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SNGCET Payyanur CEL411 Environmental Engineering Lab

DEPARTMENT 0F CIVIL ENGINEERING

VISION OF THE DEPARTMENT

•To  pursue  excellence  in  Civil  Engineering  and  technology  towards  sustainable

development and to bring out professionals with futuristic vision.

MISSION OF THE DEPARTMENT

• To  mould students  into  outstanding Civil Engineers by inculcating technological

competency throuch conducive environment for education and committed faculty.

• To contribute to nation building and development of society through irmovation and

design of sustainable infrastructure.

• To enhance employability, imbibe professional ethics, encourage entrepreneurship

and equip for higher education.

---Dr..[EENA  A. ¥.
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SNGCET Payyanur CEL411 Environmental Engineering Lab

PROGRAM EDUCATIONAL OBJECTIVES (PHOs)

PEO1:-To  prepare  students  to  excel  and  succeed  in  Civil Engineering profession

through quality education.

PE02:-To provide students with a robust foundation in mathematics, basic sciences

and engineering required to solve real life problems as well as also to pursue hither

s"dies and research.

PE03:-To  enable  students  to  comprehend,  design,  analyze  and  create  sustainable

infrastructure throuch state of the art tools and technologies.

PE04:-To inculcate professionalism, ethics, communication skills, teamwoi.k, multi-

disciplinary  appi.oath  and  ability  to  relate  civil  engineering  with  socio  economic

dynamics for overall development of students.

PE05:-To    empower   the   students   throuch    intellectually   inspiring   academic

environment to become successful engineers, scientists, technocrats, administrators or

entrepreneurs.

r-/L!rfi~~
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SNGCET Payyanur CEL411 Environmental Engineering Lab

PROGRAMME OUTCOMES {POs)
Engineering Graduates will be able to..

1.   Engineering   Knowledge:   Apply   the   knowledge   of  mathematics,   science,
engineering  Fundamentals,  and  an  engineering  specialization  to  the  solution  of
complex engineering problems.

2.  Problem  Analysis:  Identify,  formulate,  review  research  literature,  and  analyze
complex   engineering   problems   reaching   substantiated   conclusions   using   first
principles of mathematics, natural sciences, and engineering sciences.

3.  Design/  Development  of Solutions:  Design  solutions  for  complex  engineei.ing
problems and design system components or processes that meet the specified needs
with  appropriateonsideration  for  the  public  health  and  safety,  and  the  cultural,
societal, and environmentalconsiderations.

4.  Conduct Investigations  of Complex Problems:  Use research-based knowledge
and research methods including design of experiments, analysis and interpretation of
data, and synthesis of the information to provide valid conclusions.

5. Modern Tool Usage: Create, select, and apply appropriate techniques, resources,
and modem engineering and IT tools including prediction and modeling to complex
engineering activities with an understanding of the limitations.

6.   The  Engineer   and   Society:   Apply  reasoning  informed  by  the   contextual
knowledge  to  assess  societal,  health,  safety,   legal  and  cultural  issues  and  the
consequent responsibilities relevant to the professional engineering practice.

7.  Environment  and  Sustainability:  Understand  the  impact  of the  professional
engineering solutions in  societal  and envirormental  contexts,  and demonstrate the
knowledge of, and need for sustainable development.

8. Ethics: Apply ethical principles and commit to professional ethics and
responsibilities and noims of the engineering practice.

9.  Individual  and  Team  Work:  Function  effectively  as  an  individual,  and  as  a
member or leader in diverse teams, and in multidisciplinary settings.

10.  Communication:  Communicate  effectively  on  complex  engineering  activities
with the  engineering community and with society at large,  such  as,  being able to
comprehend and write  effective reports  and design documentation, make effective
presentations, and give and receive clear instructions.

11. Proj€€t Management and Finance: Demonstrate knowledge and understanding
of the engineering and management principles and apply these to one's own work, as
a  member  and  leader  in  a  team,  to  manage  projects  and  in  multidisciplinary
envirorments.

--i-,I

12. Life-long learning: Recognize the need for, and have the preparation and `ability
to   engage   in   independent   and   life-long   leaming   in   the   broadest   context ~ of~  _*~
technological change.

iii
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SNGCET Payyanur CEL411 Environmental Engineering Lab

PROGRAM SPECIFIC OUTCOMES {PS0s)

PS01:-Demonstrate   in-depth   knowledge   in   the   analysis,   design,   experimental

research and construction aspects of civil engineering stmctures.

PS02:-Apply the concept of sustainability in various fields of civil engineering like

construction technology, transportation engineering, soil conservation, water resource

engineering and waste management.

fi/S#
Dr. LEENA  A. ¥.
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SNGCET Payyanur

AS SES SMENT PATTERN

Mark distribution

CEL411 Environmental Engineering Lch

Total Marks CIE ESE ESE Duration

150 75 75 3 hours

Continuous Internal Evaluation Pattern:
Attendance: 15 marks

Continuous Assessment: 30 marks

Intemal Test (Immediately before the second series test): 30 marks

End Semester Examination Pattern: The following guidelines should be followed

regarding award of marks

(a) Preliminary work: 1 5 Marks

(b) hiplementing the work/Conducting the experiment: 10 Marks

(c) Performance, result and inference (usage of equipment and troubleshooting): 25
Marks

(d) Viva voce: 20 marks

(e) Record: 5 Mal.ks

mEIEi=
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SNGCET Payyanur CEL411 Environmental Engineering Lab

SYLLABUS

CEL411
Er`IV'IRONRENTAIENGINEERINGLAB

CATEGORY L T P CREDIT Year ofIntroduction

PCC 0 0 3 2 2019

Preamble: This lab provides the knowledge on tests used to analyse the physio-
chemical and bacteriological properties of water and explains the various method
followed in the test along with its suitability as a drinking water.

Prerequisite: CET 3 04 Environmental Enedneering

Course Outcomes: After the completion of the course, the student will be able to:

CourseOutcome Course Outcome Description

Col Analyse various physico-chemical and biological parameters of water

C02 Compare the quality of water with drinking water standards and

recommend its suitability for drinking puxposes

Mapping of course outcomes with program outcomes:

PO1 P02 P03 P04 P05 P06 P07 PO8 P09 Polo P011 P012

Col 3 3 3 1 - 3 3 - - - - 3

C02 3 3 3 1 I 3 3 1 I I 3

Or. LEENA  A. V.
PRINCIPAL
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SNGCET Payyanur CEL411 Environmental Engineering Lab

List of Exercises

1 . Determination of pH, Electrical Conductivity and Turbidity*

2. Determination of TS, TDS and TSS, TVS *

3. Determination of Alkalinity and Acidity *

4. Determination of Hardness *

5. Determination of Chlorides

6. Determination of Total hon

7. Determination of Biochemical Oxygen Demand*

8. Determination of Chemical Oxygen Demand*

9. Optimum Coagulant dosage*

10. Break point Chlorination *

11. Determination of Available Chlorine in a sample of bleaching powder

12. Determination of Sulphates

13 . Determination of Fluoride

14. Determination of Dissolved Oxygen*

15 . Determination of nitrates

16. Determination of phosphates

17. Determination of any two Heavy Metal concentration

18. Total coliforms *

Note: * mandatory

Refer€n€€s

1.  Standard Methods  for the Examination of Water and Wastewater, 23rd edition,

American  Public  Health  Association,  American  Water  Works  Association,  Water

Environment Federation, 2017.

2.   Water   Supply   Engineering,   33rd   edition,   Santhosh   Kumar   Garg,   Khanna

publishers.
3.  Sewage  Disposal  and Air Pollution Engineering,  39th  edition,  Santhosh Kumar

Gang, Kharma publishers.                                                                                                       `
F+.a,

4. IS:  10500:2012 Drinking Water -Specification, Second revision, Bureau of Indi¥,^Fqu..~

Standards, 2012.

viii
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SNGCET Payyanur CEli411 Environmental Engineering Lab

SAFHTY RULES AND UNSAFE PRACTICES

GHNERAL SAFETY RULES
Remembei., that "accidents do not occur, they are caused". With this in mind, sthctly

follow the general safety rules given below and safe practices indicated in brief under

each section.

1.   Safety First, Work Next

2.   Know yourjob and follow instructions.

3.   Avoid  wearing  clothing  that  micht  catch,  moving  or  rotating  parts.  Long

sleeves of shirts, long hair, neck tie and jewelers are definite hazards in the

shop.

4.   Wear safety shoes. Do not wear canvas shoes; they give no resistance to hard

objects dropped on the feet.

5.   Keep the area around the machine or work clean.

6.   Keep away from revolving work.

7.   Be sure that all guards are in place.

8.   One person only should operate the machine control

9.   Use tools correctly and  do not use them if they are not in proper working

condition.

10. Wear safety goggle when working in areas, where sparks or chips of metal are

flying.

1 1 . Never

(a) operate a machine unless you are authorized to do so.

(b) Start a machine unless you know how to stop it.

(c) WaHc away leave a machine rurming.

12. Place all belongings out of the work area.

13. Do not obstruct doorways.

14. Do not play in the lab

INSTRUCTIONS:
•    Any 12 of the  18 experiments included in the list of experiments need to be     ,--Lb

performed mandatorily.

|X

srf-
+ . ,Led;-wi ,
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SNGCET Payyanur CEL41 1 Environmental Engineering Lab

•    Virtual  Lab  facility  carmot  be  used  to  substitute  the  conduct  of  these

mandatory experiments.

•    Periodic maintenance and calibration of various testing instruments needs to

be made.

•    Practical examination to be conducted covering entire syllabus given below.

•    Evaluation  is  to  be  conducted  under  the  equal  responsibility  of both  the

internal and external examiners. Students shall be allowed for the University

examination  only  on  submitting  the  duly  certified  record.  The  external

examiner shall endorse the       record.

ty#,-#+
fSdrLtaj``

Dr. iEEtwA  jL: y+
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SNGCET Payyanur CEL411 Environmental Engineering Lab

INDEX

SlNo, Exercise Date Page Mark Remarks

1

Determination of pH, Electrical
Conductivity and Turbidity

2
Detelmination of TS, TDS and TSS,
TVS

3
Determ.ination of Alkalinity and
Acidify

4
Determination of Hal.dness;:

5
Determination of Chlorides

6
Determination of Biochemical Oxygen

Demand

7
Determination of Chemical Oxygen

Demand

8
Ctotimum Coagulant dosage

9
Break point Chlorination

10

Determination of Available Chlorine in

a sample of bleaching powder

11

Determination of Dissolved Oxygen

12
Total coliforms

X1
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SNGCET Payyanur CEL411 Environmental Engineering Lab

Exercise:1

Date:

DETERMINATION OF pH, Electrical Conductivity and

Turbidity

(i) pH
It is the positive Hydrogen ion concentration. The pH scale is used to express

the concentration of hydrogen ions in a liquid. The pH scale ranges from 1 to 14 i.e.

most acid to most alkaline. The hydrogen ion concentration is an impolfant parameter

in determining the quality of water and wastewater. The pH of the water/wastewater

sample is measured by pH meter. A pH meter consists of a measuring probe cormected

to electronic meter that measures and displays the pH reading.

ENVIRONMENTAL SIGNIFICANCE
Determination of pH is one of the important objectives in biological treatment

of the  wastewater.  In  anaerobic  treatment,  if the pH  goes  below  5  due  to  excess

accumulation of acids, the process is severely affected. Shifting of pH beyond 5 to 10

upsets the aerobic  treatment of the wastewater.  h these  circumstances,  the pH  is

generally adjusted by addition of suitable acid or alkali to optimize the treatment of the
wastewater. pH value or range is of immense importance for any chemical reaction.

Chemical coagulation, disinfection, water softening and corrosion control are governed

by pH adjustment.

Lower value of pH below 4 will produce sour taste and higher value above 8.5 a bitter

taste. Higher values of pH hasten the scale formation

AIM

To determine the pH of the given water sample.

APpjRATUS
pH meter, Beaker.

PRINCIPLE
>==±i`-.r

The pH electrode used in the pH measurement is a combined glass electrode. It consists

of sensing half-cell and 1.eference half-cell, together fo.rm an deded«ryslca[ The
PRINCIPAL
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SNGCET Payyanur CEI+411 Environmental Engineering Lab

sensing half-cell is  a thin pH  sensitive  semi permeable membrane,  separating two

solutions, viz., the outer solution, the sample to be analyzed and the internal solution

enclosed inside the glass membrane and has a known pH value. An electrical potential

is developed inside and another electrical potential is developed outside, the difference

in the potential is measured and is given as the pH of the sample.

OBSERVATIONS AND CALCULATI0NS

Sample NO. pH
pH meter pH paper

pROcEDun

1 . Rinse the probe with distilled water. Calibrate the pH meter using reference solution.

2. Rinse the probe with sample and dip the pH measuring probe in sample and read the

value of pH on the screen of the pH meter.

3. Rinse the probe with distilled/deionized water between samples.

4. Thorouchly rinse the probe in distilled water after measurement, keep it in distilled

water when not in use.

¢1) ELECTRICAL CONDUCTIVITY

The electrical conductivity (EC) is a measure of the capacity of a substance or

solution to carry an electrical current. The conductivity is represented by reciprocal

value of electrical resistance in ohms relative to cubic centimeter of water at 25oC. The

measured EC value is used as an altemate method to estimate the total dissolved solids

(TDS) concentration of the sample. EC is represented by the symbol `k' ind` i{; iinits

are millisiemens per meter {ms/in) 01- micromhos per centimeterdr.". A. #+

2
PRINCIPAL
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SNGCET Payyanur CEL411 Envirormental Engineering Lab

ENVIRONMENTAL SIGNIFICANCE

Measuring conductivity is a quick and easy way to estimate the amount of total

dissolved solids (TDS) in natural waters, since most of these solids dissolve to fo]m

ions. Whereas total dissolved solids can include organic as well as inorganic molecules,

conductivity depends only upon dissolved ions. Conductivity measurements can also

be a useful tool for monitoring the inflow of saline water in estuaries and identifying

sources of pollution, such as mining or industrial wa ste or agricultural runoff.

Municipal water supplies are monitored for conductivity, as increased dissolved solids

in the water supply can create hard water, add scale build-up to plumbing, and change

the taste of the water.

AIM

To determine the turbidity of the given water sample.

PENCIPLE

Conductivity is determined using the distance between the electrodes and their

surface area. According to Ohm's law, the current through a conductor between two

points is dii.ectly proportional to the potential difference across the two points.

APpiRATUS

Conductivity meter, small beakers

REAGENT

Distilled  water  or  de-ionized  water..  The  water  should  t\ave  a;n  ehectica,1

conductivity of less than 0.01 ms/in (< 0.1 [rmho/cm). Boil the water shortly befoi.e use

to minimize C02 content (equal to atmospheric equilibrium).

3
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SNGCET Payyanur CEL4 I 1 Environmental Engineering Lab

0.01M  Standard  potassium  chloride  solution  (Kcl):  DisschNe  745.6  "g

anhydrous Kcl (dried I hour at 180 °C) in conductivity water and dilute to 1000 ml.

This solution has an electrical conductivity of 141.2 ms/in at 25o C.

PROCEDURE

1. Rinse conductivity cell with 0.01M Kcl solution. Calibrate the conductivity meter

using the Kcl 1.eference solution to obtain cell constant.

2. Measure the electrical conductivity of the 0.0 I M Kcl solution at room temperature.

3. Rinse cell with sample and measure the electrical conductivity of the sample.

4. Rinse the cell with deionized water between samples.

5. Thoroughly rinse the cell in distilled water after measurement, keep it in distilled

water when not in use.

CALCULATI0NS

The conductance (G in Hmho) of standard potassium chloride (Kcl) solution is

measured and from the corresponding conductivity, a cell constant `C' is calculated by

the expression: C=kG

For 0.01 N Kcl solution the `k' value is 1412.

EC--Gs*(Hmho/cm)

where GS= measured conductance of the given sample.

The TDS of an unknown sample is calculated using the following relationship:

TDS (Tngl[)=    C x EC (qumho/cm)

where C is empirical constant (it varies between 0.55 to 0.9, depending upon the soluble

solids present in water).

all) TUREIDITY
Turbidity is a measure of suspended matter that affects the licht scattering/light

absorption properties of water. Jackson (light absorption principle) and Nephelbmetric

(intensity light scattering principle) meters are mostly us.ed to rfudeidiftyof
4 PRINCIPAL
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SNGCET Payyanur CEL4 1 1 Environmental Engineering Lab

1. Switch on turbidity meter and wait for few minutes till the instnment warms up.

2. Shake the standard solution present in the cell/bottle befoi.e keeping it in sample ch

ambertholder and measure the turbidity of the reference standard solutions.

3. Any deviation in reading of the reference solution, calibrate the instrument using

calibration switch.

4. Shalke the sample before keeping it in sample chambertholder and note down the

turbidity of the sample.

RESULT
Turbidity=    NTU

Electrical conductivity =         uS

PH-
INFERENCE

6
Br. LEENA  A. V.
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SCORING SHEET

CEL411 Environmental Engineering Lab

No Performancecriteria Excellent-5/10 Good4/8 Satisfactory-3/6 Poor Marks

1
General Clear Clearunderstandingofthe Ambiguity in ack Clarity in
understanding o understanding understanding e concept and
the exercise of the of the ot able to apply

(5) experiment and experimentandabilityto experiment he concept in
ability to apply and ability to ractical
the concept in apply the apply the situation.
practical concept in concept in (2)
situations practical practical
independently. situations with situations
(5) guidance(4) withguidance.(3)

2 Conduct ofexercise aries out arries out arries out in a Carries out in a
ystematically in,systematically,, airly     , oorly systematic

(10)
professlonal th guidance Systematlcal ay
aner10) (8) ay withidance6) 4)

3 Output (10)
ccurate results ccurate results airly accurate oorly accurate•   first attempt •th guidance esult esultI  dependently10)

8) 6) 4)

4 Vlva(5) ccurate and airly accurate ague answers rong answers
lean answers5) answers(3) 2) (0)

OTALRARES
(30)

CRITERIA
/•-.'`.-~NAGIPGURUNO|,PERFORMiENCE I 50]

WA[20)

TOTAL[70] Dr. iE
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SNGCET Payyanur CEL411 Environmental Engineering Lab

Exercise:2

Date:

DETERMINATION OF TS,TDS AND TSS,TVS

Solids refers to the residue remaining after a water/waste water sample has been

evaporated and dried at a specified temperature (103-105°C). Hich concentration of

total solids will make drinking water unpalatable and might have an adverse effect on

human beings. The main source of solids in water includes industrial discharge, sewage

treatment plant, fertilizers, road runoff, soil erosion etc.

Total solids (TS) consist of total suspended solids and dissolved solids. Total

dissolved solids (TDS) are mainly due to the organic matter present in solution in water.

The main constituents are calcium, magnesium, sodium and potassium. Hardness, scaly

deposits, sediments are some the effects caused by TDS. Total suspended solids (TSS)

are the materials that are retained in the filter paper when the TDS is filtered.

The  term  rixed  solids  qs)  are  applied  to  the  residue  remaining  after

evaporation,  drying  at  103°c  followed by ignition  at 600°c.  The  loss  of weight in

oxidation and volatilization on ignition is called volatile solids (VS). Determination of

fixed and volatile solids does not distinguish precisely between inorganic and organic

matter because loss on ignition is not confined to organic matter. It includes losses on

volatilization  of some  mineral  salts.  The  ratio  of the  VS  to  FS  is  often  used to

characterize the waste water with respect to amount of organic matter present.

The temi s€ttleable soHd refers to the materials in suspension settled due to

gravitational force under quiescent condition. Settleable solids in surface and saline
waters as well as domestic and industrial wastes may be determined and expressed in

ml/1. It can be either determined by volumetric and gravimetric method. It is usually

conducted in Imhoff cone which is graduated glass cone of lL capacity with a narrow

apex.

ENVIRONMENTAL SIGNIFICANCE

Total solids measurements can be useful as an indicator of the effects of runoff

from construction,  agricultural practices,  logging activities,  sewage treatment plant

discharges, and other sources. Total solids also affect water clarity. Higher solids decrease

the passage of light through water, thereby slowing more rapidly and hold more heat; this,  pt~
` I.i-.jEP3+  . `-,

in turn, might adversely affect photosynthesis by aquatic plants.
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Although the waste water or sewage normally contains 99.9 percent of water

and only 0.1 percent of solids, but it is the solids that have the nuisance value. The

amount of solids in wastewater is frequently used to describe the strength of the water.

The more solids present in a particular wastewater, the stronger that wastewater will

be. The environmental impacts of solids in all forms have detrimental effects on quality

since they cause putrefaction problems.

Dissolved minerals, gases and organic constifuents may produce aesthetically

displeasing color, taste and odor. Some dissolved organic chemicals may deplete the

dissolved oxygen in the receiving waters and some may be inert to biological oxidation,

yet others have been identified as carcinogens. In industries, the use of water with high
amount of dissolved solids may lead to scaling in boilers, corrosion and degraded

quality of the product.

AIM

To find the total, suspended, dissolved, volatile, fixed, settleable solids present

in the given sample.

PRINCIPLE
The measurement of solids is by means  of the gravimetric procedure.  The

various forms of solids are determined by weighing after the appropriate handling

procedures.  The  total  solids  concentration  of a  Sample  Can  be  found  dire:thy bythdr:i~
weighing the saniple before and after drving at 103°C. However, the remaining forms,

9
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SNGCET Payyanur CElf4 1 1 Envirormental Engineering Lab

TDS and TSS 1.equire filtration of the sample. For liquid samples, all these solids levels

are reported in mgth.

APpiRATUS
Evaporating   dishes/porcelain   dish   or   crucible,   drying   oven,   desiccator,

weighing balance, Wattman filter paper, muffle furnace, filtration apparatus, hahoff

Cone.

OBSERVATIONS AND CALCULATIONS

Total solids, mgEL = (A-B)* 1000

where

A= weight of dish + residue, mg after evaporation and drying of sample at 103°C

8 = weight of dish, mg

V = volume of sample (mL)

Total dissolved soHds, mgEL =(A-B)V* 1000

where

A= Final weight of the dish, mg

8 = weicht of dish, mg

V = volume of sample (mL)

Total suspended solids, mg/L = (C-D)* 1000

where

C= fmal weight of the filter paper containing the residue (mg)

D= initial weight of the filter paper (mg)

V= volume of sample (mL)

Total volatile solids, mgth = (A-B)* 1000

where

A= weight of dish + residue, mg after evaporation and drying of sample at 103oC

8 = Final weight of the dish, mg after evaporation of sample at 600°c

V = volume of sample (mL)

Total solids, mgth = (A-B)* 1000 =

Total dissolved soHds, mgEL =(A-B)V* 1000 =

10
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Total suspended solids, mg/L = {C-D)* 1000=

Total volatile solids, mg/L = (A-B)* 1000=

PROCEDURE

(i) Total souds..

1. Dry evaporating dish at 104 ±1 °C for 1 hour, cool and stol.e in a desiccator.

2. Weigh the dish immediately before use. Note down the weight as 8.

3. Stir sample with a magnetic stirrer. While stirring, pipette a measured volume into

the pre-weighed evaporating dish using a wide bore pipette.

4. Evaporate the sample to dr)mess in an oven at 104 ±1 °C.If necessary, add successive

portions to the same dish after evaporation.
5. To prevent splattering, the oven temperature may be lowered initially by 2°C below

boiling point and raised to 104°C after evaporation for 1 h. Cool in a desiccator and

note down the weicht as A.

(ii) Total dissolved solids.-
1. Measure the empty weight of porcelain dish and note down the reading as 8.

2. Take known quantity of sample and pass it throuch the filter paper and collect the

filtrate.

3. Dry the filtrate sample in oven at 103°C and cooled in a dessicator and note down

the final weight as A.

(iii) Total suspended solids :
1. Measure the empty weicht of filter paper and note down reading as D.

2. Dry the filter paper with filtered sample in oven at 103°C. Then cool it in a dessicator

and note down the final weight as C.

(iv) Total Volatile solids
1. Keep the sample which is oven dried (sample used total solids, whose weighFA) in

muffle furnace at a temperature of 600°C for I hour.

2. Cool the sample and note down the final weight as 8. This will give the amourlLo£    ""
=S.r:--±-..-r

volatile solids.
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Concentration (mgEL)

TS

TDS

TSS

TVS

RESULT

1). Total solids (TS) present in the given sample = ..............

2). Total dissolved solids (TDS) present in the given sample = .......

3). Total suspended solids (TSS) present in the given sample = ...... „

4). Total volatile solids (TVS) present in the given sample = ..............

INFERENCE
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Hxercise: 3

Date:

DETERMINATION OF ALKALINITY AND ACIDITY

a) jELELINITY
The akalinity of water is a measure of its capacity to neutralize acids i.e.to

absorbs  hydrogen  ions,  without  significant pH  change.  The  alkalinity  in water is

primarily due to the presence of salts of weak acids and strong bases. It is caused by

presence of hydroxides (OH-), carbonates (CO--) and bicarbonates (HC03).

ENVIRONMENTAL SIGNIFICANCE
Wastewaters  containing  excess  caustic  ¢ydroxide)  alkalinity are not to be

discharged into natural water bodies or sewers. Alkalinity as carbonate and bicarbonate

of  saline  water  is  very  important  in  tertiary  recovery  processes  for  recovering

petroleum. Alkaline water offers better wetting to the formation rock and improve oil
release. As an additional beneflt, ions that provide alkalinity absorb on rock surfaces

occupying adsorption sites and decrease the loss of recovery chemical by adsoaption.

The alkalinity value is necessary in the calculation of carbonate scaling tendencies of

saline waters.

The alkalinity acts as a pH buffer in coagulation and lime-soda softening of

water. In wastewater treatment, akalinity is an important paranieter in determining the

amenability  of wastes  to  the  treatment  process  and  control  of processes  such  as

anaerobic  digestion,  where bicarbonate alkalinity,  total  alkalinity,  and any fraction

contributed by volatile acid salts become considerations.

AIM

To determine the alkalinity in the given water samples.

PRINCIPLE
Alkalinity   can  be   obtained  by  neutralizing   OH-,   C032-and  HC03-with

standardH2S04. Titration to pH 8.3 or decolourisation ofphenolphthalein indicator will

show complete neutralization of oH-and t/2 C032-while to pH 4.4 or shap change fro-in    ~
•.-...JC*--.I

yellow to pink of methyl orange indicator will indicate total alkalinity.
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Ca{OH)2 + H2S04 + Cas04 + 2H20

OBSERVATIONS AND CALCULATI0NS

Titration 1 quor Phenolphthalein alkaHnity)

Burette solution: H2S04

Pipette solution: Sample

hdicator: phenolphthalein

End Point: Disappearance of pink colour

Sample No. Volume of Burette reading Volume of H2S04
Sample Initial Final (ml)
(ml) reading(ml) reading(ml)

Titration 2 uror total alkalinity)

Burette solution: H2S04

Pipette solution: Sample

Indicator: mixed indicator (methyl orange)

End Point: Appearance of pink colour (yellow to pink)

Sample NO. Volu me             of Burette reading Volume of H2S04

Sample(nd) (ml)
Initialreading(ml) Finalreading(ml)

__.3

irf-
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2Cac03 + H2S04 + Ca(HC03)2 + Cas04

Ca(HC03)2 + H2S04 + Cas04 + C02

APpjRATUS
Burettes, Volumetric flasks, Conical flasks, Measuring cylinder and Beakers.

REAGENTS
0.05N Standard sodium carbonate solution.. Dry 3 to Sg of sods:irm. carbonahe,

Na2C03,at 250°C for 4 hour and cool in a dessicator. Accurately weich 2.5±0.2g to the

nearest mg, dissolve in distilled water and make to lL.

0.JIV frzz#d&rd H2S04 so/«tr.o#.. Dilute 2.8 mL cone.  sulphuric acid to  lL.

Standardise against 40.00 mL 0.05IV Na2C03 with about 60 mL distilled water, in a

beaker by titrating potentiometrically to pH 5. Lift out electrodes, rinse into the same

beaker and boil  gently  for 3  to  5  min under a watch  glass  cover.  Cool  to  room

temperatLire,  rinse  cover glass into beaker and finish titration to pH 4.3.  Calculate

normality of sulphuric acid:

Normality, JV = (AXE)(53.00 x C)

whel.e:

A = g Na2C03 weighed into the lL-flask for the Na2C03 standard

8 = mL Na2C03 solution taken for standardisation titration

C = mL acid used in standardisation titration

0. 02N Stundard sulphuric acid solution.. Dlhate €ha approxinate 0." soho+ion

to lL. Calculate volume to be diluted as:

Volume (ml) = N/20

where: N = exact normality of the approximate 0.1N solution

Phenolphihalein  indicator  solution  (alcoholic,  pH  8.3)  -  Dissohae  S  g

phenolphthalein in 500 mL of 95% ethyl alcohol. Add 500 mL distilled water
Mixed indica[tor (Metkyl Orange Indicator) - Dissoive 20g Of "e#tryl red,

100mg of bromocrysol green in 100ml 95%ethyl or isopropyl alcohol.

PROCEDURE
Phenolphihalein alkalinity..

1. Take 25 to 50 mL sample in a conical flask.

16
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2. Add 2 to 3 drops ofphenolphthalein indicator. If it turns pink toH > 8.3), titrate with

0.02 IV H2S04 till the pink colour disappear. Record volume (mL) of titrant used.

Phenolphthalein aHralinity a) (as Cac03) = ¢rl *hT of HESO+t 50!000)I

Vo1. of sample

Total aH[alinity (T) (as Cac03) = ov2*N of H2S04* 50,000)

Vol. of sample

17
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Total alkalinity :

1. Add a drop of mixed indicator to the solution in which the phenolphthalein alkalinity

is determined.

2. Titrate it against 0.02N sulphuric acid. Appearance of pink colour indicates the end

point.

¢1) ACIDITY
Acidity is the measure of the amount of base required to neutralize a given

sample to the specific pH. Strong mineral acids, weak acids such as carbonic, acetic

and hydrolyzing salt such as ferric and aluminium sulphates may contribute acidify. It

is important because acid contributes to coiTosiveness and influences certain chemical

and biological processes. Dissolved C02 is usually the major acidify component of

unpolluted surface water. h the sample, containing only carbon dioxide-bicarbonate

carbonate, titration to pH 8.3 at 25°C corresponds to stoichiometric neutralisation of

carbonic acid to carbonate.  Since the colour change of phenolphthalein indicator is

close to pH 8.3, this value is accepted as a standard end point for the titration of total

acidify. For more complex mixture or buffered solution fKed end point of pH 3.7 and

pH 8.3 are used. Thus, for standard determination of acidify of wastewater and natural
water, methyl orange acidify toH 3.7) and phenolphthalein acidify ®H 8.3) are used.

ErvlRONMENTAL slGNIFl CANCE
Acid waters are of concern because of their corrosive characteristics and the

expense involved in removing or controlling the coITosion-producing substances. The

corrosive factor in most waters is carbon dioxide, but in many industrial wastes it is

mineral acidify. Carbon dioxide must be reckoned with in water-softening problems

where the lime or lime-soda ash method is employed. When biological processes of

treatment are used, the pH must ordinarily be maintained within the range of 6 to 9.5.

This criterion often 1.equires adjustment of pH to favorable levels, and calculation of

the amount of chemicals needed is based upon acidity values in most cases.

AIM
To determine the acidity in the given water and waste water samples.

I:,,nat
~-:-`#-
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OBSERVATIONS AND CALCULATI0NS
Titration 1 (For Methyl orange acidify)

1. Burette solution: NaoH

2. Pipette solution: Sample

3. Indicator: Methyl orange

4. End Point: Yellow

Sample No. Volume             of Burette reading Volume of NaoH

Sample (nd)Initial Final

(ml) reading(ml) reading(nul)

Titration 2 qTor total acidify)

1. Burette solution: NaoH

2. Pipette solution: Sample

3. hdicator: Phenolphthalein

4. End Point: Pink

Sample No. Volume of Burette reading Volume of NaoH

Sample (ml)Initial Final

(ml) reading(ml) reading(ml)

Methyl orange acidify due to mineral acids (as Cac03) =(Vl *N of NaoH

19
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PRINCIPLE
Hydrogen ions present in a sample as a result of dissociation or hydrolysis of

solutes are neutralised by titration with standard alkali. The acidify thus depends upon

the end point pH or indicator used.

APPARATUS
Burette, Pipette, Conical flasks, Measuring cylinder, Volumetric flasks and Bealkers.

REAGENTS
0.02IVJviroH SoJ##o#.. Dissolve 0.8g of NaoH in distilled water and dilute to

1000ml

fl4lefkyJ o"#ge i.#dI.c&for.. Dissolve 50g of methyl orange powder in distilled

water and dilute to 1 00ml

PfeeraoJpfafrfe&Jez.I! I.radI.c¢for.. Dissolve 1g of phenolphthalein in  100ml of 95%

ethyl alcohol or isopropyl alcohol, and add 100ml of distilled to it and 0.02N NaoH

solution drop wise until fialnt pink colour appears

pROcEDun
1 Pipette out 25 mL of sample into conical flask. Add 2 drops of methyl orange

indicator. to the sample solution.

2 Titrate the sample solution against 0.02N sodium hydroxide solution. The end point

is noted when the colour changes from orange red to yellow.

3 Add two drops of phenolphthalein indicator and continue the titration till a pink

colour formation. Note down the volume of the titrant used.

20
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Phenolphthalein acidify =Total acidity (as Cac03) =

RESULT
(i) pH of the sample =

(ii) Methyl o1.ange acidify =

Phenolphthalein acidify =

Total acidify =

(iii) Total alkalinity present in the water sample =
Phenolphthalein aLkalinity present in the sample =

Methyl orange alkalinity present in the sample =

INFERENCE
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Exercise: 4

Date:

CElj411 Environmental Engineering Lab

DETERMINATION 0F HARDNES S

GENEEL
Hard  waters   are   generally  considered  to  be  those  waters   that  require

considerable amounts of soap to produce foam or lather and that also produce scale in

hot water pipes, heaters, boilers and other units in which the temperature of water is

increased materially. Hardness is caused by divalent metallic ions. Principal cations and

anions causing hardness in water are presented in the table given below

Cationscausinghardness Ca+ M8++ SH Fen

Associatedanions HC03 S04 C1- N03

As Ca and Mg are present in significant quantities in water hardness is generally

attributed due to their presence .When the hardness is numerically greater than the sunn

of carbonate and bicarbonate aHcalinity ,the aniount of hardness that is equivalent to

total  alkalinity is  called the  carbonate hardness  and the balance  is  non  carbonate

hardness. When the total hardness is less than the sum of carbonate and bicarbonate

alkalinity, hardness is  due to  carbonate only.  Sodium is very large quantities may

behave like a hardness producing ion due to common ion effect. Hardness due to such

causes is called pseudo hardness

When alkalinity <total hardness, Carbonate hardness =alkalinity When alkalinity >=

total hardness, Carbonate hardness ±otal hardness

Carbonate  hardness  is  called  temporary hardness  as  it can be removed by

prolonged boiling while non carbonate hardness is permanent hardness.

AIM

To determ.ine the hardness of given water sample

23
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PRINCIPLE
Ethylene  diamine  tetra  acetic  acid  (EDTA)  method  of  determination  of

hardness, involves the use of solutions of EDTA or its sodium salt as the titrating agent.

The complexes usually represented as EDTA are chelating agents and fomi extensively

stable complex ions with Ca 2+ and Mg ++ and other divalent ions causing hardness as

shorn in the equation.

MTh + EDTA M.EDTA complex

The dye called Erichrome black T (EBT ) serves as excellent indicator to show

when all the hardness producing ions have been complexed. When EBT is added to the

aqueous solution containing small calcium and magnesium ions at a pH of 10+/-0.1 ,the

solution becomes wine red. Hither the Ph shaaper the endpoint .However, above pH 10

there is a danger of precipitation of calcium carbonate and magnesium hydroxide

.When a small amount of EBT ,having blue colour is added to hard water with a pH of

about 10.0 it combines with a few of the Ca i+ and Mg ++ ions to form a weak complex

ion which is wine red in colour as shown in equation

MH + EBT M.EBT Complex

During the titration with EDTA all free hardness ions are complexed. Finally

the EDTA disrupts the red EBT` because it is capable of forming a more stable complex

with the hardness ions. This action fi.ees EBT indicatoi. and the wine red colour changes

to a distinct blue colour indicating the end of the titration. An accurate method of

determining hardness is calculation based upon concentration of divalent ion.

APpjRATUS
1 . Burette

2. Pipette

3. Erlermeyer flask

REAGENTS
1) 0.01MEDTA

2) Ammonium buffel- solution

3) Eriochrome black T(EBT)

4) Litmus paper

PROCEDURE
1.   A sample volume V which requires less than 15 ml EDTA titrant is chosen

24 Or. LEENA  A. V.
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2. One or two ml of buffer solution is added so as to bring the pH tol 0 +-0.1

3. One or two drops of the indicator solution are added. If there is Ca or Mg hardness,

solution turns to wine red

4. EDTA titrant is added from the burette with vigorous shaking till the wine red colour

just tons to blue
5. The volume of the titrant added is noted down (V1)

6. Procedure is repeated for concordant values.

OBSERVATIONS AND CALCULATIONS

Sample no Volume       of Burette reading Volume of Hardness in
sample (v ml ) EDTA ov1 ) (mg/1) as

hitial Final inml Cac03

Hardness in mg/I as calcium carbonate =Vl xSx 1000

V
Where V1 = ml of titrant used V = volume of sample

S = mg of cacc03 equivalent to lml of EDTA
=1 mg Cac03

RESULT

Hardness of given water sample=

INFERENCE
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Exercise: 5
Date:

CEL4 I I Environmental Engineering Lab

DETERMINATION OF CHLORIDES

cHLormEs
Chlorides are present in water and wastewater in varying concentration. Various

sources such as mineral contents, sea water droplets, human excreta discharging to

natural water bodies contribute chloride concentration to water.

ENVIRONMENTAL SIGNIFICANCE
Chlorides   in  reasonable   concentrations   are   not  harmful   to   human.   At

concentrations above 250 mg/L they give a salty taste to water, which is objectionable

to many people. For this reason, chlorides are generally limited to 250 mgEL in supplies

intended for public use. In many areas of the woi.1d where wat.er supplies are scarce,

water source containing as much as 2,000 mgEL are used for domestic purposes without

the development of adverse effects, once the human system becomes adapted to the

water.

AIM
To determine the chloride concentration present in given water sample.

PRINCIPLE
Chloride ion concentration in the water can be determined by titration with

silver nitrate.  As the  silver nitrate  solution is  slowly added,  a precipitate  of silver

chloride forms.

Ag+ (aq) + C1- (aq) + Agc1 (s)

The end point of the titration occurs when all the chloride ions are precipitated.

Then additional silver ions react with the chromate ions of the indicator, potassium

chromate, to form a red-brown precipitate of silver chromate.

2Ag+ (aq) + Cr042- (aq) + Ag2Cr04 (s)

Titration should be carded out under conditions of pH 6.5 - 9. At higher pH

silver ions may be removed by precipitation with hydroxide ions,  and at low pH

chromate ions may be removed by an acid-base reaction to form hydrogen chromate  .±fL

ions or dichromate ions, affecting the accuracy of the end point.              .aee~rty#®=.          a+{givof~
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APpjRATUS
Burette,  pipettes,   conical  flasks,  beakers,  measuring  cylinders,  weiching

balance, stirrer etc.

REAGENTS
Indicator 5% Kzcr04: 1.0 g of K2Cr04dissolved in 20 mL of distilled water.

AgN03 solution: 9.0 g of AgN03was weiched out, transfemed to a 500 mL volumetric

flask  and  made  up  to  volume  with  distilled  water.  The  resulting  solution  was

approximately 0.1 M.

PROCHDURE
1. Take 25 ml of sample in the conical flask. Adjust the sample pH between to be 7 to

8 by adding sulphuric acid or sodium hydroxide solution.

2. Add 1 ml of potassium chromate to get licht yellow color.

3.  Titrate with standard silver nitrate (AgN03) solution till the color changes  from

yellow to brick red. Note down the volume of A8N03 solution added {V1).
4. Repeat the above pr\ocedure for the blank sample (distilled water) and note down the

volume of AgN03 solution added (V2).

OBSERVATIONS AND CALCELATI0NS

Trial Volume of AgN03 (mL)
InitialReading(in) Final ReadingqR) FR-IR

BLANK

Chloride in mg/1 = {rvl-V2) * N of AgN03 *35.45* 1,000}

Vol. of sample
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RESULT
Chloride concentration in the given sample =

INFERENCE
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CEL4 I I Environmental Engineering Lab
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Exercise:6
Date:

DETERMINATION OF BIOCHEMICAL OXYGEN

DEMAND (BOD)
BOD is defined as the amount of oxygen required by bacteria while stabilizing

decomposable organic matter under controlled aerobic conditions. The BOD test relies

on measurable depletion of dissolved oxygen 00) over a specified period of time,

generally 5 days at 20°C incubation. The BOD is considered complete after 20 days. 20
Days is too long to wait and 5 days is a reasonable period as most of the BOD to be

exerted is about 70 to 80 % of total BOD.

ENVIRONMENTAL SIGNIFICANCE
BOD is the principle test to give an idea of the biodegradability of any sample

and strength of the waste. Hence the amount of pollution can be easily measured by it.

Efficiency of any treatment plant can be judged by considering influent BOD and the

effluent BOD and so also the orgariic loading on the unit.

Application of the test to organic waste discharges allows calculation of the

effect of the discharges  on the oxygen resources  of the receiving water.  Ordinary

domestic sewage may have a BOD of 200 mg/L. Any effluent to be discharged into

natural  bodies  of water  should  have  BOD  less  than  30  mgEL.  This  is  important

parameter  to  assess  the  pollution  of  surface  waters  and  ground  waters  where
contamination occurred due to disposal of domestic and industrial effluents. mnking

water usually has a BOD of less than 1 mgth. But, when BOD value I.Caches 5 mg/L,

the water is doubtful in purity. The determination of BOD is used in studies to measure

the self-purification capacity of streams and serves regulatory authorities as a means of

checking on the quality of effluents discharged to stream waters.

AIM
To determine the BOD of the given sample

PRINCIPLE
The BOD is measured by determining the oxygen consumed (by the bacteria)

fromasampleplacedinanair-ti9htcontainerandkeptinacontrolledenvirormentfor;ir
a preselected period of time.
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APpjRATUS
BOD bottles, burette, pipette, conical flask, BOD Incubator

REAGENTS
Pfeospfa¢1g bwLLTer soJw#.o#: Dissolve 8.5 g K112P04, 21.75 g K2HP04, 33.4 g

Na2HP047H20, and 1.7 g NH4Cl in about 500 mL distilled water and dilute to 1 L. The

pH should be 7.2 without further adjustment. Altematively, dissolve 42.5 g KH2 P04
or 54.3 g K2HP04 in about 700 mL distilled water. Adjust pH to 7.2 with 30% NaoH

and dilute to 1 L.

n4lflgnesl.win s#J/wfe soJw#o#.. Dissolve 22.5 g Mgs047H20 in distilled water and dilute

to 1 L.

Ctz/cz.«AV ch/orz.de so/«tr.OII: Dissolve 27.5 g Cac12in distilled water and dilute to 1 L

Fcrmi.a chJo#I.de soJ#rfu.o#: Dissolve 0.25 g Fec136H20 in distilled water and dilute to 1

L.

Dz./«tr.o» wdrfe77...Place desired volume of distilled water in a suitable bottle and add 1

mL each of phosphate buffer, Mgs04, Cac12, and Fec13 solutionsth of water. Seed

dilution water, if desired. pH of the dilution water should be between 6.5- 8.5 (it is

customary to buffer the solution by means of a phosphate system at about pH 7).

Calcium and magnesium salts are added to give buffering capacity and proper osmotic

conditions. Ferric chloride and magnesium sulphate supply the requirements for iron

sulphur and nitrogen. The phosphate buffer furnishes any phosphorous that may be

needed. The nitrogen should be eliminated in cases where nitrogenous oxygen demand

is being measured.

PROCEDURE
1. Dilute the settled sewage provided to 3040 times using aerated tap water.

2. Fill the BOD bottle with diluted sewage by taking care that no air bubble entraps.

3. Determine the DO of the BOD sample and blank.

4. hcubate both the sample and blank BOD bottles at 200 C.

5. After 5 days take the bottles having sewage and blank from the incubator.

6. Measure DO and calculate BOD5.
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Ultimate BOD, = (1-e-kt)

Lt= BOD at any time t

LO= ultimate BOD

T= time in days

K= BOD rate constant (0.23/day)

CEL4 I I Environmental Engineering Lab

OBSERVATIONS AND CALCULATI0NS

oth day reading

Sample Burette reading mL of (Na2S203 5H20) DO in mg/L
Finalreading(FR) hitialreading (IR) FR-IR

Blank

BOD sample

5 day reading

Sample Burette reading mL of (Na2S203 5H20) DO in mgEL
Finalreading(FR) hitialreading (IR) FR-R

Blank

BOD sample

5 day BOD = BODS (mgfl)
={D1-D2)-(B1-82)P

D I = DO of the sample immediately after preparation, mgth,

D2 = DO of the sample after 5 day incubation at 20°C, mgEL,

81 = DO of blank immediately after pi-eparation, mg/L,

82 = DO of blank after 5 day incubation at 20°C, mg/L,

P= dilution factor
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RESULT
BOD of the given sample =

Ultimate BOD of the sample =

INFERENCE

CEL4 I 1 Environmental Engineering Lab
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SNGCET Payyanur CEL411 Envirormental Engineering Lab

Exercise:7

Date:

DETERMINATION OF CHEMICAL OXYGEN DEMAND

(COD)

Test is used to measure the quantity of oxygen required to oxidize the organic

material in wastewater using dichromate in an acid solution. COD test is widely used

as a means of measuring the organic strength of dome;tic and industrial wastes.  It

allows measurement of a waste in terms of the total quantity of oxygen required for

oxidation to C02 and H20. The major advantage of COD test is the short time required

for evaluation. Many organic matters which are difficult to oxidize biologically such as

lighin can be oxidized chemically.

ENVIRONMENTAL SIGNIHCANCE

COD is often measured as a rapid indicator of organic pollutant in water; it is

normally measured in both municipal and industrial wastewater treatment plants and

gives  an  indication  of the  efficiency  of the  treatment  process.  COD  has  further

applications in power plant operations, chemical manufacturing, commercial laundries,

pulp & paper mills, environmental studies and general education.

AIM

To determine the Chemical oxygen demand (COD) of the given sample.

PRINCIPLE

It is based  on the principle that organic matter present in the  sample  gets

oxidized completely by potassium dichromate (K2Cr207) in the presence of sulphuric

acid (H2S04)  and catalyst silver sulphate  (Ag2S04)  to produce  C02 and H20. _-The= ---`~
i+            I--A

excessofpotassiumdichromateremainingafterthereactionistrq#+¥jEk|fm£,ufy,
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ammonium sulphate.  The dichromate consumed gives 02 requii.ed for oxidation of

organic matter.

APpiRATUS

COD digestion vessel, COD digester, burette, pipette and beaker.

REAGENTS
Standard  potassium   dichromate  solution..   O.0417M  (O.25N)..  Dissoive  12.259g

K2Cr207, primary standard grade, previously dried at 103°C for 2 hours, in distilled

water and dilute to lL.

S#Jpfa#rI.c  ¢cz.d ma¢ge#f..  Add  5.5g  Ag2S04  technical  or reagent  grade,  per kg  of

cone.H2S04, keep for a day or two to dissolve.

Fexroz.fl I.redz.c¢for so/«tr.o»: Dissolve  1.4859  1,  10-phenanthroline monohydrate and

695mg Fes04.7H20 in distilled water and dilute to 100 mL. Commercially prepared

may also be available.

Standard    ferrous     ammonium     sulphate     (FAS)     (O.2SM:)..    Dissoive    98g

Fe(NH4)2(S04)2.6H20 in distilled water, add 20 mL conc. H2S04, cool and dilute to 1 L.

PROCEDURE
1.  Take 2.5ml  of the  sample in digestion vessel  and add  1.5ml of 0.25N K2Cr207

solution and 3.5ml of Ag2S04 +H2S04 solution.

2. Reflux the mixture on a hot plate/digester for 2 hrs at 150°C and cool the mixture to

room temperature.

3. Titrate mixture against ferrous ammonium sulphate Q]AS) solution using ferroin

indicator till blue green color turns to reddish brown color. Note down the volume of

FAS used as `A'mL.

4. Repeat the experiment for blank sample (distilled water) and note down the volume

of FAS used as `B'mL.
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OBSERVATIONS AND CAICULATI0NS

Sl.no, Sample Burett€ reading Dilution Volume of
factor FASInitial Final
(if any) consumed(ml)

1 Hot blank

Dilutedsample

2 Hot black

Dilutedsample

CO D (mg/I;)--{(B-A)*M*8000} *dilutian f actor (if crmyIVolune of sormple

where:

A = FAS used for sample, mL

8 = FAS used for blank, mL

M = Normality of FAS

RESULTS
The COD of the given water sample =

INFERENCH
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Exercise: 8

Date:

DETERMINATION OF OPTIMUM COAGULATION
DOSAGE

Coagulation is the process of destabilizing colloidal particles so that particle

growth can occur as a result of particle collisions. h wastewater treatment, settleable
solids are effectively removed by sedimentation process. But it is difficult to remove

the small size colloidal particles by gravitational settling due to its Brownian motion.

However, if the colloidal particles are destabilized through agglomeration of particles

into  groupAarge particles  which  increases  the  settling  velocities,  and thus  can be

effectively removed in sedimentation tank. The exact mechanism of coagulation is not

known, however, four mechanisms are thoucht to be occurring during coagulation

process. These include ionic layer compression, adsoxption, charge neutralization and
inter-particle bridging. Typical coagulants used in wastewater treatment are synthetic

organic polymers, metal salts such as alum or ferric sulphate, prehydrolized metal salts

®olyaluminum chloride and polyiron chloride).

ENVIRONMENTAL SIGNIFICANCE
Coagulation of raw watel. using the optimum coagulant dose removes colloidal

impurities  from the water.  These colloidal impurities  are normally associated with

organic matter containing pathogenic bacteria which are responsible for water borne

diseases.  The  chemical  coagulation  also  makes  the  process  of disinfection  more

effective. Coagulation also removes objectionable colour, taste and odour from water.

Usually the dose of Alum varies between 5mg/I for relatively clear water to about 85

mgA for very turbid waters. The average dose is about 20mg/I.

AIM
To find the optimum amount of coagulant required to treat given watei- sample.

PRINCIPLE                                                    'J
Metal  salts  hydrolyses  in presence  of the  natural  alkalinity to  fomi  metal

hydroxides.  The  divalent  cations  can  reduce  the  zeta-potential,  while  the  metal
\
Phydroxides  are  good  absorbents  and  hence  remove  the  suspended  particles  by,`p~

enmeshing them.
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Alum  [A12S(S04)3.   18H20]  is  the  most  widely  used  coagulant  in  water

treatment.Whenalumsolutionisaddedtowater,themoleculesdissociatetoyieldS042-

and A13+ .The +ve species combine with negatively charged colloidal to neutralize part

of the charge on the colloidal particle. Thus, agglomeration takes place.  Coagulation

is a quite complex phenomenon and the coagulant should be distributed uniformly

throughout the solution. A flash mix accomplishes this.

APpjRATUS
Jar test apparatus, turbid meter, beakers, pipette and pH meter.

REAGENTS
Alun, Ferric chloride

PROCEDURE
1. Measure the initial turbidity of the given sample.

2. Find the pH of the sample and adjust it to 6 to 8.5.

3. Take six jars of 1 L capacity and take 0.5 1 of sample in each jar and add varying

doses of alum (1, 2, 4, 6, 8,10 mg/1) of alum to each one of them.

3. Keep the sample in jar test apparatus and put it for rapid mixing at 100 rpm for 1 min

and then to slow mixing at 20 rpm for 20 min.

4. Stop the motor and allow the sample to settle for 30 min. Collect the supematant

from each jar and find out the turbidity.

5. Plot a graph with alum dosage along x-axis and turbidity along y-axis.

6.  The dosage of alum, which represents least turbidity, gives Optimum Coagulant

Dosage (O.C.D.).

7. Repeat steps 3rf with higher dose of alum, if necessary.

•==
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OBSERVATIONS AND CALCULATI0NS
Con€€ntration {ppm) Turbidity (NTU)

RESULT
Optimum coagulant dosage =             mgEL

INFERENCE
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Exercise:9

Date:

BREAKPOINT CHLORINATION

AIM
Determination of the breakyoint with a graph by reacting chlorine and ammonia

at different molar ratios.

THEORY
Disinfection of pathogenic microorganisms is called disinfection. h order to

prevent  waterborne   diseases,   disinfection   is   applied  to   drinking  water.   While
disinfectants should not adversely affect human beings and natural habitat, but should

be toxic to pathogenic microorganisms at the same time. It is also desirable that the

disinfectant is cheap and easily obtainable. Many factors can reduce the efficiency of

disinfection. The most important of these are turbidity and resistant organisms. Viruses

are  more  resistant  to  disinfection  than  bacteria.  h  this  case,  higher  disinfectant

concentrations  and longer disinfection times  are required. For these reasons, many

factors must be considered for the selection of disinfectants. Disinfectant should be

selected according to the characteristics of wastewater. Factors affecting the efficiency

of removal of microorganism in disinfection can be listed as follows:

The type and density of the microorganisms, the type and dosage of the disinfectant

used, the time of contact, the pH, the temperature and the characteristics of the water.

The rate  of mortality of microorganisms  can be  expressed by fit.st-order reaction

kinetics and can be formulated as follows by Chick's Law:

dN/dt = -Kn; When this expression is integrated

Nt  = No.e-kt ;which is,

No: Number of live cells initially,

Nt: The number of live cells at time t,

K: The experimentally calculated death constant.

MATERIALS USED
1 ) A chemical containing free chlorine

2) A-onia
3) Residual chlorine measurement reagents (iodometric method will be used)
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PROCEDURE
1.   Both  chlorine  and  ammonia  are  added  to  a  water  sample  to  observe  the

breakpoint; so that the molar ratio of the samples will be 1 to 11.

2.   1 hour reaction time is waited. Then the residual chlorine is measured.

3.   Add concentrated acetic acid (usually 1 -2 mL) to each sample to bring the pH

to 34.

4.   1 g of potassium iodide (KI) is added.

5.   The resulting color is titrated with sodium thiosulphate  (Na2S203) until the

yellow color, consumption is recorded.
6.   Add 1 mL of starch solution.

7.   The resulting bluish  color is  titrated with  sodium thiosulphate

(Na2S203) until it is colorless, consumption is recorded.

8.   All these procedures applied to blank sample.

9.   Residual chlorine is calculated

+
EEEEii
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OBSERVATION AND CALCULATIONS

Sl.no Volume        o f Burette reading Volume        of Average (ml)

sample(ml) thiosulphate(ml)Initial Final

Residual Chlorine (mg/I)= (A-B)#IVx3 5450

mL of sample

A = the amount of Na2S203 used for the sample

8 = the amount of Na2S203 used for the blank

N = Nomiality of Na2S203

RESULTS

INFERENCES
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Exercise:10

Date:

DETERMINATION OF AVAILABLE CHLORINE IN A

SAMPLE OF BLEACHING POWDER

Chlorination of public water supplies and polluted waters serves primarily to

destroy or de-activate disease-producing microorganisms. Disinfection with chlorine is

widely practiced. Chlorination may produce some adverse effects including taste and

odor problem.In recent years, chlorination has been found to produce rfuhalomethanes

(THMs)   and   other   organics   of  health   concern   (THMs   are   suspected   human
carcinogens). Thus, use of alternative disinfectants, such as chloine dioxide and ozone

that do not cause this particular problem, is increasing.

ErIVIRONMENTAL SIGNIFICANCE
Bleaching powder is commonly used as a disinfectant. The chlorine present in

the bleaching powder gets reduced with time. So, to find the exact quantity of bleaching

powder required, the aniount of available chlorine in the sample must be found out.
Chlorine will liberate free iodine from potassium iodide solution when its pH is 8 or

less.  The iodine liberated, which is equivalent to the amount of active chlorine,  is

titrated with standard sodium thiosulphate solution using starch as indicator.

AIM
To determine the available chorine in the bleaching powder.

PRINCIPLE
Disinfectant capabilities  of chlorine  depend on its  chemical form in water,

which in turn is dependent on pH, temperature, organic content of water, and other

water quality factors. Chlorine is used in the form of free chlorine [e.g., chlorine gas]

or as hypochlorites [e.g., Naocl and Ca(OC1)2]. Chlorine applied to water either as

free  chlorine  or  hypochlorite  initially undergoes  hydrolysis  to  form  free  chlorine

consisting of aqueous molecular chlorine, hypochlorous acid and hypochlorite ion.

Chlorine gas rapidly hydrolyzes to hypochlorous acid according to:

C12 + RE0 HOC1 + H+ +Cl-

Aqueous solutions of sodium or calcium hypochlorite hydrolyze to:

Ca(Ocl)2 + 2H20 Ca2++ 2HOcl + 20H-
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Naoc1 + H20 Na+ + HOC1 + OH-

Hypochlorous acid is a weak acid and will disassociate according to:

HOcle H+ +OC1-

The two chemical species formed by chlorine in water, hypochlorous acid (IIOC1) and

hypochlorite ion (Ocl-), are commonly referred to as "free" or "available" chlorine.

APPARATUS
Beakers, conical flasks, burette

REAGENTS
Standard chlorine solution,  acetic  acid,  potassium iodide,  0.025N standard sodium

thiosulphate solution, iodine solution (0.025 N), starch indicator.

pRoCEDun
1 . Dissolve 1 g bleaching powder in 1 litre of distilled water in a volumetric flask, and

stopper the container.

2. Place 5 mL acetic acid in an Erlenmeyer flask and add about 1g potassium iodide

crystals. Pour 25 mL of bleaching powder solution prepared above and mix with a

stirring rod.

3.  Titrate with  0.025 N  sodium thiosulphate  solution until a pale yellow colour is

obtained. (Deep yellow changes to pale yellow.)

4. Add lmL of starch solution and titrate until the blue colour disappears.

5. Note down the volume of sodium thiosulphate solution added (V1).

6. Take a volume of distilled water corresponding to the sample used.

7. Add 5 mL acetic acid, 1g potassium iodide and 1 mL starch solution.

8. Ifblue colour occurs, titrate with 0.025 N sodium thiosulphate solution until the blue

colour disappears.

9. Record the volume of sodium thiosulphate solution added (A1 ).

10. If no blue colour occurs, titrate with 0.025 N iodine solution until a blue colour

appears. Note down the volume of iodine (A2).

11.  Then,  titrate  with  0.025  N  sodium  thiosulphate  solution  till  the  blue  colour

disappears. Record the volume of sodium thiosulphate solution added (A3). Note down

the difference between the volume of iodine solution and sodium thiosulphate as A4  giv»~

(A4=A2- A3).
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OBSERVATIONS AND CALCULATIONS
Bleaching powder solution x Standard sodium thiosulphate solution (0.025 N)

Sl. No. Burette reading Volume of the titrant (ml)
hitial Final

Distilled water x Standard iodine solution {0.025N)

Sl. No. Burette reading Volume of the titrant (nd)
I  hitial Final

Distilled water x Standard sodium thiosulphate solution
(0.025N)

Sl. No. Burette reading Volume of the titrant (ml)
hitial Final

mg of c12/mL (8) = oV1 -Al) or ovl+ A4) x N x 35.46

mL of bleaching powder solution taken

1000 mL of bleaching powder solution contains 1000 x 8 mg of C12

i.e.,1000 mg bleaching powder contains 1000 8 mg of C12

therefore, 100 mg of bleaching powder contains = 1000 x 8

10
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RESULT

The available chlorine in the given bleaching powder =

INFERENCH
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Exercise:11

Date:

DETERMINATION OF DISSOLVED OXYGEN

Dissolved oxygen is one of the most important constituents of natural water

system. It indicates the pollution status of river. The dissolved oxygen in water depends

upon its temperature and solubility.  If D0 is less, then it indicates the presence of

organic matter. At least 4 mg/I of D0 is required for fish and other species for survival.

ENVIRONMENTAL SIGNIFICANCE
Adequate dissolved oxygen is necessary for good water quality. Natural stream

purification processes require adequate oxygen levels in order to provide for aerobic
life form.s. As dissolved oxygen levels in water drop below 4.0 mg/1, aquatic life is put

under stress. The lower the concentration, the greater the stress. Oxygen levels that

remain below 1-2 mg/I for a few hours can result in large fish kills.

AIM
To determine the amount of dissolved oxygen present in the given sample

PRINCIPLE
It is based on the principle that oxygen present in the  sample oxidizes the

divalent manganous to its higher valency under aHcaline conditions and that manganese

in higher state of valencies is capable of oxidizing I-to 12 under acidic conditions. Thus

the amount of 12 released is equivalent to the dissolved oxygen present. The iodine is

measured with standard sodium thiosulphate solution.

If no oxygen is present, a pure white precipitate of Mn(OH)2 forms

Mn2+ +20H- + hth(OH)2 (s) (white ppt)

If oxygen is present

Mn2+ + 20H- + 02 + Mn02 (s) + H20 (red Ppt)

Under low pH

Mn02 + 21- + 4 H+ + Mn2+ + 12 + 2H20

12 is rather insoluble in water, but forms a complex with the excess iodide present.

12 + I- - 13-

Thus more soluble tri-iodate prevents escape of 12 from the solution.

APPARATUS
300 mL BOD bottles, burette, pipette, conical flask etc.,

-53
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REAGHNTS
nf¢#grl!bus      s#J/&fg      soJ##.o#:      Dissolve      480g      MS044H20,or      400g

Mns042H20,or364g MIS04 H20 in distilled water, fllter and dilute to  1  litre. This

solution  should not produce  a blue  color with  stareh  indicator when  added to  an

acidified potassium iodide (KI) solution.

Alkaline-iodide-sodium  azide solution.. Dissotwe 500g NapoH tor 700g Era:\I}  and

135gNal (or 150g KI) in distilled water and dilute to IL. Add 10 g NaN3 dissolved in

40 mL distilled water.

SfHrcft I.redi.color soJ##o#: Use either an aqueous solution or soluble starch powder

mixture. Prepare an aqueous solution by dissolving 2 g of laboratory grade soluble

starch powder and 0.2 g of salicylic acid (as a preservative) in 100 mL of hot distilled

water.

Sodium thiosulgfute standard solution, 0.0250 N.. ThiTssoive 6205 g "ai2S2:035H2;0 in

distilled water. Add 1.5 mL 6 N NaoH or 0.4 g solid NaoH and dilute to 1 litre and

standardize with bi-iodate solution.

PROCEDURE
1. Collect the sample to be tested in a 300 mL BOD bottle taking special care to avoid

adding air to the liquid being collected. Fill bottle completely and add stopper.

2. Remove bottle stopper and add 2 mL of the manganous sulfate solution at the surface

of the liquid. Add 2 mL of the alkaline-iodide-sodium azide solution at the surface of

the liquid. Replace the stopper, avoid trapping air bubbles and shake well by inverting

the bottle several times.

3. Repeat shaking after floe has settled halfway. Allow floe to settle a second time.

4. Add 2 mL of concentrated sulfuric acid and close the bottle with stopper. Rinse the

top of the bottle to remove any acid and shake well until the precipitate is completely

dissolved (uniform yellow color).

5. Take 203 mL of sample from the BOD bottle into a conical flask and titrate with

0.0250 N sodium thiosulfate until the solution is a pale yellow (straw) color.

6. Add a small quantity (approximately 1 mL) of starch indicator continue the titration

with  0.0250 N  sodium-thiosulfate until blue  colour  disappears  Glue  to  colorless).

Record the mL of sodium-thiosulfate used.
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OBSERVATIONS AND CALCULATIONS
The concentration of DO in the sample is calculated using the following formula:

DO (mg l[)--ml of titrant*normatity of titrant*8000
vol:une of the sa:rxple titroited

S1.No. Burette reading of FR - IR
ora2s2o3.5H2o) in ml

hitial reading(IR) Final reading ¢R)

RESULT

DO of the given sample =

HRERENCE
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Exercise:12

Date:

DETERMINATION OF TOTAL COLIFORMS

MPNisaproceduretoestimatethepopulationdensityofviablemicroorganisms

in a test sample.  It's based upon the application of the theory of probability to the

numbers of observed positive growth responses to a standard dilution series of sample

inoculums placed into a set number of culture media tubes. Positive growth response

after  incubation  may  be  indicated  by  such  observations  as  gas  production  in

fermentation tubes oi. visible turbidity in broth tubes, depending upon the type of media

employed.

ENVIRONMENTAL SIGNIFICANCE
A variety of different microorganisms are found in untreated water. Certain

organisms, referred to as pathogens, cause disease to humans which include species of

bacteria, viruses and protozoa. Although it is possible to detect the presence of various

pathogens in water, the isolation and identification of many of these is often extremely
complicated, time-consuming and expensive proposition. Hence in most cases (except

when presence  of any paticular microorganism  is  suspected)  the microbiological

quality of water is checked using some indicator organisms.
An indicator organism is one whose presence presumes that contamination has

occurred and suggests the nature and extent of the contaminants. An indicator organism

should be a microorganism whose presence is evidence of fecal contamination of warm

blooded animals. hdicators may be accompanied by pathogens, but typically do not

cause disease themselves. Most common indicator used in microbial examination of

water is coliforms which satisfy most of the conditions required for indicatoi. organism.

The measurement of total  coliforms is of particular relevance for treated and / or

chlorinated water supplies; in this case the absence of total coliforms would normally

indicate that the water has been sufficiently treated / disinfected to destroy various

pathogens.   Measurement   of  focal   coliforms   is   a   better   indicator   of  general
contamination by material of fecal origin.
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AIM
To determine total coliform of the given water sample.

PRINCIPLE
The MPN test procedure is based on the most probable number of coliform organism.

The coliform group has the ability to ferment lactose or lauryl tryptose broth and

produce gas. This offers a simple test of the presence of coliform. However some other
organisms  also  ferment the broth under  certain condition  and therefore  additional

growth reaction must be carded out to confimi the presence of coliform group. After

presumptive test the production of gas in the brilliant green lactose bile confrms the

presence of coliform.

App]rmTus
1 . hcubator.

2. Pre-sterilized test tubes

3. Test tube rack

4. Durham's tube

5. Petridishes

6. hoculation loops and nichrome wire.

PROCEDURE

1. PRESUMPTIVE THST

LACTOSE BROTH OR LAURYL TRYPTOSE BROTH T0 BE USHD IN THE

PRESUMPTIVE THST

1.  hoculate  a  series  of fermentation  tubes  with  appropriate  graduated  quantities

(multiplies and submultiples of 10) of the water to be tested. The concentration of
nutritive ingredients in the mixture of the medium should confirm to the specifications.

2. Tlie portions of the water saniple used for inoculating lactose or lauryl tryptose broth

fermentation tubes will vary in size and number with the character of water under

examination.

3.  Usually decimal multiples  and sub multiples  of 1  ml  of the  saniple  is  selected

inoculate 10 ml portion of each water sample provided into different one or three large

tubes containing

10 ml of lactose or lauryl tryptose broth which has been prepared with twice the normal
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concentrations of constituents for allow for dilution. hoculate 1 ml and 0.1 ml of water

into small tubes (two sets of three each) of single strength lactose or lauryl tryptose

broth.

4. hcubate the inoculated fermentation tubes at 35+/-.5 C. At the end of 24+/-2hr shake

each tube gently and examine and if no gas has formed, repeat this test at the end of

48+/-3hr.

5. Record the presence or absence of gas formation at each examination of the tubes.

6. Formation within 48+/-3hr of gas in any amount in the inverted fermentation tubes

constitutes  a  positive  presumptive  test.  Active  may  be  shown  by  the  continued

appearance of small bubbles of gas throughout the medium outside the irmer vial in the
fermentation tubes. A negative result indicates that water is fit for drinking.

7. Presumptive test without confirmation should not be used routinely except in the

analysis of heavily polluted water.

2. CONFIRMED TEST

1.Lactoseorlauryltryptosebrothmaybeusedforprimaryfermentationinpresumptive

test to avoid false positive results.

2. Brilliant green lactose bile broth fermentations tubes are used in the confirmed test.

3. Submit all primary fermentation tubes showing any amount of gas at the end of 24

hour incubation to the confirmed test.

4. Gently shake primary fermentation tube showing gas formation and with a sterile

metal loop, transfer one loop full of medium to a fermentation tube containing brilliant

green lactose bile.
5. incubate the inoculated brilliant green lactose bile broth tube for 48+/-3hr at 35+/-

0.5C

6. The formation of gas in any inverted vial of the brilliant green lactose bile broth

fermentation tube at any time within 48+/-3hr constitute a positive confirmed test.

7. If no gas is formed, it is negative confrmed test and coliforms are absent.

3. COMPLETED TEST

Completed test is the next step following the confirmed test. It I applied to brilliant

green  lactose bile broth fermentation tubes showing gas in the confirmed test
1 . Streak one or more endo or eosin methylene blue (EMB) agar plates from each tube

of brilhiant green lactose bile showing gas.                                                                         „giv~

2.  While  streaking it is essential to  ensure the presence of some discrete  colonies

separated by
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at least 0.5 cm from one anothei..

3. hsert the end of the streaking needles into the liquid in the tube to a depth of 5 mm.

4. Streak the plate bringing only the curved section of the needle in contact with the

agar  surface so that the letter will not be scratched or tom.

5. hcubate the petri dishes (inverted) at 35+/-OC for24+/-2 hrs

6.  The colonies developing on Endo or eosin methylene blue agar may be typical

(opaque, un  nucleated, mucoid after incubation for 24 hrs ) or negative ( all others )
7. From each of these plates fish out one or two colonies and transfer to lauryl tryptose

broth fermentation tube and to nutrient agar slants.

8. hcubate the secondary broth tubes and near slants at 35+/-OC for 24+/-2 hrs or 48+/-

3 hrs and if gas is not produced in 24 hrs. Gram stained preparation from these agar

slant cultures are made.

9. The gas formation in the secondary lauryl tryptose broth tubes and the demonstration

of gram-negative  no-spore  forming  rod  shaped  bacteria  in  agar  culture  may  be

considered a satisfactory positive completed test.

10. If after 48+/-3hrs gas is produced in the secondary fermentation tubes and no spores

of gram positive rods are found on the slant, the test may be considered a positive

completed test and this demonstrates the presence of coliform organisms.

conmuTATloN oF MPN
The number of positive findings coliform, group organisms resulting from multiple

portion decimal dilution plantings should be computed as the combinations of positives
and recorded in terms of the Most probable Number (MPN). The MPN foi. a variety of

planting series are presented in Table. The values are at the 95% confidence limits for
each of the hAI'N determined. These values are prepared for 10, 1, 0.1 ml combination.

if however the combination is 10,10 and 1 ml the MEN is 0.1 times the value in the

table. If on the other hand, a combination corresponding properties at 1, 0.1 and 0.01

ml is planted; record 0 times the value shown in the table.The hffN for combination

not appearing in the table or for other combinations of tubes and dilutions, may be

estimated by Thomas' s simple formula

RIG t±f pe§itive thhas %1fi

1#Sm` ml Bf §tm!i:pig in ttsSati#e tubes  * m& Sf S#RE#te tife ckf trbSS
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OBSERVATIONS

MPN hdex for various combination of positive and negative results when three 10ml
_thi.ee lml portions are used.

No of tubes having reaction rmN INDEx
3 of 10ml each 3 of lml each 3 ofo.1ml each 100ml

RESULT

INFERENCE
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DEPARTRENT oF cormuTER SclENCE AND ENGINEERING

VISION 0F THE DEPARTRENT

To  be  a  centre  of excellence  in  Computer  Science  and  Engineering  to  produce  competent
professionals  and  enti-epreneurs  capable  of  exploring  and  assimilating  latest  technological
advancements for the betterment of the society.

NIssloN OF Tlm DEPARTMENT

•   To facilitate transformative education in computer science and engineering.

•   To build competent professionals and entrepreneurs by introducing new technologies.

•   To accomplish hialer education, induce ethical values and spirit of social commitment.
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pROGRAMnm oUTCoRES q]Os)

Engineering Graduates will be able to..

1.Engineering  Knowledge:   Apply  the  knowledge  of  mathematics,   science,   engineering
Fundamentals, and an engineering specialization to the solution of engineering problems.

2.   Problem Analysis:  Identify,  formulate, review research literature,  and analyze  complex
engineering   problems   reaching   substantiated   conclusions   using   first   principles   of
mathematics, natural sciences, and engineering sciences.

3.   Design/ Development of Solutions:  Design solutions for complex engineering problems
and design system components or processes that meet the specified needs with appropriate
consideration for the public health and safety, and the cultLiral, societal, and environmental
considerations.

4.   Conduct  Investigations  of  Complex  Problems:  Use  research-based  knowledge  and
research methods including design of experiments, analysis and interpretation of data, and
synthesis of the information to provide valid conclusions.

5.   Modern  Tool  Usage:  Create,  select,  and  apply  appropriate  techniques,  resources,  and
modem engineering and IT tools including prediction and modeling to complex engineering
activities with an understanding of the limitations.

6.   The Engineer and Society:  Apply reasoning informed by the  contextual knowledge to
assess societal, health, safety, legal and cultural issues and the consequent responsibilities
relevant to the professional engineering practice.

7.   Environment and Sustainabflity: Understand the impact of the professional engineering
solutions in societal and envirormental contexts, and demonstrate the knowledge of, and
need for sustainable development.

8.   Ethics: Apply ethical principles and commit to professional ethics and responsibilities
and norms of the engineering practice.

9.   Individual and Team Work: Function effectively as an individual, and as a member or
leader in diverse teams, and in multidisciplinary settings.

10. Communication:  Communicate  effectively  on  complex  engineedng  activities  with  the
engineering community and with society at large, such as, being able to comprehend and
whte effective reports and design documentation, make effective presentations, and give
and receive clear instructions.

+

11. Project Management  and Finance:  Demonstrate  knowledge  and understanding  of the
engineering  and  management  principles  and  apply  these  to  one's  own  work,  as  a
member and leader in a team, to manage projects and in multidisciplinary environments.

`<;'

12. Lifelong learning: Recognize the need for, and have the preparation and ability to engage
Jl

in independent and life-long learning in the broadest context of technological change-:.`.+ --' A
I_:-==a`=±-=+

--i---->`}------_
\_~-
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PROGRAM EDUCATIONAL OBJECTIVES qThos}

PEO1:-To prepare students to  excel in Computer Science and Engineering program through

quality education enabling them to succeed in computing industry profession.

PE02:-To  provide  students  with  core  competencies  by  strengthening  their  mathematical,

scientific and basic engineering fundanentals.

PH03:-To design & develop novel products and irmovative solutions for real life problems in

Computer Science & Engineering field and related domains by broad based knowledge.

PE04:-To  inculcate  professionalism  among  students  by providing  technical,  entrepreneurial

skills and soft skills with ethical standards.

PE05:-To  encourage  students  for  higher  studies  by  adapting  to  new  technologies  through

interactive q.Liality teaching and organizing symposiums, conferences, seminars, workshops and

technical discussions.

Stamp



PROGRAM SPECIFIC 0UTCORES 0S0s)

PSO1:-Computer Science Specific Skills: The ability to identify, analyze and design solutions

for  complex  engineering  problems  in  multidisciplinary  areas  by  understanding  the  core

principles and concepts of computer science.

PS02:-Programming  and  Software Development  Skills:  The ability to  acquire programming

efficiency  by  designing  algorithms   and  applying   standard  practices   in  software  project

development to deliver quality software products.

___---:-:-:iat
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SELLABUS

CSL203
OBJECT ORIENTEDFROGGLABurJAVA) CATEGORY L T P CREDIT

yE]an oFINTRODUCTION

PCC 0 0 3 2 2019

Preamble: The aim of the course is to provide hands-on experience to the learners on various
object oriented concepts in Java Hogramming. This course helps the learners to enhance the ca-
ability to design and implement various Java applications for real world problems.

Prerequisite: Topics covered under the course Programming in C q3ST 102)

Course Outcomes:

After the completion of the course the student will be able to

Col Implement  the  Object  Oriented  concepts  -  constructors,   inheritance,  method
overloading & overriding and polymoiphism in Java (Cognitive Knowledge Level:
Apply)

C02
Implement program.s in Java which use data types, operators, control statements, built in

packages & interfaces, hput/output streams and Files (Cognitive Knowledge Level:
Apply)

C03 Implement robust application programs in Java using exception handling
(Cognitive Knowledge Level: Apply)

C04
Implement application programs in Java using multithreading and database cormectivity

(Cognitive Knowledge Level: Apply)

COS
Implement Graphical User Interface based application programs by utilizing event

handling features and Swing in Java (Cognitive Knowledge Level: Apply)

Mapping of Course outcomes with program outcomes

PO1 P02 P03 P04 P05 P06 P07 PO8 PO9 Polo Poll P012

Col ® ® ® € € € ® /' ®
COB e ® _-,i:'-:,                          •_-----==

•--r=-ssn---_-
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11 ® ® a ® ® ®
C03 ® ® ® ® ® ® ® €
C04 ® ® ® ® ® ® ® ®
COS ® ® ® ® e ® ® ®

),--.1`--::-,.--i.   `=`-:`  `--          `                `-`

+

PO1 Engineering REowledge P07 Environment and Sustalnability

P02 Problem iinalysis PO8 Ethics

P03 Designroevelopment of solutions PO9 Individual and tcamwork

P04
Conduct investigations of

Polo Communicationcomplex problems

P05 Modern tool usage P011 Project Management and Finance

P06 The Engineer and Society P012 Lifelong leaning

BIoom's Category
Continuous Assessment End Semester ExaminationMarksinpercentageTestantermal Exam) Mark

in Percentage

Remember 20 20

Understand 20 20

Apply 60 60

Analyze

Evaluate

Create

er'`--rip--
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Mark Distribution

Total Marks CIE Marks
ESEMarks

ESE Duration

150 75 75 3hours

Continuous Internal Evaluation Pattern :

Attendance 15        Marks

Continuous   Evaluation   in   Lab            :    30   Marks

Continuous Assessment Test               :  15  Maces  Viva

Voce 15

Internal Examination Pattern: The marks will be distributed as Algorithm 30 marks, Program 20
marks, Outryut 20 marks and Viva 30 marks. Total 100 marks which will be converted out of 15
while calculating Internal Evaluation mat.ks.

End  Semester Examination  Pattern:  The marks  will be  distributed as Algorithm  30  marks,
Program 20 marks, Output 20 marks and Viva 30 marks. Total 100 marks will be converted out of
75 for End Semester Examination.

Operating System to Use in Lab: Linun

Compiler/Software to Use in Lab:  gce, javac, jdk, jre, Eclipse, Net Beans, MysQL/
PostgresQL.

Programming Language to use in La: Java

PRINCIPAL
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LIST 0F EXPERIMENT

1.   Write a Java Program to find the frequency of a given character in a string.

2.   Write a Java program to multiply two given matrices.

3.   Write a Java program which creates a class named 'Employee'

4.   Write ajava program to create an abstract class.

5.   Write a Java program that read from a file and whte to file by handling all file
related exceptions.

6.   Write a Java program that reads a line of integers, and then displays each integer,
and the sum of all the integers.

7.   Write a Java program that shows the usage of try, catch, throws and fmally.

8.   Write a Java program that shows thread synchronization.

9.   Write a Java program that works as a sinple calculator.

10.  Write a Java program that simulates a traffic light.

CYCLE 1:

CYCLE 2:

ecycLE3:

® 11.  Write a Java program for doubly linked list operations.

12.  Write a Java program that implements Quick sch algorithm

Or. LEENA  A. V.
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rmEX
SlNo,

Experiment Date Page   NO. Mark Remarks

i Java Program to  find the  frequency of a
given character in a strfug.

2
Java   program   to   multiply   tyro   given

matrices.

3
Java program which creates a class named
'Employee'

4 Java program to create an abstract class.

5
Java  program  that  read  from  a  file  and
whte  to  file  by  handling  all  file  related
exceptions

6
Java program that reads a line of integers,
and  then  displays  each  integer,  and  the
sun of all the integers.

7
Java program that shows the usage of try,
catch, throws and fmally.

8
Java     program     that     shows     thread

synchronization.

9
Java  program   that  works   as   a   simple
calculator.

10 Java program that simulates a traffic light.

11 Java   program   for   doubly   linked   list
operations.

12
Java program that implements Quick soft
algorithm

ee__#-
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1.   Java Program to Find the Fr€quencv of a Given Character in a Strin

AIM_____________

Write a javaLprograms  to  find the  frequency of a given character in a string using data types,
operators, and control statements in Java.

ALGORITlm¢ / pRocEDURE

PROGRAM

import java.util. Scaner;

class Test

(
public static void main(String args[])
(

Scanner sc = new Scarmer(System.in);
System.out.print("Enter the String: ");
String stu = sc.nextLine();
System. out.print("Enter the character: ") ;
char ch = sc.nextLineo.charAt(0);
int count - 0;
for(int i=0 ;i<str. length() ;i++)

(
ifi(str.charAt(i) ±  ch)
(

counttt;
)
)
System.out.println("Count of occurrence of "+ ch +"="+count);

®)
)

_®
OtJTPUT
___    ___      _         ___    ____           _               _       __          _     __    _    ___

Enter the String: java
Enter the character: a
Count of occurrence of a =2

REsunT

The output is obtained and successfully verified.

-_##
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2.  Java Program to Multiply Two Given Matrices
ir

Jrm
_    ___       __.:          _    _

Write  a Java program to  multiply two  given matrices using  data  types,  operators,  and control
statements in Java.

ALGORITHM / PROCEDURE

PROGE"
importjava.util.Scarmer;
class Test
(

public static void main(String args[])
(

Scarmer sc = new Scanner(System.in);
System.out.print("Enter the order -in 1 : ");

int ml = sc.nextlnto;
System.out.print("Enter the order -nl :");
int nl = sc.nextlnt();
System.out.print("Enter the order -m2 : ");
int m2 = sc.nextlnto;
System.out.print("Enter the order -n2 : ");
int n2 = sc.nextlnto;
if(nl !-m2)
(

System.out.println("Matrix Multiplication not Possible") ;
retun;

)
int A[][] = new int[ml][nl];
int 8[][] = new int[nrfe][n2];
int C[][] = new int[ml][n2];
System.out.printha{ "Read Matrix A");

for{inti=0;i<ml;iH)
i

for(intj=Oj<nl;jH)
(

System.out.pint("A["+i+"]["+j+"]=");
A[i]H] = sc.nexthito;

)
)

System.out.println("Read Matrix 8 ") ;
for(int i=0;i<m2 ; iH)

i
for(intj=0;j<nl;jH)

`   DF. LEE.NA  A. V,
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(
System.out.print("B["+i+"]["+j+"]=");

B[i]b.] = sc.nextlnto;
)

)
for(int i=0;i<ml ;iH)

i
for(intj=0;j<n2;jH)

i
C[i]b']-0;
for(int k=0;k<nl ;kH)
i

C[i]b.I += A[i][k] * BH{]Ej];

)
)

)
System. out.printh("Matrix A") ; for(int
i-0;i<ml;iH)

i
for(intj=0;j<nljH)

(
System.out.print(A[i]b.]+"\t");

)
System.out.printha();

)
System. out.println("Mathx 8 ");
for(int i=0;i<nd2 ;iH)

(
for(intj=0;j<n2;jH)

i
System.out.printQ}[i]B]+"\t");

)
System.out.printha();

)
System. out.printh("Matrix C") ;
for(int i=0;i<ml ;iH)

(
for(intj=Oii<n2;jH)

i
System.out.print(C[i]b]+"\t");

)
System.out.prfuth{);

)

RE±REHEI]
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OUTPUT

Enter the order -ml 2
Enter the order -nl 2
Enter the order - m2 2

Enter the order - n2 2
Read Matrix A:  2

2
2
2

MatrixA     2        2
22

Read Matrix 8: 2
2
2
2

Matrix8  2        2
22

Matrix c       8
8

RESULT

The outyut is obtained and successfully verified.

RERELREE
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3.  Java Program Which Creates a Class Named 'Emplovee'

Jrm_._.             _                   ___

Write a Java program which creates  a class  named 'Employee' having the  following members:
Name, Age, Phone number, Address, Salary. It also has a method named 'print Salary ( )' which prints the
salary. of the Employee. Two classes 'Officed and 'Manager' inherit the 'Employee' class. The 'Officer' and
'Manager' classes have data members 'specialization' and 'dapartment' respectively. Now, assign name, age,

phone number, address and salary to an officer and a manager by making an object of both of these classes
and print the same. Q3xercise to understand inheritance).

ALGORITHn4 / pROcEDURE

PROGEL"

importjava.util.Scarmer;
class Employee
(

private String name;
private int age;
private long phoneNumber;
private String address;
private double salary;

public void setName{String name)
(

this.name = name;
)

public void setAge(int age)
f

tlris.age=age;

)
public void setphoneNumber(long phoneNumber)

(
this.phoneNumber = phoneNumber;

)
public void setAddress(String address)

(
this.address = address;

)
public void setsalary(double salary)

(
this.salay = salay;

)
public double printsalaryo

i
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i

return salary;
)

public String geINameo
(

return name;
)

public int getAge()
i

retun age;
i

public String getAddress()
(

retun address;
)

public long getphoneNumbert)
f

return phoneNumber;
)

)

class Offlcer extends Employee
i

private Sting specialization;
private String department;
public void setspecialization(String specialization)

(
this.specialization = specialization;

)
public void setDepartment{String department)

i
this. depatment = department;

)
public String getl)epartrnento

(
return department;

)
public String getspecialization()

(
retuim specialization;

)

)
class Manager extends Employee

Dr. LEENA  A. V.
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(
private String specialization;
private String department;
public void setspecialization(String specialization)

i
this. specialization = specialization;

)
public void setDepartment(String department)

i
this.department = department;

)
public String getDepartmento

(
retun department;

)
public String getspecializationo

i
retun specialization;

)

)
class Test

(
public static void main(String args[])

(
Scanner sc = new Scanner(System.in);
Officer o = new Officer();
System. out.println("Enter the officer`s Detail");
System.out.print{"Name:");
o.setNane(sc.nextLineo);
System.out.print("Address:");
o.setAddress(sc.nextLine());

System.out.print("Specialization:");
o.setspecialization(sc.nextLine());
System,out.print("Department:");
o.setDepartment(sc.nextLineo);
System.out.print("Age:");

o. setAge(sc.nextlnt()) ; System. out.print("Number: ") ;
o.setphoneNumber{sc.nextLongo);
System.out.print("Salary:");
o.setsalary(sc.nextl)ouble());
sc.nextLine();
System. out.println("The officer Detail") ;

__-:iff----:i-:-i-
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System.out.println('Name:"+o.getNameo);
System.out.println("Age:"+o.getAge());
System.out.println("Number:"+o.getphonalumber());
System.out.println("Address:"+o.getphoneNumbero);
system.Out.pintln("salary:"+O.piintsalary());
System.out.printh("Specialization:"+o.getspecialization());
System.out.println("Department:"+o.getDeparfuent());

Manager in = new Managero; System.out.printha("Enter the
manager's Detail ") ; System.out.print("Name: ");

in. setNanie(sc.nextLine()) ; System. out.print("Address : ");
in.setAddress(sc.nextLine());
System.out.print("Specialization:");
in.setspecialization(sc.nextLineo);
System.out.print("Department:");
in.setDeparfuent(sc.nextLineo); System. out.print("Age : ");
in.setAge{sc.nextlnt());
`System.out.print("Number:");

in.setphoneNumber(sc.nextLong());
System.out.print("Salary:");
in.setsalary(sc.nextDouble());
sc.nextLine();
System.out.printha("The mannger's Detail" ); System. out.pi.intln("Name: "+in. getNameo) ;
System.out.println("Age:"+in.getAge());
System.out.println("Number:"+in.getphoneNumber());
System.out.println("Address:"+in.getphoneNumber());
System.out.printha("Salary:"+in.printsalary());
System.out.println("Specialization:"+in.getspecializationo);
System.out.println("Department:"+in.getDapartment());

OUTPUT

Enter the officer's Detail
Name:Sangeeth
Address:Trivandrum
Specialization: Computer Science

Deparfuent:CSE
Age:32
Number:9633566474
Salay:10000
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The offlcer Detail
Name:Sangeeth
Age:32
Number:9633566474
Address:9633566474
Salary: 10000. 0 Specialization: Computer
Science Deparfuent: CSE

Enter the manager's Detail
Name:Manu
Address:Kochi
Specialization:CSE
Department: Computer Science
Age:30

Number:9895881182
Salary:67000

The manager's Detail
Name:Manu
Age:30
Number:989588112
Address:9895881182 Salary:67000.0
Specialization:CSE
Department: Computer Science

RESULT
__              _                                     __             i      __

®              The output is obtained and successfully verified.
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4.  Java Program to Create an Abstract Class
JEN_  _    __  _i_===

Write a java prograni to create an abstract class named Shape that contains an empty method named
numberofsides ( ). Provide three classes named Rectangle, Triangle and Hexagon such that each one of the
classes extends the class Shape. Each one of the classes contains only the method numberofsides ( ) that
shows the number of sides in the given geometrical structures. (Exercise to understand polymolphism).

ALGORITHM / PROCEDURE

`!.`...--:-.+

PROGRAM

abstract class Shape
(

public abstract void numberofsides();
)

n          class Rectangle extends shape
(

public void numberofsides()
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r.nunberofsides();
t.nunberofsides();
h.numberofsides();

OUTPUT

Number of Sides of Rectangle = 4

Number of Sides of Triangle = 3

Number of Sides of Hexagon = 6

RESULT

The output is obtained and successfully verified.

/
:i?--------!±~

• :_.  }St ,---ys--f5P
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5.±=tReadFromAFfleAndwriteTOFfle_ByHap_¢±fuirfe±1E±Le

Jam
wireaJavaprogramthatreadfromafileandwhtetofilebyhandlingallfilerelatedexcaptious.

ALGORITHM / PROCEDURE

PROGErm

inportjava.io.Filewriter;
inpoltjava.io.FileReader;
importjava.io.IOException;
class ReadwriteFile
(

.              :ublic static voidmain(Sthng[] args) throws IoException
// variable declaration

®n'

OUTPUT

int ch;
// check if File exists or not
FileReader firmew FileReader("sample.txt") ;
Filewriter fwhew Filewriter("new sample.txt" );
// read from FileReader till the end of file, print the content and write to another file

while {(ch=fr.read()) ! =-1 )

f
System.out.print((char)ch);
tw.whte({char)ch);

)
// close the file

fr.closeo;
tw.closeo;

)

First create a file sample.txt with content "Hello world "
After execution of prograni a new file is generated with name new sample.txt with contents readed
ron sample.txt.
"Hello world"

REstJLT

The output is obtained and successfully verified.
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6.  Java Program That Reads a Line of Integers. and Then DisDlavs Each Integer.
And the gum of All the Integers

AIM
__      _      __             __

Write a Java program that reads a line of integers, and then displays each integer, and the sum of all the
integers {Use String Tokenizer class of java.util).

ALGORITHn4 / PRoCEDURE

PROGRAM

®importjava.util.*;

class StringTokenizerDemo
(

public static void main(String args[])
(

int n;
int sun - 0;
Scanner sc = new Scarmer(System.in);

System.out.printh("Enter integers with one space gap:");
String s = sc.nextLineo;
StringTokenizer st = new StringTokenizer(s, " ");
while (st.hasMoreTokenso)

(
String temp = st.nextTokeno;
n = Integer.parselnt(temp) ;
System.out.println{n);

sun = sun + n;
)

System.out.printh("sum of the integers is: " + sum);
sc.closeo;

)
)

OUTPUT

RESULT

The output is obtained and successfully verified.

^/©#_
{±;           .-    ,
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7.  Java Program That Shows the Usage of Try. Catch. Throws and Finall

AIM
wheaJavaprogramthatshowstheusageoftry,catch,throwsandfinally.

ALGORITHM / PROCEDURE

PROGE"

importjava.util.Scarmer;
class Test
(

public static void main(String args[])
f

Scanner sc = new Scanner(System.in);
try

(
System.out.println("Program to perform Division") ;
System.out.print("EnterNumber-I:");
int a = sc.nexthto; System.out.print("Enter Number-2:");    int

b = sc.nextlnto;
int c - afo;
System.out.println("Result="+c);

)
catch(ArithmeticException e)

(
System. out.print(e.getMessage( ));

)
fmally

(
System. out.println{"End of Operation") ;

a
)

ftouTPur:
Program to perfomi Division

EnterNunber-120
Enter Number-2 0
/ by zero
End of Operation

RESULT

The outryut is obtained and successfully verified.

f`

r` gr=
ftE-*r;d
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8.  Java Program That Shows Thread Svnchronization
AIM
_        ___    __    ___                      -

Write a Java program that shows thread synchronization.

ALGORITHM / PROCEDURE

PROGRAM

class Display
f

public synchronized void print(String msg)
(

System.out.print("["+msg);

EiE

(
Thread.sleep(1000);

)
catcha3xception e)

(
System.out.println{e.getMessageo);

)
System.out.println("]");

)
)
class SyncThread extends Thread
i

private    Display    d;
private String msg;
public SyncThread(Display d,String msg}

(
this.d-d;
this.msg = msg;

)
public void rmo

(
d.print(msg);

)
)
class Test
(

public static void main(String args[])
i

Display d = new Display();

#.:#dJgr
eec.S  -..+=-S=#--qux-
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9.  Java Program That Works as a Simple Calculator_

A"_        __I+I+__

Write a Java program that works  as  a simple calculator.  Arrange Buttons  for digits  and the +  -  *  %
operations properly. Add a text field to display the result. Handle anypossible exceptions like divide by zero.
Use Java Swing.

ALGORITIIn4 / pROcEDURE

PROGRAM

importjavax.swing.*;
impoftjava.awl.event.*;
class Calculator extends JFrame implements ActionListener
i

private JTexthield tl ;
privateJButtonb1;
private JButton b2;
private JButton b3 ;
private JButton b4;
private   JButton b5;
private JButton b6;
private JButton b7 ;
private JButton b8;
private JButton b9 ;
privateJButtonb10;
privateJButtonbll;
privateJButtonb12;
privateJButtonb13;
privateJButtonb14;
privateJEfuttonb15;
privateJButtonb16;
privateJButtonb17;
private Integer res;
private String operation;
public Calculator{ )
(

setLayout(null);
setsize(680,480);
tl = new JTextField();
tl.setBounds(100,100,200,30);
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bl = new JButton(" 1 ");
bl.setl3ounds(100,140,50,30);
b2 = new JButton("2");
b2.setBounds{150,140,50,30);
b3 = new JButton{"3");
b3.setBounds(20d,140,50,30);
b4 = new JButton("+");
b4.setBounds(250,140,50,30);
// Third Row
b5 = new JButton("4");
b5.setBounds(100,170,50,30);
b6 = new JButton("5");
b6.setBounds(150,170,50,30);
b7 = new JButton("6");
b7.setBounds(200,170,50,30);
b8 = new JButton{"-");
b8.setBounds(250,170,50,30);
// Fourth Row
b9 = new JButton("7");
b9.setBounds(loo,200,50,30);
b 10 = new JButton("8");
bl0.setBounds(150,200,50,30);
bl 1 = new JButton(']9");
bll.setBounds(200,200,50,30);
bl2 = new JButton("*");
bl2.setBounds(250,200,50,30);
b 13 = new JButton("/");
bl3.setBounds(loo,230,50,30);
bl4 = new JButton("%");
bl4.setBounds(150,230,50,30);
bl5rmewJButton("=");
bl5.setBounds(200,230,50,30);
bl6rmewJButton("C");
bl6.setBounds(250,230,50,30);
bl7rmewJButton("0");
bl7.setBounds(100,260,200,30};
add(tl);
add(bl);
addth2);
addto3);
addth4);
add@5);

4
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add@6);
add(b7);
add¢8);
add(b9);
addftyl0);
add¢11);
add®12);
add®13);
add(bl4);
add(bl5);
add(bl6);
addthl7);

bl.addActionListener(this);b2.addActionListener(this);
b3.addActionListener(this);b4.addActionListener(this);
b5.addActionListener(this);b6.addActionListener(this);
b7.addActionListener(this);b8.addActionListener(this);
b9.addActionListener(this);bl0.addActionListener(this);
bll.addActionListener(this);bl2.addActionListener(tlris);
bl3.addActionListener(this);bl4.addActionListener{this);
bl5.addActionListener(this);bl6.addActionListener(this);
bl7.addActionListener(this);

)
public void doAction(String op)

i
if(operation ± null)

i
Operation - op;
res = Integer.parseht(t I . getText()) ;

tl.setText("");

i

else

(
switch(operation)

(
case "+" : res = res + Integer.parseht(tl .getText()};

break;
case "-": res = res -Integer.parselnt{tl .getTexto);

break;
case "/":             try

(
ifl{tl.getTexto.equals("0")

c-_`
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(
throw new ArithmeticException("Divide by Zero") ;

)
res = res / hteger.parselnt(tl .getText());

catch(ArithmeticException e)
(

tl.setText(e.getMessage());
operation = null;
res - 0;

)
break;

case "*": res = res * Integer.parselnt(tl .getTexto);
break;

case "%": res = res % Integer.parselnt(tl.getTexto);
break;

)
ifl(op.equals("-"))

(
tl.setText(res.tostringo);
res - 0;
operation = null;

Operation = Op;
tl.setText("");

)
)

)
public void actionperformed(ActionEvent e)
(

ifl(e.getsource()±bl)
tl.setText(tl.getTexto+"1");

else ifl(e.getsource()± b2)
tl.setText(tl.getTexto+"2");

else if(e.getsource()± b3)
tl.setText(tl.getTexto+"3"};

else if(e.getsource()± b5)
tl.setText(tl.getTexto+"4");

else if(e.getsource()± b6)
tl.setText(tl.getTexto+"5");

else if(e.getsource()± b7)

ENGiNEERINO a
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tl.setText(tl.getTexto+"6");
else if(e.getsource()± b9)

tl.setText(tl.getTexto+"7");
else ifl(e.getsource()± b 1 0)

tl.setText(tl.getTexto+"8");
else ifl(e.getsourceo± b 11)

tl.setText(tl.getTexto+"9");
else if(e.getsource()± bl 6)

i
tl.setText("');
res -0;
operation = null;

)
else if(e.getsourceo± b4)

i
doAction("+");

)
else if(e.getsource()± b8)

doAction("-");
else if(e.getsourceo± b I 2)

doAction("*");
else ifl(e.getsource()± b 1 3)

doAction("/");
else if(e.getsource()± b l4)

doAction("%");
else ifl{e.getsource()± bl 5)

doAction("-");
)
public static void main(String args[])

i
new Calculatoro.setvisible(true) ;

)
)

OUTPUT

i -.     -   . i ..   `  .  i-  .  .

I..i:st-¢€#i.-ide8-i:.;;.``a.±i;;.£in^.'

E..
•   .-           -`-

a_. :._ , `*`st.`**`.::.:.?;i:i:i,::i:.i-.i.':::
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10.Java Program That Simulates a Trafflc Lisht

AIM
__     _I__ __   _

Write a Java program that simulates a traffic light. The progranl lets the user select one of three lichts:
red, yellow, or green. When a radio button is selected, the licht is tuned on, and only one licht can be on at a
ttime. No licht is on when the program starts.

ALGORITHM / PROCEDURE

FROG-
importjavak.swing.*;
importjava.awt.*;
importjava.awl.event.*;
class TrafficLight extends Jpanel implements ActionListener
(

fi       ::::::=:::::::::;:
a        ::::::Fo:::or:::c:nr3;

private Color green_c;
private Color orange_c;
public TrafficLicht() {
setBounds(0,0,600,480);
rl = new JRadioButton("Red");
r2 = new JRadioButton{"Green");
r3 = new JRadioButton("Orange");
ButtonGroup group = new ButtonGroup();
rl.setselected(true);
group.add(rl);
group.add(r2);
group.add(r3);
add(rl);
add(r2);
add(1.3);
red  c = Color.red;___

green_c = getBackground ();
orange_c = getBackgroundo ;
rl.addActionListener(this);
r2.addActionListenertthis);
r3.addActionListener(this);

)
public void actionperformed(ActionEvent e)
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(
ifl{rl .isselectedo ± true)
(

red  c = Color.red;
gi.een  c = getBackground ();_____

orange_c = getBackground() ;
)
else if(r2.isselectedo ± true)
I

red  c = getBackground 0;
green  c = Color.green;
orange_c = getBackground() ;

i
else if{r3 isselectedo ± tftie)

(
red  c = getBackground 0;
green  c = getBackgroundo;
orange_c = Color.orange;

)
repainto;

)

public void paintcomponent(Graphics g)
(

super.paintcomponent(g);
9.drawoval(50,50,50,50);
9.drawcival(50,110,50,50);
9.drawoval(50,170,50,50);
9.setcolor(red_c);
9.flllcival(50,50,50,50);
9.setcolor{orange_c);
9.filloval(50,Ilo,50,50);
9.setcolor(green_c);
9.filloval(50,170,50,50);

)
'
class Test

(
public static void main(String args[])
(

JFrame fl = new JFrame();
fl.setvisible(true);
fl.setsize{600,480);
fl.setLayout(null);
TrafficLight t = new TrafficLight();
fl.add(t);
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11.Java Program for Doublv Linked List ODerations

Write a Java program for the following:
1.    Create a doubly linked list of elements.
2.    Delete a given element from the above list.
3.    Display the contents of the list after deletion

Jrm

ALGORITHM / PROCEDURE

PROGE"
importjava.util.Scaner;
class LinkedList
f

private Node head;
class Node
f

private int data;
private Node left;
private Node right;
public Node(int data)

(
this.data = data;
this.left = null;
this.right = null;   .

)
i

public void insert(int data)
(

Node temp = new Node(data);
ifl(head ± null)
(

head = temp;
)

else

f
Node ptr = head;
whilefotr.richt != null)

i
ptr - ptr.right;

)

givr=ft-
_ -_r > a-
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ptr.right - temp;
temp.left - ptr;

)
)

public void delete()
(

int x = head.data;
head = head.right;
head.left = null;
System.out.println("Element "+x +" got deleted");

)
public void display()
(

if{head ± null)
System. out.println("List is Empty") ;
else

(
Node ptr = head;
while(ptr != null)
(

System. out.printfotr.data +"\t");
ptr - ptr.right;

)
System.out.printha();

)
)

i
class Test
(

/           public static void main(String [] args)
(

LinkedList list = new LinkedList():
Scarmer sc = new Scannerfsystem.in);
String choice = "';
while(!choice.equals("4"))

i
System.out.print(" 1. Insert at End \n2. Delete From Front ha3. Display ha4.Exith");
System. out.println("Enter the choice: ");
choice = sc.nextLine();
switch(choice)
i

case " 1 ": System.out.print("Enter the number to insert: ");                -at
-,
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int data = sc.nextlnto;
sc.nextLine();
list.insert{data);
System. out.printin("Data inserted Successfully");
break;

case "2": list.delete();
break;

case "3": list.display();
break;

case "4": break;
default: System.out.println("Invalid Choice") ;

A

-*JS
-:`:-            -

Dr. iEENA A. ¥.

OUTPUT

1 . Insert at End
2. Delete From Front
3. Display
4.Exit

Enter the choice: I
Enter the number to insert : 10
10

Data inserted successfully

®REsunT
I         ___       __        __         ==_       _    _    _          __i    ___

The output is obtained and successfully verified.
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12.Java Program That Implements Ouick Sort Algorithm

Write a Java program that implements Quick soft algorithm for sorting a list of names in ascending

ALGORITHM / PROCEDURE

PROGRAM

public class Quicksoutonstrings
(

String nanes[] ;
int length;
public static void main(String[] args)
(

Quicksortonstrings obj = new Quicksortonstringso;
String stringsList[] = {"Raja", "Gouthu", "Rani", "Gouthami", "Honey", "Heyaansh", "Hello"} ;
obj.sort(stringsList);
for (String i : stringsList) { System.out.print(i); System.out.print(" ");

)
)

void sort(String array[])

(
if (array ± null || array.length ± 0)
(

return;
)

this.names = array;
this.length = array.length;
quicksort(0, length - 1);

)

®     void quicksort(int lowerlndex, int higherlndex)
(

int i = lowerlndex;
int j = higherhdex;
String pivot = this.nanies[lowerlndex + (higherlndex -lowerlndex) / 2];
while (i <-j)
(

while (this.names[i].compareTolgnorecasetoivot) < 0)
i
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while (this.names ti].compareTolgnorecase®ivot) > 0)
f

H=]
if(i<-j)

i
exchangeNanes(i,j);

HH=

)
)

if(lowerhdex<j)
i

quicksort(1owerhdex,j);
)

if {i < higherlndex)
(

quicksoft(i, higherhdex);
)

®{oidexchangeNanes(inti,intj)

String temp = this.names[i] ;

this.names[i] = this.namesb.] ;

this.nanesb.] = temp;

)

)

OUTPUT

Gouthri
Gouthu
Hello
Heyaansh

®          E::ieyRaja

RESELT

The output is obtained and successfully verified.
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ANALOG  CIRCUITS AND SIMUJIATloN JAB

CODE OF CONDUCT FOR THE LABORATORIES

1. Safetv is first. work is next.
2. Each lab group will be assigned an area to store lab materials. Please store your
components and other equipment only in your assigned area.

3. Make sure TEST instruments are set for proper FUNCTION AND RANGE prior to taking
a measurement.

5. Do not remove any parts or equipment from the lab without prior permission from the
course coordinator or laboratory staff.

6. Report all equipmeiit problems to laboratory staff.

7. Do not write on equipments and work table.

8e Do not put suspected defective parts back in the bins. Give them to labcratcr5r stiff for
testing or disposal .

9. Return components and connecting wires, when you are finished with them.

10. Each grotip is responsible for the Lab bench. After the Lab exercise is over, all equipment
should be powered down and disconnected from the socket, all probess cords, etc. returned to
their proper position. Do not cut and drop wires on the Lab bench. Your Lab grade will be
affected if your bench is not tidy when you leave the Lab.

11. Lab clean up (to be accomplished at the end of each lab session):

i. Turn off test equipment.    i

ii. Put hand tools back on the pegboard rack.

iii.  Place the chairs properly.

iv. Clean bench top.

nont r`f 1:r`F   €N{`Tr`Frr  Prnr`i,r|nniir
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EXPT.No-1

RC INTEGRATOR AND DIFFERENTIATOR

AIM
1.   To design and set up a RC integrator circuit.RC differentiator circuit and study the

response to square wave.
2.   To observe the response of the designed circuits for the given square wave form for

RC<<T,RC=T.RC>>T.                                                                                       '

COMPONENTS & EQUIPMENTS REQUIRED

Resistor 5.6Kf2                                                         -      1No:
Capacitor2.2HF ,0.1HF, 0.22HF,1LIF                 -      I  No:
Function Generator                                              -      1 No:
CRO                                                                                  I No:
Breadboard                                                           -     I No:
Cormecting Wires

THEORY
.  An RC integrator is constituted by a resistance in series and a capacitor parallel with

the output. This circuit produces an output voltage that is proportional to the integral of the
input. Here the time constant is very large in comparison with the time required for the input
signal  to  change.  Under  this  condition  the  voltage  drop  act.oss  C  will  be  very  small  in
comparison  with  the  drop  across  R.  The  current  is  Vim/R  since  almost  all  current  appears
across R. Output voltage across C is

For RC>>t,Vo = Vc = ± /ot Vim dt
Voltage drop across  C  increases as time increases.A  square wave form has positive

and  negative  excursions  with  respect  to  its  reference  zero.  If the  input  is  square  wave,
capacitor charges and discharges from negative voltage to the positive voltage and back.For
the  circuit  to  work  as  a  good  integrator  0=90°  .As  tano=coRC;  tan90=infinity,  which  is

3=a8C;:Z%:LZ±¥±;§:ib8Loe..foheRr:fi::%Ta;:I:S:i:aebt]£ec£:±tt::jr°a:£nfi:rpr8a::£€ajLT;:8rat£°njs°=89.4°if

An RC differentiator circuit is constituted with a capacitor connected in series and a
resistor connected in parallel to the output. The time constant RC of the circuit is very small
in comparison with the time period of the input signal. The voltage drop across R will be very
small   in   comparison   with   the   drop   across   C.   The   current   through   the   capacitor   is
C#.Hence the output is proportional to the derivative of the input.  Output voltage across R
is

For RC<<t,Vo  = V|i = RCdv!7l

dt
Differentiated  output is proportional to the rate of change of in.put.  When the input

rises  to  maximum  value,  differentiated  output  follows  it  because  the  sudde.n  change  of

``-;`                             .--i              -:;i/



time, the rate of change of voltage is zero. So output falls to zero. During this time9 input acts
like a dc voltage and capacitor offers higli impedance to it. So the charges in 'capacitor drains
to earth through the resistance.            When input falls to zero. rate of chahge of input voltage
is negative. Then the output also goes to negative.

For   the    circuit   to    work   as    a   good   differentiator   0=90°    .As   tano=1/CORC:
tan90=infinity.   This  result  can  be  obtained  only  if  R=O  or  C=0, , which  is  practically
impossible.   Therefore   a   reasonable   criterion   for   good   differentiation   is   0=89.40   if

1

;;;;;=i==100.So  RC=0.0016T  will  give  the  differentiating  practically.  Assume  RC=0.01T  for
getting good spike wave forms. The peak of the output of the differentiator gets doubled when
the square wave is fed to the input.

CIRCUIT DIAGRAM
RC Integrator

RC Differentiator

___-

DESIGN

RC Integrator
Case 1 :  RC>>T
To avoid loading, select R=10 times the output impedance of signal generation. If output
impedance=600Q, select R=6000f2Use R=5.6K£2

RC-10T
where R=5 .6Kf2 and T= 1 ms
then C=10T/R=1.78HF  (2.2HF standard)

Case2:RC=T



RC-T
where R=5.6KQ and T=1ms
then C=T/R=0.22HF (0.22HF standard)

Case3:RC<<T  .
RC-0.1T

where R=5 .6KQ and T= 1 ms
then c=0.1 T/R=0.0178HF (0.0 I HF standard)

RC Diffeientiator

Case  1 :  RC<<T
To avoid loading, select R=10 times the output impedance of signal generation.If output
impedance=600Q, select R=6000Q.,Use R=5.6KQ,

RC-0.0lT
where R=5.6KQ and T=1 ms
then C=0.01T/R=1.78nF  (2.2nF standard)

Case2:RC=T
RC-T

where R=5.6KQ and T= 1 ms
then C=T/R=0.22HF (0.22prF standard)

Case3 : RC>>T
RC-5T

where R=5.6Kf2 and T= 1 ms
then C=5T/R=0.89HF ( 1 HF standard)

PROCEDURE

1.   Set up the circuit as per the diagram of integrator.
2.   Switch on the function generator and set a square wave of 2Vpp,1KHz.
3.   Observe the input and output on the X and Y channels of CRO respectively.
4.   Note down the output wave forms for the following conditions:

•    RC<<T
®     RC-T
•    RC>>T (Integrator)

5.     Repeat the same steps for differentiator.



OUTPUT WAVEFORMS
Integrator

Differentiator

RESULT

-,-ii=

RC>>T



RC Integrator and differentiator circuits are designed and observed the wave forms for
different time constants.

VIVA QUESTIONS

1.   Mention one application of the RC integrator.
2.   What is the requirement of a low pass filter to act as integrator?
3.  . What is time constant of an RC circuit?
4.    Mention one application of the Rc differentiator.
5.    What is the requirement ofa high pass filter to act as differentiator?

Stamp



HXPT.No-2
CLIPPING AND CLAMPING CIRCUITS

AIM
Design and setup various clipping circuits and clamping circuits using diodes and

plot the output wave form and transfer characteristics.

COMPONHNTS & EQUIPMHNTS REQUIRHD

PN Diode lN4007
Zener diode SZ5.6
Resistors 3.3KQ
Function Generator
CRO
Regulated Power Supply 0-30 V
Bread board

Counecting Wires

THEORY

CLIPPING CIRCUITS

-      lNo:
-       1No:

-       1No:

-       1No:

-       1No:

1No:

Capacitor lHF                          1 No:

The property of a diode as a switching device is utilized in clipping circuits. C`lipping
circuits are linear wave shaping circuits. They are useful to clip off the positive or negative
portions of an input wave form.  It can also be used to slice off an input wave form between
two  voltage  levels.  Using  a positive  clipper,  a  moderate  quality  square  wav€form  can  be

ffe:erdaftoeddefi:::oa=]encete¥ayne.s::1:sd££ftac£L£E::r;nc:ncpfep;tear:s::::aas:]efrp]::raTsd::]T:£c:i:::Lres;
clipper.  If the diodes are connected in parallel with the input, that clipper is called a shunt
clipper. A resistance is used to limit the current through the diode.  The value of the series
resistance     used     in     the     clipping     circuits      is     given     by     the     expression      :

where Rf = forward resistance of the diode and Rr = reverse resistance of the diode.
Positive clipper with clipping level at 0.6V :

This  circuit  passes  only  negative  going  half cvcles  of the  input  to  the
output. The entire positive half cycle is bypassed through the aiode since the diode gets
forward biased when the input becomes positive. Due to the voltage drop across the diode
the clipping occurs exactly at +0.6V.

I.    Negative clipper with clipping level at o.6V :
This circuit passes only positive going half cycles of the input to the output.

The entire negative half cycle is bypassed through the diode since the diode gets forward
biased when the  input becomes negative.  Due to the voltage drop across the diode the
clipping occurs exactly at -0.6V.

2.    Positive clipper with clipping level at +2.6V :

F`;\                               -_                   k,:f



For the diode  to  be  forward  biased  anode  voltage  must  be  greater than  cathode
voltage. Till the input becomes greater than +2V, diode is reverse biased and the input will appear
at the output.. When the  input exceeds +2V, diode becomes forward biased  and the cell voltage
appears at the output. Since the diode is in series with the cell, actual clipping level is +2.6V.

3.    Negative clipperwith clipping level at -2.6V :
Till  the  input  becomes  less than  -2V,  diode  is  reverse  biased  and  the  input will

appear .at the output. When the input is less than -2V, diode becomes forward biased and the cell
voltage appears at the output.  Since the diode  is  in  series with the cell, actual  clipping level  is -
2.6V.

4.    Positive clipper with clipping level at -1.4V :
The diode is forward biased till the input becomes less than -1.4V  .Here the

cell voltage appears at the output. During the negative cycle when the input is less than -
I.4V, diode is reverse biased and input appears at the output.

5.    Negative clipper with clipping level at +I.4V :
During  the  positive  cycle  when  the  input  is  greater  than  +1.4V,  diode  is

reverse biased and  input appears at the output. Till the input becomes greater than +I.4V
diode is forward biased and the cell voltage appears at the output.

6.    Double clipper with clipping level at +3.6V & -2.6V :
This circuit is the merging positive and negative clippers. During the positive

half cycle of the  input, one branch will be effective and the other remains open and vice   versa
during negative half cycle. Actual clipping levels ate +3.6V and -2.6V.

7.    Positive slicer with slicing level at +I.4V & +3.6V :
.        This  circuit  allows  the  signal  to  pass  to  the  output  only  between  +3V  and  +2V.

During the negative half cycle of the input, diode Di  conducts and diode D2 gets reverse biased.
Thus the output remains at +2V. During the positive half cycle of the input, when  input exceeds
+2V, Di  is reverse biased and the input appears at the output. If the output exceeds +3V. diode D2
conducts and the output remains at i3V. Actual clipping levels ate + I.4V and +3.6V.

8.    Clipper using zener diode :
During positive cycle till +5.6V zener diode is reverse biased  and all of input

will  appear  at  output.  The  output  remains  at  +5.6V.  During  negative  cycle      diode  is
forward biased and the diode drop of -0.6V will appear at the output.

CLAMPING CIRCUITS
_         __     __:_i_                    __    __:    _                     _   _

Clamping circuits are necessary to add or subtract a dc voltage to a given wave form without
changing the shape of the wave form. A capacitor which is charged to a voltage and
subsequently prevented from discharging can serve as a suitable replacement for a dc source.
This principle is used in clamping circuits. The clamping level can be made at any voltage
level by biasing the diode. Such a clamping circuit is called a biased clipper.

Suppose the input voltage is represented by the expression Vm sincot

1.    Positive c]amperwith clamping level at ov :

During one negative half cycle of the input sine wave, the diode conducts and           .
capacitor charges to vm with positive polarity at right side of the capacitor. During     `
positive half cycle of the input sine wave, the capacitor cannot discharge,,,since tth
diodedoesnotconduct.ThuscapacitoractsadcsourceofvmcQlrfecteainpejifetLed

3e IMP
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the input signal soulrce. The output voltage then can be expressed as Vo  = Vm+ Vm
sincot .

2.    Negative c]amperwith clamping level at ov :

During one positive half cycle of the input sine wave, the diode conducts and
capacitor charges to Vm with negative polarity at right side of the capacitor. During
negative half cycle of the input sine wave, the capacitor cannot discharge since the
diode does not conduct. Thus capacitor acts a dc source of Vm connected in series with
the input signal source. The output voltage then can be expressed as Vo  = -Vm+ Vm
sincot .

3.    Positive c]amper with clamping ]eve] at +3V :

During one negative half cycle of tlle input sine wave. capacitor charges through the
dc source and diode till (Vm+3) volts with positive polarity of the capacitor at the right
side. The charging of the capacitor is limited to (Vm+3) volts due to the the presence
of the dc source. The output is then Vo  = (Vm+3) + Vm sincot .

4.   Negative c]amper with clamping ]eve] at -3V :

During one positive half cycle of the input sine wave, capacitor charges through the
dc source and diode till (Vm+3) volts with negative polarity of the capacitor at the right
side. The charging of the capacitor is limited to (Vm+3) volts due to the the presence
of the dc source. The output is then Vo  =-(Vm+3) + Vm sincot .

5.    Positive clamper with clamping level  at -3V :

During one negative half cycle of the input sine wave. capacitor charges through the
dc source and diode till (Vm-3) yqlts with positive polarity of the capacitor at the right
side. The charging of the capacitor is limited to (Vm-3) volts due to the the presence of
the dc source. The output is then Vo  = (Vm-3) + Vm sincot .

6.    Negative c]amper with clamping level  at +3V :

•        During one positive half cycle of the input sine wave, capacitor charges through the
dc source and diode till (Vm-3) volts with negative polarity of the capacitor at the right
side. The charging of the capacitor is limited to (Vm-3) volts due to the the presence of
the dc source. The output is then Vo  =- (Vm-3) + Vm sincot .

DESIGN

Select lN4007
The series resistance used for current limiting

Typical values of forward resistance Rf = 30 a and of Rr= 300

R = /I(-3--6 --= 30dkj---= 3k .Use 3.3 kr2 standard .



CIRCUIT DIA.GRAM, WAVEFORMS & TRANSFER CHARACTERISTICS
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CIRCUIT DIAGRAM, WAVEFORMS & TRANSFFR CHARACTERISTICS
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-§Fm
cHAmcTml§Tlc§

1.    Positive c]amper with clamping ]eve] at ov
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2.    Negative c]amper with clamping ]eve] at ov

3.    Positive clamper with clamping level at +3V
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4.    Negative clamper with clamping ]eve] at -3V

5. Positive clamper with clamping ]eve] at -3V

6. Negative c]amper with clamping level at +3V

t
V®

I

6.4 ~-/i
-5 I.4'

.,-         ,,~,r 5    -yh _
-3.6



PROCEDURE
CLIPPING

1.    Set. up the circuit  as per the circuit diagram.
2.   Apply 10Vpp,1 KHz input  sine wave to the circuit from the signal generator.
3.   Observe the output wave form on the CRO. Apply the input to X'channel and output

to  channel  Y  and  observe  the  wave forms  simultaneously.  Switch AC-DC  coupling
switch to DC modeo

4.   To observe the transfer characteristics, keep the XY mode switch pressed and view
the Output.

5.   Draw the output considering the diode drop.

cLAunING
_________

I.    Set up the circuit as per the circuit diagram.
2.   Apply 10Vpp,1 KHz input  sine wave to the circuit from the signal generator.
3.   Observe the output wave form on the CRO. Apply the input to X channel and output

to  channel  Y  and observe the wave forms  simultaneously.  Switch AC-DC  coupling
switch td DC mode.

4.   To observe the transfer characteristics, keep the XY mode switch pressed and view
the output.

5.   Draw the output considering the diode drop.

RESULT

Various clipping and clamping circuits are studied and plotted the output wave forms and
transfer characteristics.

VIVA QUESTIONS

1. How the anode & cathode terminals of diode can .be identified?
2. What are the applications of the clipper?
3.How the required clamping can be achieved?
4. What are the applications of the clamper?

Stamp



EXPT.No-3
RC COUPLED AMPLIFIER

AIM

To design and set up an RC-coupled CE amplifier using bipolar junction transistor
and to plot its frequency response.

COMPONENTS AND EQUIPMENTS REQUIRED

SLNO COMPONENT SPECIFICATION QUANTITY
1 Resistor 47K,10K,2.2K,680Q 1

2 Capacitor 10HF.10HF.22HF 1.

3 Transistor BC  107 1

4 CRO I

5 DC source 1

6 Signal generator 11

7 Cormecting wires
8 Bread board I

THEORY

RC-coupled CE amplifier is widely used in audio frequency applications in radio and
TV receivers. It provides current, voltage and power gains. Base current controls the collector
current of a common emitter amplifier. A small increase in base current results in a relativel}J
large  increase  in  collector current.  Similarly,  a small  decrease  in base cuITent causes large
decrease  in  collector  current.  The  emitter-base junction  must  be  forward  biased  and  the
collector base junction must be reverse biased for the proper functioning of an amplifier. In
the circuit diagram, an NPN transistor is connected as a common emitter ac amplifier. R] and
R2 are employed for the voltage divider bias of the transistor. Voltage divider bias provides
good stabilisation independent of the variations of P. The input signal Vim is coupled through
Cci to the base and output voltage is coupled from collector through the capacitor Cc2. The
input  impedance  of the  amplifier  is  expressed  as  Zin  =  RillR2II(1+hFE  re))  and  output
impedance as Zout = Rc 11 RL where re is the intemal emitter resistance of the transistor given
by  the  expression  =  25  mv/IE,  where  25  mv  is  temperature  equivalent  voltage  at  room
temperature.

Selection   of  transistor:   Transistor   is   selected   according   to   the   frequency   of
operation, and power requirements. Low frequency gain of a BJT amplifier is given by the
expression. Voltage gain Av = -hFFRL/ Ri  . In the worst case with RL = Ri; Av = -hF F. hFE Of
any transistor will vary in large ranges, for BC107 (an AF driver) varies from  100 to 500.
Therefore a transistor must be selected such that its minimum guaranteed hLE is greater than
or equal to Av required.

Selection  of  supply  voltage   :Vcc  For  a  distortion  less  output  from  an  audio
amplifier,the operating point must be kept at the middle of the load line selecting Vc`.EQ = 50%
Vcc  (=  0:5Vcc).  This  means  that  the  output  voltage  swing  in  either  positive  or  negative
direction  is  half of Vcc  .  However,  Vcc  is  selected  20%  more  than  the  required  voltage  .
swing. For exalnple, if the required output swing is 10 V, Vc`c is selected 12 Y.                    r   i.



Selection of collector current Ic! The nominal value of lc can be selected from the
data sheet. Usually it will be given corresponding to hFE bias.  It is the bias current at which
hFE  is  measured.  For  BC107  it  is  2mA,  for  SLloo  it  is  150mA.  and  for power  transistor
2N3055 it `is 4 A.

Design of emitter resistor RE:  Current series feedback is used in this circuit using
RE. It stabilizes the operating point against temperature variation. Voltage across RF must be
as high as possible. But, higher drop across RE will reduce the output voltage swing. So, as a
rule of thumb,10% of vcc is flxed across R[.

Design of Rc: Value of Rc can be obtained from the relation Rci = 0:4Vcc`/lc
since remaining 40% of Vcc is dropped across Rc.

Design  of  potential  divider  Ri   and  R2:  Value  of  18  is  obtained  by  using  the
expression 18 = IcthFEmin. At least lola should be allowed to flow through Ri and 918 through
R2 for the better stability of bias voltages. If the current through Ri and R2 is near to 18. slight
variation in 18 will a affect the voltage across Ri and R2. In other words, the base current will
load the voltage divider. When 18 gets branched into the base of transistor, 918 flows through
R2. Values of Ri  and R2 can be calculated from the dc potentials created by the respective
currents.

Design of bypass capacitor CE: The purpose of the bypass capacitor is to bypass
signal cunent to ground. To bypass the frequency of interest. reactance of the capacitor
XcE computed at that frequency should be much less than the emitter resistance. As
a rule of thumb, it is taken X€E SRE/10.

Design of coupling capacitor Cc: The puxpose of the coupling capacitor is to couple
the  ac  signal  to  the  input  of the  amplifier  and  block  dc.  It  also  determines  the  lowest
frequency that to be amplified. Value of the coupling capacitor Cc is obtained such that its
reactance Xc at the lowest frequency (say 100 Hz or so for an audio amplifier S
Rim/10.Here  Rim  =  RillR2II(1  +  hj'E  re)  where  re  is  the  internal  emitter  resistance  of the
transistor given by the expression re= 25 mv/IE at room temperature.



CIRCUIT DIAGRAM
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DESIGN

Output requirements: Mid-band voltage gain of the amplifier = 50 and required
output voltage swing = 10 V.

Selection of transistor: Select transistor BC 107 since its minimum guaranteed hFE(= 100) is
more than the required gain (=50) of the amplifier.

DC biasing con.ditions:
Vcc = 12 V, Ic = 2 rnA.
VRc =40%ofvcc =4.8 V.               `
VRE = 10% of Vc`c =  1.2 V and
VcE = 500/o of vcc = 6 V.

Design of Rc:
VRc= IC x Rc= 4.8
VRc= 4.8/2mA = 2.4 kQ. Use 2.2 kf2

Design of RE:
VRE= IE X RE=  1.,2
VRE= I.2/2mA = 600 a. Use 680 a

Design of potential divider Riand R2:
18= Ic/ hFE= 2 rnA/ 100 = 20 HA.
Assume the current through Ri= lola and that through R2= 918 to avoid loading potential
divider by the base current.
VR2= Voltage across R2= VBE+VRE= 0.7 + 1.2 = 1.9 V
VR2= 9 18 X R2   .
R2= 1.9/(9 x 20 HA). = 10.6 k £1 Use  10 kQ.
VRi= Voltage across Ri= Vcc-VR2= 12 -1.9 = 10.1  V
VRi=  1018 X Ri



Ri= 10.I/10 x 20 HA. = 50 kQ. Use 47 kQ.

Design of .RL:
Gain of the common emitter amplifier is given by the expression Av = -(rc/re). Where rc =
RcllRL and re = 25 mv=IE = 25 mv/2 rnA = 12.5Q .
Since the required gain = 50. substituting it in the expression we get, RL = 845Q .
Use 820Q std.

Design of coupling capacitor Cci and Cc2:
Xc`i should be less than the input impedance of the transistor. Here, Rim is the series
impedance.
ThenXciSRin/10.
Here Rin = RillR21l(1 + hFE re).
We get Rin = 1.1  KQ.
Then Xcis 110 .
So, Cci21/(2 7t xfLx  110 )=  14 HF. Use  15H F std.
Similarly, Xc2 SRout/10, where Rout = Rc. Then XcE S240 :
So, Cc2 21/(2 71 xfLx 240 = 6.6 HF. Use 10HF std.

Design of bypass capacitor CE:
XcE S RE/ 10
Then CE2.1/ (27[ x 100 x 68) = 23  HF. Use 22HF.

PROCEDURE

1.  Test all the components using a multimeter.  Set up the circuit and \'erify  dc bias
conditions.  To  check dc  bias  conditions,  remove  input  signal and  capacitors  in the
circuit.

2.  Connect  the  capacitors  in the  circuit.  Apply  a  100  mv  peak to  peak  sinusoidal
signal from the function generator to the circuit input.  Observe the inptlt and output
wave forms on the CRO screen simultaneous.ly.

3. Keep the input voltage constant at  100 mv9 vary the frequency of the input signal
from 0 tp  1  MHz or highest frequency available in the generator. Measure the output

I

amplitude corresponding to different frequencies and enter it in tabular column.

4. Plot the frequency response characteristics on a graph sheet with gain in dB on y-
axi.s and logf on x-axis. Mark log fL and log fH corresponding to 3 dB points.

5. Calculate the bandwidth of the amplifier using the expression BW= fH-fL.   .

6. Remove the emitter bypass capacitor CE from the circuit and repeat the steps 3 to 5
and observe that the bandwidth increases and gain decreases in the absence of CE.

4.



TABULAR COLUMN

1) DC Conditions

DCCONDITIONS Vcc VR1 VR2 VRC VREI Vcr          II11

Theoretical 12V 10.1V 1.9V-` 4.8V 1.2V 6V
Practical

_

2) Frequency Response

F (Hz) V.(v) LogF Gain(dB)=20log(Vo Ivin)

I I

EXPECTED GRAPH
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RESULT

Designed and set up an RC coupled amplifier and studied its frequency response.

With CE:

Mid-band gain of the amplifier =      dB
Bandwidth of the amplifier =            Hz



VIVA QUHSTIONS

1.  Differentiate  between  ac  and  dc  load  lines?  Explain  their  importance  in  amplifier
analysis.

2. Why is the centre point of the active region chosen for dc biasing?
3. What happens if extreme portions of the active region are chosen for dc biasing?
4.  Draw the  output characteristics  of the  amplifier and  mark  the  load-line  on  it.  Also

markthe three regions of operation on the output characteristics®
5. Which are the different forms of coupling used in multi-stage amplifiers?
6. Draw hybrid and hybrid-_ equivalent models of a transistor in the CE configuration.
7. Draw the Ebers-Moll model of a BJT.
8. What are self bias and fixed bias?
9. Give a few applications of RC-coupled amplifier.
10. How is the input of the RC coupled amplifier phase shifted by `180°at the output?

Stamp



ERTT NO 4

CASCADE AMPLIFIER

Aim   Tb'desigr, Set up and Study a two Stage j20 coupled CE amplifier using BJT.
Components and ®quipmeqt.a. required    `ItaREistor, de sourc,e, capacitors` resis-
tors, bread bdard, aigrLal geneaetor, mnltimeter and CRO.
T.heor)r     Multistnge  amplifiers are used` in Cascade to improve  parame.ters suckL as
roltage gutn,  current  gaih,  input  impedance and out.riut  impedance €tc.    Comnen
tmitter 8tagca arc oucnded to incroaso the voltage gain. . A ton st.flee ampl{fier provides
all overall voltage gain of JliA2, where Ai  and i42 are the galne of first and .Second
stapBe respectively.  Since each stage provides a .phase inversion, the final outbiut signal
is in phase with the inp`it gigival.

The input impedance Of the se;nd stage is in parallel with JZc7i of the first stage.
The ac viltaugr gain of the first rings is Jli  = JZoi||Hiae2/(re + Ee)  where Et7L2 iB the
input redstance Of the second stage.  JE"£ i Hi2||Rae||(1 + hFEre)

The ac `r`01tage gritL. of the accord ctag® i€ i42 -{Eo2||Ez,)/rc
Care must be then while selecting Ai. and A2.   If jli  i8 large,  the input to the

Second adage will become too high.  This may pun out the trandstor of the Second stage
from active region.  For example, if rfe need an overall veltagr gedn og 10(}` select +1I
= 4 and JIB = 25.  Gedn Of the fist 8tnge can be controlled ty a negative feed hack in
series with tlle emitter. This is achieved by the. ulidy|]eyped redistor fz€.

Circtlit diagram

Yin
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Dagi8n                   .                                                              .

Output requirements:         Mid-band vedtnge galzi of the aulmplifi&-i 10C.

Selection of transistor        Select trans]stor #U`lu7  because lt tsas toFE more tfian
the. required veltnge gain.

Aisume the gales rii = 4 and i42 = 25 since A = Aij42 and d4], should be a it]uer
`ralue to avoid high input veltnge to second st&gp. High input to the second stage will
lead to the clipping a,I the outptit wavef8rm.

DC biasing conditions      Vc.a. = 12 V, Jcl = 2 rnA, Vjftyr` = 40% af Tv'6TG.  = 4.8 V,
yjtg = lu% of Voa = i.2 V and VoE` = 50% af Vclr,I I 6 V.

Design offtyi and fog      ThkeRci = Ro2 =jzo.
VRo = Jo X Roi = 4.8 V. Fhom this we get, 'J2o = 2c4 *=  Use 2.2 A std.

DesiEn of RE      RE offirst stage is spfit into A + Jzgt.

VRE--IEXRE.Beeanlse`18~~Ic,V]R]E-~IcXRE=1.2V.

Ham this, "c get jEE = 600 n.  Sdcct 680 n cid.                                .

Design of voltage divider Ri and R2
`fake Rii = Ri2 = Ri and Eel = R22 = Jha.  Fhom the data sheet of BC107 "e get

frFEmin is loo.

I8=Ic]|hFB=`2mA/un.-_2!fJp.A

Arsurrfe the current through Ri I 10Jj3 and that t.lireugh P&2 = 9Jjj for the s€abilitry.
of the potential divider bias Circuit.

T'ft2 = Voltage am.ess fnap = VBjii + T'ftja;

i.e., VR2 = VBE + VRE = 0.6 V +  1.2 V .= 1.8 V. Ake VE2 = 9jBj€a = i.8 V.

Then J2a - i.8/a x 2o x 10-6 = 10 fe.

Vjti = voltng€ across Ri = Voa -Vjz2 = 12V -I.8V = 10.21 V

AJsO vfti = 1u JBRi  = lu.2 v. Then Ri = i5=x-inap*:fai5 = 51 A.  select 4T E.

Derigr of J2L and jkei

Gaiii of the first. stage is given ky the expresalon

where Fk = RE -JL/  and Ejds = Ri !! R2 !| (1 + fare p.e} =  1,1  !1

Here, re = 25 mv/JE = 25 mv-/'2 rnA = 12.5 £2 at rcoin temperature.

E
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Substituting the iralues of Ai, Ec}, re and Hin2, we .get Re = 1?3 n.  Use l8C r!.

Jb =. RE - Jk = ¢80 R - 180 n = 500 R.  Use 4?0 f2.

Dealgn .of R4

Gain of the aeond 8tnge is given by the expression A2 = (Jfo || E£}/rc = 25.

Substituting the values `of A2, Rc and 7-e, we get E£ = 363 r2.  Use 470 n.

D®algn of coupling capacitors Col, Cce and Cos

To permit the lowest frequency JL (Say 100 RE), Xoi should b€ has than or equal
to llre llipul rt5istance J3ini.

AS a rule of th`umb, Xci S Hni/10. Here En = Ei || j32 || (I + hFE rc) = I.1 k.

. Then Jroi S 110 f}.  So Cfoi 2 §tr/4 x 110 2 14 rf. Use 22 rf srd.

Thke Ccg = Cc>3 = Cc8i a 22 #F, b6cause, the input iFLpedanc3 cf .-.aend 8tag€ is

appreninafely Same to that of first stage.

Deeign of bypee8 capacitors CE

Th typrEs the lowest frequency .(seyr 100 H), XoE should be less than or equial to
ehe reszgtance R.g.

i.e., XoE S RE/10.  Then, CE i 1/(2tr x 100 x 68) = 23 fF. Use 33 ftF.
I

Proedure

1.  Tieet all components using a multineter.   Set up the circuit and verify dc bias
conditions.                                ,

2.  Apply a loo mv Siimcoidal signal from the function generator to the circuit input:
Observe the iiiput and output wapreform8 on the CRO §ereen simultancous]y.

3.  Keeping the input amplitude constant,  «pry the frequenc`t. of the i]iptit rigrial
from 0 Hz to I. MIE or more.  Measure. the output anplittide correspoiiding to
different frequencies and enter it in tabular column.

4.  Plot the frequency response characteristics ou a graph Sheet with gall) on y-axis
aiid log / on x-axis.  Mark log /I and log J(I corresponding to 3 dB dourn to the
maximum gain.  ( Mark J if a semi-log grapll shect is used)

5.  Calculate bandwidth of the amplifier using of llic 8mp]ifier iising t,lie expresrion
BW = f H -fL.
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Graph
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-
ncault

Gain of the first stage =  ......
Gain Of the second 8tagr = -..-..
Bandwidth of the amplifier = ......  Hz

Stamp



EXPT.N.o-5
Rc priASE SHIFT OsclLLATOR

AIly(

To  design  and  set  up  an  RC  phase  shift  oscillator  using  BJT  and  to
observe the sinusoidal output wave form.

COMPONENTS AND EQUIPMENTS REQUIRED

SLNO COMPONENT SPECIFICATION QUANTITY  '
1 Transistor BC  107 3!

2 Capacitors 0.01HF,  lHF,22 HF
I                3,i,I                i

3 Resistors 47K,10K,4.7K ,680£2,2.2K IT2--,-.1-,1--     .I
4 Potentiometer 4.7K pot 1

5 •   Breadboard
i

6 CRO i

7 DC Source

THEORY

An oscillator is an electronic circuit for generating an ac signal voltage with
a dc supply as the only input requirement. The frequency of the generated signal
is decided by the circuit elements. An oscillator requires an amplifier, a frequency
selective  network,  and  a  positive  feedback  from  the  output  to  the  input.  The
Barkhausen criterion for sustained oscillation .is A P= 1 where A is the gain of the
amplifier and P is the feedback factor. The unity gain means signal is in phase. (If
the signal is  180 out of phase, gain will be  1.) If a common emitter amplifier is
used,  with  a  resistive  collector  load,  there  is  a  180  phase  shift  between  the
voltages at the. base and the  collector.  Feedback network between the  collector
and  the  base  must  introduce  an  additional   180  phase   shift  at  a  particular
frequency.

In the figure shown:t three sections of phase shift networks are used so that
each section introduces approximately 60 phase shift at resonant frequency. By
analysis, resonant frequency f can be expressed by the equation,

1

`6+4(R,A)\



The  three  section  RC  network  offers  a  P  of  1/29.  Hence  the  gain  of the
amplifier should be 29. For this, the requirement on the hF[.: of the transistor is
found to be

hFE 2  23 + 29(R/Rc ) + 4(Rc /R)
The phase shift oscillator is particularly useful in the audio frequency range.
CIRCUIT DIAGRAM

Of i.  #iisS

DESIGN

Output requirements: Sine wave with amplitude 10 Vpp and frequency 1 kHz.

Design of the amplifier:  Select transistor BC107.It can provide a gain more than
29 because its minimum hFE is 100.

.

DC biasing conditions:
Vcc = 12 V, Ii-= 2 rnA,
VRc = 40% of vcc = 4:8 V,
VRE = 10% of vcc` = 1 :2 V and
VcE = 50% of vcc = 6 V.

Design of Rc:
VRc= Ic x Rc= 4.8
VRc= 4.8/2mA = 2.4 kf2.Use 2.2 k.a.

Design of RE:                                                                                                                                         `
VRE= IE X RE=  1.2
VRE= 1.2/2mA = 600 a. Use 560 a.

Design of Riand R2:
18= Ic/ hFE= 2 rnA/ 100 = 20 HA.
Assume the current through Ri= 1018 and that through R2= 918 to avoid loading potential

a    i+                         ,_        -

divider by the base current.                                                                     ,t,
VR2= V0lt?ge across R2= VBE+VRE= 0.7 +  1.2 = 1.9 V
VR2= 9 18 X R2
R2= 1.9/9 x 20 HA. = 10.6 k f2. Use  10 kn.



VRi= Voltage across R|= Vcc-VR2= 12 -1.9 = 10.1  V
VRi=  1018 x Ri,    Ri=  10.I/10 x 20 HA. = 50 kf2. Use 47 kf2.

Design of bypass capacitor CE:
XcESRE/ 10
Then CE21/ (27t x  100 x 68) = 23  HF. Use 47 HF.
Design of frequency selective network:
Required frequency of oscillation is 1 kHz.
f = 1 / 2ft R~C V (6 + 4 R€/R) = 1 kHz
The freque.n'cy determiried by R and Rc must be selected in such a way to avoid loading of
amplifier. So R is taken as 2Rc

R=2Rc=2 x 2.4K=4.8KQ .Use 4.7Kf2
Then C = 1/(2 7[ x 4.8 x  10^3 x  1 x  10^3 x ly8).
C=.014HF.Use .0lHF.

TABULAR COLUMN

DC CONDITIONS

DC CONDITIONS Vc.c VRl VR2 VRC VRF

i vcr   i
Theoretical

!12V
10.IV I.9V

_TBV _-i.ii7_ '¥
Practical

I

PROCEDURE

1.   Set   up the   amplifier   part   of the oscillator   and ensure that the
transistor is operating as an amplifier.ie check the DC conditions.
2.   Connect the  feedback  network  and  observe  the  sine  wave  on
CRO and measure its amplitude and frequency.

MODEL GRAPH
OUTPUT WAVEFORM

'=---------¥-:--=-------

RESULT

Designed and set up theRC phase shift oscillatorand
wave forms.            Observed frequency =

obtained



VIVA QUESTIONS

1. List the disadvantages of RC  phase shift Oscillator.
2. What are the Barkhausen criterion?
3. What is the difference between amplifier and oscillator?
4. What is an Oscillator?
5. What is a beat frequency oscillator?
6. What is sustained Oscillation?
7. What is meant by resonant Circuit Oscillators?

Stamp



EXP NO : 6

SERIES VOLTAGE REGULATOR

AIM

To verify and simulate a series voltage regulator -line and load characteristics

EQUIPMENT REQUIRED:

PC installed with ORCAD Simulation Software.

CIRCUIT DIAGRAM

(i)         V01,TAGE ljlNE REGLTLATION

PROCEDURE

1.   Create a new project and a new schematic page IREEi

\\'¥#HffiHRExpREEifehaavct„

I

t``\`



regulator is Vo I VZ - VBE. Since, Vz is constant; any change in Vo must cause a change in
VBE in order to malfitain the above ¢quetiom  So,  when Vo decreases  VBE ineTeases, which
Causes the lransisLur to I:ulldur;t llLorc alld to pi.oduce more load current_. th;.s ;ncre8sc ill. load
causes an irrerease in Vo and makes Vo as constant. Similarly. the regulation action happe`us
when Vo increases.

The   series.  rfsist3+pAcg   :hotrid   bc   :cl€c+£d   bct.T,Tacr^  Kin,fl   duJ   r`amax   g;vcii  `uy   i;-gc
expression.

Rsmin={Vi(min} -VZ)Hs
Rsmas±Vi(max) -VZ)fl5

clRcurT DIAGRAM

I}Line Regulation

VA
®.12]IV

fi)Load nqulation

en-mlIV

??/ 1.

-rfRTf-i:fAIfff-------------------------------*

`ft

..!

..}

I-..`

.E



DESIGN

Since [i.=50mA, SL100 is used. Nominal rating of SL loo is VcE=5V, Ii.=150mA,
ha-+0-3cO

Requireinents:Vout=5V,IL=50mA,Vin={8-12}V

Selection of zener diode: Tzm;T,=10mA Ifroas=3 0mA

Selection of RB:
RBma=Vinma-VJ{lz(Hiin}+IB)=12-5.6/(10+0.7)mA=597.6Q

RBmin=Vinmin-VJ([*mar)+IB}=8-5.6/(30iiJ.7kyA=78!}
RB* RELtH. + RhoiQ}/2=338 a qJse 330 Q}

S€]€ction of RL( Load regulation):
IL=] nd

RL=Voui/IL= 5/1 mA=5KQ. Use 4.7K£2
Sel€ctlon of RL a.IDe r€gulation}:
RL=Vouutz= 5/50mA= loon
Power rating Of RL= Ill RL,=(50mA} 2* 100=0.2SW. Use 10rjQ, 0.?.5W fe.si.qtr„-

procEDURE

i). Line R€gulaLtion

I.  Connect  the  c.ircuit  as  `choim  in  the  circuit  diagram  Keep  nt]tput  ct]rrent  in  a
constant value.
2. Note dew'n the output voltage when the input voltage varies finn 8 to 12V  in steps
of lv.
3. Plot the line regulation graph Vim along x-axis and Vout along y®axis.
4. Calculate the percentage line regulation using expression

peru#bpAvtwinAI#G&drKfyinAV¥u¥*AvtwNJAvinJRAV:I yA  _                :    fty*ng'*    5f i
e

Percentage line pegulataonF{ AV®uJ Avin )xl00                              \S
(

ii). Load Rcgulatien

+



*+     ti    RlfiREREkERE=    rf          +

n        I       -     rs   gr

ifertyfrowt~rfe#

RE-¥h*-£

ty¥,,
eri,

*,

#gfpr
EE=

i . tonne.c.t the. €;ircuit as shown in the c.ircuit diagram.
2. Keep the inplLt voithge as colrsiant ie 10V.
3.  Note  doVIi  the  Output  -vrohagc  wher^  the  lead  c`ul"r€flt  -`+raries  fi.®ri-I  Oi-i~A\?`TL}  iu

100mA(FI.,}   't]y varying rheostat.

::a.La°]:u¥::°t#erpe:#ea:£:€8]r::Er]:££°a¥o:.u¥L:gavel:p¥:::oaln°ngy.axis.

pereentage load re8ulat]en  = -y:tt-I-¥EZ-`i'| 00
Ff±

OBSERVATION coLourmr & CAI.ct]LATloNs

i) Line Rqulation
IL-.....rnA

.tinr\|

Via-.....V
fi} I.Dad Regulation

;__I+,.r{fFffAVH]AVrHfff§;ffffry§fs]&
EBTFinIJridrin------------±---::-:=±±±±±--I--=±-±±±±-5RE-ffi



;.`          rJ

~#,
Jpr~,

`#,#r
JzfJ,

grSf.:.:       ;,#,'5£* :if f if

•..---.-.-----_
Vm

-------- =

11 (.In:.+ ',

percentage lead regulartlon   ;= HREiJ

|`ALCULA.I.loNS

percentage line rcgulation={ Avt,ut/ Avi« )xloo     -.

RESULT

Set.ies Voltage  I-egulatL]r  circJit  is  set up  and  studied.  PIotted  loali  .ql-II.i  line  TT!{\.ilaLi-Iin
characteristics.

% Line Rcgulation= ,....
% Load Regulation= ......

VIVA QUES.|o|oNs

1. Define voltage regulator.
2. Gve the advcintages of series voltage regulator. .
3. Explain tlre feedbaL.k meL`hanism in series voltage regulator.
4. In scl.ics voltaire rcgulaLor which is Control clcmcnt and ch.pltlir?.  itE  l`ur}|`tjt`!?,
5. Define load and line regu]ati{]n. What is ideal value?
6. Which element deteimines output ripple?
7. Wliat determ].nes maximum load current allowed in this. circLLit`:'
8. Mention tlre applicaL].ous of series voltage regulator.
9. Define no load voltage and fLiij load voltage,
10. Explain the term percentage regulation.

Stamp



BAffiFT      ffi

€IRflLrdL.AI

F¥BFffilRfl



FAMILIARIZATION 0F PSPICE SIMULATION SOFTWARE

To familiarize with PSPICE simulation software environment.

Aim:

Theory:

OrcAD   is   a   proprietary   software   tool   suite   used   primarily  for   electronic   design
automation   (EDA).  The  software   is   used   mainly  by  electronic   design   engineers   and   electronic

technicians  to  create  electronic schematics  and  electronic  prints  for  manufacturing  printed  circuit
boards.  The  name  OrcAD  is  a  portmanteau,  reflecting  the  company  and  its  software's  origins:

Oregon + CAD(Computer Aided Design).

Products

OrcAD  is  a  suite  of  products  for  EDA  (Electronic  Design  Autoffiation),  and  indudes  a

schematic editor (Capture), a circuit simulator (Pspice) and a PCB designer.

OrcAD Capture

OrcAD  Capture  is  a  schematic  capture  application,  and  part  of  the  OrcAD  circuit
design suite.  Capture is a design entry program you need to prepare your circuit for simulation. This

means  placing  and   connecting  part  symbols,   defining  component  values  and  other  attributes,

defining  input  wave forms,  enabling  one  or  more  analyses,  and  marking  the  points  in  the  circuit
where you want to see results.

When the simulation process begins, Capture first generates files describing the parts

and  connections  in  the  circuit.  These files  are the  netlist file  and  the  circuit file.  Capture   exports

netlist data to the simulator, OrcAD EE. Capture can also export a hardware description of the circuit

schematic to Verilog or VHDL.

OrcAD EE Pspice

The Simulation  Program with  Integrated Circuit Emphasis (SPICE) became an industry

standard   for  circuit   simulation.   The   PC-compatible   version   (PspicE)   is   used   here.Pspice   is   an

acronym tor Personal Simulation Program with Integrated Circuit Emphasis. PSp.ice was a mod.if.led
version of the academically developed SPICE, and was commercialized by Mj£.-csim !ri 1984.

OrcAD EE Pspice is a SPICE circuit simulator application for simulati£)n and verification of

analog and mixed-signal circuit. Pspice can be thought of as a software-based breadboard of your

circuit that you can use to test and refine your design before ever touching a piece of hardware.
OrcAD EE typically runs simulations for circuits defined in OrcAD Capture.A c.ircuit to be analyzed

using Pspice is described by a circuit description file, which ls processed by Psplce and executed as a

simulation. Pspice creates an output file to store the slmuiatlon results, and .Such results are also

graphically displayed within the OrcAD EE interface. Pspice uses high-resoiutiorl graphics so yqu.can.I



view the results of a simulation both on the screen and in printed form. On the screen, wave forms

appear as plots displayed in Probe windows within the Pspice workspace.

Analyses

The type of simulation performed by Pspice depends on the source specifications and
control statements.

Pspice supports the following types of analyses:

•      DCAnalysis -It is used for circuits with time-invariant sources (e.g. steady-state DC sources).
It calculates all nodal voltages and branch currents over a range of values. Supported types
include Linear sweep, Logarithmic sweep, and Sweep over List of values.

•      Transient  Analysis  -   It  is   used   for  circuits   with   time   variant   sources   (e.g.,   sinusoidal
sources/switched  DC  sources).  It  calculates  all  nodes voltages  and  branch  currents  over  a
time interval and their instantaneous values are the outputs.

•      AC  Analysis   -   lt   is   used   for  small   signal   analysis   of  circuits   with   sources   of  varying
frequencies.  It calculates the magnitudes and  phase angles of all nodal voltages and  branch
currents over a range of frequencies.

The operating temperature of an analysis can be set to any desired value, and nodal

parameters are assumed to be measured at a nominal temperatiire, by default 27 °C® Minimum
requirements to run a DC sweep analysis

Circuit should contain one of the following:

•     ,voltage source with a DC specification (VDC, for example).

•      current sourcewith a DC specification (lDC, forexample).

Minimum requirements to run a transient analysis

Circuit should contain one of the following:

•An independent source with a transient specification .

•An initial condition on a reactive element.

•A controlled source that is a function of time.

Pspice output flle

The Pspice output file is an ASCIl text file that contains:

•the netlist representation of the circuit,

•the Pspice command syntax for simulation commands and options (like  €nab!ed

analyses),

•simulation results, and

•warning and error messages for problems encountered during read-in orf simula'tidr.
i-_

Its content is determined by:



•the types of analyses you run,

•the options you select for running Pspice.

Pspice circuit file

A  Pspice  circuit  description  file  (*.cir)  contains  the  configuration  data  for  circuit

simulation with the OrcAD EE Pspice simulator.  Pspice Circuit files are typically generated  by OrcAD

Capture or other schematic capture application, and  may also be entered manually in a text editor.
The  circuit  file  contains  the  component  netlist,  simulation  options,  analyses  statements,  and  the

output control statements. The component netlist comprises a list of all circuit elements, along with
the node names connected to their terminals.

Circuit files

The  circuit  files  contain  five  types  of  statements,  some  of  which  are  optional.  The
statement types are:

Thetitle
•     Device statements
•     Control statement
•     Commentlines
•     The.ENDstatement

Steps for circuit analysis

There are Four main steps involved in circuit simulation using Pspjcc.They arc:

Step 1. Creating a New Proj.ect and Schematic Diagram.

Step 2. Selecting circuit components, connecting them together and settirig component

Values, properties and saving the schematic diagram.

Step 3. Creating a New Simulation Profile and setting up the simulation.

Step 4. Simulating the circuit and observing the simulation results.

To create a new Pspice project

1.  From the Windows Start menu, choose the OrcAD 16.0 program folder and then the

Orcad Capture to start Capture.

2tr€#„aHrdprN#ryro%KfgvHFitYirvgtwtl£*kyrty#Hfit#H^m+(#orrAlqugr%twKkyktiNiv#u#erRHivv*aprrvxituoNry%drK*xerar#frrdarc*vfIu*prH##VBH**ifeff*+.
+
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Pspice will generate a bunch of proj.ect  files in this folder.) In the next window choose

`'Create a blank project." A work area has now been created.

3.  Select [Place] + [Part]. Place necessary circuit components (you might need to add

libraries for necessary circuit elements to become available).  In the parts window there should be

at   least   the   ANALOG(R,   L   &   C   components),   DIODE   (Diodes,   e.g.   1N400x   series,    1N914,

7400(Digital  logic  circuits,  e.g.  Gates,  Counters,  Shift  Registers)  OPAMP  (Oo-amps  used  -HA  741,

LF411} and SOURCE (Digclock, VAC, VDC, VPuLSE, VSIN) libraries.

4.  Find the part you want to add and press OK.

5.  click where you want to place the part on your schematic. (Press R to rotate the part by 90

degrees)

6.  When you are finished with the part, right cllck and select End Mode to return to the

pointer.

7.  Select Parts => Wire. The pointer changes to a cross-hair.

8.  Drag cursor from one connection point to another. Clicking on any valid connection will

end the wire.

9.  When you are finished, right click the mouse and select End Wire to return to the pointer.

10. Pspice uses node-voltage method for circuit simulation and, therefore, needs

a reference node with ``zero voltage". So the ground is selected using 0/SOURCE.

11. To change a part's value, double-click the value of the part. A new window will pop up

where you can type in the value you want.

12.   Aliases can be used to label the  input and output nodes. This makes the node easier to

find when you start plotting out your data. V(Vout) is simpler than finding V(R1:1) .Go

to place => Net Alias .Enter a name, i.e., Vout or Vin . Place the label on the wire

connected to the node.

13.  Set up the required analysis: [Pspice] +[New Simulation Profile]. Name the new

profile. Simulation settings window will pop up. From this window it is possible to

change the analysis type (DC, AC, Transient), as well as analysis parameters. Then click

`'Apply" and "Ok" to  save the  simulation profile.

14.  After the parameters are set you can start simulation from Capture in either



following ways:

•From the Pspice menu select Run.

•Click the Simulate button on the Pspice toolbar.

When you enter and ,set up your circuit this way, CaptlJre automaticaiiy ger`erates the

simulation files and starts Pspice.

15.  A new window will pop up that can display what Pspice calls traces. if the desired trace

(graph) is not displayed then click [Trace] +[Add Trace].

Result:

PSPICE simulation software environment is familiarized.

Stamp



Experiment 1

RC DIFFERENTIATING AND INTEGRATING CIRCUITS

AIM:

To verify and simulate Input and Output Waveformc of PC  Differentiating and  Integrating

Circuit

EQUIPMENT REQUIRED:

PC installed with ORCAD Simulation Software.

PROCEDURE 1:

1. Create a new project and a new schematic page .

2. Place the necessary circuit components and source. Select the circuit groiindD Interconnect

the components using Wire tool. After that place voltage probe at the input and output.

3. Set up the required analysis in the Simulation settings window.

4. Under Analysis type, select Time domain (Transient) Sweep. Select General Settings

option. Set the Run to time and Maximum step size values. Then save the simulation

profile.

5. After the parameters are set you can start simulation by selecting Run option.

6.The Input and Output Wave forms of circuit will be shown in the graph.Observe the Graph.

PROCEDURE 2:

1. Create a new project and a new schematic page.

2. place the necessary circuit components and soijrce  Select the rirrl.lit gmund  lntprcnnnpct

the components using Wire tool. After that place voltage probe at the input and output.

3. Set up the required analysis in the Simulation settings window.

4. Under Analysis type, select Time domain (Transient) Sweep, Select General Settings

option.Set the Run to time and Maximum step size values. Then save the simulation

profile.

5. After the parameters are set you can start simulation by selecting Run option.
4.

uhetryutarndon]prINavatormsofarouutwhrtyRrfuNImhagrENinorhepr'giv/har~rfeff#giv
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6. The Input and Output Wave forms of circuit wi!! be shown in the graph.Obser`.terthe



CIRCUIT DIAGRAM:

PROFILE SETTINGS:
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PROFILE SETTINGS:
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RESULT:

verified and simulated using PSPICE simulation software.

The  Input  and  output  Wave forms  of  RC  Differentiating  ant  lntegr:ti:,g*+:¥:it¢S#|#
d simulated usinf! PSPICE simulation software.
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EXPT.No-Z

CLIPPING CIRCUITS

AIM:

To verify and simu!ate the input and output wave forms of clipper circuits.

EQUIPMENT REQUIRED:

PC installed with ORCAD Simulation Software.

CIRCUIT DIAGRAM:

POSITIVE CLIPPER

!nDu[

voFF=0   `,+T-
:£!aL==13o`;i--:i,

R1
1     '4`     ,,,-...----  \1 \} \'f --.-.-

htt$  3.3k

9,
Output

6. Input and Output Wave forms will be shown in the graph. Observe the Graph.

Di

DIN400?

0

PROCEDURE:

1. Create a new project and a new schematic page

2. place necessary circuit components and source. Select the circuit ground

lnterconnect the components using Wire tool. After that place current prohe at the resistor.

3. Set up the required analysis in the Simulation settings window.

4. Under Analysis type, Time domain (Transient) Sweep. Select General Settings

option. Set the Run to time and Maximum step size values. Then click "Appl\,t" and "Ok"

5. After the parameters are set you can start simulation by selecting Run option,

\
;



SIMULATION PROFILE

Simu{Bti®n Settings ~ P®Sitive C£';Pper
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INPUT AND OUTPUT WAVEFORMS:

Output File Options...   i



NEGATIVE CLIPPER

VOFF=o     .iv
VAMPL - 5  i,`=,i
FREQ = 1000  i

i
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!vl                  `kth        --,`3.3k

L_`-_`--

SIMULATION PROFILE
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INPUT AND OUTPUT WAVEFORMS:

RESULT:

Input and output wave forms of clipping circults are verified  and simuiated  using

PSPICE simulation software
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CLAMPING CIRCUITS

AIM:

To verify and simulate the Input and Output Wave forms of  Positive and Negative

Clamper Circuits.

EQUIPMENT REQUIRED:

PC installed with ORCAD Simulation Software.

PROCEDURE:

1. Create a new project and a new schematic page for both circuitso

2. Place necessary circuit components and source. Select the circuit ground.Interconnect the

components using Wire tool. place voltage probe at the input and output.

3. Set up the required analysis in the Simulation settings window.

4. Under Analysis type, Time domain (Transient) Sweep. Select General Settings option.

Set the Run to time and Maximum step size values. Then save the simulation profile.

5. After the parameters are set you can start a simulation by selecting Run option

6. Input and Output Wave forms will be shown iri the graph. Observe the Graph.

CIRCUIT DIAGRAM:
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CIRCUIT DIAGRAM:
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RESULT:

Input and Output Wave forms of Positive and Negative Clamper cir.cuits are simulated and

verified using PSPICE simulation software.
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EXPT NO:3

CASCADE AMPLIFIER

AIM:

To verify and simulate the Input and Output Wave forms of  Positive and Negati`v.a

Clamper Circuits.

EQUIPMENT REQUIRED:

PC installed with ORCAD Simulation Software.

PROCEDURE:

1.  Create a new project and a new schematic page

2.  Place   necessary   circuit   components   and   sources.   Select   the   circuit

ground. Interconnect the components using Wire tool.

3.  Set up the required analysis in the Simulation settings window.

4.  Under Analysis type, select AC Sweep/Noise. Enter necessary parameter

values  (start,end  and  increment  values  for  Logarithmic  sweep  type).

Then click "Apply" to save the simulation profile.

5.   Aft.er the pa.rameters ai.e set you can  start a simulation by selecting Run

option.

6.   Input  and  Output  Wave forms  will  be  shcJwn  in  the  grapli,  Obscl-ve  the

Graph.
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OUTPUT GRAPH
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RESULT:

Frequency response of Cascade  Amplifier was simulated using PSP!CE simu!atior. software.



SIMULATION PROFILE
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EXPT NO:

RC PHASE .SHIFT OSCILLATOR

AIM:

To verify and simulate the RC Phase Shift Oscillator

EQUIPMENT REQUIRED:

PC installed with ORCAD Simulation Software.

CIRCUIT DIAGRAM
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PROCEDURE

1.   Create a new project and a new schematic page for both circuits.

2.   Place necessary circuit components and source. Select the circuit ground. Intercomect

the

1.   components using Wire tool, Place voltage probe at the input and output.

2.   Set up the required analysis in the Simulation settings window.

3.   Under Analysis type,  Time. domain  (Transient)  Sweep.  Select General  Settings

option.

4.   Set the  Run  to  time  and  Maximum  step  size  values.  Then  save  the  simulation

profile.

5.   After the paranieters are set you can start a simulation by selecting Run optign.

6.   Output Wave form will be shown in the graph. Observe the Graph.



EXPT NO-5

RC COUPLED AMPLIFIER

AIM:

To obtain frequency response of RC Coupled Amplifier

EQUIPMENT REQUIRED:

PC installed with ORCAD Simulation Software.

CIRCUIT DIAGRAM:

'Lro

PROCEDURE:

1.   Create a new project and a new schematic page

2.   Place   necessary   circuit   components   and   sources.    Select   the   circuit   ground.
Interconnect the components using Wire tool.

3.   Set up the required analysis in the Simulation settings window

4.   Under  Analysis  type.  select  AC  Sweep/Noise.  Enter  necessary  parameter  values
(start,end and increment values for I.ogarithmic sweep type).  rh'enJ click .`Apply" to
save the simulation. profile.

5.   After the parameters are set you can start a simulation by select.;ng Run option.

6.    Input and Output Wave forms will be shown in the graph. Obse£`ve the Graph.



SIMULATION PROFILE
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RESULT:

Frequency   response   of   RC   Coupled   Amplifier   was   simulated   usin

software.
imulation



2.   Place  necessary  circuit  components  and  sources.  Select  the  circuit

ground. Tnterconnect the components using Wire, tnnl   Aft`nr that iilafp
voltage probe at the input and output

3.   Set up the required analysis in the Simulation settings window.
4.  Under Analysis  type,  select  DC  Sweep.  Enter  necessary  parameter

values (start,end and increment values for linear sweep type). Then
click "Apply" to save the simulation profile.

5.  After  the parameters  are  set  you  can  start  a  simulation  by  selecting
Run option.

6.   Wave forms will be shown in the graph. Observe the Graph.
7.  On the output wave form click the option  Plot + Axis Setting + Y

axis-> User defined ( select the data range 0 to 5 V)
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-
ERTT NO 6

SERIES VOLTAGE REGULATOR

AIM
~.

To design a series voltage regulator to obtain an output DC voltage of 5V from 8-12V
DC input. The maximum load cunent is 50mA. Obtain line and load regulation graphs.

•   COMPONENTS REQUIRED

SL NO: COMPONENT EclFlcx-fi-air-- - pANiiiF-_|
I Transistor

I sLloo
]1

2 Zenerdiode SZ5.6lKdylA I.I

3 fucostats---- I,

4 Resistor 100f2/0.25W,.330f2/1W,4.7K li_I

__5

voltm_eteis 0-10V 1

6 Ammeters 0-100mA I

7 DC Sounc 0-30 V
_I--2

8 Bread board
`~,----I

9 ConnectingWires

TREORY

Voltage  regulator  is  a  device  designed  to  maintain  the  ®uLpuL  .vt`}1tage  as  nearly
constant as possible. It monitors the output voltage and generates feed back that automatically
increases are decreases the sxpply voltage to compensate for any change.S ii-i ouiput vulLagr
that might oeeur because of change in load are changes in load voltages.

In transistorized series voltage regulator the control e]cment is a transistor which is in
series VVI.th load.  It is a circuit that combines a aener regulator and an emitter fo]]ower. The
z€ner  diode  must  be  operated  in  reverse  break  down  regiorL  where  it  provides  constant
.voltage inespective of changes in applied velfages_ The ¢t]tput voltage of the series voltage

SNGCFT, PkITANUR                                                                                                                                                      5-4
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CIRCUIT DIAGRAM

(ii)       VOLTAGE LOAD REGULATION

PARAMETERS:
_  -I_-_ i   i-i_-:+    ---- I  ,   _---I ---_I-_-   , : =  -_-_    _i .   +

<`:      Ri

•->      330

QI

Q2N££££,,,,SJT
-.,..\H

!\*`
R'v'AR =  ioo



PROCEDURE

(i)        LOAD REGULATION

1.   Create a new project and a new schematic page

2.   Draw the circuit diagram as per the line regulation then change resistor R2 value

to  tRVAR}  then  select  PARAMETERS tool from part search and initializc the

value of RVAR tol00

3.   Set up the required analysis in the Simulation settings window.

4.   Under Analysis type, select DC Sweep and select Global Parameter under sweep

variable and give the parameter name as RVAR

5.    Enter  necessary  parameter  values  (start,end  and  increment  values  for  linear

sweep type). Then click "Apply" to save the simulation profilc.

6.   After the paramctcrs arc set you can start a simulation by selecting Run option.

7.    Wave forms will be shown in the graph. Observe the Graph.

8.   On the output wave form click the option Plot + Axis Setting + Y axis+ User

derlned ( select the data range 0 to 5 V}
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RESLJLT   :     The   series  voltage   regulator  -  !irle   and   load   ciLlalractei-istics  was

simulated using pspICE simulation software,                                        i.i.   2drS
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LAB RULES

1.    Safety is first, work is next.

2.   Each  lab  group  will  be  assigned  an  area to  store  lab  materials.  Please  store  your

components and other equipment only in your assigned area.

3.   Make sure TEST instruments are -set for proper FUNCTION AND RANGE prior to

taking a measurement.

4.   Equipment should  not be removed, transferred to  any  location without permission

from the laboratory staff.

5.   Do not remove any parts or equipment from the lab without prior permission from

the course coordinator or laboratory staff.

6.   Report all .equipment problems to laboratory staff.

7.   Do not write on equipments and work table.

8.   Do not put suspected defective parts back in the bins. Give them to laboratory staff

for testing or disposal.

9.   Return components and connecting wires, when you are finished with them.

10. Each  group  is  responsible  for  the  Lab  bench.  After  the  Lab  exercise  is  over,  all

equipment should be powered down and disconnected from the  socket,  all probes,

cords, etc.  returned to their proper position. Do not cut and drop wires on the Lab

bench. Your Lab grade will be affected if your bench is not tidy when you leave the

Lab.

11. Lab clean up (to be accomplished at the end of each lab session):

i.           Turn off test equipment.

ii.          Put hand tools back on the pegboard rack.

iii.         Clean bench top.

iv.         Put stools under the bench.

Dr. LEENA  A. V.
PRINCIPAL

SREENARAMANAOuRucol1£GEof
ENciNEERIN€&TECHNOuoev,mMVAMiR
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INDHX

SL.No. Date PageNo.
Name of Experiment/Work Done

SignatureofStaff

01 12 Arithmetic operations using 8051

02 15 Sum of a series of 8 bit data

03 18 Data transfer operation using 8051

04 20 Largest element in an array using 8051

05 22 Square of a number

06 24 Square root of a number

07 26 Hexadecimal to decimal conversion

08
28 Stepper motor inter facing with 8051

09 31 ADC inter facing with 8051

10 34 DAC inter facing with 8051

11 37 LED blinking circuit using arduino

12 39 Temperature measurement using arduino

Total  Marks

__---:it:-=-
Dr. LEENA  A. V.pRINclr^L
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MICROCONTROLLER 8051

>   Processor: Intel 8051
>   External clock Frequency:  12 MHz clock
>   Memory:

I     SystemEPROM:
I     SystemRAM:
I     Additional RAM:
I     MonitorBuffer:
I     User program/ Data RAM Area:
I     UserdataRAM area:
I     Memory mapped I/O:
I     Memory mapped I/O expansion:

>   Note:

0000-3FFFH & C000 FFFFH
4000-40FFH
0000-3FFFH & C000-FEFFH
4000-40FFH
4100-BFFFH
0000-3FFFH & C000-FEFFH
FF00-FF 1 FH, FFCO-FFFFH
FF20-FFBFH

I     The RAM area is from 4000 -40FF should not be accessed by the

user since it is used as scratch pad by the monitor program.

>    INPUT/OUTPUT
I     Parallel: 241/0  lines usingonenumberof8255.
I     Serial: one number ofRS232c serial interfaces using 8051 serial port.
I     Timer: 8051 hastwo 16 bittimernamelytimero andtimer 1.

89C51 has 316 bit timer/counter
I     Printer: one entrains compatible printer interface through 8255 -I

Port.
I     Interrupt: 8051 provides 5 interrupt sources. Among them two are

External interrupts called INTO and INT1 (active low
signals)

>   LCD interface:  16X2 LCD display Module.

>   IBM PC -keyboard interface.

>   Onboard Battery Backup: on board battery backup facility is provided for 64Kb
RAM 4000-BFFFH.

System Power Consumption:

.     +5V:

.     +12V:
I      -12V:

lamp
200mA
100mA

Dr.-LEENA  A. V.
PRINCIPAL

SREE NARAMANA GURu COuLECE OF  .
=`jGtNEERING&TECHNoi06y,"wrmiR
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.     +30V: 300mA
>   Bus Expansion:

I     A VXT bus has been incorporated in Micro -51 LC which facilitates

to patch up any extra hardware. All address data and control signals
are brought out to this bus. An unlimited number of add-on boards
could be added this way to interface to the hardware available on
Micro -51 LC.  Using VXT bus VBMB cards can be directly
interfaced with Micro -51 LC.

>   Note:
The power supply used is meant only for the trainer and the add on boards used along with
the trainer. The user is therefore, requested not to use this power supply for any external

applications.

8051 Instruction Set

ARITHMETIC OPERATIONS

Mnemonic
ADD A,Rn
ADD A,direct
ADD A,@Ri
ADD A,#data
ADDC A,Rn
ADDC A,direct
ADDC A,@Ri
ADDC A,#data
SUBB A,Rn
SUBB A,direct
SUBB A,@Ri
SUBB A,#data
INCA
INC RE
INC direct
INC @Ri
DECA
DEC Rn
DEC direct
DEC @Ri
INC DPTR

Description
Add register to Accumulator
Add direct byte to Accumulator
Add indirect RAM to Accumulator
Add immediate data to Accumulator
Add register to Accumulator with Carry
Add direct byte to Accumulator with Carry

Add indirect RAM to Accumulator with Carry
Add immediate data to Acc with Carry
Subtract Register from Acc with borrow
Subtract direct byte from Acc with borrow
Subtract indirect RAM from ACC with borrow
Subtract immediate data from Acc with borrow
Increment Accumulator
Increment register
Increment direct byte
Increment direct RAM
Decrement Accumulator
Decrement Register
Decrement direct byte
Decrement indirect RAM
Increment Data Pointer

Dr. LEENA  A. V.
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MUL AB
DIV AB
DAA

Multiply A & 8
Divide A by 8
Decimal Adjust Accumulator

LOGICAL OPERATIONS

Mnemonic
ANL A,Rn
ANL A,direct
ANL A,@Ri
ANL A,#data
ANL direct,A
ANL direct,#data
ORL A,Rn
ORL A,direct
ORL A,@Ri
ORL A,#data
ORL direct,A
ORL direct,#data
XRL A,Rn
XRL A,direct
XRL A,@Ri
XRL A,#data
XRL direct,A
XRL direct,#data
CLRA
CPLA
RLA
RLCA
RNA
RRCA
SWAP A

DATA TRANSFER

Mnemonic
MOV A,RE
MOV A,direct
MOV A,@Ri
MOV A,#data

Description
AND Register to Accumulator
AND direct byte to Accumulator
AND indirect RAM to Accumulator
AND immediate data toAccumulator
AND Accumulator to direct byte
AND immediate data to direct byte
OR register to Accumulator
OR direct byte to Accumulator
OR indirect RAM to Accumulator
OR immediate data to Accumulator
OR Accumulator to direct byte
OR immediate data to direct byte
Exclusive-OR register to Accumulator
Exclusive-OR direct byte to Accumulator
Exclusive-OR indirect RAM to Accumulator
Exclusive-OR immediate data to Accumulator
Exclusive-OR Accumulator to direct byte
Exclusive-OR immediate data to direct byte
Clear Accumulator
Complement Accumulator
Rotate Accumulator Left
Rotate Accumulator Left through the Carry
Rotate Accumulator Right
Rotate Accumulator Right through the Carry
Swap nibbles within the Accumulator

Description
Move register to Accumulator

Move direct byte to Accumulator
Move indirect RAM to Accumulator

Dr. LEENA  A. V.
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JC rel
INC rel
JB bit,rel
INB bit,rel
JBC bit,rel

PROGRAM BRANCHING

Mnemonic
ACALL addrl 1
LCALL addrl 6
RET
RETI
AJMP addrl 1
LJMP addrl 6
SJMP rel
JMP @A+DPTR
JZ rel
INZ rel
CINE A,direct,rel
CINE A,#data,rel
CINE Rn,#data,rel
CINE @Ri,#data,rel
DINZ RE,rel
DJNZ direct,rel
NOP

Jump if carry is set
Jump if Carry not set
Jump if direct Bit is set
Jump if direct Bit is Not set
Jump if direct Bit is set & clear bit

Description
Absolute Subroutine Call
Long Subroutine Call
Return from Subroutine
Return from interrupt
Absolute Jump
Long Jump
Short Jump (relative addr)
Jump indirect relative to the DPTR
Jump if Accumulator is Zero
Jump if Accumulator is Not Zero
Compare direct byte to Acc and Jump if Not Equal
Compare immediate to Acc and Jump if Not Equal
Compare immediate to register and Jump if Not Equal
Compare immediate to indirect and Jump if Not Equal
Decrement register and Jump if Not Zero
Decrement direct byte and Jump if Not Zero
No Operation

LEE*A  A. V.__--I 1 -
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\ExperiinentNo:1

Da,te.. i i ,
ARITHMHTICS OPERATIONS USING 8051

AIM:

To write a assembly language program (ALP) for performing arithmetic operations

such as addition, subtraction, multiplication & division using 8051.ALGORITHM:

1.    Start the program

2.   Load the two inputs into the memory.

3.   Perform addition, subtraction, multiplication & Division.

4.    Storethe result.

5.    Stop the program.

PROGRAMS:

ADDITION

ADDRESS OPCODE LABEL MNEMONCS •  COMMENTS

4100 C3 CLRC Clear c

4101 7420 MOV A,#DATA
Move the data to Aregister

4103 2410 ADD A,#DATA Add the data with A

4105 90 45 00 MOV DPTR,#4500 Set the pointer to 4500

4108 FO MOVX @DPTR,A
Store the result inmemory,,.',,3

4109 80FE END SJMP END
`.Stop;F4;ffi;BJ L¥m= ~

t
Dr. LEE ff.A  A. V.
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MOV Rn,A
MOV Rn,direct
MOV Rn,#data
MOV direct,A
MOV direct',Rh
MOV direct,direct
MOV direct,@Ri
MOV direct,#data
MOV @Ri,A
MOV @Ri,direct
MOV @Ri,#data
MOV DPTR,#data 1 6
MOVC A,@A+DPTR
MOVC A,@A+PC
MOVX A,@Ri
MOVX A,@DPTR
MOVX @Ri,A
MOVX @DPTR,A
PUSH direct
POP direct
XCH A,Rn
XCH A,direct
XCH A,@Ri
XCHD A,@Ri

Move Accumulator to register
Move direct byte to register
Move immediate data to register

Move Accumulator to direct byte
Move register to direct byte
Move direct byte to direct
Move indirect RAM to direct byte
Move immediate data to direct byte
Move Accumulator to indirect RAM
Move direct byte to indirect RAM
Move immediate data to indirect RAM
Load Data Pointer with a 16-bit constant
Move Code byte relative to DPTR to Acc
Move Code byte relative to PC to Acc
Move External RAM (8- bit addr) to Ace
Move Exemal RAM (16-bit addr) to Acc
Move Acc to External RAM (8-bit addr)
Move Acc to External RAM (16-bit addr)
Push direct byte onto stack
Pop direct byte from stack
Exchange register with Accumulator
Exchange direct byte with Accumulator
Exchange indirect RAM with Accumulator

Exchange low-order Digit indirect RAM with Acc

BOOLEAN VARIABLE MANIPULATION

Mnemonic
CLRC
CLR bit
SETB C
SETB bit
CPLC
CPL bit
ANL C,bit
ANL C,/bit
ORL C,bit
ORL C,/bit
MOV C,bit
MOV bit,C

Description
Clear Carry
Clear direct bit
Set Carry
Set direct bit
Complement Carry
Complement direct bit
AND direct bit to CARRY
AND complement of direct bit to
OR direct bit to Carry
OR complement of direct bit to C
Move direct bit to Carry
Move Carry to direct bit

eyg&frEE*G#.i#Hu*E'HRgiv,
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SUBTRACTION

ADDRESS OPCODE LABEL MNEMONCS COMMENTS

4100 C3 CLRC Clear the carry flag

4101 7420 MOV A,#DATA
Move the lower nibble ofdatatoAregister

4103 9410 SUBB A,#DATA
Subtract the data to Aregister

4105 90 45 00 MOV DPTR,#4500 Set the pointer to 4500

4108 FO MOVX @DPTR,A Store the result in memory

4109 80FE END SJMP  END Stop the program

MULTIPLICATION

ADDRESS OPCODE LABEL MNEMONCS COMMENTS

4100 7465 MOV A,#DATA Move the data to A register

4102 75 F0 08 MOV B,#DATA Move the data to 8 register

4105 A4 MUL AB Multiply A and 8

4106 90 45 00 MOV DPTR,#4500
Load the. address of data inDPTR

4109 FO MOVX  @DPTR,A
Store the lower byte ofproduct

410A A3 INC DPTR Increment data pointer

4108 E5FO MOV A,B
Move the content of 8 in Aregister

410D FO MOVX  @DPTR,A
jMO¥hre.tdatatoDPTR1€1t,+`_sis-I-._rfrf45ft±

410E 80FE END SJMP END                  •*rJ-+ .±€:-`=_=`|Trfrfu¥+£r

_ ___ --       i     ,1
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DIVISION

ADDRESS OPCODE LABEL MNEMONCS COMMENTS

4100 7465 MOV A,#DATA Move the data to A

4102 75 F0 08 MOV B,#DATA Move the data to 8

4105 84 DIV AB Divide A and 8

4106 90 45 00 MOV DPTR,#4500
Load the address of data inDPTR.

4109 FO MOVX  @DPTR,A Store the lower byte of product

410A A3 INC DPTR Increment data pointer

4108 E5FO MOV A,B Move  8 to A

410D FO MOVX  @DPTR,A Store the  A value

410E 80FE END SJMP END Stop

OBSERVATION:

8 - BIT ADDITION 8 - BIT SUBTRACTI0N

INPUT OUTPUT INPUT OUTPUT

DATA ADDRESS DATA DATA ADDRESS DATA

8 - BIT MULTIPLICATION 8 - BIT DIVISION

INPUT OUTPUT INPUT OUTPUT

DATA ADDRESS DATA DATA ADDRESS DATA

#T

a 2gr            __Irfu

:-:_-.                      .`--                     ,

RESULT:. Dr. LEENA  A. V.
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Experiment No: 2

DFtwfr. J J _
SUM 0F A SERIES 0F 8 BIT DATA USING 8051

AIM:____

To write an assembly language program (ALP) for performing addition of a seriesof8

bit data using 8051.

ALGORITHM:
_             ______                                           __          _                                _

1.   Start the program

2.   Load the 16 bit address to data pointer.

3.   Putthe count value in RO.

4.   Get the data to accumulator for addition.

5.   Perform addition till the counter is zero,considering carry.

6.    Store the results

7.    Stop the program.

PROGRAM:

ADDRESS OPCODE LABEL MNEMONCS COMMENTS

4100 90 42 00 MOV bpTR,#4200 Load the source dataaddressinDPTR

4103 EO MOVX A,@DPTR Move the count to A

4104 F8 MOV RO,A Move the count to RO

4105 75 F0 00 MOV 8,#00 Clear regB for msbresult

4108 A9FO
®

MOV R1,B

J>is`,,iI,,IisaveBvalue`£|={>iha,.-=,a.,,I+\

410A C3 CLRC clear~€.grrfat:i-~ur.LEErj,fa A.
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4108 A3 LOOP 2 INC DPTR Increment datapointer

410C EO MOVX A,@DPTR Move the lst no. to A

410D 25,FO ADD A,B Add the numbers

410F

AF5FO

MOV B,A Move the result to 8

4111
5012 INC  LOOP1

If no carry decrementthecounter

4113 09 INC R1
Increment the carryregister

4114 D8F6 LOOP1 DINZ RO,LOOP2
Decrement the count,ifnotzerocontinueaddition

4116 90 45 00 MOV DPTR,#4500 Load the destinationdataaddressinDPTR

4119 E9 MOV A,R1 Move msb of result to A

411A FO MOVX @DPTR,A Store msb in memory

4118 A3 INC DPTR Increment datapointer

411C E5FO MOV A,B Move lsb ofresultio A

411E FO MOVX @DPTR,A Store lsb in memory

411F 80FE END SJMP END

Dr.. iEENA A. V.pRINclr^LENgres#M&AVrfecH##Rg#+quffifu



INPUT OUTPUT

ADDRES DATA ADDRESS DATA

Stamp
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Experiment No: 3

Dtwfr. J J .

DATA TRANSFHR OPERATION USING 8051

AIM:
To write an assembly language program to perform the data transfer

operation using 8051ALGORITHM

1.    Start the program.

2.   Load the 16 bit address to data pointer.

3.   Putthe countvalue in RO.

4.   Move the data from source location to destination location.

5.   Check the condition forthe loop.

6.   Increment the values and store the result.PROGRAM

ADDRESS OPCODE LABEL MNEMONCS COMMENTS

4100 90 42 00 MOV DPTR,#4200H
Load the source dataaddressinDPTR

4103 EO MOVX A,@DPTR Move the count to A

4104 F8 MOV RO,A Move the count to RO

4105 A3 LOOP1 INC DPTR
Point data pointer todatal

4106 EO MOVX A,@DPTR Move datal to A

4107 75 83 43 MOV DPH,#43
Load data pointer withdestinationaddress

410A FO MOVX @DPTR,A
Move data'1 tof'-~--1`(,.'--destinetiorfu~6€=#\i.----i:---•.I-..

Dr.. LEENA A. V.pRINclrALseENrmMMeuRucouLEGEoFENSBRERE#RE



4108 75 83 42 MOV DPH,#42
Point data pointer tosource

410E D804 DJNZ RO,LOOP 1
Jump to LOopl if ROnoto

4110 80FE END SJMP END Stop

INPUT OUTPUT

ADDRES DATA ADDRESS DATA

Stamp



Experiment No: 4

Dttwf!. I i _
LARGEST ELEMHNT IN AN ARRAY USING 8051

AIM:

To find the largest element in an array using 8051

ALGORITHM:

7.   Start the program.

8.   Load the data to data pointer.

9.   Putthevalueto R5.

10. Store the result in the specified address.

11. Check the condition for the loop.

12. Increment the values and store the result.

13. Stop the program.

PROGRAM:

ADDRESS OPCODE LABEL ENEMONCS COMMENTS

4100 90,42,00 MOV DPTR,#4200 Load the  address  to  DPTR

4103 EO MOVX A,@DPTR Move the count to A

4104 F8 MOV RO,A Move count to RO

4105 75 40 00 MOV 40H,#00 Value 00 move to SFR

4108 A3 INC DPTR Increment data poin-ter

4109 EO LOOP1 MOVX A,@DPTR Move  1&¥ data to A:--=,-

410A 85 40 08 CJNE A,40H,LOOP3
• -  .\-     `   - I.-`Ju=¥i±i±iint>~e£-a-u¥iffto[4O])

ofgrdftBr. LEENA  A. V.PRINCIPAL
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410D A3 LOOP 2 INC DPTR Increment data pointer

410E D8F9 DJNZ RO,LOOP 1
Decrement count ,if not zerocontinuecomparison

4110 E540 MOV A,40 Move the [40] .to A

4112 FO MOVX  @DPTR,A Store the result

4113 8006 SJMP END Stop

4115 40F6 LOOP3 JC LOOP2 Jump to loop2 if carry occur

4117 F540 MOV 40,A Move the A to 40

4119 80F2 SJMP LOOP2 Shortjump

4118 80FE END SJMP END

OBSERVATION

INPUT OUTPUT

ADDRESS DATA ADDRESS                           DATA

11111111111111111111

Dr.-LEENA  A. V.

RESULT:

PRINCIPAL
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Experiment No: 5

Darfe.. I I _
SoUARn oF A NUMBER

AIM:
_____

To find square of a number using 8051

ALGORITHM:

1.    Start the program.

2.   Load the data to data pointer.

3.   Put the number to find the square

4.    Store the result in the specified address.

5.    Stop the program.

SQUARE OF GIVEN NUMBER:

PROGRAM:

ADDRESS OPCODE LABEL MNEMONCS COMMENTS

4100 90 42 00 MOV  DPTR,#4200 Load the data addressindptr

4103 EO MOVX A,@DPTR Move data to A

4104 F5FO MOV B,A Store it in 8

4106 A4 MUL AB Perform the multiplication

4107 90 45 00 MOV  DPTR,#4500 Load theresultaddressindptr

410A FO MOVX@DPTR,A Store lsb

4108 F5FO MOV A,B Move msb td': A -.-_  .I.S,_--

410D 90 45 01 MOV  DPTR,#4501
- i--j`+*Jir.Loadtheresu|t,addr€ssindptrt.i---+.-

d65F Or.. iEENA  A. V.®nTNclr^L
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4110          F0                                                 MOVX  @DPTR,A        Storemsb

4111             80FE                                                  SJMP4111

OBSERVATION:

INPUT OUTPUT          1

ADDRESS                       DATA ADDRE SS                       DATA

IIIIIIIIIIIIIIIIIIIIH111111111111111111

RESULT:                                                Dr. LEEttA A. V-,eviferfu
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Experiment No: 6

Da[rfe,. i I _
SOUARE ROOT 0F A NUMBER

AIM:

To find square root of a number using 8`051

ALGORITHM:

1.    Start the program.

2.   Load the data to data pointer.

3.   Put the number to find the square root

4.    Store the result in the specified address.

5.    Stop the program.

PROGRAM:

ADDRESS OPCODE LABEL MNEMONCS COMMENTS

4100 90 42  00 MOV  DPTR,#4200 Load thedataaddressindptr

4103 EO MOVX A,@DPTR Move data to A

4104 F9 MOVR1,A Move data to R1

4105 7A01 MOV R2,#01 Move 1 to R2

4107 E9 LOOP1 MOV A, R1 Move data to R I

4108 8AFO MOV 8, R2 Move R2 to 8

410A 84 DIV AB Devide A by 8,i:?i

4108 FB MOV R3,A
[,iMove:4ai+:,-.{°#~(

410C AC,FO MOV R4, 8 M#iHLffi6fp£L"__..-~£as

I      .,             , -      ..     .           -.E .  .,--l.     '   ,`  .i.



410E C3 CLRC Clear C

410F 9A SUBB A,R2 Subtract

4110 60F7 JZ LOOP2 Branch if zero

4112 OA INC R2 Increment R2

4113 80E6 SJMP LOOP1 Branch to loopl

4115 90 45 00 LOOP2 MOV DPTR,#4500 Load theresultaddressindptr

4118 EB MOV A,R3 Move R3 to A

4119 FO MOVX @DPTR,A Store the result

411A 80FE END SJMP END

INPUT OUTPUT

ADDRESS DATA ADDRESS DATA

A.V.

Stamp



Experiment No: 7

Dtlrfe.. J J _
HHXADECIMAL T0 DECIMAL CONVERSION

AIM:___                           ___

To perform hexadecimal to decimal conversion.

ALGORITHM:
_       _       _                                   __     _    __          __

1.   Load the number to be converted into the accumulator.

2.   If the number is less than  100 (64H), go to next step; otherwise, subtract       100

(64H) repeatedly  until  the  remainder  is  less  than  100  (64H).    Have the  count

(100's value) in separate register which is the carry.

3.   If the  number  is  less  than  10  (OAH),  go  to  next  step;  otherwise,  subtract  10

(OAH)  repeatedly  until  the  remainder  is  less  than  10  (OAH).    Have the  count

(ten's value) in separate register.

4.   The accumulator now has the units.

5.   Multiply the ten's value by 10 and add it with the units.

6.   Store the result and carry in the specified memory location.

PROGRAM

sREENARAVANA€uRucOuLEceoF__----L-,,,|I

ADDRESS OPCODE LABEL MNEMONICS COMMENTS

.,..*A.V.r^L

4100 90 45 00 MOV DPTR,#4500
Load the address of datainDPTR

4103 EO MOVX A,@DPTR
Move data from extemalmemorytoAregister.

4104 75 FO 64 MOV 8,#64 Move data to 8

4107 84 DIV AB Divide A and 8

4108 90 45 01 MOV DPTR,#4501
Load the address of datainDPTR

4108 FO MOVX  @DPTR,A
Store the lower byte offi£J:`product.

410C E5FO MOV A,B MOve  B  to A               t; `[ifarf3``-.,--_

PRINC
tl,,== -,-- _ -'_  _  _
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410E 75 F0 0A MOV B,#OA Move data to 8

4111 84 DIV AB Divide A and 8

4112 A3 INC DPTR Increment data pointer

4113 FO MOVX  @DPTR,A Store the higher byte

4114 A3 INC DPTR Increment data pointer

4115 E5FO MOV A,B Move 8 to A

4117 FO MOVX  @DPTR,A Store the higher byte

4118 80FE END SJMP END Stop

INPUT OUTPUT

ADDRESS DATA ADDRESS DATA

`\1'11-+

Stamp



Experiment No: 8

Da[rfe.. I i _
STEPPER ivl0TOR INTERFACING WITH 8051

AIM:
_____

To interface a stepper motor with 8051 microcontroller and operate it.

THEORY:r-
A motor in which the rotor is able to assume only discrete stationary angular position

is a stepper motor. The rotary motion occurs in a step-wise manner from one equilibrium

position to the next.  Stepper Motors are used very wisely in position control systems like

printers, disk drives, process control machine tools, etc.

The basic two-phase stepper motor consists of two pairs of stator poles. Each of the

four poles has its own winding. The excitation of any one winding generates a North Pole. A

South Pole gets induced at the diametrically opposite side. The rotor magnetic system has

two end faces. It is a permanent magnet with one face as South Pole and the other as North

Pole.

The Stepper Motor windings A1, A2, 81, 82 are cyclically excited with a DC

current to run the motor in clockwise direction. By reversing the phase sequence as A 1, 82,

A2, 81, anticlockwise stepping can be obtained.

2-PHASE SVITCHING SCHEME:

In this scheme, any two adjacent stator windings are energized. The switching
scheme is shown in the table given below. This scheme produces inore torque.

ANTICLOCKWISE CLOCKWISE

-`

STEP A1 A2 81 82 DATA STEP A1 A2 81 B2 DATA/`)

1 1 0 0 1 9h I 1 0 I 0 Ah`:-``  `.

2 0 1 0 1 5h 2
`0

1 1 0 -6h--==BrJ

PRii-i.--.*.--
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3             0            I            1            0                6h                  3             0          1          0              1                  5h

4             1            0            1            0               Ah                 4              1          0         0             1                  9h

+,                ADDRESS DECODING LOGIC:

The  74138  chip  is  used  for generating the  address  decoding  logic  to  generate the

device select pulses; CS1  & CS2 for selecting the IC 74175.The 74175  latches the data bus

to the stepper motor driving circuitry.

Stepper  Motor  requires   logic   signals  of  relatively  high  power.   Therefore,   the

interface circuitry that generates the driving pulses uses silicon Darlington pair transistors.

The inputs for the interface circuit are TTL pulses generated under software control using

the Microcontroller Kit.   The TTL level of pulse sequence from the data bus is translated to

high voltage output pulses using a buffer 7407 with open collector.

PROCEDURE:

Enter  the  above  program  starting  from  location  4100.and  execute  the  same.  The

stepper motor rotates. Varying the count at R4 and R5 can vary the speed. Entering the data

in the look-up TABLE in the reverse order can vary direction of rotation.

PROGRAM1:

ADRESS ' OPCODE LABEL MNEMONICS COMMENT

aF

4100 90 FF CO START MOV DPTR,#FFCOH Load the Motor port addressintoDPTR

4103 7409 MOV A,#09H Load data to motor in A

4105 FO MOVX  @DPTR,A Send the value in A tostepperMotorportaddress

4106 12411D LCALL DELAY call  delay  loopA.£I--#';- r.    `±.   .rf8RS£`E

4109 7405 MOV A,#05 Load  data tb  motor  in,Arf~i-.--`,7=,---a-3~fi:.iq*Ss3S.erst-+i,a_.I__-£+iL\,

Br..L.t=ET`H  n. ..PRINCIPJLLsueouMM^GURUccREes&ffigiv`M



4108 FO MOVX  @DPTR,A Send the value in A tostepperMotorportaddress

410C 12411D LCALL DELAY Call delay loop

410F 7406 MOV A,#06 Load data to motor in A

4111 FO MOVX  @DPTR,A Send the value in A tostepperMotorportaddress

4112 12411D LCALL DELAY Call delay loop

4115 740A MOV A,#OA Load data to motor in A

4117 FO MOVX @DPTR,A Send the value in A tostepperMotorportaddress

4118 12   41  1D LCALL DELAY Call delay loop

4118 80E3 SJMP START Repeat the whole process

411D 7950 DELAY MOVR1,#50H Load count in R1

411F 7AFF LOOP2 MOV R2,#FFH Load count in R2

4121 DAFE LOOP1 DINZ R2,LOOP1 Continue till R2=0

4123 D9FA DINZ R1,LOOP2 Continue till R2=0

4125 RET Return from subroutine

OBSERVATION:

RESULT: Dr..iEENA  A. Vi

ar¥rfeRERE

Stamp



REBH5EEEEEj±-~_~

Experiment No: 09

Da[rfe= i i _

AIM

ADC INTERFACING WITH 8051

To write an assembly language program for inter facing 8051 Micro Controller
with ADcinterface

THEORY:

ADC   0809   is  a  monolithic  CMOS   device,   with  an   8   bit  analog  to   digital

converter,  8  channel  multiplexer and microprocessor control  logic.   The  main  features  of

ADC 0809 are

•     8 bitresolution

•     100prs conversiontime

•     8 channel multiplexer with latched control logic

•    No need for external zero or full scale adjustments

•     Low power consumption(15mw)

•    Latched tristate output

PROCESS:

1.   A particular input channel is selected by using address decoding.

2.   The address is latched into the decoder of the chip on low to high transition of the

address latch enable (ALE).

3.   The A/D converter successive approximation register is reset on the positive edge of

the start of conversion pulse.

4.   The conversion is begun on the falling edge of the SOC pulse.

5.   End of conversion will go low between 0 and 8 clock pulses after the rf`ising_Sfgg-=6f~

start of conversion.

Calculation:

fa/.+.?«¢fu^+rfu

-rf-',-
Dr. LEENA  A. V.
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Analog Input(V):Trimpot value    =3.7v

Digital Output

ALGORITHM:

=LED Output value

=D7D6D5D4D3D2DIDO

=10101000

Vout       =28*Analog input(v)/Vref=28*3.7/4.93

=168

=A8

1.    Start the program.

2.   Move data 10H to the accumulator to select the channel 0 and to make ALE low.

3.   Output data at CBH.

4.   Move data 18H to accumulator to select the channel 0 and to make ALE high.

5.   Outputdataat CBH.

6.   Stop the program

PROGRAM

The following programs initiate the conversion process, checks the EOC pin ofADC-0809

as to wether the conversion is over and then inputs the data to the processor. its also -instructs

the processor to store the converted digital data at RAM location 4150.

ADDRESS OPCODE LABEL MNEMONICS COMMENTS

4100
90 FF C8 MOV DPTR,#FFCBH

Channel selection

4103 7410 MOVA,#10 ALE Low

4105 FO MOVX @DPTR,A Move Adata toFFC8

4106 7418 MOVA,#18 ALEHigh,f?a;?i--.; ..    .ft,.   +`-JfS§fexp,

4108 FO MOVX @DPTR,A Move€=±p`,i-- data+fo=ffF6a;

st

DriiEE:fp£LV.
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4109 80FE END SJMP END end

OBSERVATION

RESULT:

-_---*--:i:f£-`_.
Dr. LEENA  A. V.pRI"CIP^L
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Experiment No: 10

Darfe.. I J _

AIM

DAC INTERFACING WITH 8051

To write an assembly language program for inter facing 8051 Micro
Controller with DAC interface

THEORY:

ADC   0809   is  a  monolithic  CMOS   device,   with   an   8   bit  analog  to  digital

converter,  8  channel  multiplexer and microprocessor control  logic.   The main  features of

ADC 0809 are

•     8 bitresolution

•     loons conversiontime

•     8 channel multiplexer with latched control logic

•    No need for external zero or full scale adjustments

•     Low power consumption(15mw)

•    Latched tristate output

PROCESS:

6.   A particular input channel is selected by using address decoding.

7.   The address is latched into the decoder of the chip on low to high transition of the

address latch enable (ALE).                                                                                     /+
f

8.   The D/A converter successive approximation register is reset on the positive

the start of conversion pulse.

9.   The conversion is begun on the falling edge of the SOC pulse. Dr. L-E[Hn  r.,  _
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10. End of conversion will go low between 0 and 8 clock pulses after the rising edge of

start of conversion.

ALGORITHM:

7.    Start the program.

8.   Move data 10H to the accumulator to select the channel 0 and to_make ALE low.

9.   Output data at CBH.

10. Move data 18H to accumulator to select the channel 0 and to make ALE high.

11. Output data at CBH.

12. Stop the program

PROGRAM

To generate the square wave at DAC

With  (00  H)  as  input to  DAC,the  analog  output  is  +5v.  Similarly with  FF  (H)  as

input, the output is +5v.Outputting digital data 00 and FF at regular intervals to DAC

result in a square wave of amplitude 15 v

PROGRAM

ADDRESS OPCODE LABEL MNEMONICS COMMENTS

4100 90 FF C8 MOV DPTR,#FFC8 Set the data pointer to FFC8

4103 7400 START MOV A,#00 Move 00 to A register

4105 FO MOVX @DPTR,A Transfer Adata  to FFC8

4106 124112 LCALL DELAY Call subroutine

4109 74FF MOV A,#FF Move FF to A register--   + ,i:.-.

4108 FO MOVX @DPTR,A Transfer Adata-L-:..S`..r`.`,.`----

•:  ;: :`   --F_rapprvif i~oFFC8+=pE"iA.rf.
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t

410C 124112 LCALL DELAY Call subroutine

411F 02 4103 LJMP START Repeat the process

4112 7905 DELAY MOV R1,#05 Load Rl with count 05

4114 7AFF LOOP2 L MOV R2,#FF Load R2 WITH  count FF

4116 DAFE LOOP1 DINZ R2,LOOP 1 Decrement and continue till R2=0

4118 D9FA DINZ R1,LOOP2 Decrement and continue till R1=0

411A 22 RET Return from subroutine

OBSHRVATI0NRESULT:                                                                              Dr. iEENA A. V:PRINCIPALENgREidM&##Rce#rmfu
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Experiment No:  11

Darfe.. I I _

LED BLINKING CIRCUIT USING ARDUINO

To write a program to blink LEDsby inter facing 8051 with arduino
AIM

THEORY:

* LED BLINK
* LEDs connected on pin no  10,11,12 &  13
* blink each LED with 1 second delay

PROGRAM:

void setup() (

// put your setup code here, to run once:

pinMode(10,OUTPUT); // define mode of pin no 10 as OUTPUT

pinMode( 11,OUTPUT);

pinMode(12,OUTPUT);

pinMode(13,OUTPUT);

)

void loop() (

// put your main code here, to run repeatedly:

digitalwrite(10,HIGH); // switch on LED by changing the voltage of pin no 10 to 5V

delay(1000); // wait for 1000 milli seconds

digitalwrite(10,LOW); // switch on LED by changing the voltage of pin no

delay(1000) ; Dr. iEENA  A. V.
pRINCIP^L
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digitalwrite( 11,HIGH);

delay(1000) ;

digitalwrite( 11,LOW);

delay(1000) ;

digitalwrite(12,HIGH);

delay(1000) ;

digitalwrite(12,LOW);

delay(1000) ;

digitalwrite(13,HIGH);

delay(1000) ;

digitalwrite(13,LOW);

delay(1000) ;

)

RESULT:

Or. iEENA  A. V.pRINclr^L
ENSREEREE#RI#ife.esgas"NUR
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Experiment No: 12
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TEMPERATURE MEASUREMENT USING ARDUIN0

AIM
________

To write a program to measure the temperature of surroundings using LM35 and
displaying it on the serial monitor of Arduino.

THEORY :

LM35 is a temperature sensorthat provides analog voltage proportional to the
temperature. LM35 output is given to analog pin Al of Arduino UNO. This analog voltage
is converted to its digital form and processed to get the temperature reading.

INTERTACING DIAGRAM:

Dr. LEENA  A. V._-_-  1 -_-ira_INCIPAL
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PROGRAM :

constint lm35pin = A1;         /* LM35 0/P pin */

void setup() (

Serial.begin(9600);

)

void loop() (

inttemp_adc  val;

floattemp_val;

temp_adc  val = analogRead(lm35pin);        /* Read Temperature */

temp_val = (temp_adc_val * 4.88);    /* Convert adc value to equivalent ¥g|tage`

temp_val = (temp_val/10);     /* LM35 gives output of l0mv/°C */
Dr. iEENA  A. V.
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Experiment No. 1(a)

Familiarization of Arduino IDE

Aim:

a)   Familiarization ofArduino IDE

Theory: Introduction to Arduino board

Arduino  is  an open-source prototyping platform based on easy-to-use hardwac  and software.
Arduino boards are able to read inputs - light on a sensor, a finger on a button, or a Twitter message - and
turn it into an output - activating a motor, turning on an LED, publishing something online. You can tell
your board what to do by sending a set of instructions to the microcontroller on the board. To do so you use
the  Arduino  programming  language  (based  on  Wiring),  and  the  Arduino  Software  (IDE),  based  on
Processing.

Arduino Uno

Arduino also simplifies the process of working with microcontrollers, but it offers some advantage for
teachers, students, and interested amateurs over other systems which are inexperisive , cross-platform ,
Simple, clear programming environment , Open source and extensible hardware  etc.  .~ .#=f '

MP & MC Lab ir
Dr. LEEREA  A. V.
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MP & MC Lab

Pin Diagram of Arduino Uno
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The basic structure of the Arduino programming language is fairly simple and runs in at least two pacts.
These two required parts, or functions, enclose blocks of statements. Where setup() is the preparation,
loopo is the execution. Both functions are required for the program to work.

¥3.i!f?#&+ig!?,5;?i€¥-f¥&,##,*§*0#:

F.#? ¥  if gpr}  &!#8#`g  gi#ti€

The setup function should follow the declaration of any variables at the very beginning of the program. It
is the first function to ruri in the program, is run only once, and is used to set pinMode or initialize serial
corrmunication.

The loop function follows next and includes the code to be executed continuously-reading inputs, triggering
outputs etc. This function is the core of all Arduino programs and does the bulk of the work. Curly braces
( {} )define the beginning and the end of function blocks and statement blocks such as the void loopo
function and the for and if statements.

Programming using Arduino IDE

Step 1 - Downl.oad Arduino IDE Software: You can get different versions of Arduino IDE
from the Download page on the Arduino Official website. You must select your software, which
is compatible with your operating system (Windows, IOS, or Linux). After your file download is
complete, unzip the file.

Step 2 - Power up your board:  The Arduino Uno automatically draw power from either, the USB
connection to the computer or an external power supply. Connect the Arduino board to your computer
using the USB cable. The green power LED (labeled PWR) should glow.

Step 4 - Launch Arduino IDE

MP & MC Lab _--=!::-i-':a-::-EE---ife--
. , h t't `! 't3
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Step 5 - Open your first project: Once the software starts, you have two options -

•     Create anewproject.
•     Open an existing project example.

To create a new project, select File + New.

ire,ifit#
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To open an existing project example, select File + Example + Basics + Blink.

Here, we are selecting just one of the examples with the name B]ink. It turns the LED on and off with
some time delay. You can select any other example from the list.                                ,a.
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Step 6 - Select your Arduino board: To avoid any error while uploading your program to the board, you
must select the correct Arduino board name, which matches with the board connected to your computer.

Go to Tools + Board and select your board

Step 7 - Select your serial port: Select the serial device of the Arduino board. Go to Tools + Serial
Port menu. This is likely to be COM3 or higher (COMl  and COM2 are usually reserved for hardware
serial ports). To find out, you can disconnect your Arduino board and re-open the menu, the entry that
disappears should be of the Arduino board. Reconnect the board and select that serial port.

Step 8 - Upload the program to your board: Before explaining how we can upload our program to the
board, we must demonstrate the function of each symbol appearing in the Arduino IDE toolb'ar. Now,
simply click the "Upload" button in the environment. Wait a few seconds; you will see the RX and TX
LEDs on the board, flashing. If the upload is successful, the message "Done uploading" will appear in the
status bar.

A -Check if there is any compilation error.        B -Upload a program to the Arduino board.

C -Shortcut to create a new sketch.                     D -Open one of the example sketch.

E - Used to save your sketch.

MP & MC Lab

F - Serial monitor for serial data transfer

-~+.-~EN¥ifeife

Stamp



Experiment No. 1 (b)

LED control using Arduino
Aim:

a)   Blinking inbuilt LED. with different on off time delays
b)   Blinking extemally interfaced LED with different on off time delays

Hardware required:

No. Item Specification Quantity
1 Arduino board Arduino Uno 1

2 LED 1

3 Resistor 220 Ohm 1

4 Bread board and cormection wires

Connection Diagram:

Circuit for blinking of Internal LED (No Extemal connection required)

i¥

Pint            220R         LED

Circuit for blinking of extemal LED on Pin 1

MP & MC Lab Sifeifeife



Sample Program for external LED blink on Pin-1:

void setupo

(

pinMode( 1, OUTPUT);

)

void loop()

(

digitalwrite( 1, HIGH);

delay(1000);

digitalwrite( 1, LOW);

delay(1000);

)

Output:

Result:

MP & MC Lab

EEEE:EEmREEmHREHHn

1.V.

// rm once

// sets pin 1 as output

// run over and over again

// tuns the LED on

// pauses for 1 second

// tuns the LED off

// pauses for 1 second

Stamp



Experiment No. 2

DC Motor Speed Control using Arduino

Aim: To control the speed of a DC motor using MOSFET driven by PWM signal from Arduino module

Hardware required:

No. Item Specification Quantity
1 Arduino board Arduino Uno 1

2 MOSFET or MOSFET based motor IRE 5 1 0 .1

driver board
3 DC Motor 9V 1

4 Bread board and connection wires

Connection Diagram:

PWM
Pin

=T___-
Study: To control a load with more than 40ma current requirement using the Arduino, a MOSFET or
transistor could be used to switch higher current loads. Also motor speed control requires voltage variation,
which could be achieved by using the PWM variable voltage signal available from the PWM enabled digital
pins of the Arduino.

MP & MC Lab



Sample Program for DC motor speed control:

void setupo

(

pinMode(5, OUTPUT);

)

void loop()

(

for (int i=0; i<255; iH)

(

analogwrite(5, i);

delay(250);

)

delay(1000);

for (int i=255; i>0; i--)

(

analogwrite(5, i);

delay(250);

)

delay(1000);

)

Output:

Result:

MP & MC Lab
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// sets PWM Pin 5 as output

// Motor speed increasing

// turns MOSFET on

// pauses 1/4 second

// pauses 1 second

// Motor speed decreasing

// turns MOSFET on

// pauses 1/4 second

// pauses 1 second

Stamp



Experiment No. 3

Voltage Measurement using Arduino

Aim: Arduino based voltage measurement of 12V solar PV module or 12V battery and displaying the
measured value using 12C LCD display.

Hardware required:

No, Item Specification Quantity
1 Arduino board Arduino Uno 1

2 LCD display with 12C adapter 16x2 (1602) Character (5x7 DotMatrixCharacterandCursor)GreenBacklightLCDDisplaywithattached4pin12Cadapter 1

3 Voltage Source 9V Battery 1

4 Resistor 1K, 2K 1 each
4 Bread board and connection wires 1

Connection Diagram:

MP & MC Lab

Analog in Pin

(AO. -A5)

12V

•ifeinife



Study:

Arduino can measure only a maximum of 5V on the analog pins, and hence a potential divider arrangement
using resistors is used to reduce the voltage to be measured, and later a multiplication factor is used in the
program to scale the obtained value to actual voltage value.

LCD 16X2: An electronic device that is used to display data and the message is known as LCD 1602. It
includes 16 Columns and 2 Rows so it can display 32 characters (16X2=32) in total. Every character will
be made with 5x8 (40) Pixel Dots and the total pixels within this LCD can be calculated as 32 x 40 or 1280
pixels. The data register inside the display is used to save the date to exhibit on the LCD.

12C  Protocol:  The  hter-Integrated  Circuit  (12C)  Protocol  is  a  protocol  intended  to  allow  multiple
peripheral digital integrated circuits to communicate with one or more controller chips.  12C requires only
two wires to communicate in serial mode, bu.t those two wires can support up to 1008 peripheral devices,
each having an address. Each 12C bus consists of two signals: SDA (Serial Data) -the data signal and SCL
(Serial Clock)- the clock signal. The clock signal is alivays generated by the Master or the current bus
controller.

12C Line Pin in Arduino

SDA A4, SDA

SCL A5, SCL

MP & MC Lab •-Dr.`.tEENA  A. V.

PRINCIPAL
REVARAM"^CuRuCOuREOF

ENeREEnei##Oev,frmrm



Sample Program:

#include <Wire.h>                                // library for l2C
#include <Liquidcrystal_12C.h>     //Arduino library for l2C LCD displays
Liquidcrystal   12C lcd(Ox27,20,4);    //Set the LCD address to Ox27 (default)

I____

void setup()
(

lcd.init();
lcd.backlight();
lcd.setcursor(2,0);
lcd.print("VOLTMETER");

)

// lnitialize .the lcd
// Turn on backlight of lcd
//Setting display curser position (Col 2,  Row 0)

// Show on LCD display from cursor position

void loop()

(
lcd.setcursor(0,1);
lcd.print("VOLT =");
float mf = 3;
int x = analogRead(AO);
float value = (x*mf*5)/1024;
led.setcursor(6,1);
Icd.print(value);
delay(500);

)

Output:

Result:

MP & MC Lab

// Set Cursor to (Column 0, Row 1 )
// Display the characters
// Multiplication factor corresponding to resistors
// Read input Voltage from AO
// Convert input to actual voltage value
//Set Cursor to (Column 6, Row 1 )
// Display the voltage
// Delay 0.5s

Stamp



Experiment No. 4

Uploading data to Thinkspeak Cloud
Aim: Write a program to upload multiple sensor data (say, humidity and temperature) to Thinkspeak
cloud through wifi network

Hardware required:

No, Item Specification Quantity
1 drduino board Arduino Uno 1

2 Node MCU ESP8266 1

3 Sensors to read data 2 parameters (eg; DHTll) 1

4 Bread board and connection wires

Connection Diagram :

Connection diagram for Arduino Thinkspeak cloud data transfer

MP & MC Lab Dr. LEENA  A. V.
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Steps:

1.    Create a Thinkspeak account using a mail address
2.    Create a channel with two field parameters and note down the Write API key
3.    Create a wifi network and note down the SSID and password
4.    Download necessary library files for Thinkspeak and add it to IDE
5.    Develop the Arduino interface with ESp and sensors
6.    Develop the program with serial monitor with 9600 baud rate
7.    Verify and upload the program, and monitor the Thinkspeak cloud for data storage

Sample Code: follow references

Output:

1.    Think speck account and channel details:
2.    Wifi network setting up:
3.    Thinkspeck library file addition:
4.    Circuit development and pin selection:
5.    Program development and testing:

Result:

References:

1.    Arduino proj ect Hub, https : //create. arduino.cc/proj ecthub/neveroffiheintemet/thingspeak-arduino-
weather-station-70b4bb

2.    OIT     Design     Pro,     https://iotdesig]iprQ.c.QngterQj.ects/teixperature]±]±midity-monitoring-over-
±b_i__=ng_S_P__§__ak-using-arduino-esp8266

MP & MC Lab
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End semester examination pattern
End semester examination shall be conducted on modelling and analysis and based on complete syllabus.
The following general guidelines should be maintained for the award of marks

Part A Assembly Modelling        -35 marks.

Part B Analysis                            -30 marks.

Viva voce                                    -10 marks.

Conduct of University Practical Examinations
The Principals of the concerned Engineering Colleges with the help of the Chainnen/Chairperson

will  conduct the  practical  examination  with the  approval  from  the  University  and bonafide  work /
laboratory record,  hall  ticket,  identity card  issued by  college  are  mandatory  for appearing practical
University examinations.  No practical  examination should be  conducted without the presence  of an
external examiner appointed by the Uriiversity.

References Books:

I . Daryl Logan, A First course in Finite Element Method, Thomson Learning, 2007

2. David V Hutton, Fundamentals of Finite Element Analysis, Tata MCGraw Hill2003

3. Ibrahim Zeid, CAD/ CAM Theory and Practice, MCGraw Hill, 2007

4. hdikell P. Cfroover and Emory W. Zinmer, CAD/ CAM - Computer aided design and manufacturing,

PearsonEducation,1987

5. T. R. Chandrupatla and A. D. Belagundu, htroduetion to Finite Elements in Engineering, Pearson

Education,2012
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ExpERIMENT No.1

ORTHOGRAPHIC VIEWS FROM 3D MODELS

Aim:  To familiarize the 3D modelling of various design of objects and to generate

2D drawings for shop floor.

Equipments required;

1.  A personal computer loaded with any one of the following application
Software.

SOLIDWORKS, CATIA, PRO-E

2.  A3 or A4 Plotter or Printer.

Procedure:

1.  Execute the application software i.e., SOLIDWORKS
2.  Set unit "rings".
3.  Select new part.
4.  Select suitable 3D commands (Extrude, Revolve, Loft, and Sweep).
5..  Select the required plan (Top, Front, and Side) and sketch the 2D proffle to

be converted in 3D with`required exact dimensions.
6.  Exit the 2D sketch and Execute the selected 3D command.
7.  Repeat the above stays from 4th until the desired object is completed.
8.  3D modifying commands are also can be used as and when required (Fiuet,

Chamfer, Mirror, Pattern etc)
9.  On completion of 3D modelling, save and close the file and open the new

module 2D drafting and generate 2D drawing of the 3D model created
previously.

10. 2D drafting ffle is an another file that also to be  saved and closed. #.-FTE
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EXPERIMENT No.2

ORTHOGRAPHIC VIEWS FROM 3D MODELS

Aim:  To familiarize the 3D modelling of various design of objects and to generate

2D drawings for shop floor.

E quipments required;

3.  A personal computer loaded with any one of the following application
Software.

SOLIDWORKS, CATIA, PRO-E

4.  A3 or A4 Plotter or Printer.

Ffrocedure:

I.  Execute the application software i.e., SOLIDWORKS
2.  Set unit "rings".
3.  Select new part.
4.  Select suitable 3D commands (Extrude, Revolve, Loft, and Sweep).
5.  Select the required plan (Top, Front, and Side) and sketch the 2D profile to

be converted in 3D with required exact dimensions.
6.  Exit the 2D sketch and Execute the selected 3D command.
7.  Repeat the above stays from 4th until the desired object is completed.
8.  3D modifying commands are also can be used as and when required (Fillet,

Chamfer, Mirror, Pattern etc)
9.  On completion of 3D modelling, save and close the file and open the new

module 2D drafting and generate 2D drawing of the 3D model ereated

io p2r;V£:¥gfile is an another fflethat alsotobe savedand closed         #
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ExpERIMENT No.3

3D MODELLING AND ASSEMBLING OF GIB AND COTTER JOINT

Aim:  To fandliarize the 3D modelling of various design of chjects and to

assemble together to form a product having some engineering functions.

Equipments required;

5.  A personal computer loaded with any one of the following application
Software.

SOLIDWORKS, CATIA, PRO-E

6.  A3 or A4 Platter or Printer.

Procedure:

1.  Execute the application software i.e., SOLIDWORKS
2.  Set unit "rrmgs".
3.  Select new part.
4.  Select suitable 3D commands (Extrude, Revolve, Loft, and Sweep).
5.  Select the required plan {Top, Front, and Side) and sketch the 2D proffle to

be converted in 3D with required exact dimensions.
6.  Exit the 2D sketch and Execute the selected 3D command.
7.  Repeat the above stays from 4th until the desired object is completed.
8.  3D modifying commands are also can be used as and when required (Fillet,

Chamfer, Mirror, Pattern etc)
9.  On completion of 3D modelling, save and close the ffle and open the new

ffles for each models and model every part in the assembly and save them
separately with their part name and close all files.

10. Open new module of assembly and open the base pat for the assembly.
1 1 . Insert au other parts as per the assembly sequence and make the assembly

relationship with the base part or other parts inserted, using Mate command.
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ERTERIMENT No.4

3D MODELLING AND ASSEMBLING 0F FLANGED COUPLING

Arim:  To finiliarize the 3D modelling of various design of objects and to

assemble together to form a product having some engineering functions.

Equipments required;

fl.  A personal computer loaded with any one of the following application
Software.

SOLIDWORKS, CATIA, PRO-E

a  A3 or A4 Platter or Printer.

Procedure:

1.  Execute the application software i.e., SOLIDWORKS
2.  Set unit "rings".
3.  Select new part.
4.  Select suitable 3D commands (Extrude, Revolve, Loft, and Sweep).
5.  Select the required plan (Top, Front, and Side) and sketch the 2D profile to

be converted in 3D with required exact dineusions.
6.  Exit the 2D sketch and Execute the selected 3D command.
7.  Repeat the above stays from 4th until the desired object is completed.
8.  3D modifying commands are also can be used as and when required (Finet,

Chamfer, Mirror, Pattern etc)
9.  On completion of 3D modelling, save and close the ffle and open the new

files for each models and model every part in the assembly and save them
separately with their part name and close an files.

10. Open new module of assembly and open the base part for the assembly.
1 1 . Insert all other parts as per the assembly sequence and make the assembly

relationship with the base part or other parts inserted, using Mate command.
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ERTERIhfflTT No. 5

3D MODELLING AND ASSEMBLING OF KNUCKLE COUPLING

Aim:  To finiliarize the 3D modelling of various design of objects and to

assemble together to form a product having some engineering functions.

Equipments required;

1. A personal computer loaded with any one of the following application

Software.

SOLIDWORKS, CATIA, PRO-E

2. A3 or A4 Plotter or Printer.

Procedure:

1.  Execute the application software i.e., SOLIDWORKS
2.  Set unit "rings".
3.  Select new part.
4.  Select suitable 3D commands {Extrude, Revolve, Loft, and Sweep).
5.  Select the required plan (Top, Front, and Side) and sketch the 2D proffle to

be converted in 3D with required exact dimensions.
6.  Exit the 2D sketch and Execute the selected 3D command.
7.  Repeat the above stays from 4th until the desired object is completed.
8.  3D modifying commands are also can be used as and when required (Fillet,

Chamfer, Mirror, Pattern etc)
9.  Cia completion of 3D modelling, save and close the file and open the new

ffles for each models and model every part in the assembly and save them
separately with their pat name and close all ffles.

10. Cxpen new module of assembly and open the base part for the assembly.
1 1 . hisect all other parts as per the assembly sequence and make the assembly

relationship with the base part or other parts inserted, using Mate command.
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ExpERIMENT No.6

3D MODELLING AND ASSEMBLING OF PLtThRER BLOCK

Aim:  To familiarize the 3D modening of various design of objects and to

assemble together to form a product having some engineering functions.

Equipments required;

1. A personal computer loaded with any one of the following application

Software.

SOLIDWORKS, CATIA, PRO-E

2. A3 or A4 Platter or Printer.

Procedure:

1.  Execute the application software i.e., SOLIDWORKS
2.  Set unit "ngs".
3.  Select new part.
4.  Select suitable 3D commands (Extrude, Revolve, Loft, and Sweep}.
5.  Select the required plan {Top, Front, and Side) and sketch the 2D profile to

be converted in 3D with required exact dinensions.
6.  Exit the 2D sketch and Execute the selected 3D command.
7.  Repeat the above stays from 4th until the desired object is completed.
8.  3D modifying commands are also can be used as and when required (Fillet,

Chamfer, Mirror, Pattern etc)
9.  Cia completion of 3D modelling, save and close the file and open the new

ffles for each models and model every part in the assembly and save them
separately with their part name and close an riles.

10. Open new module of assembly and open the base part for the assembly.
1 1 . Inset all other parts as per the assembly sequence and make the assembly

relationship with the base part or other parts inserted, using Mate command.
12. Save the assembly ffle with suitable name, and close.
13. It is possible to generate 2D drawing of assembly whenever required

2D drafting module.
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ERTERIMENT No. 7

STRUCTURAL ANALYSIS ON CANTILEVER BEAM

Air:  To fanfliarize the structural analysis on ANSYS Software

E quipments required;

1. A personal computer loaded with any one of the following application

Software.

SOLE)WORKS, ANSYS

2. A4Printer.

Procedure:

1.  Execute the application software i.e., ANSYS (Mechanical APDL).
2.  Set Preference of study.
3.  Model the 2D elements to be studied, as per the requirements.
4.  Set the matdial type.
5.  Assign the material properties.
6.  Create the meshing of the modelled part.
7.  Assign the boundary conditions, by applying degree of freedom and

extemal loads at required positions.
8.  Solve problem with given boundary conditions.
9.  Open the result of deformation, stress and strain plot.
10. Generate the report. #
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ERTER"ENT No. 8

STRUCTURAL ANALYSIS ON 2D TRUSS

Air:  To familiarize the structural analysis on ANSYS Software

Equipments required;

1. A personal computer loaded with any one of the following application

Software.

ANSYS

2. A4Prfuter.

Procedure:

1.  Execute the application software i.e., ANSYS quechanical APDL).
2.  Set Preference of study.
3.  Model the 2D elements to be studied, as per the requirements.
4.  Set the material type.
5.  Assign the material properties.
6.  Create the meshing of the modelled pact.
7.  Assign the boundary conditions, by applying degree of freedom and

external loads at required positions.
8.  Solve problem with given boundary conditions.
9.  Open the result of deformation, stress and strain plot.
10. Generate the report.
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EXPERIMENT No.9

STRUCTURAL ANALYSIS ON 3D PART

Air:  To familiarize the structural analysis on SOLIDWORKS Software

Equipments required;

1. A personal computer loaded with any one of the fonowing application

Software.

SOLH)WORE

2. A4Printer.

Procedure:

1.  Execute the application software i.e., SOLDWORKS and add in
solidworks simulation.

2.  Create new study (static).
3.  hseft the 3D model.
4.  Set the material type.
5.  Assign the matchal properties.
6.   Assign the boundary conditions, by applying degree of freedom and

extemal loads at required positions.
7.  Create the meshing of the modened part
8.  Solve problem with given boundary conditions.
9.  Open the result of deformation, stress and strain plot.
10. Generate the report. #-I-
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ExpERIRENT No. 10

MOTION STUDY OF SCREW AND NUT

Air:  To familiarize the motion study on SOLIDWORKS Softyare

Equipments required;

1. A personal computer loaded with any one of the fonowing application

Software.

soLDwoRrs
2. A4Printer.

Procedure:

1.  Execute the application software i.e., SOLH)WORKS and add in
solidworks simulation.

2.  Create new study (static).
3.  hsert the 3D model.
4.  Set the matchal type.
5.  Assign the material properties.
6.   Assign the boundary conditions, by applying degree of freedom.
7.  Play the motion study.
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ExpERIRENT No.11

THERMAL PROBLEM ON MIXED BOUNDARY ANALYSIS

Air:  To familiarize the structural analysis on ANSYS Software

Equipments required;

1. A personal computer loaded with any one of the fonowing application

Software.

SOLIDWORKS, ANSYS

2. A4Printer.

Procedure:

1.  Execute the application software i.e., ANSYS (Mechanical APDL).
2.  Set Preference of study.
3.  Model the 2D elements to be studied, as per the requirements.
4.  Set the material type.
5.  Assign the material properties.
6.  Create the meshing of the modelled pact.
7.  Assign the boundary conditions,
8.  Solve problem with given boundary conditions.
9.  Ctoen the result of deformation, stress and strain plot.
10. Generate the report.
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ExpERIMENT No.12

FLUID FLOW ANALYSIS

Air:  To familiarize the Fluid flow analysis on SOLIDWORKS Software

Equipments required;

1. A personal computer loaded with any one of the following application

Software.

SOLIDWORES

2. A4Printer.

Procedure:

1.  Execute the application software i.e., SOLDWORKS and add in CFD
sinulation.

2.  Create new study (CFD).
3.  hsert the 3D model'.
4.  Set the material type.
5.  Assign the material properties.
6.   Assign the boundary conditions, by applying degree of freedom.
7.  Run the CFD.
8.  View the various results.
9.  Generate the report.
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