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LENDI INSTITUTE OF ENGINEERING AND TECHNOLOGY
(Approved by AICTE& Affiliated to INTUK, Kakinada)
(Acdre=d by NAAC with “A” grade)
Jonnada (Village), Denkada (Mandal), Vizianagarast B 535 005
Phone No. 08922-241111, 241112
E-Mail: lendi_2008@yahoo.com Website: www.lendi.org

VISION & MISSION OF THE INSTITUTE

VISION
Producing globally competent and quality technacwvath human values for the holistic needs of inidus

and society
MISSION

» Creating an outstanding infrastructure and platfe@menhancement of skills, knowledge an

behaviour of students towards employment and higtugties.

» Providing a healthy environment for research, dgwalent and entrepreneurship, to meet t

expectations of industry and society.

» Transforming the graduates to contribute to théoseconomic development and welfare of

the society through value based education.

Paged
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DEPARTMENT OF MECHANICAL ENGINEERING
VISION

Envisions mechanical engineers of highly compesewat skilled professionals to meet the needs of the

modern society.
MISSION
» Providing a conducive and inspiring learning envimznt to become competent engineers.

> Providing additional skills and training to meee turrent and future needs of the Industry.

=

» Providing an unique environment towards entrepresiep by fostering innovation, creativity, freedof
and empowerment.

PROGRAM EDUCATIONAL OBJECTIVES (PEOs)

PEOL Graduates will have strong knowledge, skills attdtudes towards employment, higher studigs
and research.
PEO2 Graduates shall comprehend latest tools and igebs to analyze, design and develop novel
systems and products for real life problems.

|®N

PEO3 Graduates shall have multidisciplinary approagirofessional attitude, ethics, goo
communication, teamwork and engage in life-longrigay to adapt the rapidly changing technologies

PROGRAM SPECIFIC OUTCOMES (PSOs)
PSO1:Capable of design, develop and implement sustanaklchanical and environmental systems

PSO2 Qualify in national and international competitiggaminations for successful higher studies gnd

employment.

Page4&
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PROGRAM OUTCOMES (POs)

PO1: Engineering Knowledge:Apply the knowledge of mathematics, science, ereging fundamentals,
and an engineering specialization to the solutiotomplex engineering problems.

PO2: Problem Analysis: Identify, formulate, review research literaturadaanalyze complex engineerin
problems reaching substantiated conclusions usmsg grinciples of mathematics, natural sciences] &
engineering sciences.

PO3: Design/development of SolutionsDesign solutions for complex engineering probleand design
system components or processes that meet the ispendeds with appropriate consideration for thielipu
health and safety, and the cultural, societal,emdronmental considerations.

PO4: Conduct Investigations of Complex Problems:Use research-based knowledge and resesé
methods including design of experiments, analysid @terpretation of data, and synthesis of t
information to provide valid conclusions.

PO5: Modern Tool Usage: Create, select, and apply appropriate techniqeeessyurces, and modert
engineering and IT tools including prediction anddmling to complex engineering activities with g
understanding of the limitations.

POG6: The Engineer and Society:Apply reasoning informed by the contextual knowlkedm assess
societal, health, safety, legal and cultural issaesl the consequent responsibilities relevant ®
professional engineering practice.

PO7: Environment and Sustainability: Understand the impact of the professional engingesolutions in
societal and environmental contexts, and demoesttaé knowledge of, and need for sustaina
development.

POS8: Ethics: Apply ethical principles and commit to professibathics and responsibilities and norms
the engineering practice.

PO9: Individual and Team Work: Function effectively as an individual, and as amher or leader in
diverse teams, and in multidisciplinary settings.

PO10: Communication: Communicate effectively on complex engineeringvécs with the engineering
community and with society at large, such as, beiblg to comprehend and write effective reports g
design documentation, make effective presentatems give and receive clear instructions.

PO11: Project Management and FinanceDemonstrate knowledge and understanding of theneadgng
and management principles and apply these to aneis work, as a member and leader in a team,
manage projects and in multidisciplinary environtsen

PO12: Life-Long Learning: Recognize the need for, and have the preparandnahility to engage in
independent and life-long learning in the broadesitext of technological change.
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COURSE OBJECTIVES

No

COURSE OUTCOMES

Engineering Physics Lab @ Lendi 6

To compute the radius of curvature of a given canlems&thickness of given thin paper b
forming the Newton rings &parallel fringes using timterferencein thin air films.

To determine the wavelengths of various spectrasliin the polychromatic source (Hg source)

and to determine thewavelength of Laser sourcafiraction phenomenon.

To study the T-R characteristics of thermistor §ital the energy band gap of semiconductor

understanding& analyzing the variation of resistanwmith temperature in devices such as

thermistor, semiconductors, etc.,

To calculate the rigidity modulus of the given wiiracceleration due to gravity at a given point Qy

studying the modified simple harmonic oscillatiarssng a Torsional and compound pendulum
respectively.

To verify the laws vibrations of stretched string&tetermine the velocity of sound in air by usir]
the resonance phenomenon.

To Determine the velocity of sound using acousticgolume resonator
To impart the knowledge in preparation of compositgerials by hand-lay up technique.

Identify the working principles of laboratory expeents in optics, mechanics, electromagne
and electronics.

~

DY

g

ic

—

Apply the working principles of laboratory experintg in optics, mechanics, electromagnetic and

electronics and perform the experiments using requapparatus.

Compute the required parameter by suitable formmalag experimental values (observed value
in mechanics, optics, electromagnetic and eleatrerperiments.

Analyze the experimental results through graphidakpretation.

xs)

Recognize the required precautions to carry ouettperiment and handling the apparatus in the

laboratory.

Demonstrate the working principles, proceduresapplications.

PageO
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COs — POs&PSOs MAPPING (ME)

PO(1..12) PSO(1..2)
SNO DESCRIPTION
MAPPING MAPPING
co1 Identify the working principles of laboratory expeents in| PO1, PO2, PO5,
optics, mechanics, electromagnetic and electronics. PO9
Apply the Worklr]g principles of Iabpratory experlmg in PO1, PO2, POS.
CO2 optics, mechanics, electromagnetic and electrom@ind POO
perform the experiments using required apparatus.
Compute the required parameter by suitable formsiag
COo3 experimental values (observed values) in mechaops;s,| PO1, PO2, PO9
electromagnetic and electronic experiments.
Anal th [ tal Its th h hi
co4 _ nalyze | e experimental results rough grap ":[9&)1, PO2, PO9
interpretation.
R ' th i ti t t
CO5 ecognlze e requ.lred precau |ons_ o carry ou Hggl PO2, POY
experiment and handling the apparatus in the labira
COURSE OVERALL PO/PSO MAPPING: PO1, PO2, PO5, PO9
SNO POl PO2| PO3| PO4| PO5| PO6| PO7| PO8| PO9| PO10| PO11| PO12| PSO1| PSO2
CO1 3 1 1 1 2 1 1
CO2 3 1 2 1 1
CO3 3 1 2 1 1
CcO4 3 1 1 1 2 1
CO5 3 1 1 1 2 1 1
PH1105| 3 1 2 1
COURSE OUTCOMES VS POs MAPPING DETAILED; HIGH: 3; MEDIUM: 2; LOW: 1):
Engineering Physics Lab @ Lendi 7
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COs VS POs MAPPING JUSTIFICATION:

S.NO

PO/PSO
MAPPED

LEVEL OF
MAPPING

JUSTIFICATION

COo1

PO1

The student can able to apply the knowledge ofceptnechanics
electromagnetism and electronics to identify thekivg principles
of laboratory experiments.

PO2

The student can able to identify the working prhes of
laboratory experiments.

PO5

The student can able to use the Laser source asdarmtool for
determining the wavelength of laser light.

PO9

The student can able to understand how to work team as a

member by sharing his ideas; thoughts & knowledgeentify the
working principles of laboratory experiments.

CO2

PO1

The student can able to apply the knowledge ofceptnechanics
electromagnetism and electronics to identify theeexnental
procedure and to apply the working principles obolatory
experiments.

PO2

The student can able to identify the procedure aifotatory
experiments.

PO5

The student can able to use the Laser source asdarmtool for
determining the wavelength of laser light.

PO9

The student can able to understand how to work team as a

member by sharing his ideas; thoughts & knowledgeentify the
procedure of laboratory experiments.

CO3

PO1

The student can able to apply the knowledge ofceptnechanics
electromagnetism and electronics to compute theuined
parameter by suitable formula using experimenthlesa

PO2

The student can able to compute the required paearbg suitable
formula using experimental values in mechanics, icep
electromagnetic and electronic experiments.

It

PO9

The student can able to understand how to work teaan as @
member by sharing his ideas; thoughts & knowledgedampute
the required parameter of laboratory experiments.

CO4

PO1

The student can able to apply the knowledge ofceptnechanics
electromagnetism and electronics to analyze theeraxental
results through graphical interpretation.

PO2

The student can able to analyze the experimensailtsethrough
graphical interpretation.

PO9

The student can able to understand how to work teaan as @
member by sharing his ideas; thoughts & knowledganialyze the
experimental results through graphical interpretati

Engineering Physics Lab @ Lendi 8

§

Page




Llendr

CO5

PO1

The student can able to apply the knowledge ofceptnechanics
electromagnetism and electronics to recognize thquired
precautions to carry out the experiment and hagdlie apparatu
in the laboratory.

(€8]

PO2

The student can able to identify the required praoas to carry
out the experiment and handling the apparatusarethoratory.

PO9

The student can able to understand how to work teaan as @
member by sharing his ideas; thoughts & knowleageetognize
the required precautions to carry out the experinaga handling

the apparatus in the laboratory.

Engineering Physics Lab @ Lendi 9
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Virtual Lab Experiments

LENDI INSTITUTE OF ENGINEERING AND TECHNOLOGY
(Approved by AICTE& Affiliated to INTUK, Kakinada)
(Acdred by NAAC with “A” grade)

Jonnada (Village), Denkada (Mandal), Vizianagarast B 535 005

Phone No. 08922-241111, 241112
E-Mail: lendi_2008@yahoo.com Website: www.lendi.org

| B.Tech. MECH-II Semester
APPLIED/ENGINEERING PHYSICS LAB

List of Experiments

Determine the rigidity modulus of material by Tarsal pendulum

Verify the laws of transverse waves using Sonometer

Determination of wavelength of laser light by notnmaidence method

Determine the radius of curvature of Plano-conems by Newton’s Rings Method.
Determine the energy band gap of a given semi-adndu

Determine the velocity of sound using acousticgadfime resonator

Determine the acceleration due to gravity at a eplact the inertial frame of reference usin

compound pendulum.

Preparation of composite material by hand lay-eprneue

9. Determination of elastic constants of the Persmanbusing Cornus interference method.

tube apparatus.

Engineering Physics Lab @ Lend

10. Determination of velocity of ultrasonic waves anduvig’s modulus of various materials by Kundt
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Instructions for Students@ Applied / Engineering Physics Laboratory
» The objective of the laboratory is learning (apgticn point of view). The experiments are designgd

to illustrate phenomena in different areas of Rty/sind to expose you to measuring instruments.
Conduct the experiments with interest and an deitof learning.

» You need to come well prepared for the experiment.
» Work quietly and carefully (the whole purpose opexmentation is to make reliable measuremepts

& to experience the application based analyticalking) and equally share the work with you
partners.

-

» Be honest in recording and representing your dééaer make up readings or manipulate them|to
get a better fit for a graph. If a particular reagappears wrong repeat the measurement cardfully.
any event all the data recorded in the tables habe faithfully displayed on the graph.

» Bring observation book cum manual and necessamhgpapers for each of experiment. Learn [to
optimize on usage of graph papers.

» Graphs should be neatly drawn with pencil. Alwagbel the graphs, the axes and display unts.
Please write the scale at the top-right most cavhére graph paper.

» If you finish early, spend the remaining time tongete the calculations and drawing graphs.
» Come equipped with calculator, pen, scale, peaser, sharpener, etc.

» Get the signature from your Lab Faculty before ilegvthe lab on your observation book. And al$o
submit your pending calculations & graph works wittwo days after completion of your lab.

» Do not fiddle idly with apparatus. Handle instrurteewith care. Report any breakage to the Lgb-
Technician/ Faculty.

» Return all the equipment at the end of your expenin

>

» Bring your records at each lab session & submibitthe correction of previously complete
experiments.

Pagel 1
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lend: General Information of Basic Instruments

SCREW GAUGE
It is an instrument used for the measurement of senall lengths (such as the diameter of a wire g
thickness of a disc) with greater accuracy thgmoissible with verinercalipers. The screw gauge istssf

U-shaped metal frame which is attached to a hatighmder with a screw head. The screw head hapa

which is marked with 100 equal divisions. This aled Head scale. The hallow cylinder is marked |i

millimeters called Pitch scale.The distance advdnae the pitch scale when the screw head is tur
through one complete revolution is called the pitéhthe screw. Least count of the screw gauge és
distance advanced by the screw when the screwnieduhrough one division on the head scale.

e e | ‘.':%
L8 et ik 1 — ".

[ijf Pitch scale

&

i
1
L1

410

Screw head

L.C of the screw gauge = pitch of the screw/No ehHi scale divisions.

Pitch of the screw = Distance moved on the pit@lestor one rotation of the head.

The distance is divided by 5 gives the value ofgieh of the screw. Again the pitch of the screvdivided
by the number of head scale divisions and the tiagutalue is the least count of the screw gauge.

The screw head is turned until the two jaws toeabh other. If the zero of the head scale exa¢

coincides with the zero of the pitch scale lindlézhindex line) then there is no zero error anccaection
is to be made to the head scale reading. If theyad@oincide then the instrument is said to haame 2rror
and a correction is to be applied.In fig (a) theozef the head scale coincides with the pitch sktakand
hence correction is zero. If the zero divisionltd head scale is above the pitch scale line themittor is
negative and the correction is positive. In fig (b zero of the head scale is 4 divisions aboeeirtiex
line, hence the error is -4 and the correctiondisFherefore 4 must be added to the head scalengead
In fig(c) zero of the head scale is below index lihe error is +6 and correction is -6 which means

that 6 must subtracted from the head scale reading.

Pisthaindax line on the pitch scale

-4 5 iy O
P—Elo F—E1os £
<os <4 96 index Hne
Zero aerror O Zaro arror — o : Zaro error + 6
Corraction O . Cosrraction + 4« Corrction — 6
Fig (a) Fig (b) Fig (c)-

Place the given object between the two jaws oktitew gauge and the screw head is turned gentilytiuat
two jaws touch the object. Note down the pitchescahding (PSR) and head scale

division opposite to the pitch scale index lineledlhead scale reading (HSR). Correct the head s
reading (CHSR) in case the correction is not ZEhen

Total reading = PSR + (CHSR x Least count)

The process is repeated at three different locatbong the length of the wire and determines teeaae
diameter of the wire or thickness of given object.

VERNIER CALIPERS

Engineering Physics Lab @ Lendi 12
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A scale is used to measure the length of an oljrw. end of the object is made to coincide withziti® of

the scale, the other end of the object falls betwtbe fifth and sixth divisions. This means that lbngth of

the object is greater than 5 divisions and less thdivisions. So the length of the object is Sslons plus

some fraction of a scale division. An accurate meament of this fractional length can be made bamse
of veriner calipers and screw gauge.

A Veriner caliper is an instrument used for theamw@ement of small lengths such as diameter ¢f a
disc and diameter of a bob. A veriner calipers =ia®f a rectangular metal strip, graduated irtinesters,
with a fixed jaw at one end. This is called maialscA movable jaw with veriner attached to it eBcalong
the main scale and can be fixed at any positioh wiscrew. This is called veriner scale. The versgale is
graduated in such a way that the length of 10 idins on the verinerscale (VSD) is equal to lendt!® o
main scale divisions (MSD). Thus the length of 1DvS 9/100f the MSD. Then the difference between %:le

MSD and one VSD is 1-9/10) MSD= 1/10 MSD, whiclt@led the Least count of the veriner calipers. The
least count of veriner calipers of an instrumenthe smallest value that can be measured with that
instrument.

1 MSD =1/10 cm; 10VSD=9 MSD or 1 VSD = 9/10 MSD
Least count of verinercalipers = 1IMSD — 1 VSD 9(10) MSD = 1/10 MSD

Movable

= < jaw (1/10) x 1/10
cm = 1/100 ‘:’s’?Sﬁ'g °f s ¢m ='0.01 cm
jaw k ﬁs ]
; n 3 12 Ia Ta Is inch 67} Jin
- 1 1 5 6 7 9 10 scale
L EGLLEhRL] jhu
Vernier
Lower scale
fixed B

law A jovable
jaw

Least count can also be expressed as 1 MSD/Nerofer scale divisions.
Suppose the length of the object is to measuregyuariner calipers. The object is placed betweerfitted
jaw and movable jaw. Suppose the zero of the veliae between 1.7cms and 1.8 cm. This means [the
length of the object is greater than 1.7 cm ansl fean 1.8 cm. The fractional part exceeding 1.{atled
main scale reading MSR) can be determined fromvérmer coincidence. Suppose the 4 division on the
veriner exactly coincides with one of the main sadilvisions. This veriner division which coincidesth
the main scale division is called veriner coincicenSo the fraction exceeding the 1.7cm is (4 M8D
VSD).This fraction is equal to 4 (1IMSD-1VSD) = 4xdst
count.Therefore the length of the object = MSR erifver

¢ s s . 5 EVEFPIECE

s 1 2
E%E ‘(‘OLL]IMATOR'

MERCURY
LAMP

VERNIER SCALE ’ ’

MAIN SCALE
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Align the spectrometer in order to correctly measamgles with the spectrometer, we must first aligho
do so, use the following steps:

a) Telescope focusDo not put the prism onto the silver table yet. {fTw#dl come later. Notice that
there are two knobs associated with the telescdpey are located directly under the telescope
barrel. One points along the barrel and one isgetigular to it. The knob that is along the bariel
will lock the telescope’s position and will prevahfrom rotating. When it is locked down in thig
way, you can use the other knob for a fine adjustm® rotate it by very small amounts. If the
telescope is not unlocked, turn the knob that ralfe to the barrel counterclockwise until you cgn
freely rotate the telescope. Turn the telescopabit is not pointing at the collimator but isiead
aimed at something as far away from you in the r@snpossible. Now rotate the focus adjustment
(see diagram on page J2until you can see through the telescope cledty may notice that the
image is upside down. This is normal. Just endwakit is as clear and in focus as you asiter this
adjustment, you should not adjust the focus of the telescope again.

b) Telescope alignmentNow place a white light (desk lamp) in front d¢fetslit on the end of the
collimator §n the diagram on page 12)the desk lamp goes where the “HG lamp” is picturdlow
rotate the telescope until it is pointed at theimaitor. You should imaginea straight line goingnfr
the lamp through the collimator, and through tHesieope. By looking through the telescope, ypu
should be able to line up the crosshair with tiitarsthe far end of the collimator. By locking daw
the telescope and using the fine adjustment (tlod lperpendicular to the one that you used to Iqck
down the telescope) you should be able to do g accurately.
If you are unable to see the slit, it may be closedtightly. You can widen and narrow the slit Qy

rotating the adjuster on the collimator (it is ltehon the far end of the collimator, much like tbeus

for the telescope). This will adjust the slit widbut will not focus the slit. If the slit does noave very
crisp edges when you look through the telescope/entive end of the collimator near the lamp in apd
out to focus it. If your slit is not vertical inéhtelescope, you can also rotate it so that Disce you
have a nice thin, well-focused slit, with your @bairs centered onaind your telescope locked down
you are now ready to align the scales to readigiea

¢) Angle adjustment If you look below the set of knobs that contitu telescope, you will see another pair
of knobs that look identical to the ones for thkedeope. These knobs perform the same functipns

(locking down and fine adjustment) for the bladiléaitself. If you unlock the

black table, you can rotate it. Notice that theme tavo windows in which you can read an angle. We

want to rotate the table until one of the windowas B (zero) lined up with 0 (zero) or 360 (sincarele
is 360 degrees, 360 is the same as 180. If abaflible, we should try to use set it so that thrsdaw is
to the left of the telescope (as we are lookingrdkie barrel toward the lamp) because this will engk
reading our angle easiest. (Please have a lodleatiagram on page 5) On some scopes there islh gma
magnifier attached to the black table over one wmdand this would also be advantageous to use.

Once you have aligned them, you vidtk down the black table and will not rotate it again. From now

on, we willonly rotate the telescope.

d) Prism placement Now you should place the prism in the centerhaf silver table. Recall that light ig
bent toward the base of the prism, so it shoulglbeed on the silver table so that the gray plasit L+
makes a “C” shape if you were to look at it frone ttelescope side of the apparatus. Now, withgy
moving the telescope, move your head to the ldfbato where the telescope is rotated to in e
diagram on page 5) and look into the prism. Yol télve to put your head down at the height of the
telescope/collimator. Now rotate the silver tableckwise until you can see a nice rainbow like
spectrum “inside” the prism.

Engineering Physics Lab @ Lendi 14
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You should notice that the rainbow is inside oflachk circle. You are seeing the light coming outhod
collimator and bent through the prism.) If it doest look like a very nice, bright, well formed ramw,
you probably do not have your head in the right@lanove further left and try to rotate the siltednle
back and forth. Once you have found it, unlocktédescoper{ot the black table) and rotate ito the
left where you were looking. Now look through the tetgse, and you should be able to find the
rainbow. We are now in about the right place tal four spectrum with the mercury vapor lamp and|to
adjust for the minimum angle of deviation.

e) Minimum angle of deviation: Now, remove the white light and replace it wille tmercury vapor
lamp. You will want to move the lamp until it isigihed with the slit. To do this, look through the
telescope and move the lamp back and forth unslitice and bright in the telescopestead of a
complete rainbow, you should now see only certainands of colors If your bands do not look
nice and sharp, you may have to adjust your stiugoor width. Some lines are better seen if ypu
tighten the slit. (The lamp should be very clos¢hi® slit.) Move the telescope back and forth until
you get the crosshair lined up on tipeen band Now look back to the diagram on page 12. We
want to make the angle as small as possible. Tinidprotate the silver table back and forth jusf a
little bit. You should be able to get the greerlto moveo the right. Now realign the crosshair on
the green line and rotate the silver table a litteagain. Then realign the crosshair on the gieen
You should repeat this process until no matter tviway you rotate the silver table, the green lipe
goes to the left, not the right. When this occarg] the green line is as far as you can get ibttog
the right, you are at the minimum angle of deviatidhis angle should be around 51 or 52 degrges
for the green line. If it is not, you may not halgned the scales correctly, please repeat steghs ¢
and e from above. (Record it below). Every timé tftau do a different color, you will have to repeat
this process.

PROCEDURE: Become familiar with the spectrometer identify eaomponent: the black table, the prism
table, the collimator, and the telescope (see éigimove). Note the clamping screws and the fingsaajent
screws for the telescope and the black table. Matelamping screw for the prism table. Note hovadgust
the slit focusing in the collimator tube. Note hthwe slit width can be adjusted and how the sligm@iation
can be rotated

Practice reading the angle from a precise protrastale on the rim of the black table. Use the
Veriner scale with the little magnifying glass &ad the angle to the nearest arc minute. (1 arcniin= 1/
60 degree.The following is an example

0 10 20 30
I
|‘||I|||I‘|‘I‘I|I‘I|I‘I|I‘I|I|I‘|

40 50

In this example, the zero line_ of the Vernier s¢te upper scale) is between 80" and 4], so the
angle is somewhere between3M and 41 The Vernier scale tells exactly where in betwesak
along the Vernier for the line that exactly lingswith the line below it. In this case, it's the li7e. So
the angle is 4047', which we get by adding 17' to 8D'. Before using this angle in equation (2), we
must convert it to decimal degrees: 40 + (47/6@reles = 40.78

A Travelling Microscope

Pagelo
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Traveling Microscope

A travelling microscope is used to determine srdisffance to an
accuracy 0D.001 cm The measurement principle is based on the pitmapVernier. In a typical travelling
microscope, the main scale divisions are of mageit{20 cm = 0.05 cm (0.5 mmgach and the Vernier
scale contains 50 divisions. This makes the Leasih€Cto bed.05/50 = 0.001 cm.

Determination of diameter: For determination of diameter of the capillary gjdhe horizontal direction.
Mount the capillary tube in horizontal directionarstand with the help of a rubber cork to plac fawid

the capillary tube. Rotate the microscope so thathorizontal and in line with the tip of the déry tube.
Now looking through the microscope, turn the fongsscrew to get a clear image of the capillary tuNmwv
adjust the microscope in such a way that the \@rtimsswire coincides with the left end of

the capillary tube. Take the reading in the horiabscale, look the zero of the veriner, and find the
division on the main scale just before the zerokmisiote it as the MSR. Now look HUpper

carefully at the Vernier. Any one of the fifty lisavill come exactly in line with one
of the lines of the main scale. That division o@Vernier is the Vernier scale
reading. Note it down in the observation table. Noave the telescope horizontal left right
to focus on the right end of the capillary tubeahxgtake the reading as
before. Repeat the experiment by moving the tef@seertically coincide the
horizontal crosswire with top and bottom and noe/dadings are taken on the lower
vertical scale. From the observations you will tyet values of diameter, one for vertical and onelie
horizontal.

Total reading = Main scale reading + Vernier coinalence x Least count

OBSERVATIONS: Least count of the traveling microscope = 0.001cm

BACK - LASH EROR:

This error occurs when instruments like screw gawgpeedometer and travelling microscope are
used, which work on screw-nut principle. Due to mead tear of the screw or imperfect fitting,sorpace
will be left between the screw and nut for its @tien. If the screw is rotated for a certain angleotation
in the forward direction and afterwards in the lvaafd direction, then the screw will not move folitte
motion of the head of the screw (or the misfitshia nut through which it moves). This error is edlback-
lash error. In order to avoid this error, the scraust always be moved in the same direction. This ibe
remembered whenever we use any instrument usmghMng screw motion.

PagelO
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EXPERIMENT NO-1
TORSIONAL PENDULUM

Aim: To determine the rigidity Modulus of the given &lvy dynamical method.

Apparatus: Torsional pendulum, stop watch, screw gauge, Veadkpers, scale.

Working Principle: Torsional pendulum is aangular form the linear simple harmonic oscillator in
which the elasticity is associated with twistinguwspension wire. In Torsional pendulum the masstest
around its center point and twists the suspendiirg.Whis is called Torsional pendulum with torsign

referring to the twisting motion.

Formula: The Rigidity modulus of the given wire is g8 1
Where, nis the rigidity modulus, n = —41?
a is the radius of the given wire, a

| is the moment of inertia
| is the length of the pendulum from the fixed point
T is time period.

Theory: A heavy cylindrical disc suspended from one endaofine wire whose upper end is fixefl
constitutes a Torsional pendulum. The disc is ttiingts old plane to twist the wire, so that
on being released, it executes Torsional vibratadrmut the wire as axis.

Experimental Diagram:

Let O be the angle through which the wire is twisted. — 7
Then the restoring couple set up in it is equal to = g
i =
mna*é 4 Chuck
u =cfWhere (rza’n) =C ----m--- @ TW %
2l o
o

is the twisting couple per unit (radian) twist bétwire. I

This produces an angular acceleration (dw/dt) endisc |

Therefore if “I” is the moment of inertia of thesdiabout the |

wire we have I.(il—\iv =-c@ d—W = —(IEJH

i.e the angular acceleratio%\?) of the angular displaceme@j(
Therefore its motion is simple harmonic hence tipegiod is

given byT= 2 \/I @

N Figure : Torsional Penauium
Bxr F3
From @& @’“ BTt

Engineering Physics Lab @ Lendi 17
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In case of a circular disc whose geometric axeactde with the

axis of rotation. The moment of inertia “I” is givebyl=

MR?
(—Z)Where M is the mass of disc and “R” is the radifithe

disc.

(MR?)

x

ix
=

/4

xSlope dynes/cm

"'I:

Graph: Plot a curve fol Vs T? and calculate the slope.

7

1 1
58 B0 62 64

25

Square of the

time period 24

23

22

h 4

Length of the equivalent simple
pendulum(Ll)in cm

Determination of the Period of Oscillation ‘T’:

o

l : Jl-'axwl end

SUBPONSION Wire

Reference ling

v ..:_\-'.-. = ' r*i”

Time Per

one

S.No

the

Time for 10 (or 3) oscillation (t)

oscillation

Length of
Wire | (cm)

T= (1/3)

=

Triall

Trail2

Mean(t)

T

T2

20

25

30

35

40

45

50

Q| N o O B~ W N B

55
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To determine the radius of the disc:

Objectives:

Calculations:

Precautions:

1. To study the strength of materials.
2. To find the tensile strength of a wire.

1. Determine 1) for a given wire.

3. To find Ml for the girders and metal sheets.

2. Find the relation between L andffom graph.

2. Measure the thickness of wire using screw gauge.

3. Note the disc should be rotated along with its ewis.

Engineering Physics Lab @ Lendi

S. Nc| Main scale Vernier Vernier TotalReadinc
Readinc
reading(a) Coincidence (b=L.C x V.C) (a+b)cm
1
2
3
To determine the radius of the wire:
P.S.F H.S.R Total (a+b)
S. Nc H.S.R H.S.C
(@) (b=L.C x H.S.C) (mm)
1
2
3
Applications:

3. Find the relation between material of a wire andqukof oscillation.

1. while using vernier calipers see that the readingst be taken without any parallax error

19
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Result: The rigidity modulus of the given wire using dynaat method i) = dynes/ctn

Conclusion: Course outcomeSO1 to CO6and Program outcome®1, PO2 & PO9are attained.

Signature of Faculty
with date & Remark

Viva Questions
1. Define the different types of modulii of Elastity?
There are three modulii in use.
()Young modulus: The ratio of longitudinal stress to longitudiiséless to longitudinal
strain, within the elastic limits is callgoung’s modulus of the material. its units itsri/
(iBulk modulus: When a uniform pressure is applied over the wkakéace of a body, it
produces a uniform compression. The congprass proportional to the pressure,
and the ratio and the ratio of pressurthéwolume strain is called bulk modulus. it is
measured in N/m
(i) Rigidity Modulus : The Rigidity Modulus describes an objects pengéashear
(deformation of shape at constant volumegWacted upon by opposing forces.
2. Define stress and strain and state their units?
The magnitude of the attractive or repulsive Fotmetsveen molecules of a body per unit
Area is called stress. It is measured inN/fhe change of shape or the fractional change
Of size of a body by a given set of force€ouples is called strain. Strain has no unit.
3. List the different stages of elastic propertiesf Matter?
When a load continuously increased in case Of wireaches different elastic stages
Like: (i) elastic limit (i) permanent sat() breaking stressy)yield point
4. State Hooke’s law and define modulus of elastigP?
The stress is proportional to the strainiwihe elastic limits is called Hooke’s law. Théioa
of any stress to the strain is called modulus a$taity. It is measured in N/m
5.What is Poisson’s ratio? What is its unit?
Within elastic limits there is a complet@portionality between the lateral strain and the
Longitudinal strain is called poison’s ratio. Itshao units.
6. What is a cantilever?
When one end of horizontal beam is fixed andbther end is free it is called a cantilever.
7.How is bending of a beam related to young’'s modus?
When a beam is bent by an applied coupléomigitudinal filaments are lengthened on the
convex side and shortened on the concave and thigh whe beam often to bending will depend up on
young’s modulus for the material

Engineering Physics Lab @ Lendi 20
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Experiment No: EXPERIMENT NO-2
Date:

N

SONOMETER

Aim: To verify the laws of transverse vibrations of @tthed string using Sonometer.

Apparatus: Sonometer, tuning forks of known frequency, rutideck, slotted weights, paper
riders(small V shaped paper bits).

Working Principle: Resonance: Resonance takes place when the frequency of tleenaxkt
body/tuning fork is equal to the natural frequen€yhe segment of the wire (vibrating air column in
between the bridges inside the Sonometer).

Formula: The frequency of transverse wave is n= 1 |T
21, m

Where T is tension,
| is the length of the vibrating lo@gnd
m is the mass per unit length of theewie., linear density.

——y ﬂ—-—-_f_,—l
Experimental Diagram: @ sanameter box 9 -
e e
. ] A
Wires —
— by

Sonometer

PROCEDURE:

A wave that travels from a point into an infinitedium and never returns to the origin is called a
progressive wave. If the particles of the mediubrate parallel to the direction of propagationhsf tvave
then the wave is called longitudinal wave. If tlegtjzles of the medium vibrate perpendicular to the
direction of propagation of the wave then the wiavealled transverse wave.

If the applied frequency is equal to the naturadjtrency of the body, then the body vibrates with
maximum amplitude and the phenomenon is callecheesze. When two simple harmonic waves of the
same amplitude and frequency travelling in oppaditections in a straight line superimpose then the
resultant wave obtained is called as stationaryewav

Engineering Physics Lab @ Lendi 21
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A stretched string vibrating in a single loop whpdacked at the middle due to formation of
stationary waves with nodes at the end and antshatithe middle is said to be vibrating with the
fundamental frequency.

ST

The fundamental frequency is givenby - 1 [?
Nm

From the above relation, the laws of transverseatidin of stretched strings may be stated as:
1. The frequency (n) of the stretched string is ingreroportional to its length, where tension T and
linear density m are kept constant.

n | = constant where T and m are constants

2. The frequency of the stretched string is propogida the square root of the tension T, linear dgns
m and length | are kept constant

\T/ | = constant where n and m are constants.

3. With the constant frequency(n) of the stretcheidgt the length | is inversely proportional to the
square root of the linear density m, where ten3i@amd length n are kept constant

[Wm = constant where T and n are constants

Verification of | Law:

The sonometer wire is kept under tension by a Iskeitboad, say 2 kg. A small paper rider is
place on the wire between the movable bridges.stém@ of an excited tuning fork of known frequency
(n) is placed on the sonometer box. By adjustingpbsitions of the bridge gently, the length of the
vibrating segment is changed till the paper ridigttdrs violently and is thrown off. The length sifing
between the movable bridgeB,dives the resonating length.

Keeping the tension constant the experiment isatepewith the tuning forks of different
frequencies and corresponding vibrating lengthshefwire are found out as before. The values ar¢
tabulated and the product” is found to be a constant verifying the first law

T= dyne/ crh String =
S.No Frequency (n) Length of the vibrating segmen Mean length n x | =
Hz = (1 +12)/2 constant
Trail 1 Trail 2
l; cm I, cm

Engineering Physics Lab @ Lendi 22
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Verification of Il Law:

The Sonometer wire is kept under tension by a lofad kg. Using a tuning fork of known
frequency, the resonating length ié found out as explained earlier. By increadimg load in steps of
0.5 kg, the corresponding resonating lengths aredmut for the same fork. The tension of the wWiiie

calculated in each case using the relalienmg whereg is the acceleration duet to gravity.

n= Hz. String =
S.Nc Tension Length of the vibrating Mean
T=mg segment length
\T \T/1 = constant
Trail 1 Trail 2 I= (11+ 1)/2
l; cm I, cm

To verify the 3 law, resonating lengths are determined for twéediht wires of material brass and
steel, using the same tuning fork and same loalieapio the wire. Using the value of densitpf

Verification of Il law:

the material of the wire, according to the relatiorzp d/4.

n= Hz. T= dyne/Tm
S.Nc
Material Length of the vibrating Mean
of the segmen length INm = constant
wire Trail 1 Trail 2
I, cm I, cm = (|1+ |2)/2
Iron
Coppe
Bras:

Density of Iron is 7.86 gm/cc
Density of Copper is 8.9 gm/cc

Density of Brass is 8.5 gm/cc

Engineering Physics Lab @ Lendi
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To determine the radius of the Iron wire:

Correction = Least Couargitch of the screw/ N =
S.No PSR. Head scale Reading Diameter of the wire
a (cm) Observed Corrected (n) d=a + (nxL.C)
1
2
3
4

To determine the radius of the Copper wire:

Correction = Least count = pitch of the sdrbl =
S.No PSR. Head scale Reading Diameter of the wire
a (cm) Observed Corrected (n) d=a + (nxL.C)
1
2
3
4

To determine the radius of the Brass wire:

Engineering Physics Lab @ Lendi

Correction = Least count = pitch of the sgrhl =
Head scale Readin i i
S.No PSR 9 Dladnleter of tEeCW|re
a (cm) Observed Corrected (n) =a+ (nxL.C)
1
2
3
4
Calculations:

24
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Applications:
1. Sonometer is used in Acoustics of buildings.
2. Sonometer is used to know the natural frequen@\obrating wire.
3. Sonometer is used to find the frequency of unknawamg fork.
4. Itis commonly used in Melde’s experiment.
5. Sonometer is a very ancient device used to stuglfaittors influencing the frequency of

oscillation of a vibrating string or wire.

Precautions:
1. The wire should be uniform throughout. It shouldsbaight and free from kinks.
2. The pulley should be free from friction.

3. The mass applied on string should be freely susgbratherwise tension will be varied.
4. The excited tuning fork should be placed verticallth its shank pressed on the sonometer box.

Result: The three laws of transverse vibrations of stretdtengs are verified.

Conclusion: Course outcomeS0O1 to CO6and Program outcome®1, PO2 & PO9are attained.

Signature of Faculty
with date & Remark

Viva Questions [

1. What is the principle involved in the Sonometeexperiment?
A Sonometer is a device; it works based on thecyple of Resonance

2. Which type of waves is produced in Sonometexgeriment?
Stationary transverse waves.

3. What are the transverse waves?
A transverse wave is a moving wave that consistsoillations occurring perpendicular
(or right angled) to the direction of enetggnsfer or wave propagation.

4. How the resonance takes place in this experimeént
When the frequency of the vibrating tuning forlegual to the natural frequency of the vibrating
air column in between the bridges of the stretl string then the resonance takes place.

5.What is resonance?

In physics, resonance is the tendency of a systeyadillate with greater amplitudeat some
frequencies than at others. Frequencies athnthie response amplitude is a relative maximum

are known as the systems resonant frequenciessonance frequencies.

Engineering Physics Lab @ Lendi
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[ Experiment No:

Date: ] LASER BEAM DIFFRACTION

AIM: To determine the wavelength of laser beam usingraHe! slits i.e., diffraction grating.
APPARATUS: Laser light source, N-parallel slits (Diffractionatjng), Screen and a Meter scale.
FORMULA: The wavelengtlA of laser light is given by
Sing
nN

Where 0 is the angle of diffractiorl\ is the number of lines per cm on the grating,
n is the order of the spectrum

A= A9

The slit width W of the single slit is given by
W = ADn /[ d

Where, A is the wavelength of laser lighd, is the distance between the slits and the sctemthe distance
on the screen from the center of the pattern (abntaximum) to th@™ maximum.

WORKING PRINCIPLE: Diffraction of Light: Bending of the light rays at the transparent spaces

between the equidistant parallel lines on the ggaplate is the responsible for diffraction pattana the
grating spectrum.

THEORY:
He-Ne Laser, Ga-As or Semiconductor Laser is gdligenaed as laser source in this experiment. Whe
laser beam of wavelengitis allowed to fall on the single slit or diffractiggrating placed at a distance
from the screen, the incident laser beam bendseatdrners of the slit and produces diffractiortgraton
the screen. The diffraction pattern consists ofaath central maximum with narrow secondary maxima g
minima on either side of the central maximum aswshim the ray diagram.

Ray Diagram Experimental Diagram:
=2
diffraction grating ¥ .
\ r/“'/ n=1
il Fn=0
Laser “pointer” | g [
~¥ =1
H-\"'-\.
=, n = 2
; D

PageZ0O
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PROCEDURE:
Laser source is mounted on a stand. Slit or Diffoacgrating is kept at a convenient distance \lign lines
being vertical at the same height as the sourcsecr@en is placed in front of the slit or gratingl ahe
images are formed on the white wall. The distaridbefirst order image from the direct image isaswed
on left side as well as right side. The mean ofdiséance (d) is found. The distance (D) from thegigg to
the screen is measured (d/D) gives @amhe wavelength of the light is given bk = Sin©)/Nn  Where
N=number of lines per unit length on the grating. n=order of the spectrum. The experiment i®aégpd
for first, second and third order spectrums. Tlaeliegs are tabulated as follows.

grating

‘D\. bench
(about 1.5m)

Diffraction

Target
holder
¥

X
Optical

Table to determine the wavelength\ of laser light

Laser
pointer

Ve | Dsanceot | Bance oL 00 e ot || =310
S.No | spectrum| Screenfromthel o iumyd (in cm) (d/D) | sing nN
(n) g(zzralttlcnrg[)) Left | Right | Meand
di | d2 | =(d1+d2)2
1 1 15
2 1 20
3 1 25
4 1 30
5 1 35
6 1 40
7 1 45
8 1 50
9 2 15
10 2 20
11 2 25
12 2 30
13 2 35
14 2 40
15 2 45
16 2 50
:
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PRECAUTIONS:

Do not look directly into the laser beam unaley circumstance.

Do not put or shine the laser toward anyone.

The source, screen and slit or grating shoeldtlihe same height.
Readings should be taken without parallax error

Diffraction pattern (minima) should be markeihwine pencil carefully.

arwnE

RESULT:
The wavelength of the given laser soukce A

And slit width W = mm [ Signature of Faculty ]

with date & Remark

Conclusion: Course outcomeS0O1 to CO6and Program outcome®1, PO2, PO5 & PO%are attained.

Applications:
1. Diffraction gratings are used in the productiorhofograms.
2. Diffraction gratings are used in the laser showscivlare popularly used in opening and closing

ceremonies of film fare awards, IPL and Olympic garretc.

112

3. Spectra produced by diffraction gratings are exélgnuseful in applications from studying th

structure of atoms and molecules to investigatigdomposition of stars.

Pageo
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NEWTON'S RINGS

AIM: To determine the radius of curvature of given Plaanvex lens by Newton’s rings method

APPARATUS: A Plano-convex lens, piece of thick glass pldian glass plate, sodium vapour lamp,
traveling micro scope and black sheet.

WORKING PRINCIPLE: Interferenceof Light: The light reflected from the upper and lower scefa
of thin air film formed in between the lower surgaaf convex lens and upper surface of glass plate.

FORMULA: The Newton’'s rings experiment is an example ofristence of light by division of
amplitude in reflected light according to the theof Newton’s rings, the diameter of thé"rdark ring is

given by Dy=24/mIR where m=,1,2.. etc and diameter of tfedark ring is B=2vnAR where n=0,1,2..
etc

Therefore, RZ>D,2=4m\R-4nMR or
2 2
_ Dm—Dn
R= 22 (m=n) M

Where,
R is the radius of curvature of the lens in cortstdth the glass plate (cm)
Dm and D, are the diameters of thé'mand ' dark rings respectively (cm)
m, n are the number of chosen rings
A is the wavelength of the monochromatic sourcegbit{sodium light)
(A\=5893 A’=5893 X 10° cm)

Concentric ring system is formed because the pdfigrehce between the two interfering light ray
is constant radially or the locus of all points imavthe same air gap is a circle.

The values of R and D3, are small and are measured accurately with teltrey microscope. It can
be seen from the formula that the diameter of thg increases with the radius of curvature R. Tloeeeit
is desirable to select a suitable convex lensm kmcal length for forming rings. The diameteitloé bright
fringes is proportional to the square root of taéunal numbers.

Dn(bright)  =+/(2n-DAR
Dn(dark)  =2JnR

ARRANGEMENT OF APPARATUS:

Clean the surface of the convex lens and thicksghdeste R.With lens paper. Keep the glass plate
a black paper laid on the platform of the travelmgroscope. Place the convex lens of large radfug
curvature on the glass plate with its sphericalasgr in contact with the glass plate. Direct a lielrheam
of light from a sodium lamp on to a thin glass @lBt kept inclined at 45to the horizontal as shown in fig
The beam of light is reflected on to the lens b/ glass plate P

As a result of interference between the light nefected from the lower surface of the convex le

PageslY 5
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and the top surface of the thick glass plateaPconcentric ring system (Newton’
rings) with alternate dark
and bright rings having a black spot at the cenidli,be seen through the microscope. In oth
words the light reflected from the top and bottanfaces of the air film superimpose giving risert@rface
fringes in the form of alternate bright and darkoentric rings, called Newton'’s rings.
C

M
Ray Diagram L_J
f IIX«Q_M_\SODILIH LIGHT

y v

- CONVEX LENS
Pr 1 AIR FILM

—— BLACK PAPER
Fig: Experimental GLASS PLATE arrangement to observg

Newton’s Rings

Adjust the microscope until the rings are in shiopus. Improve the definition of the rings by sligh
adjusting the reflecting glass platewith respect to the sodium light. Sometimes duthéopresence of thg
dust particles between the lens and the thick gitee the central spot may be bright. In suchse cdean
the surface of the lens and glass plate to getlaspet at the center.

PROCEDURE:

Determine the least count of the traveling micrgscand record it in your observation book. Scribilé
pen on a piece of white paper and place it on thgsglate and focus the microscope such that thiegv
on the white paper is clearly visible. Bring themf intersection of the cross-wire to the cemtkthe ring
system and if necessary turn the cross-wires $watlone of them is perpendicular to the line ofetaf the
microscope. This wire can be set tangential toramgywhile making measurement. Starting from thetee
of the ring system move the microscope, say tdeti@cross the field of view counting the numbefr¢he
rings.

After passing beyond the ®0dark ring tangential to it, note the main scaladieg and vernier
coincidence on the horizontal scale using a realding. Similarly note the readings with the croseset
successively on the 018" 16th, 14th... up to Z0dark ring on the right side. Readings should lerta
with the microscope moving in the same directioavoid errors due to back-slash. Record the obsensa
in the table given below. Note that as the micrpsds moved from 20dark ring on the left to the Z@ark
ring on the right the microscope decreases contisiyo

OBSERVATIONS:

_ Value ofoneM .S.D
Least count of the microscope
Total Numberof vernierscaledivisions

UJ

Page3U
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TABLE:
Microscope Readings
Left Right Diameter
No. Of Total Total D= (a  b) (Diameter)?
Rings |MSR |, | MSRHV.C |MSR |, . | MSR+V.C om D? cn?
cm XL.C) Cm XL.C)
(@) cm (b) cm

20

18

16

14

12

10

8

6

4

2
Graph: Do

. . m
Draw a graph with number of dark rings on
the X-axis and the square of the diameter of thgsri I
on Y-axis. A straight line passing through the worig 2 |
will be obtalned From the graph ,note down tH@amter) |
values of [} and B corresponding to f(say 5 or I
7) by substituting these values in above equatien t DE I
radius of curvature of the given lens can be found. I
' y
02468101214 16 18 2022 24
Num of dark rings
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Applications:
1. Interference is used in Interference Auto Compemsah measurement engineering.
2. Interference is used in CWDM (Coarse Wavelengthdiow Multiplexing) system, which
can have many diverse applications than the egigtaissive fiber optics.
3. Interference in thin films concept is used in neflacting coatings in engineering
applications.
4. Laser light optical interference is used in MFM @natic Force Microscopy).
CALCULATIONS:
From Graph:
1) m=13,n=3; 2) m = b555; 3)m=17, n=7,
2 2 2
D = D = D =
m m m
2 2 2
Dn = Dn = Dn =
D2-D? D2-D2 D;-D}
—_ - m n _—
Ri ~ 4A(m-n) cm Rz 4A(m-n) cm Re» 42(m-n) cm

RESULT: Radius of curvature of the given convex lens is R=

Signature of Faculty
with date & Remark
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Conclusion: Course outcomeS0O1 to CO6and Program outcome®1, PO2 & PO9are attained.
Viva Questions

1. What do you mean by interference of light?

The modification in the distribution of light engrdue to the superposition of two or more waves

of light is called interference of light.

2.What are the conditions for sustained interferene?

(a) The light waves superposing at appoint must hagesame wavelength or same frequency.

(b) The amplitude of superposing light waves shoulédpgal or almost equal.

(c) The waves superposing should either have the paase or constant phase difference.

(d) Light sources must be very narrow and very closeach other.

3. Explain the term coherent sources?

Any two sources of light continuously emitting lighiaves have zero or constant phase

difference are called coherent sources.

4.How Newton’s rings are formed?

When a monochromatic light falls normally omafd convex lens and glass plate set, the light
reflected by the lower surface of the lens anduiyger surface of the glass plate superpose to
produce interference pattern. This circular intenfiee pattern is called Newton'’s rings.
5.Why the central ring is dark?

The path difference is introduced b/w the two rays result of the phase change/gffor ray

reflects from glass plate and no phase changdéoray reflects from plano convex lens. The

central ring is dark because the two interferingstaave a path difference (1/2) in spite of the
fact that the thickness is zero.

6.How to obtain central bright spot in Newton’s rings?

By interpose a film of refractive index less thhat of the material of the plate. Then the path

difference b/w the two rays becomes central brigiut.

7.0n what factors does the diameter of the ring degmd?

It depends on the wave length of the light andr#taitus of the curvature of the plano-convex

lens.

8.What are the applications of Newton’s rings?

It is used to:

(i) Determine wavelength of unknown light source.

(i) To determine radius of curvature of given lens.

(i) Refractive index of the given liquid.

9.Why the center of the rings is dark?

Because the Plano convex lens and the plane getesboth are in contact and at that

particular place the center ring will appearkdar

10. Why the Newton’s rings are circular?

The thin air film formed in between the glass @land the convex lens is having zero thickness
at the point of contact of lens and glasseplds thickness is symmetrically increasing orhbot
sides of the point of contact. Hence the oltdifringes having dark spot at the center followed
by alternate bright and dark circular fringésese are called Newton’s rings. The path

difference along the circle is constant that’s wiing rings are circular in this experiment.

11. What is meant by radius of curvature?

If we extend the curved path of the conves lenmake a sphere, then the radius of such an
extended sphere is called Radius of curvature

Engineering Physics Lab @ Lendi

33

Pages 3




Llendr

EXPERIMENT NO -5

ENERGY GAP OF THE SEMICONDUCTOR
Aim
To determine the energy band gap of a given serdigdor using p-n junction diode.

Apparatus
Semiconductor diode, dc power supply, Thermom&een, Ammeter and Voltmeter.
Introduction

A semiconducting material is comprised of valemasmd and conduction band separated by a
narrow energy difference of nearly 1eV. The cotiducband is almost empty while the valence band is
nearly full. This narrow energy gap is called as fbrbidden energy gap or the energy band gap.eTérer
two types of semiconductors. They are intrinsic) (pure semiconductors and extrinsic (or) impure
semiconductors. The electrical conductivity of agpsemiconductor can be drastically varied by aoldibf
minute impurities. Extrinsic semiconductors are nfed by adding impurity (doping) to pure
semiconductors. The n-type semiconductor is formgddoping trivalent impurity (e.g. G3 to pure
semiconductor while the p-type semiconductor isnfed by doping a pentavalent impurity ¢As The p-
type semiconductors are electron deficient whitertkitype are excess in electrons.

WORKING PRINCIPLE:

The electrical conductivity of a germanium or silictest piece is measured as a function|of
temperature. The energy gap is determined fronmi@sured values.

Formulae:
The temperature dependence of reverse saturaticentids in p-n junction diode is given by,
“E, 1)
k= A e nKT
. 5= . . .
where, A is the constantgyks the semiconductor inkeW, Boltzmann constant in

8.625 x 10 eV/K, T is the absolute temperature andl for Ge and; = 2 for Si.
for instance in case of Ge,

—Eg
k=A e & ()
On taking logarithm to base 10 on both sides, we ge
logi.=logA —0.4303 -&-)

logi;=log,; A — 5036 £2) 3)

In the operating range of diodes, the temperatapedence oklis mainly determined by the second term
of Eq. (3) even though A is temperature dependent.

Hence, a graph witiljl on x-axis T in K andeg,; I; on Y-axis will be a straight line having a slode
magnitude m = 5.036 x4EFrom this the energy band gap of the p-n junatiimdle is calculated to be

E, = |m|/5.036 (4)
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Where m-slope of the straight line from graph
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Description: The arrow head of p-n junction diode ‘D’ represetiite anode (of p region) and the vertical
line represents the cathode (n region). As showfigure (1). When diode is reverse biased i.e.gemis
connected to negative terminal of the battery andgion is connected via the ammeter to the pasitjv
terminal of battery, the current flowing througtettiiode is negligibly small in rage pA and is called as
reverse saturation current.

Circuit Diagram:

. . &
- 10 vAms
Fig.1 >

Experimental Diagram:
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In our experiment we study the effect of temperatm the reverse saturation current in the digde
and there from estimate the energy band gap cfé¢heconductor material.

Procedure

The connections are made as shown in the figureA(¥mall reverse bias voltage is applied acrgss
the diode by adjusting the potentiometer ‘P’. Tippleed voltage is recorded using a voltmeter arel |
corresponding reverse saturation curregtigl noted using a micro-ammeter.

The reverse bias voltage is maintained constantgiout the experiment.During heating cycle, t
oven is switched on and the temperature of theedindreases slowly. Now, the reverse saturatiorentr
values ( I¢);neremse ) @re noted together with the corresponding tenipega in
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Conversely in the cooling cycle, the oven is swetthoff and system is cooled|
Now, the reverse saturation current valuessil g..rease) COrresponding to the temperature range €70
30°C are tabulated in steps diGrespectively.
At any temperature, the average value of reverséuragon current will be considered

J.‘-‘ = E( I."'-'ji'?‘i:'?’Eﬁi'E + ( I.‘-'jder?’enie) / 2.

Readings are tabulated in the table and grapm\'rsebel%x 107 on x- axis T in K andleg,, Iz on Y- axis is
drawn and slope is found ang i& calculated.

Observations:

S.No Temperature Reverse SaturationCurrent (1) in puA Logio (Is) 1TX10° K1

Tempint°C| Temp T (K) | Current(1)| Current (1¢) ls=(ln + 1) /2
Heating Cooling
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Graph: Draw the graph between 1/T versus lay} @traight line passing through positive ‘X’ axisnd mod
of the slope of the straight line

Y
Slope dY/d> =
Log1als
- > X
103 /T
CALCULATIONS:

From graph slope of the line dy/d.

Eq = slope/ 5.04 = eV

Standard value fcGe = 0.72 €'
Standard value for Si=1.1

Precautions:

1. Do not operate above @0

2. Temperatures are to be determined accurately.

3.0Observations should be taken not only as the ¢eatyre rise but also when it cools.
4.The current flow should not be too high, if therent is high then the internal heating
of the device will occur. This will cause actuaiperature of the junction to be higher
then the measured value. This will produce noediity in the curve.

Result: The Energy band gap of semiconductdgjs ---------------- eVv.

Conclusion: Course outcomeSO1 to CO6and Program outcome®1, PO2 & PO9are attained.
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VIVA QUESTIONS

1.What is a p-type semiconductor?
Semiconductor formed by adding trivalent impuritiesvhich the majority carriers are holes is
called as a p-type semiconductor

2. What is an n-type semiconductor?
Semiconductor formed by adding pentavalent impasiin which the majority carriers are
electrons are called as a n-type semiconductor.

3. What is doping?
The process of changing the performance of a seriatior by introducing a small number of
suitable replacement atoms as impurities into émeiconductor lattice is called as doping.

4.Due to what phenomenon does the reverse saturaticurrent arise?
The reverse saturation current arise in a junaliode due to the diffusion of minority charge
carriers.(Electrons in p-region & holes in n-regare respective minority charge carriers.)

5. Why should the reverse bias be kept below the éakdown voltage?
Then only the reverse saturation current remainstent.

6. Why does the reverse saturation current dependnatemperature?

Thisis because the reverse saturation cursegie to diffusion of minority charge carriers
which are thermally generated. The diffusion i® d&smperature dependent. Hence the reverse
saturation current is highly sensitive to tempe®atu

7. What is diffusion?
The motion of charge carriers takes place wheretisea non uniform distribution of charged
particles. This process is called as diffusion.

8. Why reverse bias current is called as reverse tsaation current?
Because the reverse current becomes saturatedygwithk the increase in the reverse bias.

9. What are the values of band gap for metals, seaunductors and insulators?
For metals= 0eV, Semiconductors= 0.5 -3 eVfanthsulators greater than 3 eV.

10. Which type of semiconductor is used in the gimeapparatus?
Germanium (Ge)

11. Which type of transformer is used in this exp@ment and what is it?
Step down transformer. It is a device,which cors/bigh voltage currents to low voltage
currents.

Engineering Physics Lab @ Lendi
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Experiment No:
EXPERIMENT NO- 6

Date:

VOLUME RESONATOR

Aim: To Determine of velocity of sound in air at rooemiperature using Volume resonator

Apparatus: Aspirator bottle, beaker, measuring jar, tuniok$, Vernier calipers, rubber hammer,
meter scale.

Working Principle: It works on the principle of resonance. When alusm vibrates with natural
frequency of tuning fork, loud sound is heard duetrease in amplitude. The natural frequemof
vibrations of the air cavity is given by

Vt |A
n=—
2w Y VL
o Vi2 A
r 2\ = = Constant
V= gL
¥ +e)l
Formula: The velocity of sound in air is ‘Ji: - Em}l‘lll A

WhereViis the velocity of sound at a temperature t,
n is the frequency,
A is the cross sectional area of thekne
L is length of the neck,
V is the volume of the vibratiag up to the neck of the bottle,
and e isthe end correction.

Since V, A and L are constants, the volume V efdir cavity is inversely proportional to the squalr

of the frequency n of the note producing resonamde Therefore,

V al/n®
Or n?(V+e) = constant

Description:

The volume resonator consists of an aspiratoréd@ttéd with water having asmall neck and some

outlet (opening) at its bottom. A bottle from whigater is drawn through a narrow tube is called
aspirator bottle. The outlet is fitted with a on@dd rubber stopper into which a short glass tshiagerted.
A rubber tube with a pinch cock is connected togtass tube. Water can be drawn from the bottie &t
measuring jar by opening pinch cock.

an

Pageo™
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Llendr Experimental Diagram:

Tratring  fei

THEORY: Excited tuning fork kept at the neck of the bottlerates forcibly air columnpresent above the
surface of water. Water run down slowly is colleciteto a measuring jar. Longitudinal stationary esare
formed in air. As water is run down, at some insgara booming sound is produced due to resonareze. IH
frequency of vibrating air column becomes equah®frequency of the tuning fork.

PROCEDURE: The aspirator bottle is completely filled with waté tuning fork of known frequency‘n’ is
excited and kept just above the neck of the bdtilater in the bottle is slowly run down and coléxtin the
measuring jar by opening the pinch cock. When velwhair inside the bottle reaches a particulaueal
loud sound is heard due to resonance. Then pinck ioclosed and volume ‘v’ of water collected (s
measured directly by the jar.

It is in fact equal to the volume of air presenttlie bottle. 3 more such readings are taken with

different tuning forks and values are noted intddge. Length of the neck of the bottle is measuvdl a
scale and its radius ‘r' is measured by vernieipeas.

Observations:

Volume of the resonating air
column V(cc) n 1/ n?
Trial 1 Trial 2 Mean

(V+e)x nP=
constant

Frequency

S-No n Hz

Page4U
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Graph:
The actual volume of the air will b&te) instead of V where e is called as an end corredatioich

is approximately equal to the volume of the ainabthe neck. The end correction is obtained by oirg\a

plot betweenl/n?on x-axis and V on y-axis, which is a straight livth the negative intercept on y-axig.

This intercept gives end correcti(e)
(V+e) n*= constant

y

X
e{ /2 —*

Knowing V+efrom the graph the velocity of sound in &;)at room temperature t is calculated using t
eqguation

ll'{l'r’ +e)l.
y

\E:Zm

The velocity of the air at a particular temperattae be evaluated using the expression

w=vt(1-_t_)
546

Vis the velocity of air at®C, Viis the velocity of air at®C and t is the room temperature.

Calculations:

Page4 1
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Applications:
1. Helmholtz resonators are used in architectural stocaito reduce undesirable low frequency sounds

by building a resonator tuned to the problem fregyethereby eliminating it.

2. Helmholtz resonators are also used to build acolistirs for reducing the noise of aircraft engines

3. This method is used in silencers of car exhausesys

4. In stringed instruments such as the guitar andnjitthe resonance curve of the instrument has the
Helmholtz resonance as one of it speaks, along otitler peaks coming from resonances of the
vibration of the wood.

Precautions:
1. The exited tuning fork should not touch the aspirabttle.
2. The water should be drawn slowly and uniformly.
3. The exited tuning fork should be kept horizontalbove the neck of the bottle.

Result: The velocity of the sound at room temperature;sis V.~ cm/sec.

Signature of Faculty
with date & Remark

Conclusion: Course outcomeS0O1 to CO6and Program outcome®1, PO2 & POY9are attained.

Page4Z
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Viva Questions

1. Define the wave. What are the factors which affectthe wave?

A wave is a disturbance that moves along a mediiam one end to the other.The factors

which affect the wave are wavelength, frequencigorsy and mass density of the wave.

2. Define transverse and longitudinal waves?

For transverse waves the displacement of the mediyperpendicular to the direction of

propagation of the wave

In the longitudinal waves the displacement of theglimm is parallel to the propagation of the
wave

3.What is node and anti node?

A node is a point along a standing wave wherewvdnes have minimum amplitude. For

instance, in a vibrating guitar strings are nodé® opposite of a node is an anti-node, a point

where the amplitude of the standing wave is a marimrhese occur midway b/w the nodes.

4.Define and explain about the resonance?

Resonance or sympathetic vibration may occur winesbgect is exposed to forced vibrations.

If the frequency of these “forced” vibrations matshthe object’s “natural frequency” the object

may begin to vibrate or, if it is already vibratjregdramatic increase in the amplitude of these

vibrations may occur. When either of these hapjteéesa called resonance or sympathetic

vibration.

5.Explain the difference b/w the forced vibration ad natural vibration.

Forced vibration:When a periodic disturbing force keeps the bodyilanation throughout its

entire period of motion, such vibration is said#oa forced vibration. The frequency of

vibration of the body is same as the frequencyefapplied force.

Natural vibration: In free vibration the body at first is given antial displacement and the
force is withdrawn. The body starts vibrating andtmues the motion of its own accord. No
external force acts on the body further to keep motion. The frequency of free vibration is
known as free or natural frequency.
6.Give an example of mechanical wave?

Water waves and sound waves are mechanical waves.
7.How the resonance takes place in this experiment?
When the frequency of the vibrating tuning forlkeggual to the natural frequency of the

Vibrating air column in the aspirator botthen the resonance takes place.

Engineering Physics Lab @ Lendi
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EXPERIMENT NO -7

COMPOUND PENDULUM

AIM: To determine the acceleration due to gravity ‘gl aadius of gyration using a compound pendulum.

. ndpendulum with suitabl rt for it pn, stop-clock an le.
[Expenment No: I dpendulu suitable support for its sasjon, stop-clock and a scale
Date:

Modified Simple Harmonic Motion: Any rigid body mounted upon a
horizontal axis so as to vibrate under the forcgratity is a compound pendulum. The motion of saich
body is an angular vibration about the axis of saspn is called Angular SHM or M SHM.

FORMULA: Acceleration due to gravity at a given place is.

I
g =4N° (),

g =Acceleration due to gravity at a place in cm/s

Where,

I=Distance between the point of suspension and pbiogcillation in cm

T= Time period of oscillation in seconds

THEORY: The point at which the steel bar is suspendedllisccthe centre of suspension, (Points) while
the other extreme point (Point 0) is called thetieeaf oscillation. These two points are interchealge.
The distance between the point of suspension anddimt of oscillation gives the length of equivdle
pendulum with the same time period. There will kengnsuch pair of points i.e., the point of suspamsind
the point of oscillation, and ‘T’ is the correspamgitime period, then we have

2, |
= 4N (— cy
PROCEDURE:

One end(A end) of the steel bar is suspended tigbrthe hole(S) as shown and allowed fo
oscillate(30 oscillations) and the time taken f@ @&scillations is noted (trail 1).The oscillatiosst up
should be confined to vertical plane only. The expent is repeated for the same point of suspessamal
again the time taken for 30 oscillations is noted([T2).The average time of these two trials isedoand
then the time period T(i.e. time taken for one kestodn) is noted.

The bar is now suspended through the next holetlamaxperiment is repeated each time
noting the time taken for 30 oscillations and theetperiod. The experiment is continued by suspenthe
bar through the successive holes and the time gp&icecorded. As we approach the centre of theileay
centre of gravity of the bar, the time period woindrease considerably.

Page44
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Experimental Diagram: A

WALL BRACKET
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Now the pendulum is reversed i.e., B end is madsuspend through the hole and is allowed
oscillate as before (30 oscillations) and the tpedod is noted. It is to be noted that even attgersal, the
distance of point of suspension is to be measuoed the same end i.e., from same end A. The obsenga
are recorded in the tabular form as shown.

A graph is drawn with the distance of the poinbst€illation from one end (A end) on the X
axis and the period of oscillation on the Y-axiBeTgraph consists of two symmetrical curves comeging
to the two halves of the bar. The bar is takenamat is balanced on a knife edge (the centre pamd)the
centre of gravity (G) of the bar is determined. Th&tance is from the A end of the bar to the @oir
gravity is noted (50 cm) and is marked on the gnagber as G. It is to be noted that the ordinateutth G
is the line about which the two curves are symroakri

On the graph paper, a line ABCD is drawn paratiek-axis intersecting the two curves 4
four points A, B, C, and D. It is to be noted t& will be equal to BD. Each being equal to theglinof

the equivalent pendulunh){corresponding to the time period (T).This valué afd t are substituted in the

equationg = 4 2('_2) cm ~, and the ‘g’ value at that place is obtained.
T S

174
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Table to determine the period of oscillation T of he compoundpendulum
Distance of the point of
suspension measured Time taken for 10 (or 5) oscillations (Sec) | Period of
S.No from one end of the oscillation
bar(ATend only) Trail 1 Trail 2 Mean T (Sec)
(Lincm)
1 5
2 10
3 15
4 20
5 25
6 30
7 35
8 40
9 45
10 95
11 90
12 85
13 80
14 75
15 70
16 65
17 60
18 55

46
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Graph:
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The radius of gyration k of the pendulum about axis through its centre of gravity
perpendicular to the broad face of the bar is abthfrom the graph as:

K = XY
2
The moment of inertia §) of the bar about an

axis through its centre of gravity and perpendictdathezbroad face is given by:
lg = MK

Page4 /

Where, M is the mass of the bar.
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The moment of inertia §J of the bar about any other parallel axis at sadise ‘d’ from the center of gravity

Frisbees, etc.

of inertia of human beings, farm tractors and sgilhoats.

highway and railway construction.

CALCULATIONS:

Engineering Physics Lab @ Lendi

2. Itis used in the analysis of compound penduloicket suspension modeling.
3. Examples of the application of compound penduiu@ory to the practical measurements of the maosne)

is given by:
| = Ig+ Md®
= M(k+ o)
Table for to find the values ofl , T? from the graph and to determine ‘g’
Length of the equivalent simple pendulum 2
S.No Time Period T J a Pep T 2
AD BC | =ADIEC cny Cm/se
1
2
3
Applications:

1. Itis used in developing the experiments to mesathe moments of inertia of hockey sticks, galbs,

4. Itis also used in CPJC (Compound Pendulum Jash@r). CPJC is a kind of commonly crusher and i
used in broken missions of the metallurgy, mintiggmicals, building materials, industries, as \asll|

48
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PRECAUTIONS:

1. The knife edge should perfectly rest on the dmborizontal surface.

2. The knife-edge should be horizontal and the pkemd should oscillate in a vertical plane.
3. Amplitude of oscillations must be small.

4. The time should be noted when the oscillatioesegular.

5. The graph drawn should be a free-hand curve.

Result: Acceleration due to gravity g at a given place =

Radius of gyration K=

Signature of Faculty
with date & Remark

Viva Questions

1. What is acceleration due to gravity?

The acceleration due to gravity is the acceleradiom body due to the influence of the pull
of gravity alone, usually denoted by ‘g’.

2. What is simple harmonic motion?

Simple harmonic motion is a type of periodic motianere the restoring force is directly
proportional to the displacement.

3. What is compound pendulum?

Pendulum consists of an actual object allowed irmjdteely around a horizontal axis.

4. What is the ‘g’ value at the pole and at the equat®@

At the equator and at the sea level its valueisfapout 9.78mfsand at the poles it is
9.83m/s.

5. What is the equivalent length of a simple Pendulum?

For these pendulums the appropriate equivalenthesghe distance from the pivot point to
apoint in the pendulum called the center of Odailfa

6. What is meant by center of gravity?

It's the geometric center of the sphere, for osteapes or for objects where the density is
Notthe same throughout, it's more complicated.

7. What are units and dimensions of g?

The units of g are ndsind the dimensions is Length/time

8. What is radius of gyration?

Radius of gyration or gyrations refers to the distribution of the gmments of an object
around an axis. In terms of moment of inertias ithe perpendicular distance from the axis
of rotation to a point mass (of mass, m) that gae®quivalent inertia to the original
object(s)of mass, (m).

Engineering Physics Lab @ Lendi

Conclusion: Course outcomeS0O1 to CO6and Program outcome®1, PO2 & PO%are attained.
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E XPERIMENT No-8

Preparation of composite material by hand lay-up tehnique
Aim:
To prepare composite materials by hand layup tgalen
Apparatus:
Mold, release agent, roller, mixing container anging stick, epoxy resin, hardener, fiber glass amv
cloth, acetone
Theory:
A Lay-Up process is moulding proces$or composite materialsn which the final product is obtained by
overlapping a specific number of different layarsyally made of continuous polymeric or ceramicefsh
and athermoset polymeric liquid matrixt can be divided into Dry Lay-up and Wet Lay-UWigpending on
whether the layers are pre-impregnated or not.LRgrup is a common process in @erospace industry
due to the possibility of obtaining complex shapéih good mechanical properties, characteristigsiired
in this field. On the contrary, as Wet Lay-Up does allow uni-directional fabrics, which have bette
mechanical properties, it is mainly adopted forgiler areas, which in general have lower requirgsie
terms of performance. The main stages of the Laytdpess are cutting, lamination and polymerization
Even though some of the production steps can lmeraied, this process is mainly manual hence often
referred to as the Hand Lay-Up process, leadingrnates with high production costs and low prduunc
rates with respect to other techniques.
Cutting fabrics is the first stage of the Lay-Upgess. fibres, in general, have high tensile streagd the
shear strength is quite low, so they are fairlyygascut. This process can be manual, semi-autcroati
completely automatic. As far as cutting tools aveaerned, the most common are scissors, cuttekgkn
and saws.
Lamination of the fabrics is the second stage eflLihy-Up process. It is the procedure of overlagaith the
layers in the correct order and with the corre@raation. In the case of Wet Lay-Up, the preparabf the
resin is included in this operation, as the fabaiesnot already impregnated. Lamination is usually
performed in &lean-roomo avoid particle inclusions within the layers,ialhwould interfere with the
characteristics of the final product.
The most important tool is thmould It can be made of different materials, dependinghe shrinkage and
the thermal expansion coefficient of the compasigerial, the stiffness required, the surface fimseded,
the draft angles and the bending angle.
Polymerization of the laminate is the third andafistage of the Lay-Up process. This phase israbat
importance to obtain the required characteristic®final product. Polymerization in an autoclase@
technique which allows laminates with the best raeatal properties to be obtained, but it is thetmos
expensive and permits only the use of open motillds.advantage is due to the fact that the pressips
to bond the composite layers and to eject air siohs and volatile products, increasing the qualitthe
process. Typically, the three cycles of temperatoressure and vacuum are studied experimentally to
obtain the best combination of the three parameters
Procedure:
The materials used in this process are mould,selagent, resigns and reinforcing fibers. A moldsisd
for making parts using lay-up process to placerlayer on to obtain the desired shape. Differeatenals
such as metals, composites, wood, plastic etc earséd as molds.
Releasing agent is used to prevent resign frorkisgdo the mold. Waxes, spray releases, intelabses
etc are used as release agents. Resigns actraatifive of the composite to bind the composite maker
together and transfer component stresses that ob@ndhe part to the fibers in the composite.
There are many different fibers that can be usedake up a composite and each material can benebtai
in different formats. Both of these variables aesign options that are available according to tsgh
constraints of the final product and make up aiaant part of the material selection processhis
experiment

Hand lay-up technique:

Engineering Physics Lab @ Lendi 50
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The first step is to mix the resin and the hardehke proportions are usually giver
by the supplier and can be found on the contaioktise hardener or resin. The portions can be eithe
measured by weight for by volume but it is impottEnfollow these proportions exactly as this is a
complete chemical reaction and all components measit completely for maximum strength of the matrix
It is easiest to measure proportions using themelmethod and a screw in pump that inserts intadne
of resin and hardener. These pumps can be purchéssgiwith the containers of 6 resin and hardener.
The first layer of fiber reinforcement is then laithis layer must be wetted with resin and thetlysof
pressing using a brush or a roller make the résihwas added in the previous step wick up thrabgh
fiberglass cloth/jute/fiber material. If the fibgrnot completely wet, more resin can be added thestop
and spread around as shown in figure 1.

Optional gel coat

Fig. 1 Hand lay-up process

Mould tool

At this stage a second layer of glass fiber issddmhd special care must be taken to eliminatrdiubbles
possible. This can be accomplished by either liny air bubbles out with a small hand rollingl toio
brushing out the air bubbles with a paintbrushs®tep is repeated until the desired thicknesbtemed.
As the glass fiber layers are added to build latemand total part thickness the individual layees be
oriented at varying angles to accomplish spectfiergth in the direction of the reinforcement wea¥és is
called ‘clocking’. Sometimes during the build-upsafccessive layers of reinforcement a cover sHeet o
plastic can be temporarily put over the layup asild together with the layers underneath to redbee
mess and squeeze out excess resin. It is impavtaern the proper amount of resin has been usetidor t
layup that any excess resin in the cup is placeanghin an area that does not have any flammabieriaia
such as a concrete sink or slab. The studentséia@ith the exothermic reaction that is taking @las the
resin ‘gels’. Typically, the cup gets hotter thae tomposite panel, because of the heat of reatttains
being transferred to the cup.
Once that part is ready to be cured, it must beaddo an adequate location. In this case it camdeed to
a curing oven or simply left to cure in place utii next day.
Applications:
Largest number of reinforced plastics, compositelpcts are produced by hand lay-up process. Plarts o
some of accessories can be made from an opernréindorced mould. Few examples of this process use
are:

* Boats

» Car bodies

» Hard-shell truck bed covers

* Air craft skins

Result:
|
Preparation mechanism of composite material by hgnplrocess is learnt.

Virtual lab experiments:
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Experiment 9
Cronus Experiment

AlM:

To find the elastic constants of the Perspex besinguCornus interference method.

1. Young’s modulus(Y)
2. Poisons ratio o)
3 Bulk modulus (b)

APPARATUS

Sodium vapor lamp, transparent beam, convex lealting microscope, two knife edges, a set ofglvts,
weight holders and a mirror.

EXPERIMENTAL SET UP

Consider a rectangular Perspex beam of lengtirédddth 'a’ and thickness 'b'.A Plano convex lempdaced
over the beam. Weight hanger is placed at both endéich mass can be added. Knife edges were glace
at a distance ‘I’ from both weight hangers. A ligiource is used to illuminate the arrangement.

THEORY

An air film is obtained between com
lens and Perspex beam. The light is n
to fall normally on the air film with tt
help of a glass plate on the arrangemen M

The interference fringes formed is viev

by means of travelling microsco

Without adding any mass in the weli

hanger we get circular rings. But as

uniformly add mass on the weight han

the beam bends and we get ellipt

fringes.

During bending, an extension is cause: ghuss bt

the upper surface and compression or é

lower surface.

Let R1 be the longitudinal radius

curvature of the beam. The inter perspex beam

bending moment caused by extensiol A AN

the surface above the bar and compre: A

below the bar is given by ‘ f
vAK?

iy

sOurce

=

Convex Lens

(BERNN

where
Y is the young’'s modulus
A=ab, is the cross sectional area of bar
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,the radius of gyration for rectangular cross secti

In equilibrium condition the internal bending mormenust be balanced by the moment due to weiglat 1
attached to its ends

vAK?

iy

Y (L)
On rearranging we get, young’s modulus,

12myaiRry

",/=—

= 2)
L

Also when the bar undergoes longitudinal bendih@lso undergoes a lateral bending, resulting tierdd
strain R.
The ratio between these two quantities is the Bnisgatio and is given by

Ry
?, (3)

U=

The longitudinal bending Rtcan be found out using the

equation,

2 g2
e b o B B0
1 4;—:').‘ (dzn_drznj

(4)

where ¢ and d, are the diameters of nth ring with mass and withmass in longitudinal direction,
Similarly

rr2 2
oo Lo T ipTn
2 4;—:').‘ l:dzn_dnzrl:l

(5)

where ¢” and d,are the diameters of nth ring with mass and witmoass in transverse direction.

So from the values of diameter of rings with mass without mass, we calculate &nd R.
L2maiRy

3
Lalw)
From those values of;Rnd R we calculate young’s modulus

-
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fes
L—E. H

) . 1
Poisson’s ratio, and bulk modulus,

Procedure
1. Real lab

To find the diametre of rings without mass

1 Place the given Perspex beam symmetri

over the two knife edges. A
A convex lens is placed over beam.
As shown in figure light is allowed to f
normally on the air film with the help of glass {@a
4. On focusing, interference fringes formed

R

___r
3(1-20)

M

5. Fix the cross wire on any of the nth ring on glass plate

side (left or right) using the knob. é
. Corresponding value of MSR and VSR 4
noted.

viewed by means of travelling microscope. //
pd
e
Y ~

ur

perspex beam \4»-,____ ¥

Convex Lens

1. Move the cross wire to the (nfipr (n-

2)"ring on the same side.

Engineering Physics Lab @ Lendi

8. Take the readings of the rings on either side efcéntre position.
9 Now repeat the same procedure by moving the crass wp and down on either side of cent
position.
Diametre of rings with mass
1. Adjust the distance between the weight hanger lae =
knife edges.
2 Add mass on the weight hanger.
3. Repeat steps 4-9 to measure the horizontal
vertical position of ring:
//
2_ smula‘tor perspex beam Cox 1
To find the diametre of rings without mass * “
1 Mass on weight hanger is set as zero g. : h
2 Select desired values for the variables by clickinghe sliders for each variable.
3 Click on the ‘Light On’ button.
4. Now the repeat the steps 5-9 of real lab.
9 The reading of rings during the horizontal/verticabtion is shown by the horizontal/vertica

54
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position value of microscope under variables sactio
6. Click ‘Reset’ button for another values

To find the diametre of rings with mass

Add suitable mass on weight hanger.
Repeat steps 3-6 of simulator.

WN e

Observations

To find the thickness of Perspex beam using screvagge

Zero correction=
No |MSR VSR Total reading

(em)

To find the breadth of Perspex beam using Vernieraipers

No MSR VSR Total reading
(cm) (cm)
Breadth of plate, a=............cm

To find the diameter of rings in horizontal direction

Engineering Physics Lab @ Lendi

Thickness of Perspex beam, b=....mm.

of

variablé

Adjust the variables and position of weight hangeclicking on their corresponding sliders.

55
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o

dnA f_a’gﬂ —a 2y

H

Lateral strain, R, =

Engineering Physics Lab @ Lend

Order,n | Mass(g) | Microscope reading Diametre,d, | d.? | dn2-d,"? | dn2d,"?
(cm)
Left Right
0
Order,n | Mass(g) | left right Diametre,d,” | d."? | dn?-da" | da2da"
(cm)
100
202
J- l:f :"ZG i
4nd (¥ —d? )
Longitudinal bending R; = '
To find the diameter of rings in vertical direction
Order,n | Mass(g) | Microscope reading Diametre,d, | d® | dy?-dy"? | d2d,"?
(cm)
Up Down
0
Order,n | Mass(g) | up down Diametre,d,” | d,”? | d.?-d,"* | d,2d,"?
(cm)
100
l drrzhdz
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Result:

For a given plate

Young’s modulus, Y=..................Nnf-
Poisson’s ratiog =.............coeeunes

Bulk modulus, b=.........cc.ceoei..... Nni-

Engineering Physics Lab @ Lendi
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VIRTUAL LAB EXPERIMENTS

Kundt's Tube Apparatus
Aim:

To find the velocity of sound waves in a given with Kundt’'s tube apparatus.
To find the Young’'s modulus of the material of tioel.

Apparatus:

A long glass tube, piston, metal rod, powdered carler, clamps and leather piece.
Theory:

Kundt’s tube is an acoustical apparatus, invente@érman Physicist, August Kundt (1866). Knowing th

speed of sound in air, the speed of sound a solid rod can be calculated based on the uneant of
sound wavelength.,. If the frequency of the sound wav¥es known, we can calculate the speed of sound|as,

V=74

Kundt's tube apparatus:

The apparatus consists of a long transparent haakzpipe G, which contains a fine powder suchak c
dust or talc. At the ends of the tube, there ar@ahfigtings. At one end of the tube, a metallid rAB, of
uniform radius having one or two meter length tsaduced. This rod is clamped at the middle andesaa
circular disc D, rigidly fixed at one end. The masliof the disc is slightly less than the radiughef glass
tube. The rod is inserted a few centimeters ingi@etube, without touching it. The other end of ghess
tube is closed by a metallic piston, P. The posibbthe piston can be adjusted by moving it iroot. The
whole apparatus is tightly clamped on a table, st there will be no jerks on the tube during the
experiment.

The schematic diagram of a Kundt’s tube is showavire

B C A 1 m
=FG%!D = ﬂi T '
o — e Tt w

Longitudional wave in rod T s e
e |
y ‘ Waive

—_— 5 in

Pageoo

The tube is dried and fixed in position after spiieg a thin layer of cork dust in it. When the iedset into
longitudinal vibrations at its fundamental frequeroy rubbing it with a piece of rosined leatheBathe
ends of the rod act as anti-nodes and the middle
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point acts as node. The length of the metal rajisal to half the wavelength of th
sound wave in the material of the rod. The disar®etp vibrate backward and forward. The air indioe
glass tube is set into forced vibrations with thegqéiency of the wave emitted and stationary waves |a
produced by reflection at the piston. On alterihg position of the piston, a point is reached wrere
overtone of the air column coincides with the fuméatal of the rod, and thus produces resonancenwith
the tube. At this stage, the cork dust in the tgbaolently agitated and collected as heaps antaes. The
average distance between the successive heapsevatjual to half the wavelength of sound in air.

11%

If 1, be the mean distance between the consecutive mbdesk dust in air and,lthe length of the metal
rod, then,
Wavelength of sound wave in air,

e

[+ a

Wavelength of sound wave in the rod,

A,=2,

If f is the frequency of vibration produced, thdogity of the sound wave through the rod and amiien
by,

7= #0 1)

V,=2f1, (2)
Hence,

V.=, i—" (3)

Knowing the speed of sound in air, we can calcuth® speed of sound in the rod.

The velocity of sound in a solid material is gl\kﬁn
Vo= |3 4
g A} \ )

Where Y is the Young’s modulus of the material lné fod ang is the density.

Then,

v =V2p )

»
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Procedure for performing real lab:

Engineering Physics Lab @ Lendi 60

Take the glass tube and put some powdered corkrdiist

By fast rotatory movement, distribute the powdefarmly inside the tube.
Fix the tube tightly with the holder.

Tightly clamp the metal rod at the centre.

The piston is introduced to the other end of tlesgltube.

The rod is rubbed at B, lengthwise with a pieceosfned leather and set into longitudinal vibrasio
at its fundamental frequency.

Move the piston in and out of the tube till theam@nce is obtained.
Now the cork dust inside the tube becomes depoagdtaps.

Select the position of the extreme nodes very adyedind measure the distance between them. F
the number of heaps and calculate the averagendesteetween two consecutive peaks.

Note the length of the rod and repeat the experimen

We have the velocity of sound through air equad8m/s.

Using equation (3), the velocity of sound throulgé tod can be calculated.
The Youngs modulus of the rod can be calculateah equation (5).

Note:

The glass tube must be perfectly dry as moistwetaisound velocity.

The metallic rod should be clamped exactly at tlddia.

The powder must be evenly spread.

The disc should not touch the glass tube, sincauses the tube to break.

Procedure for simulator:

From the combo bo$elect Material select the material of the rod.
By clicking the buttorStart Rubbing set longitudinal vibrations in the rod.

Using the slideRod length, select desired length of the experimental rod.

-

ind
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« The sliderPiston Positionhelps the user to move the piston in and out ofjtass tube to obtain thg
resonance condition. At resonance, the dust wilkap as heaps.

» Using this slideScale Position move the ruler and measure the length betweeddabieed number
of heaps. From that, one can calculate the lenfgtm® heap.

* The optionShow Resultdisplays the velocity of the sound waves and thengs modulus of the
material of the rod.

» TheResetbutton resets the conditions.
* The experiment can be repeated for different maltedf rod and different rod lengths.
* Observations:

Length of therod,# ............... m.

Frequency of sound used, f=.......... Hz.
Velocity of sound in air, Y= 343 m &.

Average
‘ distance
Distance Number of between two
b e_tw-:: en Heaps consecutive
No- | extreme heaps
nodes.
L
L (m) 1 b= -1
{m)
Meanh = ................ m
Then,
i
V=V
)
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Result:

The velocity of sound wave through therod =................
Young’s modulus of the material of therod = ..............

APPENDIX- |
Fundamental Physical constants

Name Symbol Constant Value
Speed of light c 2.99792458 x 10° m/s
Planck constant h 6.6260755 x 1074 J 5
Planck constant h 4.1356692 x 107" eV .5
Gravitation constant G 6.67259 x 107" m’ kg™ 57
Boltzmann constant k 1.380658 x 107 J /K
Avogadro's number N 6.0221 x 16" mol*
Charge of electron e 1.60217733x 107" C
Permeability of vacuum M ar x 107 N/ A?
Permittivity of vacuum £, 8.854187817x 10" F/m
Coulomb constant 1/ dme, = K 8087552 x 10° N-m3/C?
Faraday constant F 06485309 ¢/ mal
Mass of electron m, 0.1093807 x 107" kg
Mass of electron m, 0.51099906 MeV /¢’
Mass of proton m, 038.27231 MeV / ¢
Mass of neutron m, 1.6749286 x 107 kg
Mass of neutron m, 939.56563 MeV / ¢*
Bohr magneton My 0.2740154 x 107** JI T
Flux quantum @, 2067834 x107°T / m”
Bohr radius a 0.529177249 x 10™"m
Earth’s magnetic field H 0.38oersted

Engineering Physics Lab @ Lendi
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APPENDIX —II

Physical Density of Metal’s & Alloy’s
S.No. Metal or Alloy Densitykg/m®)
1. Actinium 10070
2. Aluminum 2712
3. Barium 3594
4, Beryllium 1840
S. Bismuth 9750
6. Brass 60/40 8520
7. Bronze (8-14% Sn) 7400 — 8900
8. Brass - casting 8400 — 8700
9. Cadmium 8640
10. Castiron 6800 — 7800
11. Chromium 7190
12. Cobalt 8746
13. Copper 8940
14. Iron 7850
15. Nichrome 8400
16. Nickel 8908
17. Gold 19320
18. Red Brass 8746
19. Silver 10490
20. Stainless Steel 7480 — 8000
21. Steel 7850
22. Tin 7280

Engineering Physics Lab @ Lendi
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APPENDIX —lII

Symbol

Component name

Physical Meaning

Not Connected Wire

Wires are not connected

Earth Ground

Used for zero potential reference and electrical
shock protection.

Resistor

Resistor reduces the current flow.

Variable Resistor/Rheostat

Adjustable resistor - has 2 terminals.

Capacitor

Capacitor

Capacitor is used to store electric charge.

It acts as short circuit with AC and open circuithw

DC.

Variable Capacitor

Adjustable capacitance

Inductor

Coil / solenoid that generates magnegicfi

Voltage Source

Generates constant voltage

Current Source

Generates constant current.

AC Voltage Source

AC voltage source

Electrical voltage is generated by mechanical

IR AR AR AR -

V

voltage

Engineering Physics Lab @ Lendi
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Generator rotation of the generator
Battery Cell Generates constant voltage
—lif— Battery Generates constant voltage
@ Voltmeter Measures voltage. Hgs very high resistance.
Connected in parallel.
Measures electric current. Has near zero resistance
D—@—o Ammeter )
Connected serially.
. Diode allows current flow in one direction only
- Diode (left to right).
Allows current flow in one direction, but also can
—{— Zener Diode flow in the reverse direction when above breakdo
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