Fa
B o-6v —
= E Warisbie OC 7 -
PO BLE Dy
Rheostat +
' 1
$ &
Fig 02
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VIIl  Resourcesrequired
Sr.No. | Name of Instrument Specifications Quantity
1 Eureka Wire(Copper Nickel Im and2m 3 No.
aloy)
2 Copper wire Multistrand 3 No.
3 Voltmeter 0-5v 1 No.
4 Ammeter 0-SA 1 No.
5 Rheostat 0-300 Q 1 No.
6 Power Supply 0-12Vv, O-5A 1 No.

IX  Precautions

N P

o 0 k~w

o N

Connections should be clean and tight.

Thick copper wires should be used for connection after removing the
insulations near the ends.

While changing the voltage, rheostat must be moving inone direction only.
Voltmeters and ammeters should be of proper range.

A low resistance rheostat should be used.

The key should be inserted only while taking the observations to avoid
excessive heating of resistors.

Pass a current through the resistance as per power rating.

While measuring the voltage and current the needle of meters should not move
out of the scale.

X . Procedure

© oo N O~ ®WDNPRE

10.
11.

Connect the circuit as shown in circuit diagram 1.(Fig 1)

Connect unknown resistance R1 in the circuit.

Vary current in the circuit using rheostat.

Record the observations from voltmeter and ammeter in equal intervals.
Take five observations.

Calculate the resistance of given wire by ohm's law as per the formula.
Find mean resistance R1

Repeat the steps 2 to 7 to calculate unknown resistance R2.

Connect the two resistances R1 and R2 in paralel combination as per the
circuit diagram.

Repeat the steps 2 to 7 to calculate equivalent resistance Rp by experiment.
Calculate equivalent resistance Rp by theory using formula.
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X1 Observationsand Calculations

1. RangeofVoltmeter=_ V
2. Rangeof Ammeter= ................... A
3. Least count of voltmeter = ................... \Y%
4. Least count of ammeter=........................ A
5. em.foftheBattery =................... v
Tablel: For wirel
Sr. No. | Voltage Current Resistance Mean
Volt (V) |~ Ampere(A) Ri=V/T Q Resistance Q
1
2
3
4
2

Table 2: For wire 2

Sr. No. Voltage Current Resistance M ean
Volt (V) | Ampere(A) R2=V/1 Q Resistance Q

g » W N B

Table 3: For wirelin parallel with wire2

Sr. No. Voltage Current Resistance M ean
Volt (V) Ampere(A) Rp=V/1 Q |ResiganceRp Q

al Al W N| B
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Calculations
1 _ 1 + 1
R R, R,
PR, +R,
XIl  Results
Valueof resistance of Valueof resistance| Equivalent resistance of
wire 1 (Ri) of wire1(R2) parallel combination of
resistances (Rs)
BY Experiment BY Experiment BY Theory
/ExXperiment

X111 Interpretation of results

XV  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. Writetherange of the ammeter used in experiment.
2. Find the equivalent resistance between point A & B.

.': |:' ]

LA
- -~ - Y
@] 1 ) ,
& A AR -
A o—AN, WA o[
¥ )
|
R

3. If two resistance 3ohm & 4 ohm are connected in paralle.then what is the equiva ent
resistancein the circuit.
4. When the resistance are connected in parallel effective resistance increases or

decreases ?
5. Statelaw of resistancein paralldl.
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[Spaceto Write Answer s]
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XVI1 References/ Suggestionsfor further Readings

a) https.//phet.colorado.edu/sims/html/circuit-construction-kit-dc-virtual -

|ab/l atest/circuit-construction-kit-dc-virtua-lab all.html

b) https.//youtu.be/wOXwOIMHBMIl
C) https.//www.youtube.com/watchv=s0Pk34 yN-Y

XVIl Assessment Scheme

Performance indicators Weightage
Processrelated: 15Marks 60%
1 Handling of the instrument 10
2. |/Arrangement of Practical set up 10
3. Observation & Observation Table 10
4. Calculation 10
5. Result 10
6. Team Spirit 10
Product related: 10 Marks 40%
1. | Timely Submission 10
2. Interpretation of result 10
3. Conclusions & Recommendations 10
4. Practical related questions 10

List of Student Teamm Members.

17 o A\ SR O . .
2N\ W Ny
3 N B N
7 S S e SRR
Marks Obtained
Process Product

Related (15) | Related (10) | '@ (29)

Dated Signature
of Faculty
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Practical No.7: Determination of neutral points by magnetic compass.

|  Practical Significance

All the navigation devices used in radars, airplane, ships, surveying and
mountaineering used earth's magnetic field to determine geographical directions.
Magnets are used in electric motors, transformers and generators. Magnetic field
produced by magnets depends upon the shape, size and material of magnets. In this
experiment a student will determine the nature of magnetic field produced by bar
magnet and null point formed due to combination of horizontal component of earth's
magnetic field and magnetic field of bar magnet.

Il Industry/ Employer Expected Outcome
Apply principles of physics and chemistry to solve broad based relevant engineering
problems.

1l CourselLevel Learning Outcome

Apply the basic principles of electromagnetics to solve given engineering problems.

IV  Laboratory L earning Outcome(s)
Use magnetic compass to draw the magnetic lines of forces of magnet of different shapes

and determine neutral points

V  Relevant Affectivedomain related Outcomes
a) Practice good housekeeping.
b) Demonstrate working as aleader/ateam member.
¢) Handling theinstrument carefully.

VI  Relevant Theor etical Background

1) Neutral Pointsin a Magnetic Field

At a particular point, if the compass needle does not point in any particular
direction, then there is no net magnetic field at the point. Such a point is called
Neutral point or the Null point. A neutra point is a point where the resultant
magnetic field is zero. The two points on either side of the bar magnet at equal
distances from its centre, where the compass needle does not show any specific
direction. At these points, the magnetic field induction B due to the bar magnet and
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the horizontal component of the earth's magnetic field induction, Bo are equal in
magnitude and opposite in direction. The resultant magnetic field is zero. These
points represent the neutral points denoted by N, and N2. These two

points fall on the equatorial line of the bar magnet.

Fig. 01 North pole of bar magnets points towards the north pole of earth.

Thus, when the north pole of a bar magnet points towards the geographical north
pole of the earth, the two neutral points lie on the equatoria line of the bar
magnet such that they are equidistant from the centre of the bar magnet.

North Pole of bar magnets points towards the north pole of earth.

The two points along the axis and at equal distances from the centre of the magnet
where the compass needle does not show any particular direction. At these points,
the magnetic field induction B due to the bar magnet and the horizontal
component of the earth's magnetic field induction, BO are equal in magnitude and

opposite in direction. The resultant magnetic field is zero. These points represent

I Axial Line

the neutral points, denoted by NI-and N2. These two points lie on the axial line of
the bar magnet.

Thus, when the south pole of a bar magnet points towards the geographical north
pole of the earth, the two neutral points lie on the axial line of the bar magnet
such that they are equidistant from the centre of the bar magnet. By locating the
neutral points for a given bar magnet in the two cases, we can calculate its

magnetic moment and pole strength.
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VIl Circuit Diagram / Experimental set up / Work Situation.

VIIl  Resourcesrequired
Sr. No. Particulars Specification Quantity
1 Bar Magnet 5cm or as per available 01
2 White Paper A4 sze 01
3 Magnetic Compass 01

IX Precautions

1. All the point must betraced very accurately and neatly using acompass.
2. A sharp pencil must be used to draw all the magnetic lines of forces.
3. Distance of neutral points must be measured from the centre of Bar M agnet.

X  Procedure

Part (i): When the north pole of a bar magnet pointstowardsthe north pole
of the earth.
1. Fix asheet of white paper on adrawing board with brass pins.

Take acompass needle, place it at the centre of the paper.

Mark the north and south directions.

Draw astraight line along the paper connecting the two points.

Represent the magnetic meridian of the earth.

Represent the geographical directions at the comer of the paper.

Draw an arrow from the geographical south to the geographical north on

the right side of the paper.

8. Indicate the direction of the horizontal component of the earth's magnetic
field, Bo.

9. Takeabar magnet and place it at the centre of the paper such that the
north pole of the bar magnet points towards the North Pole of the earth.

10. Draw outline of bar magnet.

11. Now place the compass needle at the north pole of the bar magnet.

12. Mark apoint at north-pole of the compass needle.

13. Shift the compass such that the south pole of the compass needle is at
the point marked.

14. Mark another point at the north of the compass needle, and then shift the

compass, as donein step 13.

N o U ~wN
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15. Repeat the procedure till the compass needle reaches the other end of
the bar magnet.
a. Join al the points to get a continuous smooth curve, which
represents a magnetic field line.
16. Repeat the procedure from the north pole of the magnet, but from
different points, and draw the magnetic field lines.

Part (ii): When the south pole of the bar magnet pointstowardsnorth pole
of the earth.
1. Takeanew paper and repeat the steps 1 to 8 of part (i)

2. Takeabar magnet and place it at the centre of the paper such that the
south pole of the bar magnet points towards the North Pole of the earth.

3. Draw outline of bar magnet

4. Repeat the steps 11 to 17 of part (i)

X1 Observations and Calculations

Observing Natures of magnetic lines of force and locate the neutral points of
bar magnets
» Length of bar magnet=.......cm.=...... .. m.

» Distance between the neutral pointsfrom center of bar magnets

» North Pole of bar magnets points towards the north pole of earth=........ cm
S m
South Pole of bar magnets points towards the north pole of earth=........ cm
> = m
XIl  Results

The neutral points are determined for the following cases

The nature magnetic lines of forces of bar magnet isas per sheet attached.

North Pole of bar magnets points towards the north pole of earth=........ m.
South Pole of bar magnets points towards the north pole of earth=......... m
XI1l  Interpretation of results

X1V  Conclusions and Recommendations
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XV  Practical Related Questions

Note: Below given are few sample questions for reference. Teachers must
design more such questions so asto ensure the achievement of identified CO.
1. Write reason for deflection in compass needle,when brought near bar magnet.

2. Give the number of neutral points obtained if we place a bar magnet in
east west direction.
3. Write material and length of given bar magnet.
4. Give the position of the neutral point, when a bar magnet is placed with
its South Pole pointing towards geographic north.
5. Write the neutra point formula?
[Spaceto Write Answer s]
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XVI  References/ Suggestionsfor further Readings

a) https.//phet.colorado.edu/sims/cheerpj/faraday/latest/faraday.html ?simul ation=magnets-
and-electromagnets

b) Physicstext book of class xii (NCERT)

¢) Fundamental of physicsby wiley -indialastly

XVIlI  Assessment Scheme
Performance indicators \Weightage
Processrelated: 15Marks 60%
1. [Handling of the instrument 10
2. |Arrangement of Practical set up 10
3. |Observation & Observation Table 10
4. ~|Calculation 10
5. |Result 10
6. |Team Spirit 10
Product related: 10 Marks 40%
1. |Timely Submission 10
2 [Interpretation of result 10
3. |Conclusions & Recommendations 10
4. |Practical related questions 10

List of Student Team Members.

Marks Obtained Dated
Process Product Signature of
Reated (15) | Reated (10) | ' o@ (29 Faculty
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VI

Practical No.8: Deter mination of static and dynamic resistance of given P N
junction diode.
Practical Significance

In industry, p-n junction diode has wide range of applications. Diode is used in
clipping and wave shaping circuits in computers, radios and radar. It is used as
switch in digital logic designs. Detector and demodulator circuits use diodes in
TV receiver circuits Voltage multipliers and rectifiers circuits used in house hold
appliances consists diodes. In this lab experience, students will determine the
forward and reverse bias characteristics, static and dynamic resistance of p-n
junction diode which helps in designing the circuits as per the required.

Industry/ Employer Expected Outcome

Apply principles of physics and chemistry to solve broad based relevant
engineering Problems.

Course L evel Learning Outcome

Apply the basic principles of electromagnetics to solve given engineering
problems.

L aboratory L earning Outcome(s)

Use P -N junction diode to draw forward bias and reverse bias |-V characteristics

Relevant Affectivedomain related Outcomes

a. Handletoolsand equipment carefully.
b. Select instruments of required |east count and range.
c. Following safety measure.

Relevant Theor etical Background
Anode Cathode
™~
L1
Symbol of p-n junction diode

. Formation of p-n junction: In p-type semiconductor, holes are the majority

carriers and electrons are the minority carriers whereas in n-type semiconductor,
electrons are the majority carriers and holes are the minority carriers. When p-type
and n-type semiconductors are intimately joined together, p-n junction diode is
formed. The boundary region of p type and n type semiconductors is called p-n
junction. When a p-n junction is formed, some electrons from the n- region cross
over the junction and move into the p- type. Here they recombine with the holes
and the holes from the p-region cross over the junction and move into the n-region
and recombine with the electrons. But the immobile charges (i.e. negative ionsin
p-region and positive ions in then-region) cannot cross over the junction. Thus
there is aregion formed on either side of the junction which contains immobile
charges only. Thisregion iscalled 'depletion region.'
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No Bias (Zerb Bias)

Depletion region

Reverse Bias
)] BOD
, S3ES |
8@@@@@
(—)E@ OE
l_Y_J

Wide depletion region

2. Reverse bias: When p-type semiconductor is connected to negative terminal of

battery and n- type semiconductor is connected to the positive termina of the

battery, the junction is said to be reverse biased. The reverse voltage (VRr) at

which the reverse current (Ir) becomes maximum is called breakdown voltage.

VIl Circuit Diagram / Experimental set up / Work Situation.

Silicon diode

I [ [ i
W
P
Fig.05: Reverse bias
VIIl  Resourcesrequired
Sr. No. I nstrument Specification Quantity
1 Voltmeter (0-1Vv),(0-30V) 1
2 Ammeter (0-50milliamps) (0-500pA) 1
3 Resistor 1 kQ 1
4 DC power supply 0-30V 1
5 p-njunction diode IN4001 ,IN4007 1
6 Connecting wires Hook up wire
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Precautions

1.
2.
3.

The current in the circuit should not exceed the current ratings of the diode.
Connect voltmeter and Ammeter in correct polarities.

Show the connections to concerned teacher and then switch ON the power

Supply.

Procedure

Part |: p-njunction diodein forward biased

1.
2.

Connect the p-n Junction diode in forward bias (Fig.04)
Connect the p-terminal (Anode) of the diode to positive terminal of the regulated
power supply
Connect n-terminal (cathode) to the negative terminal of the regulated power
supply.

Vary the supply voltage (Vi) in steps of 0.1V using the regulated power supply.

5. Record the corresponding values of forward current (I).

Plot a graph of forward current (lf) Vs forward voltage (Vr)
i) Find its slope at a point where the the forward current (If) increases rapidly.
ii) Find the point of intersection on X-axis to obtain the knee voltage of the
diode.
iii) Calculate reciprocal of the slope. Thisreciprocal gives the value of dynamic
resistance of the diode.
iv) Locate the co-ordinates on the curve.
v) Find the static resistance at that point using the formula Static resistance =
VAi/If

Part I1: p-n junction diodein rever se biased

1.
2.

Connect the p-n Junction diode in reverse bias. (Fig. 05)

Connect the p-terminal (Anode) of the diode to negative terminal of the
regulated power supply

Connect n-termina (cathode) to the positive terminal of the regulated power
supply.

Vary the supply voltage (VR) in steps of using the regulated power supply till

the current becomes maximum.

5. Record the corresponding values of reverse saturation current (IR),

6. Note down this reverse breakdown voltage of the diode.
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X1 Observationsand Calculations
Tablel: Forward Bias

Least count of voltmeter=........... Vv
Least count of milliammeter =............ mA
Sr.No. [Forward voltage (Vy)  (volts) Forward Current (Ir) (mA)
1
2
3
4
5
6
7
8
9
10

Graph of current (in mA) Vsvoltage (in volts)

&

F

Slope

0 .
Yknee Vi

Observationsfrom graph:

AV=....... Vv

Al=........ mA

Vi=...... Vv

IF=....... mA

Calculations from the graph

Dynamic resistance= AV / Al............ Q

Staticresistance=Vi/ lf=...............
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Table 2: Reverse Bias
Least count of voltmeter =......... V

L east count of micro-ammeter =....uA

Sr.No.  |Forward voltage(Vr)  (volts) Forward Current (Ir) (mA)
1
2
3
4
5
6
7
8
9
10
XIl  Results
i)  Thestatic resistance of the given diode at aparticular point=................. Q
i)  Thedynamic resistance of thegiven diode=.................. Q

XIIT  Interpretation of results

XIV  Conclusions and Recommendations

XV  Practical Related Questions

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

1. Writetheidea vaue of knee voltage for the diode used.

2. Write the stepsto identify the p and n terminals of diode using multimeter.

3. Givereasonsfor using micro ammeter in areverse bias mode.
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4. State the specifications of diode used in this lab experience.
5. Calculate the current in the given circuit.

N

e— R, =1kQ
DCI::LHIIH‘ Load Resistance
[Spaceto Write Answers|
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XVI  References/ Suggestionsfor further Readings

a) https://phet.col orado.edu/en/simulation/semiconductor
b) https://youtu.be/wwL4 u8r_u8
C) https://lyoutu.be/RmzZ1ZjJ%JQ

XVII Assessment Scheme
Perfor mance indicators Weightage
Processrelated: 15 Marks 60%
1. Handling of the instrument 10
2. Arrangement of Practical set up 10
3. Observation & Observation Table 10
4. Cdculation 10
5. Result 10
6. Team Spirit 10
Product related: 10 Marks 40%
1 Timely Submission 10
2 Interpretation of result 10
3. Conclusions & Recommendations 10
4 Practical related questions 10
List of Student Team Members.

1 Ny, L

. § L OO

TR N , A5 S P

4, N S Y Fay.....

Marks Obtained Dated
Process Product Signature of
Related (15) | Reated (10) | ' °@ (29) Faculty
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VI

Practical No.9: Deter mination of forbidden energy band gap in semiconductors

Practical Significance

Band gap is basically the factor used for determining the conductivity of any
metal. Energy band gap differentiates the metals into conductor, insulator,
and semiconductor. The electronics industry has seen paradigm shift from the
use of triodes, pentodes, and valves to diodes, transistors, semiconductors. The
semiconductors are the foundation of modern day electronics such as radio,
computers and mobile phones. Semiconductor material is used in the
manufacturing of electronic components and used in electronic devices such as
transistors and diodes.

Industry/ Employer Expected Outcome

Apply principles of physics and chemistry to solve broad based relevant engineering
Problems.
Course Level Learning Outcome

Apply the basic principles of electromagnetics to solve given engineering problems.
L aboratory L ear ning Outcome(s)

Determine forbidden energy band gap in semiconductors

Relevant Affective domain related Outcomes

a) Handle tools and equipment carefully.
b) Select instruments of required least count and range.

c) Following safety measure.

Relevant Theor etical Background

Solids can be broadly classified into three groups conductor, semiconductor, insulator. on
the basis of their ability to conduct heat and electricity.

Forbidden energy gap(Eg) ;Forbidden energy gap is the energy gap between conduction
band and valence band, where no electron is present.In case of conductors, the forbidden
energy gap is absent, in case of semiconductors it is of the order of 1€V and in case of

insulators, the forbidden energy gap is very large of the order of 6electron volt.
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C.B
C.B
C.B
FB (Ez~ 6eV) I FB (Eg~ 1.28V) F.B (Eg~DeV)
V.B.
V.B.
V.B.
(Insulator) (Semiconductor) (Conductor)

Forbidden Energy Gap is the minimum energy required by electron in valence band to

jump into conduction band. Electron in conductor band is free to conduct electricity.

Jumpto conduction
band

Absorbs energy
Equal to forbidden gap

Walence electrons

VIl Circuit Diagram / Experimental set up / Work Situation.

resistor R
sV
| - - —
Thermometer. . ¢ power | =
STy

il
bath
-f? — ——Water
‘Heater
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VIIl  Resourcesrequired
Sr.No. Particulars Specification Quantity
1 Beaker V olume capacity=250 ml 01
2 Test tube 01
3 Thermometer Oto100°C 01
4 Diode Geand S 01
5 Paraffin Oil 200 ml
6 Oil lamp for heating Asavailable 01
7 Power Supply Oto12V 01

IX  Precautions

Handle all the equipment’s with care.

Make connections according to circuit diagram.

Get the connections checked by the teacher.

Takethe readings carefully & the connections should betight.
The maximum temperature should not exceed 95°C

Bulb of the thermometer should beinserted well in the oil bath.

e ol I

X Procedure
1. Connect thecircuit as per circuit diagram.
2. Taketheoil in thetest tube.
3. Put diode and thermometer intest tube.
Fill water in the beaker.
Arrange the test tube in beaker.
Adjust thevoltagetill the constant saturation current flowsthrough the diode.
Heat the water till the temperature reaches to about 70°C.

Record the readings of temperatures while cooling at theinterval of 50¢.

© © N o g &

Note corresponding current.

10. Plot agraph of loge Is(on Y-axis) against /T (on X-axis)
11. Calculate the slope of graph.

12. Calculate forbidden energy gap injoule.

13. Convert it into electron volt (eV)
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X1 Observationsand Calculations

Table: Tofind absolute temperature and reverse saturation current

Obs. Temp. of Diodereverse Absolute am)
No. Oil bath | Saturation current | Temperature Per logeds)
t (°C) I's pA T =(t +273) K
°K

1

2

3

4

5

6

7

8

9

10

Calculations

Diode reverse current is due to the flow of minority carriers. This
reverse saturation current (Is) depends on temperature of
semiconductor diode and increases with rise in temperature.
Saturation current is,
I, = CT3e E&/kT
Log.l. = Log.CT*(Eg/KT)
Where, T = Absolute temperature of diode.
K= Boltzmann constant=1.38X10-2JK
Eg= Forbidden energy gap. C =
constant.
Slope and intercept of line are related as
Y=mx+C
Y  intercept= loge CT?®
Forbidden energy Gap= Eg = slope x

K
Eg=dopex 1.38x 102 Joule
or
_ slope x1.37 x 107% -
977 16x10°7 ¢
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X1l

X111

X1V

XV

Results
a) Forbidden Energy gap for (silicon/ germanium) diode=............. Joule.
b) Forbidden Energy gap for (silicon/ germanium) diode=............... ev.

Interpretation of results

1. Error in measurement of forbidden energy gap for (silicon/ germanium) diode
2. Experimenta value-Standard value = ev

Standard value

Conclusions and Recommendations

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. Theforbidden energy gap for silicon is 1.1eV and for germanium is 0.7eV.Which of

the above material will have more conductivity? Give reasons.
2. Givereasonsfor diode immersed in an oil bath.
3. Is resistivity of solid depends upon width of forbidden energy gap ?. Give reasons
4. |s reverse saturation current dependent upon the change intemperature? Explain.
5. Define forbidden energy gap.

[Spaceto Write Answer s
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XV1  References/ Suggestionsfor further Reading

1. https://youtu.be/ GGOWymqt15Y
2. https://lyoutu.be/h9QIwef Srri
3. https://lyoutu.be/acY khB7nM2Y

XVII Assessment Scheme

Performance indicators Weightage

Processrelated: 15Marks 60%
1. | Selection of theinstrument 10
2. | Arrangement of the instrument 10
3. Connection of circuit diagram 10
4, Handling of instruments 10
5. Proper measurement 10
6. Calculation of parameters concerned 10

Product related: 10 Marks 40%
1. | Accuracy of measurement 10
2. I nterpretation of result 10
3. Conclusions & Recommendations 10
4 Practical related questions 10

List of student Team Members

Marks Obtained Dated Signature of

Process Product Total Teacher
Related (15) | Related (10) | (25)
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Practical N0.10: Determination of Joule’s mechanical equivalent of heat by Joule’s law.

Vi

Practical Significance

Turbines used for generation of electricity involve conversion of mechanical
energy into electrical energy. Similarly in heat (steam) engine, heat energy is
converted into mechanical energy and in electric geysers and heaters, electrical
energy is converted into heat energy. The study of conversion of energy from one
form into another is vital from engineering point of view. Therefore in this
experiment student will analyze one such conversion i.e. conversion of electrical
in to heat energy and determine the electrical equivalent of heat energy.

Industry/ Employer Expected Outcome

Apply principles of physics and chemistry to solve broad based relevant
engineering Problems.

CourseLevel Learning Outcome

Apply basic principles of thermometry and fibre optics to solve engineering problems.

Laboratory L earning Outcome(s)
Use Joule’s calorimeter to determine Joule’s mechanical equivalent of heat
Relevant Affectivedomain related Outcomes

a) Handletoolsand equipments carefully.
b) Follow the safety measures.

Relevant Theor etical Background

Heat is form of energy which flows from higher temperature to lower temperature.
When mechanical work and/ electrical work is done, heat is produced. The
mechanical energy and electrical energy is related to heat energy by means of
proportionality constant. This constant is called "Joule's constant". When electric
current is passed through a meta coil, equal amount of heat is generated. In this
experiment, the coil is placed in the water in the calorimeter. So as the current passes
through the cail, the water in contact with the coil also gets heated. The time for
which the current is passed increases, the heat generated also increases.
The electric power is calculated using the formula
P=VI,
Where, | is the current flowing in the circuit and V is the voltage developed. The
relation between work done (W) and electric power (P) is
P=WI.
Hence, the work done is calculated using the formula

W=VIt.
The heat generated in the processis calculated using the formula
H = (McSc+tMwSw)(02- O 1)
Where,

e Mc- Massof copper calorimeter

e My - Mass of water in calorimeter
e S - Specific heat of copper calorimeter==0.1 Kcal/Kg Oc
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e S, - Specific heat of water==1 Kcal/Kg Oc
e Os -Initial temperature water

e O>-Final temperature of water
and Work done (W) is directly proportional to the heat produced (H).

W aH
W=JH where Jis Mechanical equivalent of heat.

JFW/H

VIl Circuit Diagram / Experimental set up / Work Situation.

Key/.. . O\ Rh

Dte12VDC
S (0to5V)
—_ _ +
DCpower
supply
) Stirrer
Thermometer 7} }
=|==:=F=f fer— Calorimeter
Coll - Woaden box
VIIl  Resourcesrequired
Sr. I nstrument Specification Quantity
No.
1 | Voltmeter (O-5V); L.C=0.lV 1
2 | Ammeter (O-5A); L.C=O.IA 1
3 | Plug key 1
4 | Rheostat Range=300 Q 1
5 | DC power supply 0-12V,|IAmp 1
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6 Joule's caorimeter 1
with stirrer encased in
wooden box
Thermometer Least count= 0.5°c 1

8 | Connecting wires

IX  Precautions

1.  Connections should betight.
2.  Weigh the calorimeter and water taken accurately.
3. Continuoudly stir the water throughout the experiment.

X  Procedure

. Record the least count and range of ammeter, voltmeter and thermometer .

. Weigh the calorimeter.

. Take required amount of water in the calorimeter.

. Connect the circuit as shown in Fig.01.

. Notedown theinitial temperature (©,) of water.

. Switch on the DC supply.

. Adjust the current (1) to adesired value (say I=I.5A) using rheostat.

. Note down the corresponding voltage (V).

. Switch off the DC supply.

. Switch on the DC supply and stop watch simultaneously.

. Note the temperature (0,) of water at regular interval of 300 second.

.In order to have uniform distribution of heat, stir the water continuously
Through out the experiment.

13. Calculate thework done W=VIt in Joules.

14. Calculate heat generated H==(MS: + MwSw)( O2- 1) inKcal.

15. Find Joul €'s constant(mechanical equivalent of heat) ; :%

O© 00 N O O WD P

el
N B O

16. Plot the graph of W Vs H.
17. Find the slope of this graph.
18. Calculate the value of Joul€'s constant by slope of the graph.

Xl  Observationsand Calculations

Least count of ammeter =................
Range of ammeter=.........................
Least count of voltmeter=.....................
Rangeof voltmeter=.............................
Least count of thermometer=... ... ... ... .

Mass of copper calorimeter= ............ Mc

N o o b~ 0w DB

Mass of water in calorimeter=................. Mw
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8.  Specific heat of copper calorimeter=Sc=0.1 Kcal/Kg %
9.  Specific heat of water=Sw=I Kcal/Kg°C

10.  Initial temperature of water=0 1=.............

11.  Current flowing in the circuit=...................

12.  Voltage developed=V=...................

Sr. Timeftor Temperaturel Work Heat generated Joule's constant
No. which of done | H=(McSctMuS) ( ;W (/K cal)
current is water W=Vt 2, H

o E (Kcal

passed(t (6 2°C) Q)
SeC)
300

600

900

1200

1500

o O B W N

1800

Mean | JF

XI1 Results

Value of J by experiment Value of J by graph Theoretical value of J under
(in J/K cal) (in J/Kcal) ideal conditions(in J/K cal)
4186

X1l Interpretation of results

Error in the experimental value of J= Theoretical value of Junder ideal

conditions - Vaue of Jby experiment

X1V  Conclusionsand Recommendations
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XV  Practical Related Questions
Note: Below given are few sample questions for reference. Teachers must
design more such questionsso as to ensurethe achievement of identified CO.
1. Will there be any change in amount of heat produced, if direction of current is
changed. Give reasons for your answer.
2. Thework done 5000 Jis equivalent to how many kcal?
If amount of current passed through coil is doubled, determine the corresponding
change in the heat produced.
4. Isthereany changein amount of heat produced if heating element of coil is replaced
by Copper (keeping the current constant). Give reasons.

5.  State & explain Joule’s law.

[Spaceto Write Answers]
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XVI Refer ences/ Suggestionsfor further Reading

1. https.//www.youtube.com/watch?v=yjOchjpTCFA
2. https://youtu.be/oQt-5Wg-AxQ
3. https://youtu.be/X pSHdxGaWvs
XVII  Assessment Scheme
Performance indicators Weightage
Processrelated: 15Marks 60%
1 Sel ection of the instrument 10
2. Arrangement of the instrument 10
3. Connection of circuit diagram 10
4. Handling of instruments 10
5. Proper measurement 10
6. Calculation of parameters concerned 10
Product related: 10 Marks 40%
1., Accuracy of measurement 10
2 Interpretation of result 10
3. Conclusions & Recommendations 10
4, Practical related questions 10
List of Student Team Members.
SO \ ... RS . [ .
204 .\ . [ . . . . (.
8 % BN R ........ .. P
A NETT s W P PPN
Marks Obtained Dated
Process Product Signatur e of
Related (15) | Related (10) | % (29 Faculty
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Vi

Practical No.11 Deter mination of pressure-volume relation using Boyle’s law

Practical Significance

Various engineering applications such as vehicle tyres , aerosols cans, steam
engines and combustion engines works on the principle of Boyle's law of Gases.
Many fuel gases are stored under high pressure to occupy smaller volume. In this
experiment student determines the relation between the change in pressure and
volume of gas.

Industry/ Employer Expected Outcome
Apply principles of physics and chemistry to solve broad based relevant
engineering Problems.

Course Level Learning Outcome
Apply basic principles of thermometry and fibre optics to solve engineering
problems.

L aboratory L earning Outcome(s)
Determine the pressure-volume relation using Boyle’s law

Relevant Affectivedomain related Outcomes
a) Handling instrument carefully.
b) Practice good housekeeping.
c) Demonstrate working as ateam member.

Relevant Theor etical Background

Gas is a state of matter that has no fixed shape and no fixed volume. Gases have
lower density than other states of matter, such as solids and liquids. When more gas
particles enter a container, there is less space for the particles to spread out, and they
become compressed. The particles exert more force on the interior volume of the
container. This force is called pressure. Temperature, pressure, and volume of a gas
are interdependent, and many scientists have developed laws to describe the
relationships among them. These variables of gases are related with each other and
magnitude of these variables or properties will determine the state of gas.

According to Boyl€'s law, at constant temperature and for a fixed mass of gas,
absolute pressure of the gas is inversely proportional to volume of gas. If absolute
pressure of the gasis P and volume of the gasisV, at constant temperature and for a
fixed mass of gas, we will have following relationship between absolute pressure P
and volume V It could also be defined as product of pressure and volume will be
constant for a gas of fixed mass and constant temperature.

Poc% at constant temperature or P xV = constant
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VIl Circuit Diagram / Experimental set up / Work Situation.

Open tube Close tube

by e

h, 3
h,
L LS L
Mercury
VIIl  Resourcesrequired
Sr. No.| Particulars Specifications Quantity

1 Barometer Simple mercury barometer 01
2 Boyl€'s law apparatus 01
3 Spirit level Standard 01
4 Mercury 1.25kg
5 Thermometer Oto 100°C 01

IX  Precautions
a) Keep eye position in the level with the Mercury Meniscus while taking
observations.
b) Handlethe apparatus carefully as mercury is poisonous.

X Procedure
1.  Find atmospheric pressure using Barometer.
2. SetuptheBoyle'sLaw experiment apparatus by using sprit level.
3. Adjust the height of mercury in open and closed tube at the same level.
4. Notedown,
a. Volume of air in closed tube V.
b. Height of Hg in closed tube hc.
c. Height of Hg in open tube ho.
d. Findh=ho— hc
5. Keep closetube at constant height.
6. Change the height of open tube in upward direction.
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7. Notedown,

a

b
C.
d

Volume of air in closed tube V.

. Height of Hg in closed tube hc,

Height of Hg in open tube hO.

. Findh=ho- hc

8.  Repesat step 06 and 07 for two times.
9. Repesat step 06 and 07 for downward direction.

10.  Cadculate pressure Pfor each reading.
11. Cdculate Px V for each reading.
12. Caculate mean valueof Px V.

13. Plot agraph of P against v

I

14.  Cdculate the slope of graph.

Xl Observationsand Calculations

1.  Atmospheric pressure (H) = cm of Hg

2. Room temperature = °C

. Volume Height of Hg h=ho—hc
No. enclosegi air v , |[indosed[in open| cm P=H+h| PxV
VvV cm Vem® kibe he cm ftube hocm cm of Hg
1
2
3
4
5
6
7
Mean (P x V)
Calculations
1. Vi S, C.C.
2. IV =.............. per c.c
3. hc e cm of Hg
4. hOo =.............. cm of Hg
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5 h=ho -hc=.............. cm of Hg
6. 6.Pi=H+h=........ cm of Hg

7. PiVi=PxV2

Graph:
s P
XIl  Results
a PxV=.............. By calculation.
by PXV=.................... By graph.

XI1T Interpretation of results

XV  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. State new volume of the gas if the pressure on 350 cm? of oxygen at 720 mm Hg is
decreased to 600 mm Hg?

Can we measure the atmospheric pressure using Boyl€e's law apparatus?

Give the name of gas enclosed in closed tube.

State the Boyle’s law.

Write two examples of Boyle’s law.

arWODN
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XVI  References/ Suggestionsfor further Readings

a) https://lyoutu.be/Y Qmv272-4yU?si=Jc4oyUcNeo-DUc6B
b) https://youtu.be/eliuC2kHJdo

c) https://lyoutu.be/7eNGWUESAB4?si=y6_2gwkv_ycPcG-W

XVIlI  Assessment Scheme
Performance indicators Weightage
Processrelated: 15 Marks 60%
1. | Arrangement of apparatus 20
2. M easurement of heights 20
3. | Calculations 10
4, I nvolvement in experiment 10
Product related: 10 Marks 40%
1 Accuracy of measurement 10
y 4 I nterpretation from graph 10
3. Conclusions & Recommendations 10
4 Practical related questions 10
List of Student Team Members.
1) ... . . A . .
2=\, . [ . SR . . (.
3 LA . . TTUUUR . . (.
Ay, B beererrciconenrocs MMccicesertocsonne
Marks Obtained Dated
Process Product Signature of
Related (15) | Related (10) | 1 o@ (25 Faculty
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Practical No.12: Determination of therate of heat loss due to convection by Newton's
law of cooling.

| Practical Significance

The rate of heat loss from a body is directly proportiona to the difference in the
temperature of the body & its surroundings, given that the temperature is not
large.” This law is used to explain, why hot water or milk left on a table cools faster
than a little warm milk or water left on the table. Newton’s law of cooling helps us to
tee the temperature of anybody without actually measuring it, given the initial
temperature of the body and the temperature of the surrounding. It helps to determine
the temperature of adrink in arefrigerator after a particular length of time has passed.
It helps to indicate the time of death by looking at the possible body temperature at
the time of death and the current body temperature.

Il Industry/ Employer Expected Outcome

Apply principles of physics and chemistry to solve broad based relevant engineering
Problems.

1l Courselevel Learning Outcome

Apply basic principles of thermometry and fibre optics to solve engineering
problems.

IV Laboratory L earning Outcome(s)

Use Newton”s law of cooling to determine the rate of heat loss due to convection
phenomena

V. Relevant Affective domain related Outcomes

a) Handling instrument carefully.
b) Practice good housekeeping.
c) Demonstrate working as ateam member

VI Relevant Theoretical Background

According to the Newton law of cooling formula, the amount of heat dissipation of a
body is proportional to the temperature differential between both the system and its
surroundings. The rule is typically tempered by the requirement that the difference in
temperature is modest and the characteristics of the heat transmission process remain
unchanged. Simply put, it is comparable to saying that the coefficient of heat transfer,
which controls temperature variations as well as the level of heat dissipation, is fixed.
This criterion is frequently satisfied in heat conduction because most substances’
thermal conductivity is just dightly temperature-dependent. Newton was the one to
conduct a systematic analysis of the link between a certain body’s heat loss in a
specific enclosure with its temperature.

e Newton’s law of cooling formula describes the pace at which an item or object’s
temperature decreases if subjected to radiation.

e Considering that the temperature gradient between the item and its settings is fairly
modest, this variation is directly proportional to it.
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e The Newton law of cooling formula states that the heat loss rate, — dQ/dt of the body, is
exactly related to the temperature differential between the body and its settings, AT =
(T2-T1).

e The rule applies only to minor temperature variations. Moreover, the quantity of heat
dissipated by radiation is regulated by the surface structure of the body as well as the area
of the exterior surface.

o Asaresult, the phrase may be written as

-d@Q/dt = k(T.— T}

T(t) — the temperature of the body at the time ‘t’
Ts - surrounding temperature
To — Initial temperature
t—time
k — proportionality constant

T {temperature ol
the body

Time {t)

VIl Circuit Diagram / Experimental set up / Work Situation.

Thermometer
* /\ Stirrer
| / \ / Lid
/ Calorimeter
' ie7S
Water
g 1 | saentt™
S L//
Doublw walled
enclosure
)

Newton’s law of cooling appartus
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VIl Resourcesrequired

Sr. No. Particulars Specification Quantity
1 Thermometer 1
2 Stirrer 1
3 Calorimeter 1
4 Large metal Box 1

| X Precautions

1. Temperature should be noted at steady state temperature.
2. Insulation jacket must be efficient to reduce loss of heat due to radiation

X Procedure

1. Clean and dry the calorimeter and weigh it empty with the stirrer only.

2. Heat some water intwo separate identical calorimeters to about 70-75°C
and place them in a double walled chamber.

3. Place the calorimeter lids and insert athermometer into each calorimeter.

4, Gently stir the water and note the temperatures of both the thermometers at an
interval of one minute. Go on doing this till the temperatures fall to about 50°C
above the room temperature.

5. Now cool the calorimeters to room temperature and weigh them again. Hence
determine the mass of water Plot the two cooling curves- one for water on the
same piece of graph paper with time as the abscissa and temperature as the
ordinate.

6. From the curves, determine the time taken by the water to cool through the same
range of temperature which should be about 200 °C.

XI| Observationsand Calculations

1. Least count of thermometer = .......... °C

2. Least count of stopwatch=.......... Sec

3. Initial temperature of water in the enclosure ©1 =........... °C
4. Final temperature of water in the enclosure ©2=............ °C
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- Time Temperatyreof - Time TemperatL_Jre of
No. (min) water in o No. (min) water in o
calorimeter (°C) calorimeter (°C)
1 11
2 12
3 13
4 14
5 15
6 16
7 17
8 18
9 19
10 20
XI1 Interpretation of results
The nature of Newton’s 1aw of COOlING 1S........ovueviiiiiiiie ettt iiiineaases

X111 Conclusions and Recommendations

X1V Practical Related Questions

State the Newton’s law of cooling.

Name the three modes of transfer of heat.

What is convection?

Write the examples of radiation

Thermos is the example of which mode of transfer of heat?

o hc wbdhE

[SpacetoWrite Answer g
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XV References/ Suggestionsfor further Readings

a) https.//youtu.be/ORSZdpbxPHg?si=vsSHBZJBZbxrFXBJ
b) https://vlab.amrita.edu/index.php?brch=194& cnt=1& sim=354& sub=1
C) https.//youtu.be/tc2PboigEI8

XVI1 Assessment Scheme

Performance indicators Weightage

Processrelated: 1I5Marks 60%
1. | Arrangement of apparatus 20
2. M easurement of heights 20
3. | Calculations 10
4, Involvement in experiment 10

Product related: 10 Marks 40%
1. | Accuracy of measurement 10
2 Interpretation from graph 10
3. | Conclusions & Recommendations 10
4, Practical related questions 10

List of Student Team M embers.

Ing’. \..[EEEEEREE . [ . .
2. o N . . ... . O . . [
B R W Nire e ccnarancnnsasassnansasonssacns
T T 3™ s
Marks Obtained Dated
Process Product Total (25) Signatur e of

Related (15) Related (10) Faculty
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V

VI

Practical No. 13 Determination of Coefficient of thermal conductivity.

Practical Significance

Materials of high thermal conductivity are widely used in heat sink applications
and materias of low thermal conductivity are used as thermal insulation. In this
experiment student will measure the thermal conductivity of a material by using

Searl€e's apparatus.

Industry/ Employer Expected Outcome

Apply principles of physics and chemistry to solve broad based relevant

engineering Problems.

Course Level Learning Outcome
Apply basic principles of thermometry and fibre optics to solve engineering

problems.

L aboratory L ear ning Outcome(s)
Use Searle’s thermal conductivity apparatus to find coefficient of thermal

conductivity of given materia ( Virtual Lab)

Relevant Affective domain related Outcomes
a) Handling instrument carefully.
b) Practice good housekeeping.

Relevant Theor etical Background

Steady state of temperature is a state where the amount of heat in a dab is
constant. Temperature gradient is defined as the change in temperature per unit
change in distance. Its SI unit is OKJm.

Coefficient of thermal conductivity (K) is defined as the quantity of heat which
flows in one second through a slab of given material of unit thickness and unit
area of cross- section when its opposite faces are maintained at a temperature
difference of 1°C.

Formula used:

_mxsx‘:ﬂa_ﬁq_}
CAx(8, -8 xt
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'm'is the mass of water, 's' is specific heat of water, 't' is the time of flow of water
in steady state, 'A' is the area of cross section of copper rod, 'd' is the distance
between the thermometer T, and T2 and 61, 02, 03, 04 are the temperatures of
thermometer T, , T2 ,, T3 and T4 respectively ( Fig.01).

VIl Circuit Diagram / Experimental set up / Work Situation.

B, 6
Wy
l “2 9I
Swwammn
r‘Sn-\
(Chaamiyer
Y
v v
Cooportube
A\ e S=amost
Wooden box
VIl ~ Resourcesrequired
Sr.No. Particulars Specification Quantity
1 |Searle's apparatus length of rod 50cm 01
2 |Steam chamber 01
3 [Measuring cylinder  [500ml 01
4  [Stop watch LCO0.1sec 01
5 |Electric heater 750watt 01

IX  Precautions

1. Temperature should be noted at steady state temperature.

2. Insulation jacket must be efficient to reduce loss of heat due to radiation

3. Flow of water circulated through tube should be slow and uniform.

4. The gascylinder burner iskeep in off mode when the experiment is compl eted
5. Besure that the steady state is reached before taking the final reading.

X  Procedure

1. Measure the radius of the metallic rod using a Vernier caliper and hence determine
the area of the rod.
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2. Measure the distance between thermometers T1 and T2 mounted on rod using
meter scale.
3. Mount the thermometers T3 and T4 as shown in Fig.01.
4. Pass steam through the steam chamber.
5. Connect copper tubing wound round on the right end of metal rod to constant
pressure head.
6. Adjust the top and punch cock such that water flows at steady rate.
7. Collect the water leaving the copper tube for known time (5 minutes).
8. Measures the volume of water collected with the help of measuring cylinder
9. Finds the mass of water collected.
10. Record the steady state temperatures 61, 02, 63, and 04 from the thermometers T1,
T2, T3 and T4 respectively.
11. Calculate the coefficient of thermal conductivity (K) of given material of rod using
given formula.

X1 Observationsand Calculations

1. Materia of rod = ...........ccie.

2. Length of therod= cm

3. Areaof cross section of therod = ............. Gl = . | m?
Diameter CSR=| TR= | CR= | Average | Radiusof Ac\:rrec?sgf
(D) at MSR cSD CSDx | MSR | TR % | reading rod Eection
different | (cm) LC |+CSR| (2 D (D/2) A= qor2
points (cm) (cm) | (cm) (cm) (cm) (cm?)
1
2
2
4. Distance between thermometers Tiand To=d =........... LAY m

5. At steady state,

CIET . 4 & - °C

=T e S °C

037 e °C

04= o °C
6. Time for which water is collected (t) =5 min=...... S.
7. Mass of water=m =............ gn= kg

8. Specific heat of water=s = 1 kcal /kg°C (Given)
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XIl

X111

X1V

XV

[EY

Calculations
_ ms (33 - Eq_}d

(& — &)t
K=o, kcal/ m°CS.

Results
Coefficient of thermal conductivity (K) of given material of rodK................ kcal/ m
°Cs (MKS unit)

Practical Related Questions

Note: Below given are few sample questions for reference. Teachers must
design mor e such questions so asto ensure the achievement of identified CO.

. Givereasons for covering copper rod by insulating material.
. Under steady state the temperature of a body -

a) Increases with time
b) Decreases with time
¢) Does not change with time and it remain same at all points of the body.

. Give reasons for the temperatures 01, 02, 03 and 04 remains steady even if heating of rod

is continued?

. State the effect of heat conducted if area of rod is doubled?
. Isthismethod is suitable for bad conductor? Give reasons.

[Spaceto Write Answer s]
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XVI  References/ Suggestionsfor further Readings

1. https://lyoutu.be/dTGVvZ-UeCw?si=Y gWLTIzDwme6f4f19h

2. https://youtu.be/aKhhcrghPfY

XVII  Assessment Scheme
Performance indicators Weightage

Processrelated: 15Marks 60%
1 Sel ection of the instrument 10
2. Arrangement of the instrument 10
3. Connection of circuit diagram 10
4, Handling of instruments 10
5. Proper measurement 10
6. Calculation of parameters concerned 10

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

List of Student Team M embers.

1\ ... S . [ . A
2.5 \.. RS, . I . . .
3. L N o O . . . . . - SPUREENE . . [
AN, B N eiiiiiiiiiiiiiiittttieeenstnennns
Marks Obtained : Dated
Rasted (15) | Remed (10) . T @ | M
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Practical No.14: Deter mination of the refractive index of glass ab

Practical Significance

Optical fibers has numbers of industrial and house hold applications, such as
guiding medium for sending communication signals, fiber optic sensor for
leveling of bridges, pressure sensor, stress sensor, Endoscopes and decorative
purposes. Optical fiber works on the principle of total internal reflection (TIR).
Mirage is an optica illusion, is aso an illustration of TIR. In this lab
experience student will analyze the phenomenon of TIR and determine the
refractive index of glass by measuring the critical-angle.

Industry/ Employer Expected Outcome
Apply principles of physics and chemistry to solve broad based relevant
engineering Problems.

Course Level Learning Outcome
Apply basic principles of thermometry and fibre optics to solve engineering
problems

L aboratory L earning Outcome(s)
Determine the refractive index of glass slab using TIR phenomenon.

Relevant Affectivedomain related Outcomes
Practice good housekeeping.

Relevant Theor etical Background
Refractive index: It is a measure of bending of light while entering the medium.
It is a dimensionless quantity. It is denoted as " (*. Snell's law is defined as
"The ratio of the sine of the angle of incidence to the sine of the angle of
refraction is a constant, for the light of a given colour and for the given pair of
media’.
smt
= sinr

Critica angle: The critical angle of incidence is defined as that angle of
incidence from denser medium for which the angle of refraction in rarer
medium is 90°.

Total interna reflection: When a ray of light passes from a denser to a rarer
medium, some part of it gets refracted into the rarer medium such that it bends
away from the normal. Some part of it gets reflected back into the denser
medium. The light reflected back into the denser medium is said to be internally
reflected. In case of refraction from a denser to a rarer medium, the angle of
refraction 'r' is greater than the angle of incidence 'i'. If the angle of incidence of
the light ray is gradually increased, then at a certain angle of incidence, the
angle of refraction in the rarer medium becomes 90°.

The refracted light grazes the interface of the two media. This angle of
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VI

incidenceinthe  denser medium is called the critical angle, C, for the pair of
media under consideration. When angle of incidencei = C, angle of refraction r
= 90°.The refractive index of the denser medium with respect to the rarer
medium is given by,
1

sinC
For total internal reflection, the conditions that must be satisfied are:

e Light must pass from a denser medium to ararer medium.

e The angle of incidence in the denser medium must be greater than the

critical angle for that pair of media.

H:

Experimental set up / Work Situation.
Refracted ray

Rarer Medium

X by
|
|
|
I Total internally
| reflected ray
! Denser Mediurm.
Source ic -Critical angle = C
Ray1 Ray2 Ray3 Ray4
Air
Rarer medium (Air) 7
Tt —altr7 a P y
*
rr .
o ic
Denser Medium Rayb
N
Glass
T ¥

source Pin (3]
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VIIl  Resourcesrequired
Sr. No. [ Name of Instrument Specifications Quantity
1 Standard glassdab | Variable size, Different 01
thickness
2 Drawing paper A 4sze 01
3 Drawing pins 01
4 Drawing board Base wood 01
5 Protractor, scale, 01
HB/B pencil

IX  Precautions

a) Makesurethat thereisadequate ventilation (Sufficient Light).
b) Clean drawing board before beginning work.

X  Procedure

. Place A4 size drawing paper on adrawing board properly.

. Fix the paper using drawing pins.

. Takethe glass dab.

Clean glass slab with awhite cotton cloth.

. Place glass dlab at the center of the drawing paper.

. Mark the position outline with pencil, label it as XX' and YY" asgivenin Fig. 02
Place apin near left comer "Y' assource pin S.

. Look at the source pin from other side through glass dab.

. Locate point 1 on XX', with the help of another pin.

. Mark point 2, 3 and 4 on plane X X" till refraction is observed.

11. Now select point number 5 such that the source gets just disappeared.
12. Join source point and 5 with straight line after removing glass dab.
13. Draw normal (N) to plane X X" through point 5.

14. Locate point 6 as shown in Fig.02.

15. Measure the critical angle of incidence ic=C.

16. Calculate refractive index of material of glassdab.

O 0 ~N DU WN P

(I
o

X1 Observationsand Calculations

a) Material of dab ...
b) Critical angleof incidence=ic=C=.......ccccevrvurernnn..

Calculations

Refractive index of material of prism ( )
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XIl  Results
1. Critica angle of incidence for glass IS ......c.cceeevueniee
2. Refractive index of glassdlab is ...

XI1T Interpretation of results

XV  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. State the Snell’s law.

2. Define Critical angle.

3. Write the condition of TIR

4. 1f the angle of incidence is 35 degree & angle of refraction is 40 degree. Find the

refractive index.

5. Which among the following is the cause of the twinkling of stars?
(a) Bursting of light from the stars periodically (b) Variation of refractive index in
the atmosphere (c) Incomplete absorption of light in the atmosphere (d)
Interference of sunlight with the starlight

[Spaceto Write Answer |
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XV1  References/ Suggestionsfor further Readings

a) https.//youtu.be/DQhINpOPdwk?si=XpBCY 9623WeV OM JP
b) https.//www.youtube.com/watch?v=oMGTnu2K110
c) https.//www.youtube.com/watchy=TH6L N4ZOQCM

XVII  Assessment Scheme
Performance indicators Weightage

Processrelated: 15Marks 60%
1 Experimental set-up 10
2. Handling of apparatus 20
3. Correctness of reading 10
4, M easurement of angles 20

Product related: 10 Marks 40%
1.  [Timely submission and neatness 10
2. Interpretation of result 10
3. Conclusions & Recommendations 10
4, Practical related questions 10

List of Student Team Members.
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Practical No.15: Determination of the Numerical Aperture (NA) of a given
step index optical fiber.

Practical Significance

Inoptics, thenumerical aperture(NA) of an optical system is adimensionless
number that characterizes the range of angles over which the system can accept or emit
light. By incorporating index of refraction in its definition, NA has the property that it
is constant for a beam as it goes from one material to another, provided there is
no refractive power at the interface. The exact definition of the term varies dightly
between different areas of optics. Numerical aperture is commonly used
in microscopy to describe the acceptance cone of an objective (and hence its light-
gathering ability and resolution), and in fiber optics, in which it describes the range of
angles within which light that isincident on the fiber will be transmitted along it.

Industry/ Employer Expected Outcome
Apply principles of physics and chemistry to solve broad based relevant engineering
problems.

Course Level Learning Outcome
Determine the Numerical Aperture (NA) of a given step index optical fiber.

Laboratory L earning Outcome(s)
Apply basic principles of thermometry and fibre optics to solve engineering problems.

Relevant Affective domain related Outcomes
a) Handle the apparatus carefully.
b) Practice good housekeeping.

Relevant Theor etical Background

Optical fibers are fine transparent glass or plastic fibers which can propagate light.
They work under the principle of total internal reflection from diametrically opposite
walls. In this way light can be taken anywhere because fibers have enough flexibility.
This property makes them suitable for data communication, design of fine endoscopes,
micro sized microscopes etc. An optic fiber consists of a core that is surrounded by a
cladding which are normally made of silica glass or plastic. The core transmits an
optical signal whilethe cladding guides the light within the core. Since light is guided
through the fiber it is sometimes called an optical wave guide. The basic construction
of an optic fiber is shown in figure (1). In order to understand the propagation of light
through an optical fibre, consider the figure (2). Consider a light ray (i) entering the
core a a point A , travelling through the core until it reaches the core cladding
boundary at point B. Aslong as the light ray intersects the core-cladding boundary at a
small angles, the ray will be reflected back in to the core to travel on to point C where
the process of reflection is repeated .ie, total internal reflection takes place. Total
internal reflection occurs only when the angle of incidence is greater than the critical
angle. If aray enters an optic fiber at a steep angle(ii), when this ray intersects the core-
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cladding boundary, the angle of intersection istoo large.
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Figure 2 Propagaton of light inan optical fibre

| Core
| Diameter

Y

Figure 1

So, reflection back in to the core does not take place and the light ray is lost in the
cladding. This means that to be guided through an optic fibre, alight ray must enter the
core with an angle less than a particular angle called the acceptance angle of the fibre.
A ray which enters the fiber with an angle greater than the acceptance angle will be lost
in the cladding.

Consider an optical fibre having a core of refractive index nland cladding of
refractive index n2. let the incident light makes an angle i with the core axis as shown
in figure (3). Then the light gets refracted at an angle ¢ and fall on the core-cladding
interface at an angle where,

9; == {:90 - 9) ______________________ (1)
By Snell’s law at the point of entrance of light in to the optical fiber we get,
Ngsini=nysin€ ____________________ (2)
; Cone of
Clasiing. Core light gather
///////////////ﬁf//// 277247772722

) ! ' )

Figure 3

Where nois refractive index of medium outside the fiber. For air no =1.
When light travels from core to cladding it moves from denser to rarer medium and so it
may be totally reflected back to the core medium if 8’ exceeds the critical angle §'c. The
critical angleisthat angle of incidence in denser medium (nl) for which angle of refraction
become 90°. Using Snell’s laws at core cladding interface,
n, sinf’'. = n, sin 90 Or

. 3
Sing', = —

L (©)
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Therefore, for light to be propagated within the core of optical fiber as guided wave, the
angle of incidence at core-cladding interface should be greater thand'c. As i
increases, ¢ increases and so ¢’ decreases. Therefore, there is maximum value of angle of
incidence beyond which, it does not propagate rather it is refracted in to cladding medium
(fig: 3(b). This maximum value of i say imis called maximum angle of acceptance
and n0 sinim istermed as the numerical aperture (NA).

From equation (2),

NA = ngy sini,, = n, siné

= 1, sin(90- 6.)

Or NA = n, Cos §',

= n, 41— Sin?@’,
‘ sing’, = i
From equation (2) 2!
n 2
NA =nl |1 - n—zz
Therefore, !
NA = |n? — n/}
VIl Experimental Set up.
o : Fiber _ _
Output Unit Detector  Fiber Stand Concentrator Emitter
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VIIl  Resourcesrequired
Sr. No. | Name of the equipment Specification | Quantity
1 Laser light 1
2 Fibre optic cable 1
3 Microscope objective 1
4 Fiber chunks 1
5 Screen 1
6 Optical mount & post holder 1
7 Optical bench/ breadboard 1
8 Optical rollers 1

IX  Precautions

1. Handl e the equipment carefully.
2. Do not obstruct the path of the LASER beam

X ‘Procedure
1. On optical bench arrange the apparatus in a proper sequence
2. Arrange the laser light at one end of the board.
3. Adjust the microscope in front of the laser light.
4. Optical mount and fiber chunks arrange in front of the microscope.
5. Adjust the fibre optical cable with both the stands.
6. When laser light passing through the microscope.
7. Adjust the microscope and monochromatic light is entersin the fibre optical cable.
8. When light passing through the fibre optical cable it will falls on the screen.
9. Adjust the distance of the screen, so we get the diversions of the beam on the screen.
a. Plot graph of spot size (r) vs distance between source and screen (d).Find slope of
the graph.

X1 Observations and Calculations

Sr.No. | Distance, (d) cm Radius, (r) NA = Average
cm = NA
it &2
1
2
3
4
5
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Calculations

X1 Results

XI1l  Interpretation of results

XIV  Conclusions and Recommendations

XV  Practical Related Questions

Note: Below given are few sample questions for reference. Teachers must
design mor e such questions so asto ensure the achievement of identified CO.
1. Define Numerical aperture.

2. What are three layersin optical fiber?

3. Optical fiber depends on which phenomenon?

4. 1f the refractive index of core is 1.55 and refractive index of cladding is 1.33,
Calculate Numerical aperture.

5. What is the significance of NA?
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[Spaceto Write Answer s
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XVI  References/ Suggestionsfor further Readings
1. https//vliab.amrita.edu/?sub=1& brch=189& sm=343& cnt=4

2. https://youtu.be/YUtsYkToTYI

XVIlI  Assessment Scheme
Performance indicators Weightage
Processrelated: 15Marks 60%
1 Experimental set-up 10
2. Handling of apparatus 20
3. Correctness of reading 10
4, M easurement of angles 20
Product related: 10 Marks 40%
Timely submission and neatness 10
2. Interpretation of result 10
3. Conclusions & Recommendations 10
4, Practical related questions 10

List of Student Team Members.
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