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Subject Name: Values & Ethics in Profession Subject Code-HU301
Year: 2nd Year Semester: Fourth
Module Number Topics Number of Lectures

1

Introduction: 19L

Rapid Technological growth and depletion of
resources, Reports of the Club of Rome.
Limits of growth: Sustainable development

3

Energy Crisis: Renewable Energy Resources
Environmental degradation and pollution. Eco-
friendly Technologies. Environmental Regulations,
Environmental Ethics

5

Appropriate Technology Movement of Schumacher;
later developments Technology and developing
notions. Problems of Technology transfer, Technology
assessment impact analysis.

6

Human Operator in Engineering projects and
industries. Problems of man, machine, interaction,
Impact of assembly line and automation. Human
centred Technology.

5

2

Ethics of Profession: 9L
Engineering profession: Ethical issues in Engineering
practice, Conflicts between business demands and
professional ideals.

3

Social and ethical responsibilities of Technologists.
Codes of professional ethics. Whistle blowing and
beyond.

6

Profession and Human Values 8L

Values Crisis in contemporary society
Nature of values: Value Spectrum of a good life 3

Psychological values: Integrated personality; mental
health Societal values: The modern search for a
good society, justice, democracy, secularism, rule of
law, values in Indian Constitution. Aesthetic values:
Perception and enjoyment of beauty, simplicity,
clarity Moral and ethical values: Nature of moral
judgements; canons of ethics; ethics of virtue; ethics
of duty; ethics of responsibility.

5
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Subject Name: Mathematics-III Subject Code-M301
Year: 2nd Year Semester: Third

Module
Number

Topics Number of Lectures

1

Fourier Series & Fourier Transform 8L

Introduction 1

Fourier Series for functions of period 2π, Fourier Series
for functions of period 2L

3

Fourier Integral Theorem, Fourier Transform of a
function, Fourier Sine and Cosine Integral Theorem.

1

Properties of Fourier Transform, Fourier Transform of
Derivatives.

1

Convolution Theorem, Inverse of Fourier Transform. 2

2

Introduction to Functions of a Complex Variable &
Conformal Mapping, Complex Integration, Residue
& Counter Integration

8L

Complex functions, Limit, Continuity and
Differentiability, Analytic functions

1

Cauchy-Riemann Equations, Harmonic function and
Conjugate Harmonic function

1

Construction of Analytic functions: Milne Thomson
method.

1

Simple curve, closed curve, smooth curve & contour,
complex Integrals.

1

Cauchy’s theorem, Cauchy-Goursat theorem, Cauchy’s
integral formula, Cauchy’s integral formula

2

3

Basic Probability Theory, Random Variable &

Probability Distributions. Expectation

12L

Introduction 1

Conditional probability, Independent events &
Multiplication Rule.

1

Baye’s theorem 1

Random variable 1

Probability density function & probability mass function. 2

Expectation & Variance 1

Binomial & Poisson distributions and related problems. 2

Uniform, Exponential, Normal distributions and related
problems.

3

4
Partial Differential Equation (PDE) and Series

solution of Ordinary Differential Equation (ODE)

7L

Origin of PDE, its order and degree, concept of solution

in PDE.

1

Different methods: Separation of variables, Laplace &
Fourier transform methods.

3

PDE I: One dimensional Wave equation. 1
PDE II: One dimensional Heat equation 1
PDE III: Two dimensional Laplace equation. 1



Assignment:
Module-1:

1. Write the statement of Fourier integral Theorem.

2. If the Fourier series of function  f x is given by 0
1 1

cos sinn n
n n

a a nx b nx
 

 

   , then na

is given by?

3. If the Fourier series of function  f x is given by 0
1 1

cos sinn n
n n

a a nx b nx
 

 

   , then nb

is given by?

4. If the Fourier series of function  f x is given by 0
1 1

cos sinn n
n n

a a nx b nx
 

 

   , then na

is given by?

5. If the Fourier series of function  f x is given by 0
1 1

cos sinn n
n n

a a nx b nx
 

 

   , then nb

is given by?
6. If  F p is the Fourier transform of   ,f x then the Fourier transform of  f ax is given

by?
7. If  F p is the Fourier transform of   ,f x then the Fourier transform of  f x a is given

by?
8. If  F p is the Fourier transform of   ,f x then the Fourier transform of  f ax is given

by?
9. If  F p is the Fourier transform of   ,f x then the Fourier transform of  f x a is given

by?
10. Define periodic function
11. Define even function
12. Write the relation between two orthogonal functions.

13. IF convolution of two functions exists then the value of    1
;

2
F f u g x u du p







 
  

 


14. IF convolution of two functions exists then the value of    1
;

2
F f u g x u du p







 
  

 


15. IF convolution of two functions exists then the value of    1
;

2
F f u g x u du p







 
  

 


16. IF convolution of two functions exists then the value of    1
;

2
F f u g x u du p







 
  

 


17. Obtain the Fourier series for the function   2 , .f x x x    

18. Obtain the fourier series for the function    21
,0 2 .

4
f x x x    

19. Obtain the fourier series for the function   sin , .f x ax x     a being non-integer

value.
20. Obtain the fourier series for the function   , .f x x x    

Module-2:

21. Write Cauchy- Riemann equations for a function      , , .f z u x y iv x y 
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22. Write necessary condition for a function      , ,f z u x y iv x y  to be analytic.

23. Write necessary and sufficient condition for a function      , ,f z u x y iv x y  to be

analytic.

24. Write sufficient condition for a function      , ,f z u x y iv x y  to be analytic.

25. State Cauchy’s integral theorem.
26. Write Cauchy’s integral formula.

27. Write type of singularity of the function
sin z

z
at 0.z 

28. Write type of singularity of the function
   

3

2 4
1 5

z

z z 
at 5.z 

29. Write type of singularity of the function
   2 2

1

1 3z z 
at 1.z  

30. Write type of singularity of the function
  

2

2
1 3

z

z z 
at 3.z 

31. Examine that the function   3 2, 3f x y y x y  is harmonic or not.

32. Examine that the function    2 21
, log

2
f x y x y  is harmonic or not.

33. Examine that the function   2 2
,

x y
f x y

x y





is harmonic or not.

34. Examine that the function    , 2 1f x y x y  is harmonic or not.

35. Evaluate
1

2

0

i

z dz


 , where z is complex number.

36. Evaluate  
1 2

2

0

1
i

z dz


 , where z is complex number.

37. Evaluate
2

0

i
ze dz



 , where z is complex number.

38. Evaluate  
1

2

0

3 2
i

z z dz


  , where z is complex number.

39. Find the residue at the poles of  
 2
cot

.
z

f z
z a





40. Find the residue at the poles of  
   

2

2 2

2
.

1 4

z z
f z

z z



 

41. Find the residue of  
3

2 1

z
f z

z



at .z  

42. Find the residue of  
sin

ze
f z

z mz
 at 0.z 

Module-3:
1. If for two events A and B we have the following probabilities:



     1 1
; .

4 2
P A P A B P B A   Then check A and B are independent or not.

2. If    1 1
,

2 2
P A B P A B    and    2 ,P A P B p  then find the value of .p

3. If for two events A and B we have the following probabilities:

     1 1
; .

4 2
P A P A B P B A   Then find  P A B  .

4. If    1 1
,

2 3
P A B P A B    and     ,P A P B p  then find the value of .p

5. If A and B are any two events and      1 2 3; ; .P A p P B p P A B p    Then

 P A B 

6. If A and B are any two events and      1 2 3; ; .P A p P B p P A B p    Then

 P A B 

7. If A and B are any two events and      1 2 3; ; .P A p P B p P A B p    Then

 P A B 

8. If A and B are any two events and      1 2 3; ; .P A p P B p P A B p    Then

 P A B 

9. State Baye’s theorem for mutually disjoint events.

10. If  
2 0

0

xke x
f x

otherwise

 
 


, then what will be the value of k for which  f x be

probability density function?

11. If  
0 1

0

x x
f x

otherwise

 
 


, then  f x is probability density function or not?

12. If   0

0

xke x
f x

otherwise

 
 


, then what will be the value of k for which  f x be

probability density function?

13. If    21 0

0

xk e x
f x

otherwise

   


, then what will be the value of k for which  f x be

probability density function?
14. Write the formula for mathematical expectation of a discrete random variable X with

probability mass function   .f x

15. Write the formula for mathematical expectation of a continuous random variable X with

probability density function   .f x

16. Write the formula for mathematical expectation of a discrete random variable X with

probability mass function   .f x

17. Write the formula for mathematical expectation of a continuous random variable X with

probability density function   .f x
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18. A card is drawn from pack of 52 cards, find the probability of getting a king or a    heart or a
red card?

19. A card is drawn from a pack of 52 cards, if the value of faces cards 10, aces cards 1 and other
according to denomination, find the expected value of the no. of point on the card.

20. A bag contains 10 red and 15 white balls. Two balls are drawn in succession. What is the
probability that one of them is white and other red?

21. State Bayes’ theorem.
22. A and B take turns in throwing two dice on the understanding that the first to throw 9 will be

awarded a prize. If A has the first turn, show their respective chances of winning are in the

ratio 9 : 8.
23. Three groups of children contain respectively 3 girls and 1boy; 2 girls and 2 boys; 1 girls and 3

boys, One child is selected at random from each group. Find the chance of selecting 1 girl and
2 boys.

24. A manufacturer supplies quarter horsepower motors in lots of 25. A buyer, before taking a lot,
tests at random a sample of 5 motors and accepts the lot if they are all good; otherwise he
rejects the lot.  Find the probability that :(i) he will accept a lot containing 5defective motors
;(ii) he will reject a lot containing only one defective motors.

25. In an examination with multiple-choice questions, each question has four, out of which one is
correct. A candidate ticked the answer either by his skill or by copying from his neighbours,
The probability of guess is 1/3, copying is 1/6. The probability of correct answer by copying is
1/8. If a candidate answers a question correctly find the probability that he know the answer.

26. An urn contains 10 white and 3 black balls. Another urn contains 3 white and 5 black balls.
Two balls are drawn at random from first urn and placed in the second urn and then one ball is
taken at random from the latter. What is the probability that it is a white ball ?

27. Define the random variable, Explain the types of random variable with example.

28. A can hit a target 4 times in 7 shots, B 3 times in 5 shots and C three times in 5 shots. All of
them fire one shot each simultaneously at the target. What is the probability that (i) 2 shots hit
(ii) At least two shots hit ?

29. The probability that a student A solves a mathematics problem is 2/5 and the probability that a
student B solves the problem is 2/3. What is the probability that (a) the problem is not solved
(b) the problem is solved (c) both A and B solve the problem.

30. A company has four production section S1, S2, S3& S4 which contribute 30%, 20% 22% &
28% respectively produced 1%, 2%, 3% & 4% defective units, if a small unit is selected
random & found to be defective, what is the probability that the unit selcected has came from
(a) Section S1 (b) Section S4

31. From a city population, the probability of selecting a male or a smoker is 7/10, a male smoker
is 2/5 and a male if a smoker is already selected is 2/3, find the probability of selecting (a) non-
smoker (b) a male (c) a smoker if a male is first selected.

32. There are two bags A and B. A contains n white and 2 black balls & B contains 2 white and n
black balls, one of the two bags is selected at random and two balls are drawn from it without
replacement. If the both balls are drawn are white and the probability that the bag A was used
to drawn the ball is 6/7. Find the value of n.

Module-4:

1. Bessel function of order
1

2
p   , show that 1/2 ( ) 2 / sinJ x x x and

1/2 ( ) 2 / cosJ x x x  .

2. Determine the order p of the following Bessel equation:

a) 2 '' 2' ( 9) 0x y xy x y   



b) 2 '' 2' 0x y xy x y  
3. Solve the following heat flow problem:

2

2
7   ,    0   ,    0.

(0, ) (  , 0 0

( ,0) 3sin 2 6sin 5   , 0 .

u u
x t

t x
u t u t)   ,   t   ,

u x x x    x π





 
   

 
  
   

4. Prove that F satisfies the Laplace’s equation: nF Cz
2 2

2
2 2

0
F F

F
x y
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Subject Name: Numerical Methods Subject Code-M(CS)301
Year: 2nd Year Semester: Third

Module
Number

Topics Number of Lectures

1 Approximation in numerical computation: 4L

Approximation of numbers 1

Types of errors 2
Calculation of errors 1

2 Interpolation: 6L
Finite differences 1

Newton forward/backward interpolation 2
Lagrange’s method 1
Newton’s divided difference Interpolation 2

3. Numerical integration: 3L

Trapezoidal rule 2

Simpson’s 1/3 rule 1

4 Numerical solution of a system of linear equations: 6L

Gauss elimination method 1
Matrix inversion 1
LU Factorization method 2
Gauss-Seidel iterative method 2

5 Numerical solution of Algebraic equation: 5L

Bisection method 2

Regula-Falsi method 1

Newton-Raphson method 2

6 Numerical solution of ordinary differential equation: 8L

Euler’s method 2

Runge-Kutta methods 2

Predictor- Corrector methods 2

FiniteDifference method 2

Assignment:
Module-1:

1. Find the relative error if 2/3 is approximated to 0.667.
2. Find the percentage error if 625.483 is approximated to three significant figures.
3. Find the relative error in taking  = 3.141593 as 22/7.
4. The height of an observation tower was estimated to be 47 m, whereas its actual height was

45 m. calculate the percentage relative error in the measurement.



5. Two numbers are 3.5 and 47.279 both of which are correct to the significant figures given.
Find their product.

Module-2:

1. Apply Newton’s backward Interpolation to the data below, to obtain a polynomial of degree4
in x

:x 1 2 3 4 5
( ) :f x 1 -1 1 -1 1

2. Using Newton’s backward Interpolation, find the value of (2)f from the following table:

:x 1 3 4 5 6 7
( ) :f x 2.68 3.04 3.38 3.68 3.96 4.21

3. Using Newton’s Forward Interpolation, the area A of a circle of diameter d .
:d 80 85 90 95 100
:A 5026 5674 6362 7088 7854

Calculate the area of a circle of diameter 105.
4. Estimate the value of (22)f and (42)f from the following available data:

:x 20 25 30 35 40 45
( ) :f x 354 332 291 260 231 204

Using Newton’s Forward Interpolation
5. Find ( )f x as a polynomial in x for the following data by Newton’s divided difference

method:
:x -4 -1 0 2 5
( ) :f x 1245 33 5 9 1335

6. Using Newton’s divided difference method to find ( )f x from the following available data:

:x 0 1 2 4 5 6
( ) :f x 1 14 15 5 6 19.

Module-3:

1. Apply trapezoidal rule to find the integral
1

0

sin .I x dx 
2. Find, from the following table the area bounded by the curve and the x-axis from 7.47x  to

7.52x  ,

       7.47 1.93, 7.48 1.95, 7.49 1.98, 7.50 2.01,f f f f   

   7.51 2.03, 7.52 2.06.f f 

3. Evaluate
1

2
0

1
,

1
I dx

x

 correct to three decimal places and also find the approximate value

of .
4. A solid of revolution is formed by rotating about the x-axis the area between the x-axis, the

lines 0x  and 1x  and a curve through the points with the following coordinates:

        0,1 , 0.25,0.9896 0.5,0.9589 , 0.75,0.9089 , 1,0.8415 .

Module-4:
1. Solve the following system of equations:
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4 4

4 2 4 ,

3 2 4 6

x y z

x y z

x y

  
  
  

by matrix-inversion method.

2. Solve the above system by matrix-inversion method:
2

2 3 5 3

3 2 3 6

x y z

x y z

x y z

  
   
  

3. The following system of equations are given:
4 4

4 2 4 ,

3 2 4 6

x y z

x y z

x y

  
  
  

Solve the above system by LU decomposition method.
4. Solve the given system of equations by LU decomposition method:

2

2 3 5 3

3 2 3 6

x y z

x y z

x y z

  
   
  

Module-5:

1. Find the root of the following equations correct three decimal places by the Regulafalsi

method: 3 1 0x x   .
2. Using Regulafalsi method, compute the real root of the following equation correct to four

decimal places: 2xxe  .
3. Find the root of the following equations correct three decimal places by the Regulafalsi

method: 6 4 3 1 0x x x    .
4. Find the root of the following equations correct three decimal places by the bisection method :

0xx e 
5. Find the root of the following equations, using the bisection method correct three decimal

places: cos 0x x 
6. Using the bisection method to find a root of the equation to four decimal places:

3 9 1 0x x  

Module-6:

1. Using Runge-kutta method of order 4, find (0.2)y given that
1

3 , (0) 1
2

dy
x y y

dx
   taking

0.1h  .

2. Using Runge-kutta method of order 4, compute (0.2)y and (0.4)y from 2 210 , (0) 1
dy

x y y
dx
  

taking 0.1h  .

3. Using Milne’s predictor-corrector method to obtain the solution of the equation 2dy
x y

dx
 

at 0.8x  given that (0) 0.0000y  , (2) 0.0200y  , (4) 0.0795y  (6) 0.1762y  .



4. Given 2 22 (1 )
dy

x y
dx
  and (0) 1y  , (0.1) 1.06y  , (0.2) 1.12y  , (0.3) 1.21y  ,

evaluate (0.4)y by Milne’s predictor-corrector method.
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Subject Name: Circuit Theory & Networks Subject Code- EC301
Year: 2nd Year Semester: Third

Module
Number

Topics Number of
Lectures

1

Introduction: 4L

1. Introduction to different types of signals-
continuous and discrete, different types
of systems

.

1

2. Introduction to linear , non -linear,
lumped, distributed, passive, active,
lateral, bi-lateral elements , networks

1

3. Assumptions made circuit theory and
network and general explanation of
KCL, KVL

1

4. Explaining current divider, voltage
divider rule, method of solving network
using KCL, KVL

1

2

Magnetically coupled circuits 3L
1. Magnetic coupling, Polarity of coils,

Polarity of inducedvoltage, Concept of
Self and Mutual inductance, Coefficient
of coupling.
Modeling of coupled circuits,

1

2. Concept of self and mutual inductance,
co-efficient of coupling 1

3. Modelling of coupled circuits 1

3.

Laplace transform: 5L
1. Significance of Laplace transform.
2. Analysis of Impulse, Step & Sinusoidal

response of RL, RC, and RLC circuits
with respect to Laplace transform.

2

3. Transient analysis of different electrical
circuits with and without
initialconditions.

3

4
Fourier method and waveform analysis 8L

1. Significance of Fourier series and
Fourier transform

1

2. Difference of Fourier and Laplace
transform

1

3. Application of Fourier series in different
types signals.

3

4. Application of Fourier transform to solve
circuit theory problems

3

5
Network theorems 9L

1. Formulation of network equations,
Source transformation,Loop variable
analysis, Node variable analysis.
Assumptions made in solving Network
problems

1

2. Problems with DC & AC sources
involving:



A. Superposition Theorem 1

B. Thevenin and Norton theorem. 2

C. Maximum Power transfer theorem. 1
D. Millman theorem 1

E. Tellegen theorem 1

Additional problem solving involving
Network theorems

2

6

Graph theory: 5L
1. Concept of Tree, Branch, Tree link 1

2. Incidence matrix, Tie-set matrix and
loop currents

2

3. Cut set matrix and node pair
Potentials, network equilibrium
equations

2

7

Two port network analysis: 5L
1. Open circuit Impedance & Short circuit

Admittance parameter, Z-parameter, Y-
parameter

1

2. Transmission line parameters 1

3. Hybrid parameters 1
4. Inter-relations between the parameters,

Driving point impedance and admittance
2

8

Filter Circuits 6L
1. Analysis and synthesis of filters, general

properties and types of filters.
2

1. Low pass, High pass, Band pass, Band
2. reject,

2

3. Active filters 2

Total Number Of Hours = 45

Faculty In-Charge HOD, EE Dept.
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Assignment:1
Module-1

1. In the circuit of Figure 1, find the current io using nodal analysis.

2. Explain invertible system. Why it is important to have an inverse of a system?
3. What are the conditions for a system to be a linear system?

Module-2:
1. In the following circuit as shown in Fig.2, k=1 find I1 and I2

Figure 2
2. For the three coupled coils (Figure 3) calculate the total inductance

Figure 3

Module-3:

1. Find the Laplace transform of the given function , Fig.4

Figure 1

2 A
io

4 Ω

30 V

2 Ω

3io 3 Ω
+

_

v1 v2



2. The circuit was initially in steady state with the switch in position ‘a’. At t=0+ it goes
from ‘a’ to ‘b’, find the expression for voltage Vo(t) at t>0.

Fig.5

Module-4:
1. Find the Fourier for a train of pulses given by the equation

V(t) = V; 0<t<T/2
=0; T/2<t<T

2. When a complex wave is applied to a pure inductor, the current wave has lesser
harmonics than the applied voltage . Explain, why?

Module-5:
1. Explain the applications and limitations of Millmans’ theorem.
2. Mention the salient features of Tellegens’ theorem.

Module-6:
1. Draw the directed graph from the following incidence matrix

2. Determine the tie-set matrix of the following graph. Also find the equation of
the branch current and voltages.
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Module-7:
1. Evaluate the condition of reciprocity for a two port network in terms of

(a) Z- parameters
(b) Y-parameters
(c) ABCD parameters
(d) Hybrid parameters

Module-8:
1. Design a band pass filter with cut off frequencies of 160 Hz and 8 kHz. The

load for the circuit is 1 MΩ.
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Subject Name: Solid State Devices Subject Code-EC302
Year: 2nd Year Semester: Third
Module Number Topics Number of

Lectures

1

Module -1: Energy Bands and Charge
Carriers

8L

1. Recapitualtion, E-k diagrams for direct
and indirect band-gap semiconductors

1L

2. Concept of the effective mass &
crystal momentum, concept of wave-
vector 'k'; Intrinsic & extrinsic
semiconductors, idea about degeneracy
and non- degeneracy

2L

3. Carrier concentration in terms of bulk
Density of states and Fermi-Dirac
distribution, Concept of Fermi level,
F.L. shift with doping & temperature

2L

4. Non-equilibrium condition: Drift &
diffusion of carriers with simple
expressions; Hall effect & Piezo-
electric effect, Carrier scattering.
Generation and re-combination, quasi-
Fermi energy level

3L

2

Module -2: Rectifier & Detector Diodes 10L
1. Homo-junction – Semiconductor-

semiconductor p-n junction &
rectification

1L

2. Forward & Reverse biased P-N
junction

1L

3. Plot of junction voltage, field and
depletion charge with distance by
solving simple 1D Poisson's Equation
(Gradual Channel & Depletion
Approximations)

1L

4. Junction capacitance and Varactor
diode

1L

5. Schottky contact &Schottky diode 1L
6. Junction capacitances in p-n diodes and

their expressions; Application of Diode
capacitance in Varactor Diodes

1L

7. Derivation for Forward and Reverse
current, piece-wise linear diode-
characteristics, concept of Diode
resistance & Differential diode
resistance

1L

8. Diode switching & diode switch,
properties of rectifier and switching
diodes

1L

9. Importance of reverse current in optical
detectors, photo-diodes, solar cells

1L

10. Spontaneous emission & Stimulated 1L



emission - optical devices (basic idea
only) (1L).], Tunnel diode -(basic
principle only - importance of negative
resistance)

3

Module -3: Bipolar Junction Transistors 8L
1. Emphasis on BJT as a current

controlled device, amplification
property of BJT

1L

2. I-V characteristics (input & output)
with derivation, input & output
characteristics for CB. CE & CC mode,
current amplification factors α for CB
mode and β for CE mode

2L

3. Eber's Moll model for Static behaviour
& Charge controlled model for
dynamic behaviour, equivalent circuits.

2L

4. Basic idea about Photo-transistors &
Power transistors

1L

5. PNPN transistors - simple working
principle, I-V characteristics,
triggering, mention of Triacs,
Diacs&Thyristors

2L

4

Module -4: Field Effect Transistors 9L
1. Concept of Field effect device, channel

modulation & channel isolation
1L

2. JFET - behaviour, characteristics 1L
3. MOSFET - channel inversion, Ideal

Threshold voltage
1L

4. MOS capacitances, depletion width,
surface field and potential (by solving
Poisson's equation with gradual
channel & depletion approximations)

2L

5. Real MOSFET & Threshold voltage
for real MOSFET

1L

6. I-V characteristics with expressions for
saturation and non-saturation regions

1L

7. Equivalent circuit for MOSFET 1L

8. MOSFET for VLSI - scaling issues 1L

Total Number Of Hours = 35

Faculty In-Charge HOD, ECE Dept.
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Assignment:
Module-1:

1. Explain, with the help of relevant sketches, the difference between a direct (D) and
indirect (I) bandgapsemiconductor. Compare, with physical reasoning, the following
properties for D & I semiconductors:
a) Valley degeneracy & Conduction band Density of States (DOS)
b) Electron effective masses
c) Electron mobilities
d) Optical absorption coefficients
e) Minority carrier lifetimes

2. When atoms are brought together to form a solid, which energy levels split first: the
high levels farther from, or the one closer to, the nucleus and why?

3. Explain Fermi-Dirac distribution function’s dependence on temperature and doping
giving proper mathematical derivations.

4. Why is the effective mass of holes and electrons smaller in GaAs than in Si?
5. Why is the ability to conduct electricity, or conductivity, higher in metals than in

semiconductors at room temperature?
6. Briefly define the phrase “Thermal Equilibrium”?
7. Briefly explain why the narrower the band gap, the higher is the intrinsic carrier density

in semiconductor.
8. Briefly explain why the intrinsic carrier density increases with an increase of

temperature.
9. Draw graphs to show the temperature dependence of ni and n0.
10. In an intrinsic semiconductor, explain why EF is not located exactly midway between

the valence and conduction band.
11. Explain the Boltzmann’s approximation and its use.
12. As the temperature of a sample of semiconductor that is dopes with donor impurities is

increased, in what direction does EF move?

Module-2:

1. Sketch the ideal energy band diagram of metal- semiconductor junction when∅_m>∅_s, semiconductor is n type∅_m<∅_s, semiconductor is n type∅_m>∅_s, semiconductor is p type∅_m<∅_s, semiconductor is p type
2. Explain which of the above are ohmic contact and why?
3. Explain which of the above are schottky contact and why?
4. Define diffusion/storage capacitance.
5. Define transition/depletion/junction capacitance
6. What is degenerate semiconductor?
7. Draw the volt-ampere characteristics of tunnel diode and explain the negative

differential resistance in the characteristics.
8. What is early effect? Define punch through in early effect.
9. What is meant by diffusion.
10. What is the rate of recombination and what does it depend on?
11. The depletion region extends deeper into the lightly doped (N) region of the PN diode.

Explain why?



12. Based on energy bands or otherwise, explain whether the built-in voltage of a p-n
junction decreases orincreases with temperature.

13. Sketch the energy band diagram for an n-n+ junction in silicon under equilibrium.

Module-3:

1. Trace the evolution of the BJT from the idea of a solid state triode.
2. Sketch the following for a typical modern small-signal bipolar junction transistor to

scale:
(a) cross-sectionand top view of the device structure;
(b) DC IC - VCE curve for four different base currents.Mention whether the transistor is
n-p-n or p-n-p.

3. In a p-n-p BJT, the emitter-base junction is forward biased by connecting a current
source between theemitter and base, and the collector is shorted to base.

4. Explain the transistor action by drawing the excess carrier profiles in base and emitter,
and discussing the variation of various current flow components, asthe base width is
reduced from very large to very small values compared to diffusion length in the base.

(a) Sketch Jn, Jp and J as a function of distance from emitter to collector in a p-n-p BJT,
wherein the emitterjunction is forward biased and the collector junction is shorted, and
(b) reverse biased (with respect to the base).

Module-4:

1. Trace the evolution of the MOSFET from the discovery of the BJT.
2. Sketch the following for a typical modern small-signal MOSFET to scale: (a) cross-

section and top view ofthe device structure; (b) DC ID – VDS curve for four different
gate biases.

3. Sketch simple schematics of a JFET, a MESFET, a HFET and a Solar Cell, and explain
the operation ofthese devices briefly.
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Subject Name: Analog electronic circuits Subject Code-EC303
Year: 2nd Year Semester: Third

Module
Number

Topics Number of Lectures

1

Introduction: 2L

1. Active & Passive Devices, overview of
analog circuits.

1

2. application of analog circuits-
implementation etc.

1

2

DIODE AND THEIR APPLICATIONS 3L
1. Characteristics of ideal & real

diodes,diode circuits rectifiers
1

2. clipping,clamping,special types of diodes
& their applications systems 1

3. schottky,varactor,photodiodes,LEDs 1

3.

BIPOLAR JUNCTION TRANSISTOR AND
APPLICATIONS

8L

1. Characteristics of BJT; Ebers-Moll
equations and large signal models, inverse
mode of operation, early effect; BJT as an
amplifier and as a switch

2

2. DC biasing of BJT amplifier circuits;
small signal operations and models, Single
state BJT amplifiers – CE, CB and CC
amplifiers

2

3. high frequency models and frequency
response of BJT amplifiers, Basic design
in discrete BJT amplifiers; complete
design examples

2

4. Basic BJT digital logic inverter, SPICE
modeling of BJT and amplifier circuits

2

4
MOSFETS AND CIRCUITS: 6L

1. MOSFET -operational Characteristics;
PMOS, NMOS and CMOS current
voltage characteristics, DC analysis;
Constant Current Sources and Sinks

2

2. MOSFET as an Amplifier and as a
Switch; Biasing on MOS Amplifiers,
Small Signal Operation of MOS
amplifiers

2

3. Common-source, common gate and
source Follower Amplifiers, CMOS
amplifiers; MOSFET Digital logic
inverters, voltage transfer characteristics,
SPICE modeling of MOSFET circuits

2

5
VOLTAGE AND POWEWR AMPLIFIER: 4L

1. Classification amplifiers; Class A, Class
B, Class AB Class C – Circuit operation,
transfer characteristics, power dissipation,
efficiency

2



2. Practical BJT and MOS power transistors;
thermal resistance, heat sink design; IC
power amplifiers

2

6
FEEDBACK IN AMPLIFIERS AND
OSCILLATOR:

5L

1. Feedback concept and definition; Four
basic feedback topologies; Analysis of
Series-shunt, shunt-shunt and shunt-series
feedback amplifiers; stability in feedback
amplifiers

2

2. frequency compensation; principle of
sinusoidal oscillators and barkhausen
criterion, Active-RC and Active-LC
sinusoidal oscillators

1

3. Wien Bridge; Phase-Shift; Quadrature
Oscillators; Crystal Oscillators,
application in voltage regulation

2

7,8

DIFFERENTIAL AMPLIFIER: 3L
1. Advantages of differential amplifiers;

MOS and BJT differential pair; Small
signal and large signal operation of
differential pairs

1

2. Parameters and non-ideal characteristics
of differential amplifiers

1

3. differential amplifier with active load
frequency response; spice simulation
examples

1

OPERATIONAL AMPLIFIER AND ITS
APPLICATIONS:

5L

1. Concept of operational amplifiers; Ideal
operational amplifier parameters 1

2. Inverting and non-inverting
configurations; Common OPAMP IC 1

3. Gain-frequency and Slew rate, SPICE
modeling and simulation examples 1

4. Instrumentation amplifiers; Integrators,
Differentiators

1

5. Logarithmic Amp; Multipliers;
Comparators; Schmitt triggers 1

9

FILTERS AND TUNED AMPLIFIERS: 4L

1. Filter characteristics and specifications
1

2. First and Second Order Filter functions;
First-order and second order filter network
using OPAMPS

1

3. Tuned Amplifiers; Basic principle;
amplifiers with multiple tuned circuits 1

4. Synchronous and Stagger tuning; RF
amplifiers considerations 1

WAVEFORM GENERATION AND 4L
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10

SHAPING CIRCUIT:

1. Multivibrators – Astable, monostable and
bistable circuits

1

2. bistable circuit as memory element
comparator generation of square,
triangular waveform, standardized pulse
using AMV and MMV

1

3. Application of 555 timer 1
4. VCO,PLL 1

Total Number Of Hours = 44

Faculty In-Charge HOD, ECE Dept.

Assignment:

Module-1,2(DIODE CIRCUIT):
1. A500µFcapacitor provides a load current of 200 mA at 8% ripple; calculate the pick

rectified voltage obtained from the 60Hz supply and the dc voltage across the filter
capacitor.

2. Calculate the size of the filter capacitor needed to obtained  a filtered voltage with 7%
ripple at a load of 200mA.The full wave rectified voltage is
30v, and the supply is 60Hz

3. Using necessary circuits and waveforms illustrate and explain positive and negative
clamping of voltages.

4. Sketch the volt-ampere characteristics of zener diode. Indicate the knee on the curve
and explain its significance. What happens when the current in zener decreases below
the knee current?

Module-3(BIPOLAR JUNCTION TRANSISTOR AND APPLICATIONS):
1. Find the Q point of a self–bias transistor circuit with the following specification:-

Vcc=22.5volt,RL= 5.6KΩ,RE= 1KΩ,R1= 90KΩ, R2=10KΩ
VBE=0.7 volt and β=55 Assume Ib>>Ic0

2. A particular BJT operating at Ic=2mA has Cµ=Ipf, Cπ=10 pf and β= 150.Whatare ft
& fβ for this situation?

3. Draw the circuits of the various transistor configurations. Why common emitter
configuration is mostly used? Give its typical uses.

4. What is transistor biasing? What are the basic conditions which are to be necessarily
fulfilled for achieving faithful amplification of input signal in transistor amplifiers?

5. What are the advantages of the FET over a conventional bipolar junction transistor?
Define pinch off voltage, transconductance, amplification factor and drain resistance
of a FET. Explain with the help of circuit diagram how an FET is used as a voltage
amplifier and as voltage dependent resistor (VDR).

Module-4,5 (MOSFETS AND VOLTAGE AND POWEWR AMPLIFIER):
1. A CE-RC coupled amplifier uses transistors with the following h-parameters:

hfe=50,hie=1100Ω, hoe=10*10-6 mhos, hre=2.5*10-4.The value of gmat the
operating point is 200mhos.The biasing resistor R1&R2 may be neglected being large
in comparison with RI. The load resistor Rc= 5KΩ. Let the total shunt capacitance
C=200µf in the input Ckt. And the coupling capacitor Cc=7µf. Calculate for one stage
of the amplifier(a) mid band current gain  (b) mid band voltage gain (c) lower and
higher 3db frequencies and (d)gain-bandwidth product.



2. The circuit of a common source FET amplifier is shown in the figure below. Find
expressions for voltage gain Av and current gain Ai for the circuit in mid frequency
region where Rs is bypassed by Cs. Find also the input resistance Rin for the
amplifier. If RD = 3kΩ, RG = 500kΩ, µ = 60, rds = 30kΩ, compute the value of Av,
Ai , and Rin.

3. Draw the circuit of h-parameter equivalent of a CE amplifier with un by-passed
emitter resistor. Derive an expression for (i) its input impedance and (ii) voltage gain,
using the equivalent circuit.

4. What is a ‘multistage amplifier’? Give the requirements to be fulfilled for an ideal
coupling network.

5. Draw a neat sketch to illustrate the structure of a N-channel E-MOSFET. Explain its
operation.

6. What are the important characteristics of a cascade amplifier? Write the circuit of
cascade amplifier and determine an expression for its voltage gain in terms of its
circuit parameters

7. Write a neat sketch to shown the construction of a depletion-enhancement MOSFET
and explain its operation in both the modes.

8. Draw the circuit of a RC-coupled amplifier. Explain its behaviour at low, mid and
high frequencies by drawing separate equivalent circuit for each frequency region

9. Explain the classification of power amplifiers according to operational modes.

Module-6 (FEEDBACK IN AMPLIFIERS AND OSCILLATOR:):
1. Sketch the block diagram of a feedback amplifier and derive the expressions for gain

(1) with positive feedback and (2) with negative feedback.
2. State the advantages of negative feedback.
3. An amplifier, without feedback, has a voltage gain of 400, lower cut-off frequency f1

= 50 Hz, upper cutoff frequency f2 = 200 KHz and a distortion of 10%. Determine the
amplifier voltage gain, lower cut-off frequency and upper cut-off frequency and
distortion, when a negative feedback is applied with feedback ratio of 0.01.

4. An amplifier, with feedback, has voltage gain of 100. When the gain without
feedback changes by 20% and the gain with feedback should not vary more than 2%.
If so, determine the values of open loop Gain A and feedback ratio.

5. Discuss Nyquist criterion for stability of feedback amplifier, with the help of Nyquist
plot and Bode plot.

6. Explain the relevant information, how the negative feedback improves stability reduce
noise and increase input impedance?

7. Explain voltage shunt feedback amplifiers &current series feedback amplifiers?
8. Explain the classification of amplifiers? Explain the following in detail.
9. Explain current shunt and voltage shunt feedback amplifiers?
10. With simple diagrams explain the operation of negative resistance oscillator using

tunnel diode?
11. Draw the wave form for negative resistance oscillator.
12. With simple diagrams explain the wein bridge oscillator and derive its frequency of

oscillation.
13. Explain RC phase shift oscillator?
14. Explain Clapp’s oscillator and derive the expression for frequency of oscillation.
15. Also explain how frequency stability can be improved Clapp’s oscillator?
16. Explain Hartley oscillator and derive the equation for oscillation?
17. Derive the frequency of oscillation for colpitts oscillator.
18. Explain pierce crystal oscillator and derive the equation for oscillation? Derive the

frequency of oscillation.
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19. State Barkhausen criterion for sustained oscillations in a sinusoidal oscillator. The
capacitance values of the two capacitors C1 and C2 of the resonant circuit of a colpitt
oscillator are C1 = 20pF and C2 = 70pF.The inductor has a value of 22µH. What is
the operating frequency of oscillator?

Module-7,8 (OPERATIONAL AMPLIFIER AND ITS APPLICATIONS):
1. In the differential amplifier circuit shown below, the transistors have identical

characteristics and their β=100.Determine the (i) output voltage (ii) the base currents
and (iii) the base voltages taking into account the effect of the RB and VBE. Take
VBE=0.7 Volts.

2. Suggest modification in the given circuit of Opamp to make it (i) inverting (ii) non
inverting.

3. A differential amplifier has inputs Vs1=10mV, Vs2 = 9mV. It has a differential mode
gain of 60 dB and CMRR is 80 dB. Find the percentage error in the output voltage
and error voltage. Derive the formulae used

4. Write the circuit of current mirror used in a op-amp design and explain its operation.
5. Write the circuit diagram of a square wave generator using an opamp and explain its

operation.
6. What is an integrator? Derive the formula for its output voltage. Explain its working

with neat and clean waveform i) In case of square wave input ii) In case of sine wave
input

7. Derive the formula for summing amplifier and on averaging amplifier in non
Inverting configuration.

Module-9 (FILTERS AND TUNED AMPLIFIERS):
1. Explain in detail about single tuned amplifier
2. Explain in detail about double tuned amplifier
3. Explain in detail about stagger-tuned amplifier
4. Compare single tuned and double tuned amplifier
5. Explain the different types of neutralization?
6. What is the fundamental difference between audio amplifiers and tuned amplifiers?

How is bandwidth related to resonant frequency (fr) and the quality factor (Q).
7. Draw the circuit diagram of a collector tuned amplifier and derive the expression for

the voltage gain at the tuned frequency.
8. Explain the reasons for potential instability in tuned amplifiers.

Module-10(WAVEFORM GENERATION AND SHAPING CIRCUIT):
1. Explain how the timer IC 555 can be operated as an astable multivibrator, using

timing diagrams.
2. Explain, using neat circuit diagram and waveforms, the application of timer IC555 as

monostable multivibrator
3. Explain bistable Multivibrator and its types?
4. Explain about speedup capacitors or commutating capacitors.
5. Explain about Monostable Multivibrator.
6. Explain about collector coupled astable Multivibrator.
7. Explain emitter coupled astable Multivibrator.
8. Write in detail about Schmitt Trigger circuit?
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Title of Course: Circuit Theory & Networks Lab
Course Code: EC391
L-T-P scheme: 0-0-3                                                                                      Course Credit: 2

Objectives:
1. To learn and understand to design electrical circuit practically or through any simulation

software.
2. To provide an understanding of the circuit designing aspects in bread board.
3. To provide a window to investigate and verify various laws, theories, and concepts regarding

electrical circuits practically or virtually by simulation software.

Learning Outcomes: The students will have a detailed knowledge of electrical circuit design using
different electrical elements and sources through bread board or by any simulation software. The
students will also get the opportunity & better understanding of various concepts, laws, & theories
applicable in any electrical circuit by investigating and verifying them in the practically designed
circuit. Upon the completion of Operating Systems practical course, the student will be able to:

 Understand and implement electrical circuit design knowledge to realize any electrical
circuit practically

 Use modern simulation software to recreate any practical circuit virtually.
 Understand the benefits of circuit design in bread board.
 Analyze designed circuit to see weather various laws, theories, and concepts regarding

electrical circuits holds or not.
 Simulateelectrical circuits through any simulation software to check weather various laws,

theories, and concepts regarding electrical circuits they studied hold or not.

Course Contents:
Exercises that must be done in this course are listed below:
Exercise No.1: Verification of Thevenin’s Theorem: Hardware/Simulation
Exercise No. 2: Verification of Norton’s Theorem: Hardware/Simulation
Exercise No. 3: Verification of Theorem Superposition Theorem: Hardware/Simulation
Exercise No. 4: Verification of Maximum Power Transfer: Hardware/Simulation
Exercise No. 5: Study of Z-parameters of any practical circuit treated as Two-port network:
Hardware/Simulation
Exercise No. 6: Study of Y-parameters of any practical circuit treated as Two-port network:
Hardware/Simulation
Exercise No. 7: Study Resonance of a series RLC circuit: Hardware

Text Book:
1. S.P. Ghosh & A.Chakraborty , “Circuit Theory & Networks”, TMH
2. Muhammad H. Rashid, “Introduction to PSpice Using Orcad for circuits and Electronics”,
Pearson Education.

Recommended Systems/Software Requirements:
1. MATLAB
2. SPICE.



UNIVERSITY OF ENGINEERING & MANAGEMENT, JAIPUR
Lab Manual

Experiment No: 1.Verification of Thevenin’s Theorem experimentally
Aim: To Verify the Thevenin’s Theorem in breadboard or through MATLAB/SPICE.

Description:

APPARATUS REQUIRED:-If Practically by circuit design
(i) Bread Board
(ii) Connecting Wire
(iii) Different values of resistances
(iv) A Dc power Source

If by any simulation software
(i) MATLAB/SPICE

THEORY:

Sometimes, we wish to determine the response in a single load resistance in a network.

Thevenin Theorem enables us to replace the remainder of the network by a simple

equivalent circuit. Determining response in the load resistance, then  becomes easier. The

use of Thevenin Theorem is specially very helpful and time saving when we wish to find the

response for different values of load resistance. Thevenin Theorem states that current

through a load resistance connected across any two points of an active network can be

obtained by the formula:

IL=Vth/(Rth+RL)

Where Vth is the open circuit voltage at the terminals of RL when  RL is disconnected and

Rth is the equivalent resistance viewed from the load terminals when all the sources replaced

by their internal resistance only(Deactivating all the sources).

CIRCUIT DIAGRAM:

Draw the circuit diagram as per the resistance and circuit are given in the lab.

CALCULATIONS:

Calculate the theoretical/simulation data’s of the given circuit

OBSERVATION TABLE:
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Values Vth Rth IL

Theoretical Value

Practical Value

Percentage Error= [(Observed-Calculated)/Calculated]*100

RESULT:

The percentage error is found to be__%.

DISCUSSION:
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Experiment No: 2.Verification of Norton’s Theorem experimentally
Aim: To Verify the Norton’s Theorem in breadboard or through MATLAB/SPICE.

Description:

APPARATUS REQUIRED:-If Practically by circuit design
(v) Bread Board
(vi) Connecting Wire
(vii) Different values of resistances
(viii) A Dc power Source

If by any simulation software
(ii) MATLAB/SPICE

THEORY:

Sometimes, we wish to determine the response in a single load resistance in a network.

Norton’s Theorem enables us to replace the remainder of the network by a simple equivalent

circuit. Determining response in the load resistance, then  becomes easier. The use of

Norton Theorem is specially very helpful and time saving when we wish to find the

response for different values of load resistance. Thevenin Theorem states that current

through a load resistance connected across any two points of an active network can be

obtained by the formula:

IL=( * )/( + )

Where is the Short circuit current at the terminals of RL when  RLShort circuited and

wefind out the short circuit current through the short circuit terminal and RN is the

norton’sequivalent resistance viewed from the load terminals when all the sources are

replaced by their internal resistance only(Deactivatingall the sources).

CIRCUIT DIAGRAM:

Draw the circuit diagram as per the resistance and circuit are given in the lab.

CALCULATIONS:

Calculate the theoretical/simulation data’s of the given circuit
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OBSERVATION TABLE:

Values IN RN IL

Theoretical Value

Practical Value

Percentage Error= [(Observed-Calculated)/Calculated]*100

RESULT:

The percentage error is found to be__%.

DISCUSSION:
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Experiment No: 3.Verification of Superposition Theorem experimentally
Aim: To Verify the Superposition Theorem in breadboard or through MATLAB/SPICE.

Description:

APPARATUS REQUIRED:-If Practically by circuit design
(i) Bread Board
(ii)Connecting Wire
(iii) Different values of resistances
(iv) A Dc power Source

If by any simulation software
(i) MATLAB/SPICE

THEORY:

Superposition theorem states that in a linear network containing several independent

sources, the overall response at any point in the network equals the sum of responses due to

each independent source considered separately with all other independently sources made

inoperative(short circuited). To make a source inoperative, it is short circuited leaving

behind its internal resistance if it is a voltage source, and it is open circuited leaving behind

its internal resistance  if it is a current source.

In most electrical circuit analysis problems, a circuit is energized by a single independent

energy source. In such cases, it is quite easy to find the response (i.e., current, voltage,

power) in a particular branch of the circuit using simple network reduction techniques (i.e.,

series parallel combination, star delta transformation, etc.).

However, in the presence of more than one independent source in the circuit, the response

cannot be determined by direct application of network reduction techniques. In such a

situation, the principle of superposition may be applied to a linear network, to find the

resultant response due to all the sources acting simultaneously.

The superposition theorem is based on the principle of superposition. The principle of

Superposition states that the response (a desired current or the voltage) at any point in the

linear network having more than one independent source can be obtained as the sum of

responses caused by the separate independent sources acting alone. The validity of principle

of superposition means that the presence of one excitation sources does not affect the

response due to other excitations.

CIRCUIT DIAGRAM:

Draw the circuit diagram as per the resistance and circuit are given in the lab.

CALCULATIONS:
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Calculate the theoretical/simulation data’s of the given circuit

OBSERVATION TABLE:

Values I3 I3’ I3’’

Theoretical Value

Practical Value

I3 = Current through the load terminal when we deactivate second source and consider for
first source

I3’= Current through the load terminal when we deactivate first source and consider for

second source

I3’’= I3+I3’

Percentage Error= [(Observed-Calculated)/Calculated]*100

RESULT:

The percentage error is found to be__%.

DISCUSSION:
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Experiment No: 4.Verification of Maximum Power Transfer Theorem experimentally
Aim: To Verify the Maximum Power Transfer Theorem in breadboard or through
MATLAB/SPICE.

Description:

APPARATUS REQUIRED:-If Practically by circuit design
(i) Bread Board
(ii) Connecting Wire
(iii) Different values of resistances
(iv) A Dc power Source

If by any simulation software
(i) MATLAB/SPICE

THEORY:

This theorem is applicable for analysing communication networks. According to this

theorem” a resistive load will draw the maximum power from a network when the load

resistance is equal to the resistance of the network as viewed from its output terminals, with

all energy sources removed leaving behind their internal resistances.” If RL is the load

resistance connected across terminals a and b which consist of variable DC supply and

internal resistance is RS, then according to this theorem, the load resistance will draw

maximum power when it is equal to RS i.e. RL = RS.

And the maximum power drawn= V2oc/4 RL

Where, Voc is the open circuit voltage at the terminals from which RL is disconnected.

The variable resistor taken should be larger than fixed resistor. Then only power can be

calculated.

CIRCUIT DIAGRAM:

Draw the circuit diagram as per the resistance and circuit are given in the lab.

CALCULATIONS:

Calculate the theoretical/simulation data’s of the given circuit
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OBSERVATION TABLE:

S.No Load Resistance(RL) IL(Load Current) Power(P=IL
2*RL)

RESULT:

Plot a graph between load resistance and power and observe that the power will be

maximum when (Load resistance= Internal Resistance)

DISCUSSION:
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Experiment No: 5.Study of Z-parameters of a Two-port network experimentally
Aim: To Study Z-parameters of any practical circuit treated as Two-port network in
breadboard or through MATLAB/SPICE.

Description:

APPARATUS REQUIRED:-If Practically by circuit design
(i) Bread Board
(ii) Connecting Wire
(iii) Different values of resistances
(iv) A Dc power Source

If by any simulation software
(i) MATLAB/SPICE

THEORY
A two-Port network basically consists in isolating either a complete circuit or part of it and

finding its characteristics parameters. Once this is done, the isolated part of the circuit

becomes a “black box” with a set of distinctive properties, enabling us to abstract away its

specific build up, thus simplifying analysis.

Here,
V1 = Input voltage

V2 = Output voltage

I1 = Input current

I2 = output current

Z-model: In the Z-model or impedance model the two currents I1 & I2 are assumed to be

known and the voltage V1& V2 can be found by:12 = 11 1221 22 I1I2
Where,

Z11 = 1 1 taking I2=0 Z12 = 1 2 taking I1=0
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Z21 = 2 1 taking I2=0 Z22 = 2 2 taking I1=0

CIRCUIT DIAGRAM:

Draw the circuit diagram as per the resistance and circuit are given in the lab.

CALCULATIONS:

Calculate the theoretical/simulation data’s of the given circuit

OBSERVATION TABLE:

Sl. No. When Output is open circuited (i.e. I2 =0) When Input is open circuited (i.e. I1 =0)
V1 V2 I1 V1 V2 I2

1.
2.
3.
4.
5.

Percentage Error= [(Observed-Calculated)/Calculated]*100

RESULT:

The percentage error is found to be__%.

DISCUSSION:
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Experiment No: 6. Study of Y-parameters of a Two-port network experimentally
Aim: To Study Y-parameters of any practical circuit treated as Two-port network in
breadboard or through MATLAB/SPICE.

Description:

APPARATUS REQUIRED:-If Practically by circuit design
(i) Bread Board
(ii) Connecting Wire
(iii) Different values of resistances
(iv) A Dc power Source

If by any simulation software
(i) MATLAB/SPICE

THEORY
A two-Port network basically consists in isolating either a complete circuit or part of it and

finding its characteristics parameters. Once this is done, the isolated part of the circuit

becomes a “black box” with a set of distinctive properties, enabling us to abstract away its

specific build up, thus simplifying analysis.

Here,
V1 = Input voltage

V2 = Output voltage

I1 = Input current

I2 = output current

Y-model: In the Y-model or admittance model, the two voltages V1& V2 are assumed to be

known and the currents I1 & I2can be found by:12 = 11 1221 22 V1V2
Where,

Y11 = 1 1 taking V2=0 Y12 = 1 2 taking V1=0
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Y21 = 2 1taking V2=0 Y22 = 2 2taking V1=0

CIRCUIT DIAGRAM:

Draw the circuit diagram as per the resistance and circuit are given in the lab.

CALCULATIONS:

Calculate the theoretical/simulation data’s of the given circuit

OBSERVATION TABLE:

Sl. No. When Output is short circuited (i.e. V2 =0) When Input is short circuited (i.e. V1 =0)
V1 I1 I2 V2 I1 I2

1.
2.
3.
4.
5.

Percentage Error= [(Observed-Calculated)/Calculated]*100

RESULT:

The percentage error is found to be__%.

DISCUSSION:
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Experiment No: 7. Study of Resonance experimentally
Aim: To Study Resonance of a series RLC circuit in breadboard

Description:

APPARATUS REQUIRED:-
(i) Bread Board
(ii) Connecting Wire
(iii) Different values of resistances
(iv) A Dc power Source

THEORY
Resonance occurs in an electrical circuit excited by AC source when the net inductive

reactance (XL) and net capacitive reactance (XC) become equal either because for a fixed

frequency as circuit’s inductance (L) is equal to capacitance (C) or due to a particular

frequency where XL = XC.

A simple series RLC circuit

When stated above condition arises in a circuit as given here the net impedance (Znet)

becomes minimum or equal to only resistance (R) of the circuit and the circuit starts

operating in resonance with unity power factor. At resonance the value of net current is

maximum as the net impedance is minimum.

CIRCUIT DIAGRAM:

Draw the circuit diagram as per the resistance, inductance & capacitancevalues as given in

the lab.

CALCULATIONS:

Calculate the theoretical data’s of the given circuit to find out the value of net impedance

and current at resonance.
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OBSERVATION TABLE:

SL. No. Different frequencies Load/source current

1. f1

2. f2

3. f0

4. f3

5. f4

Here,  f0 is resonance frequency and f1<f2<f0<f3<f4

Percentage Error= [(Observed-Calculated)/Calculated]*100

RESULT:

The percentage error is found to be__%.

DISCUSSION:
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Lab Manual

Title of Course: Solid State Devices Lab
Course Code: EC392
L-T-P scheme: 0-0-3 Course Credit: 2

Objectives:
1. To provide the students with a hands-on experience on the theoreticalconcepts through simple

experiments.
2. To develop the ability to designand validate their knowledge through open ended experiments.

Learning Outcomes:
On successful completion of this lab course, the students would beable to
1. Demonstrate and analyze Fermi Energy level at different temperature.
2. Analyze effect of built in potential with respect to doping.
3. Demonstrate Energy band diagram of PN junction of diode.
4. Demonstrate various characteristic of BJT and Amplifier.
5. Conduct an open ended experiment in a group of 2 to 3.

Course Contents:
List of Experiments:
1. Program to compute Number of atoms/cm3 in cubic crystals of silicon atom.
2. Program to plot f (E) versus Energy for different temperatures.
3. Compute & plot Vbi as a function of doping (NA or ND).
4. Program to calculate and plot the depletion width vs impurity.
5. Program to generate an energy band diagram of a pn junction.
6. Variation of Ideal-Diode I-V with semiconductor doping.
7. Plot out the BJT equilibrium energy band diagram.
8. BJT Common Base/Emitter Input/Output Characteristics.
9. Comparison of IDsat Relationships.
10."Universal" ID-VD Characteristics /Square-Law Theory.

Text Book:
1) Kannan Kano(1997), Semiconductor Devices, 1st Edition, Pearson Education.
2) Jacob Millman, Christos C. Halkias (2009), Integrated Eletronics, TMH publications.

Recommended Systems/Software Requirements:
SCILAB



LAB # 1

OBJECT: Program to compute Number of atoms/cm3 in cubic crystals of silicon atom

EXERCISE:

Construct a program that computes the number of atoms/cm3 in cubic crystals.Use input
function to enter the number of atoms/unit-cell & the unit cell sidelength.

THEORY:

In Silicon(Si) at room temperature the unit cell side length (a) is 5.43 A (1A=10 exp -
8)since there are eight Si atoms per unit cell and the volume of the unit cell is a^3 itfollows
that there are 8/a^3 or almost exactly 5 exp 22 atoms/cubic cm in the Si lattice .

CODE:

N = input(‘input number of atoms/unit cell, N = ‘);
A = input(‘lattice constant in angstrom, a = ‘ );
Atmden = N*(1.0e24)/(a^3);

Program output:
input number of atoms/unit cell, N = 8
lattice constant in angstrom, a = 5.43
Atmden = 4.9968e + 22



LAB # 2

OBJECT: Program to plot f(E) versus Energy for different temperatures

EXERCISE:

Successively setting T = 100,200,300, and then 400 K, compute and plot f(E)versus ∆E = E –
EF for - 0.2 eV 5 <= ∆E <= 0.2eV. All f(E)versus ∆E curvesshould be superimposed on a
single set of coordinates.

THEORY:
THE FERMI FUNCTION:

Fermi function f(E) specifies how many of the existing states at the energy Ewill be filled
with an electron, or equivalently,f(E) specifies ,under equilibrium conditions, the probability
that an availablestates at an energy E will be occupied by an electron.Mathematically
speaking the Fermi function is simply a probability densityfunction. in mathematical
symbols,

f(E) = 1/( 1+exp (E-Ef)/kT )

whereEf=Fermi energy of Fermi level
K=boltzmann constant (k=8.62 exp -5 ev/k)

T=temperature

CODE:

%Fermi Function Calculation, f(E-EF,T)

%Constant
k=8.617e-5;

%Computation proper
for ii=1:4;

T=100*ii;
kT=k*T;
dE(ii,1)=-5*kT;
forjj=1:101

f(ii,jj)=1/(1+exp(dE(ii,jj)/kT));
dE(ii,jj+1)=dE(ii,jj)+0.1*kT;
end
end



dE=dE(:,1:jj);  %This step strips the extra dE value

%Plotting result
close
plot(dE',f'); grid;  %Note the transpose (') to form data columns
xlabel('E-EF(eV)'); ylabel('f(E)');
text(.05,.2,'T=400K'); text(-.03,.1,'T=100K');

Program Output:



LAB # 3

OBJECT: Compute & plot Vbi as a function of doping (NA or ND)

EXERCISE:
Most real diodes are very heavily doped on one side of the junction. In computing thebuilt-in
voltage of p + -n and n + -p step junctions, it is common practice to assumethat the Fermi
level on the heavily doped side is positioned at the band edge; i.e.,Ef = Ey in a p + material
and Ef = Ec in an n + material. Making the cited assumption,compute and plot Vbi as a
function of the doping (N A or No) on the lightly doped side ofSi p + -n and n + -p step
junctions maintained at 300 K. The plot is to cover the range1014/cm3<N A or ND >
1017/cm3.

THEORY:
Specifically considering a p + -n junction, we can write(Ei -Ef)p-side
assumed= Ei -Ef = EG/2
(Ef -Ej)n-sjde = kT In(ND/nj)
Vbi=1/q[(Ei-Ef)p+(Ef-Ei)n]
Vbi = EG/2 + KT/q ln (ND/ni) in volts.
For n +-p junctions, NA simply replaces ND, yielding a computationally
equivalentrelationship.

CODE:

%Vbi Computation (p+/n and n+/p junctions)

%Constants
EG=1.12;
kT=0.0259;
ni=1.0e10;

%Computation
ND=logspace(14,17);
Vbi=EG/2+kT.*log(ND./ni);

%Plotting
close
semilogx(ND,Vbi);  grid
axis([1.0e14 1.0e17 0.75 1])
xlabel('NA or ND (cm-3)');  ylabel('Vbi (volts)')
text(1e16,0.8,'Si, 300K')
text(1e16,0.78,'p+/n and n+/p diodes')



Program Output:



LAB # 4

OBJECT: Program to calculate and plot the depletion width vs impurity

EXERCISE:

Construct a log-log plot of the depletion width (W) versus the impurity concentration (NA or
Nd) on the lightly doped side of Si p +-n and n +-p step junctions maintained at 300 K.
Include curves for VA = 0.5 V, 0 V, and -10 V covering the range 10,4/cm3 ^ JVA or WD <
10l7/cm3.

THEORY:

The V# associated with the p+-n and n+-p step junctions is computed using the relationship
established. Also, with the junction asymmetrically doped, the doping factor  for W
simplifies.

CODE

%Constants and Parameters
T=300;          % Temperature in Kelvin
k=8.617e-5;     % Boltzmann constant (eV/K)
e0=8.85e-14;    % permittivity of free space (F/cm)
q=1.602e-19;    % charge of an electron (coul)
KS=11.8; % dielectric constant of Si at 300K
ni=1e10;        % intrinsic carrier conc. in Silicon at 300K (cm^-3)
EG=1.12;        % band gap of Silicon (eV)

%Choose variable values
NB=logspace(14,17);    % doping ranges from 1e14 to 1e17
VA=[ 0.5 0 -10 ];      % VA values set

%Depletion width calculation
Vbi=EG/2+k*T.*log(NB./ni);
W(1,:)=1.0e4*sqrt(2*KS*e0/q.*(Vbi-VA(1))./NB);
W(2,:)=1.0e4*sqrt(2*KS*e0/q.*(Vbi-VA(2))./NB);
W(3,:)=1.0e4*sqrt(2*KS*e0/q.*(Vbi-VA(3))./NB);

%Plot
close



loglog(NB, W,'-')
axis([1.0e14 1.0e17 1.0e-1 1.0e1])
grid
xlabel('NA or ND (cm^-3)')
ylabel('W (micrometers)')
set(gca,'DefaultTextUnits','normalized')
text(.38,.26,'VA=0.5V')
text(.38,.50,'VA=0')
text(.38,.76,'VA= -10V')
text(.77,.82,'Si,300K')
text(.77,.79,'p+/n and n+/p')
set(gca,'DefaultTextUnits','data')

Program Output:



LAB # 5

OBJECT: Program to generate an energy band diagram of a pn junction

EXERCISE:

Once a quantitative relationship has been established for the electrostatic potential, itbecomes
possible to construct a fully dimensioned energy band diagram. The "DiagramGenerator"
program that follows draws the equilibrium energy band diagram for anon-degenerately
doped Si step junction maintained at room temperature. The user isprompted to input the p-
and n-side doping concentrations. Run the program tryingdifferent NA and ND combinations.
It is informative to include at least one combinationeach where NA>>ND, NA = ND, and NA
<< ND. The asymmetrical junctions are ofparticular interest because the resultant "one-sided"
diagrams differ from those normallyincluded in textbooks. The user might also consider
modifying the program so that itdraws the energy band diagram for an arbitrary applied bias.

THEORY:

Built in potential can be calculated as
Vbi=kT *ln((NA*ND)/ni^2)
Where ni=intrinsic carrier concentration
depletion width of n side is determined by the help of given formula;
Xn=sqrt(2*KS*e0/q*NA*Vbi/(ND*(NA+ND))) ;
Where KS=dielectric constant of Si

e0=permittivity of free space
q=charge of electron

depliton width of p side can be calculated as:
Xp=sqrt(2*KS*e0/q*Nd*Vbi/(NA*(ND+NA)));

CODE

% Equilibrium Energy Band Diagram Generator
%(Si, 300K, nondegenerately doped step junction)

%Constants
T=300;        % Temperature in Kelvin
k=8.617e-5;   % Boltzmann constant (eV/K)
e0=8.85e-14;  % permittivity of free space (F/cm)
q=1.602e-19;  % charge on an electron (coul)
KS=11.8;      % Dielectric constant of Si at 300K
ni=1.0e10;    % intrinsic carrier conc. in Silicon at 300K (cm^-3)



EG=1.12;      % Silicon band gap (eV)

%Control constants
xleft = -3.5e-4;   % Leftmost x position
xright = -xleft;   % Rightmost x position
NA=input ('Please enter p-side doping (cm^-3), NA = ');
ND=input ('Please enter n-side doping (cm^-3), ND = ');

%Computations
Vbi=k*T*log((NA*ND)/ni^2);
xN=sqrt(2*KS*e0/q*NA*Vbi/(ND*(NA+ND)));    % Depletion width n-side
xP=sqrt(2*KS*e0/q*ND*Vbi/(NA*(NA+ND)));    % Depletion width p-side
x = linspace(xleft, xright, 200);
Vx1=(Vbi-q*ND.*(xN-x).^2/(2*KS*e0).*(x<=xN)).*(x>=0);
Vx2=0.5*q*NA.*(xP+x).^2/(KS*e0).*( x>=-xP& x<0 );
Vx=Vx1+Vx2;     % V as a function of x
VMAX = 3;                        % Maximium Plot Voltage
EF=Vx(1)+VMAX/2-k*T*log(NA/ni);  % Fermi level

%Plot Diagram
close
plot ( x, -Vx+EG/2+VMAX/2);
axis ([xleftxright 0 VMAX]);
axis ('off');  hold on
plot ( x, -Vx-EG/2+VMAX/2);
plot ( x, -Vx+VMAX/2,'w:');
plot ( [xleftxright], [ EF EF ], 'w' );
plot ( [ 0 0 ], [ 0.15 VMAX-0.5 ], 'w--' );
text(xleft*1.08,(-Vx(1)+EG/2+VMAX/2-.05),'Ec');
text(xright*1.02,(-Vx(200)+EG/2+VMAX/2-.05),'Ec');
text(xleft*1.08,(-Vx(1)-EG/2+VMAX/2-.05),'Ev');
text(xright*1.02,(-Vx(200)-EG/2+VMAX/2-.05),'Ev');
text(xleft*1.08,(-Vx(1)+VMAX/2-.05),'Ei');
text(xright*1.02, EF-.05,'EF');
set(gca,'DefaultTextUnits','normalized')
text(.18, 0,'p-side');
text ( .47, 0, 'x=0');
text(.75, 0,'n-side');
set(gca,'DefaultTextUnits','data')
hold off

PROGRAM OUTPUT:
Please enter p-side doping , NA = 10E14
Please enter n-:side doping , ND =10E17





LAB # 6

OBJECT:Variation of Ideal-Diode I-V  with semiconductor doping.

EXERCISE:

An ideal Si p+-n step junction diode is maintained at 300 K. The diode has a cross-sectional
area A = 10 “4 cm2 and rp = 10 “6 sec. Using the empirical-fit rela¬tionship for the hole
mobility, write a program that computes and plots the ideal I-V characteristic of the diode.
The n-side donor doping is to be considered an input variable. Employ a linear plot with the
MATI.AB axis function set to [ - 1,0.2, -2*/0,5*/0], where /0 is the reverse bias saturatioh--
current. Generally use your program to explore how the ideal diode characteristic varies as a
function of the semiconductor doping.

THEORY:

The program that follows was written to handle multiple doping inputs. Enclosing your input
in square brackets, simply type the desired doping values separated by spaces in response to
the “ND= ” prompt The sample plot exhibits the same general doping dependence noted.
However, examining the nu-merical /„ values sent by the program to the Command window,
one finds a notice-able mobility dependence because of the higher assumed dopings. The user
should also take note of the extremely small size of the computed saturation currents.

CODE:

%Si step junction, T = 300K.
%In response to the "ND=" prompt type [ND1 ND2 ...] to input
%multiple doping values.

%Initialization and Universal Constants
clear
k=8.617e-5;
q=1.6e-19;

%Device, Material, and System Parameters
A=1.0e-4;
ni=1.0e10;
taup=1.0e-6;
ND=input('Input the n-side doping concentration, ND = ');
T=300;



%Hole Mobility Calculation
NAref=2.35e17;
upmin=54.3;
up0=406.9;
ap=0.88;
up=upmin+up0./(1+(ND./NAref).^ap);
%The mobility calculation here assumes the hole minority carrier

%mobility is equal to the hole majority carrier mobility.

%I-V Calculation
VA=linspace(-1,0.2);
DP=k.*T.*up;
LP=sqrt(DP.*taup);
I0=q.*A.*(DP./LP).*(ni^2 ./ND)
I=I0.'*(exp(VA./(k.*T))-1);

%Plotting Result
close
plot(VA,I); grid;
ymin=-2*I0(1);  ymax=5*I0(1);
axis([-1,0.2,ymin,ymax]);
xlabel('VA (volts)');  ylabel('I (amps)');

%Adding axes,key
xx=[-1 0.2];  yx=[0 0];
xy=[0 0]; yy=[ymin,ymax];
hold on
plot(xx,yx,'-w',xy,yy,'-w');
j=length(ND);
fori=1:j;
yput=(0.70-0.06*i)*ymax;
yk(i,1)=yput; yk(i,2)=yput;
text(-0.68,(0.69-0.06*i)*ymax,['ND=',num2str(ND(i)),'/cm3']);
end
xk=[-0.8 -0.7];
plot(xk,yk);
text(-0.74,0.75*ymax,'Si, 300K');
hold off

Program Output:
Input the n-side doping concentration, ND = 10e15

I0 =

5.3801e-16





LAB # 7

OBJECT:Plot out the BJT equilibrium energy band diagram

EXERCISE:

Draw the energy band diagram characterizing: (a) an npn transistor under cquilib-' rium
conditions; (b) a pnp transistor under active mode biasing. Take the transistor regions to be
uniformly doped and assume a standard doping profile where the emitter doping > base
doping > collector doping.

THEORY:

(a) Given the complementary nature of npn and pnp transistors, the energy band diagram for
an npn transistor can be obtained from the equivalent pnp diagram by merely flipping the pnp
diagram upside down. Thus, either by flipping upside down or by appropriately combining
the equilibrium band diagrams of an np program draws the equilibrium energy band diagram
for a pnp BJT with NAE — 101H/ cm3, NDB = 10 l5/cm3, NaC = 10I5/cm3, and WB = 1
pm. The doping parameters and total base width can be modified by changing the DOPING
and WIDTH entries on program lines 5 and 6. n-typedopings are input as negative values.

CODE:

DOPING=[1e18 -1e16 1e15];   % E, B, and C type and doping concentrations (- = n-type)
WB=1.0e-4;   %Total base width in cm; 1.0e-4cm=1micrometer
close

%Constants
T=300;        % Temperature in Kelvin
k=8.617e-5;   % Boltzmann constant eV/K
e0=8.85e-14;  % permittivity of free space (f/cm)
q=1.602e-19;  % charge on an electron (coul)
KS=11.8;      % Dielectric constant of Si at 300K
ni=1.0e10;    % intrinsic conc. of Silicon at 300K
EG=1.12;      % Silicon band gap (eV)
%end constants

%General Computations and Manipulations
NE = DOPING (1);                % Emitter doping and type



NB = DOPING (2);                % Base doping and type
NC = DOPING (3);                % Collector doping and type

sE = sign (NE);
sB = sign (NB);
sC = sign (NC);

NE = abs(NE);           % Emitter doping
NB = abs(NB);           % Base doping
NC = abs(NC); % Collector doping

Ei_emitter  = [ (sE * k * T * log ( NE / ni ) ) ...
(-sB * k * T * log ( NB / ni ) ) ];

Ei_collector = [ (sB * k * T * log ( NB / ni ) ) ...
(-sC * k * T * log ( NC / ni ) ) ];

Vbi  = [ (sum (Ei_emitter)) (sum (Ei_collector)) ];
svbi = sign (Vbi);
Vbi  = abs  (Vbi);

% Depletion width on emitter side of EB junction
xE  =sqrt(2*KS*e0/q*NB*Vbi(1)/(NE*(NB+NE)));

% Depletion width on base side of EB junction
xBeb = sqrt(2*KS*e0/q*NE*Vbi(1)/(NB*(NE+NB)));

% Depletion width on base side of CB junction
xBcb  =sqrt(2*KS*e0/q*NC*Vbi(2)/(NB*(NC+NB)));

% Depletion width on collector side of EB junction
xC = sqrt(2*KS*e0/q*NB*Vbi(2)/(NC*(NB+NC)));
W = WB-xBeb-xBcb;

if W < 0
error('For the given DOPING and WB the base is totally depleted.')
end

if ( xC>xE )          % Adjust the x-axis for optimum looking plot
HIGH_X = 1.5;
LOW_X = xC/xE;
else
HIGH_X = xE/xC;
LOW_X  = 1.5;
end

VMAX = 3;                        % Maximium Plot Voltage
plot ( [-LOW_X*xE HIGH_X*xC+WB ] , [ 0 VMAX ] , 'i');



hold on;

% EB JUNCTION
xlft = -LOW_X*xE;               % Leftmost x position
xrght = xBeb + W/2;             % Rightmost x position

x = linspace(xlft, xrght, 200);
sVx = -svbi(1) * sE * sB;

Vx1=sVx * (Vbi(1)-q*NB.*(xBeb-x).^2/(2*KS*e0).*(x<=xBeb)).*(x>=0);
Vx2=sVx * 0.5*q*NE.*(xE+x).^2/(KS*e0).*( x>=-xE& x<0 );
Vx=Vx1+Vx2;     % V as a function of x

EF=Vx(1)+VMAX/2-sE*k*T*log(NE/ni);  % Fermi level

Ec = -Vx+EG/2+VMAX/2;
Ev = -Vx-EG/2+VMAX/2;
Ei = -Vx+VMAX/2;

LEc = Ec (1);
LEv = Ev (1);
LEi = Ei (1);

% Plot V vs x
plot ( x, Ec );                               % Ec
plot ( x, Ev );                               % Ev
plot ( x, Ei, 'w:');                        % Ei
plot ( [xlft 0], [ EF EF ], 'w' );      % EF on left
plot ( [ 0 0 ], [ 0.15 VMAX-0.15 ], 'w--' );    % Junction center

% CB JUNCTION
xlft = -xBcb-W/2;               % Leftmost x position
xrght = HIGH_X*xC;      % Rightmost x position

x = linspace(xlft, xrght, 200);
sVx = -svbi(2) * sC * sB;

Vx1=sVx * (Vbi(2)-q*NC.*(xC-x).^2/(2*KS*e0).*(x<=xC)).*(x>=0);
Vx2=sVx * 0.5*q*NB.*(xBcb+x).^2/(KS*e0).*( x>=-xBcb& x<0 );
Vx=Vx1+Vx2;     % V as a function of x

OFFSET = (Ec(200))-(-Vx(1)+EG/2+VMAX/2);
Ec = (-Vx+EG/2+VMAX/2) + OFFSET;
Ev = (-Vx-EG/2+VMAX/2) + OFFSET;



Ei = (-Vx+VMAX/2) + OFFSET;

x = x + WB;

% Plot V vs x
plot ( x, Ec );                         % Ec
plot ( x, Ev );                         % Ev
plot ( x, Ei, 'w:');                            % Ei
plot ([0 xrght+WB], [EF EF], 'w');  %EF on right
plot ( [ WB WB ], [ 0.15 VMAX-0.15 ], 'w--' );  % Junction center

if ( sC == -1 )
RIGHT = 'N';

else
RIGHT = 'P';

end

if ( sB == -1 )
MIDL = 'N';

else
MIDL = 'P';

end

if ( sE == -1 )
LEFT = 'N';

else
LEFT = 'P';

end

A = -LOW_X*xE/2;
B = WB + ((HIGH_X*xC+WB)-WB)/2;

text ( A , 2.5, LEFT );
text ( WB/2, 2.5, MIDL );
text ( B , 2.5, RIGHT);

text ( x(200), Ec (200), 'Ec' );
text ( x(200), Ei (200), 'Ei' );
text ( x(200), Ev (200), 'Ev' );
text ( x(200), EF , 'EF' );

REG = [ LEFT(1) MIDL(1) RIGHT(1) ];
TITLE = [ ('Energy band diagram for the ') (REG) (' device') ];
title (TITLE);



Program Output:



LAB # 8

OBJECT:BJT Common Base/Emitter Input/Output Characteristics

EXERCISE:

Draw the energy band diagram characterizing: (a) an npn transistor under cquilib-' rium
conditions; (b) a pnp transistor under active mode biasing. Take the transistor regions to be
uniformly doped and assume a standard doping profile where the emitter doping > base
doping > collector doping.

THEORY:

(a) Given the complementary nature of npn and pnp transistors, the energy band diagram for
an npn transistor can be obtained from the equivalent pnp diagram by merely flipping the pnp
diagram upside down. Thus, either by flipping upside down or by appropriately combining
the equilibrium band diagrams of an np program draws the equilibrium energy band diagram
for a pnp BJT with NAE — 101H/ cm3, NDB = 10 l5/cm3, NaC = 10I5/cm3, and WB = 1
pm. The doping parameters and total base width can be modified by changing the DOPING
and WIDTH entries on program lines 5 and 6. n-typedopings are input as negative values.

CODE:

%BJT Constants and Eber-Moll Parameters (subprogram BJT0)

%Universal Constants
q=1.602e-19;
k=8.617e-5;
e0=8.85e-14;

%Device/Miscellaneous Parameters
A=1.0e-4;     %A in cm2
WB=2.5e-4;    %WB in cm
T=300;  kT=k*T;

%Material Parameters
ni=1.0e10;
KS=11.8;
NE=1.0e18;
NB=1.5e16;



NC=1.5e15;
%Mobility Fit Parameters
NDref=1.3e17;  NAref=2.35e17;
unmin=92;  upmin=54.3;

un0=1268;  up0=406.9;
an=0.91;  ap=0.88;
uE=unmin+un0./(1+(NE/NDref).^an);
uB=upmin+up0./(1+(NB/NAref).^ap);
uC=unmin+un0./(1+(NC/NDref).^an);
TauE=1.0e-7;
TauB=1.0e-6;
TauC=1.0e-6;
DE=kT*uE;
DB=kT*uB;
DC=kT*uC;
LE=sqrt(DE*TauE);
LB=sqrt(DB*TauB);
LC=sqrt(DC*TauC);
nE0=ni^2/NE;
pB0=ni^2/NB;
nC0=ni^2/NC;

%Eber-Moll Parameter Computation (W = WB)
W=WB;
fB=(DB/LB)*pB0*(cosh(W/LB)/sinh(W/LB));
IF0=q*A*((DE/LE)*nE0+fB);
IR0=q*A*((DC/LC)*nC0+fB);
aF=q*A*(DB/LB)*(pB0/sinh(W/LB))/IF0;
aR=q*A*(DB/LB)*(pB0/sinh(W/LB))/IR0;

%BJT Common Base/Emitter Input/Output Characteristics

%Input Eber-Moll Parameters
BJT0

%Limiting Voltages used in Calculation
VbiE=kT*log(NE*NB/ni^2);
VbiC=kT*log(NC*NB/ni^2);
VCB0=50;
VCE0=50;

%Choice of Characteristic
format compact
echo on



%THIS PROGRAM COMPUTES BJT INPUT AND OUTPUT CHARACTERISTICS
% Subprogram BJT0 is a run-time requirement.
% Modify entries in BJT0 to change device/material parameters.
% Modify axis commands to change plot min/max values.
echo off
close
c=menu('Specify the desired characteristic','Common Base Input',...

'Common Base Output','Common Emitter Input','Common Emitter Output');
j=input('Specify number of curves per plot...');

%Calculation Proper
fori=1:j,

%Common-Base Input Characteristics
if c==1,

VCB=-(i-1)*5;
VEB=0:0.005:VbiE;

jj=length(VEB);
IE=(IF0.*(exp(VEB/kT)-1) - aR.*IR0.*(exp(VCB/kT)-1))*1.0e3;

%1.0e3 in the preceeding equation changes IE units to mA
ifi==1,
plot(VEB,IE);  axis([.35 .85 0 5]);
grid;  xlabel('VEB(volts)');  ylabel('IE(mA)');
else plot(VEB,IE);
end

%Common-Base Output Characteristics
elseif c==2,

IE=(j-i)*1.0e-3;
VCB1=2:-0.01:0;
VCB2=0:-VCB0/200:-VCB0;
VCB=[VCB1,VCB2];

jj=length(VCB);
IC=(aF*IE-(1-aF*aR)*IR0*(exp(VCB/kT)-1))*(1.0e3);

ifi==1,
plot(-VCB,IC);  axis([-VCB0/10 VCB0 0 1.3e3*IE]);
grid;  xlabel('-VCB(volts)');  ylabel('IC(mA)');
text(5,1.1e3*IE,'IEstep=1mA');
else plot(-VCB,IC);
end

else
end

%Common-Emitter Input Characteristics



if c==3,
VEC=(i-1)*5;
VEB=0:0.005:VbiE;

jj=length(VEB);
IB0=(1-aF).*IF0+(1-aR).*IR0;
IB1=(1-aF).*IF0+(1-aR).*IR0.*exp(-VEC/kT);
IB=(IB1.*exp(VEB/kT)-IB0)*(1.0e6);

ifi==1,
plot(VEB,IB);  axis([.35 .85 -5 20]);
grid;  xlabel('VEB(volts)'); ylabel('IB(uA)');
else plot(VEB,IB);
end

%Common-Emitter Output Characteristics
elseif c==4,

IB=(j-i)*2.5e-6;
VECA=0:0.01:VCE0/50;
VECB=VCE0/50:VCE0/200:VCE0;
VEC=[VECA,VECB];

jj=length(VEC);
IB0=(1-aF).*IF0+(1-aR).*IR0;
IB1=(1-aF).*IF0+(1-aR).*IR0.*exp(-VEC/kT);
IC=((aF.*IF0-IR0.*exp(-VEC/kT)).*(IB+IB0)./IB1+IR0-aF.*IR0)*(1.0e3);

ifi==1,
jA=length(VECA);
plot(VEC,IC);  axis([0 VCE0 0 2.5*IC(jA)]);
grid;  xlabel('VEC(volts)');  ylabel('IC(mA)');
text(5,2*IC(jA),'IBstep=2.5uA');
else plot(VEC,IC);
end

else
end
hold on
end
hold off



LAB # 9

OBJECT:Comparison of IDsat Relationships

EXERCISE:

Construct a plot comparing the 0 versus Vc/Vpnomenological relationship and the square-
law. Assume Vbi = IV and Vp = -2.5 V or, equivalently, set V the comparison vary with the
V^/Vp ratio.

THEORY:

Thus in the phenomenological theory (after some rearrangement),a comparative plot of the
two /DS#T//DO relationships and the script of the program used to generate the plot is
reproduced below. Given the differ-ence in functional forms, the agreement is quite good. By
changing the z = Vbj/Vp value in the computer program, the agreement is found to improve
with increasing.

CODE:

%Computational parameters
clear
z=-0.4;           %z=Vbi/VP
x=linspace(0,1);  %x=VG/VP

%P-Theory (y=IDsat/ID0)
Num=x-1-(2/3)*(z-1)*(1-((z-x)./(z-1)).^(1.5));
Den=-1-(2/3)*(z-1)*(1-(z./(z-1)).^(1.5));
yP=Num./Den;

%Square-law Theory
yS=(1-x).^2;

%Plotting result
close
plot(x,yP,x,yS,'--');  grid
xlabel('VG/VP');  ylabel('IDsat/ID0');
text(0.38,0.4,'Square-Law')
text(0.27,0.3,'Eq.(15.13)')
text(0.8,0.83,'Vbi/VP=-0.4')



Program Output:



LAB # 10

OBJECT:"Universal" ID-VD Characteristics /Square-Law Theory

EXERCISE:

Construct such a “universal” plot specifically showing the characteristics corresponding to
VG-VT= 1,2, 3, and 4 V.

THEORY:

If the square-law ID divided by Z/Zn CJL is plotted versus VD for select values of VQ-VT*
the resulting normalized characteristics are device independent—the same characteristics are
obtained for any combination of Z, L, /Zn, xa, and A/a.

CODE:

%Initialization
close
clear

%Let VGT = VG - VT;
for VGT=4:-1:1,

%Primary Computation
VD=linspace(0,VGT);
ID=VGT.*VD-VD.*VD./2;

IDsat=VGT*VGT/2;
VD=[VD,9];
ID=[ID,IDsat];

%Plotting and Labeling
if VGT==4,
plot(VD,ID);  grid;

axis([0 10 0 10]);
xlabel('VD (volts)');  ylabel('ID/(ZuCo/L)');
text(8,IDsat+0.2,'VG-VT=4V');
hold on
else,
plot(VD,ID);
%The following 'if' labels VG-VT curves < 4
if VGT==3,
text(8,IDsat+0.2,'VG-VT=3V');



elseif VGT==2,
text(8,IDsat+0.2,'VG-VT=2V');
else,
text(8,IDsat+0.2,'VG-VT=1V');
end
end
end
hold off

Program Output:
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Title of Course: Solid State Device Lab
Course Code: EC392
L-T-P scheme: 0-0-3 Course Credit: 2

Objectives:
1. To provide the students with a hands-on experience on the theoretical concepts through simple

experiments.
2. To develop the ability to design and validate their knowledge through open ended experiments.

Learning Outcomes:
On successful completion of this lab course, the students would be able to
1. Demonstrate and analyze Fermi Energy level at different temperature.
2. Analyze effect of built in potential with respect to doping.
3. Demonstrate Energy band diagram of PN junction of diode.
4. Demonstrate various characteristic of BJT and Amplifier.
5. Conduct an open ended experiment in a group of 2 to 3.

Course Contents:
List of Experiments:
1. Program to compute Number of atoms/cm3 in cubic crystals of silicon atom
2. Program to plot f(E) versus Energy for different temperatures
3. Compute & plot Vbi as a function of doping (NA or ND)
4. Program to generate an energy band diagram of a PN junction
5. Program to construct a plot of a square law relationship (IDsat/IDO versus VG/VP) of FET
6. Program to construct a plot of the depletion width versus the impurity concentration
7. Solution of difference equations to find the zero input and the zero state responses.
8. Study input characteristics of BJT in common-emitter configuration.
9. Study output characteristics of BJT in common-emitter configuration for different base
currents and hence determine hybrid parameter.
10. Study the variation of small-signal voltage gain with frequency of a common-emitter RC
coupled amplifier.

Text Book:
1) Kannan Kano(1997), Semiconductor Devices, 1st Edition, Pearson Education.
2) Jacob Millman, Christos C. Halkias (2009), Integrated Eletronics, TMH publications.

Recommended Systems/Software Requirements:
SCILAB, PSIM
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LAB # 1

OBJECT: Program to compute Number of atoms/cm3 in cubic crystals of silicon atom

EXERCISE:

Construct a MATLAB program that computes the number of atoms/cm3 in cubic crystals.
Use MATLAB input function to enter the number of atoms/unit-cell & the unit cell side
length.

THEORY:

In Silicon(Si) at room temperature the unit cell side length (a) is 5.43 A (1A=10 exp -
8)since there are eight Si atoms per unit cell and the volume of the unit cell is a^3 it
follows that there are 8/a^3 or almost exactly 5 exp 22 atoms/cubic cm in the Si lattice .

MATLAB CODE:

N = input(‘input number of atoms/unit cell, N = ‘);
A = input(‘lattice constant in angstrom, a = ‘ );
Atmden = N*(1.0e24)/(a^3);

Program output:
input number of atoms/unit cell, N = 8
lattice constant in angstrom, a = 5.43
Atmden = 4.9968e + 22
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LAB # 2

OBJECT: Program to plot f(E) versus Energy for different temperatures

EXERCISE:

Successively setting T = 100,200,300, and then 400 K, compute and plot f(E)
versus ∆E = E –EF for - 0.2 eV 5 <= ∆E <= 0.2eV. All f(E)versus ∆E curves
should be superimposed on a single set of coordinates.

THEORY:

THE FERMI FUNCTION:

Fermi function f(E) specifies how many of the existing states at the energy E
will be filled with an electron, or equivalently,

f(E) specifies ,under equilibrium conditions, the probability that an available
states at an energy E will be occupied by an electron.

Mathematically speaking the Fermi function is simply a probability density
function. in mathematical symbols,

f(E) = 1/( 1+exp (E-Ef)/kT )

where

Ef=Fermi energy of Fermi level

K=boltzmann constant (k=8.62 exp -5 ev/k)

T=temperature

MATLAB CODE:
%Fermi Function Calculation, f(∆E, T)
% Constant
k=8.617e-5;
%Computation proper
forii=l :4;

T= l00*ii;
kT=k*T;
dE(ii,1)=-5*kT;

forij=1:101
f(ii,jj)= 1/(1 +exp(dE(ii,jj)/kT));
dE(ii,jj+ 1)=dE(ii,jj)+0.l *kT;
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end
end
dE=dE(1:4,1 :101); %This step strips the extra dE value
%plotting results
close
plot(dE’,f’);grid;
xlabel(‘E-EF(eV)’);
text(0.05,0.2,’T= 400K’);
text(-.03,0.1,’T=100K’);

Program Output:
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LAB # 3

OBJECT: Compute & plot Vbi as a function of doping (NA or ND)

EXERCISE:

Most real diodes are very heavily doped on one side of the junction. In computing the
built-in voltage of p + -n and n + -p step junctions, it is common practice to assume
that the Fermi level on the heavily doped side is positioned at the band edge; i.e.,
Ef = Ey in a p + material and Ef = Ec in an n + material. Making the cited assumption,
compute and plot Vbi as a function of the doping (N A or No) on the lightly doped side of
Si p + -n and n + -p step junctions maintained at 300 K. The plot is to cover the range
1014/cm3<N A or ND > 1017/cm3.

THEORY:

Specifically considering a p + -n junction, we can write

(Ei -Ef)p-side assumed= Ei -Ef = EG/2

(Ef -Ej)n-sjde = kT In(ND/nj)

Vbi=1/q[(Ei-Ef)p+(Ef-Ei)n]

Vbi = EG/2 + KT/q ln (ND/ni) in volts.

For n +-p junctions, NA simply replaces ND, yielding a computationally equivalent
relationship.

MATLAB CODE:

%Vbi Computation (p+/n and n+/p junctions)

%Constants
EG=1.12;
kT=0.0259;
ni=1.0e10;
%Computation
ND=logspace(14,17);
Vbi = EG/2 + kT*log(ND/ni);
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%Plotting
close
semilogx(ND, Vbi); grid
axis([1.0e14 1.0e17 0.75 1])
xlabel('NA or ND (cm-3)');
ylabel('Vbi (volts)');
text(le16,0.8,'Si,300K')
text(le16,0.78,'p+/n and n+/p diodes')

Program Output:
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LAB # 4

OBJECT: Program to generate an energy band diagram of a pn junction

EXERCISE:

Once a quantitative relationship has been established for the electrostatic potential, it
becomes possible to construct a fully dimensioned energy band diagram. The "Dia- gram
Generator" program that follows draws the equilibrium energy band diagram for a
nondegenerately doped Si step junction maintained at room temperature. The user is
prompted to input the p- and n-side doping concentrations. Run the program trying
different NA and ND combinations. It is informative to include at least one combination
each where NA>>ND, NA = ND, and NA << ND. The asymmetrical junctions are of
particular interest because the resultant "one-sided" diagrams differ from those normally
included in textbooks. The user might also consider modifying the program so that it
draws the energy band diagram for an arbitrary applied bias.

THEORY:

Built in potential can be calculated as
Vbi=kT *ln((NA*ND)/ni^2)

Where ni=intrinsic carrier concentration

depletion width of n side is determined by the help of given formula;
Xn=sqrt(2*KS*e0/q*NA*Vbi/(ND*(NA+ND))) ;

Where KS=dielectric constant of Si
e0=permittivity of free space
q=charge of electron

depliton width of p side can be calculated as:
Xp=sqrt(2*KS*e0/q*Nd*Vbi/(NA*(ND+NA)));
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MATLAB CODE

% Equilibrium Energy Band Diagram Generator
%(Si, 300K, nondegenerately doped step junction)
%Constants
T=300; % Temperature in Kelvin
k=8.617e-5; % Boltzmann constant (eV/K)
e0=8.85e-14; % permittivity of free space (F/cm)
q=1.602e-19; % charge on an electron (coul)
KS=11.8; % Dielectric constant of Si
ni=1.0e10; % intrinsic carrier conc. in Silicon at 300K
EG=1.12; % Silicon band gap (eV)
%Control constants
xleft = -3.5e-4; % Leftmost x position
xright = -xleft; % Rightmost x position
NA=input ('Please enter p-side doping , NA = ');
ND=input ('Please enter n-:side doping , ND =');
%Computations
Vbi = k*T*log((NA *ND)/ni^2);
xN=sqrt(2*KS*e0/q*NA*Vbi/(ND*(NA+ND))); % Depletion width n-side
xP=sqrt(2*KS*e0/q*ND*Vbi/(NA*(NA+ND))); % Depletion width p-side
x = linspace(xleft, xright, 200);
Vx1 =(Vbi-q*ND.*(xN-x).^2/(2*KS*e0).*(x<=xN) ).*(x>=0);
Vx2=0.5*q*NA.*(xP+x).^2/(KS*e0).*(x>=-xP & x <0);
Vx=Vx1+Vx2; % V as a function of x
VMAX = 3; % Maximum Plot Voltage

EF=Vx(1)+VMAX/2-k*T*log(NA/ni); % Fermi level
%Plot Diagram
close
plot (x, -Vx+EG/2+VMAX/2);
axis ([xleft xright 0 VMAX]);
axis ('off'); hold on
plot (x, -Vx-EG/2+VMAX/2);
plot (x, -Vx+VMAX/2,'w:');
plot ([xleft xright], [EF EF], 'w');
plot ([0 0], [0.15 VMAX-0.5], 'w--');
text(xleft* 1.08,(- Vx(1)+ EG/2 + VMAX/2-.05),'Ec');
text(xright* 1.02,(- Vx(200)+ EG/2 + VMAX/2-.05),'Ec');
text(xleft* 1.08,(- Vx(1)-EG/2+ VMAX/2-.05),'Ev');
text(xright* 1.02,(- Vx(200)-EG/2+ VMAX/2-.05),'Ev');
text(xleft* 1.08,(- Vx(1)+ VMAX/2-.05),'Ei');
text(xright* 1.02, EF-.05,'EF');
set(gca, 'DefaultTextUnits' , 'normalized ')
text(.18, 0,'p-side');
text(.47, 0, 'x=0');
text(.75, 0,'n-side');
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set(gca,'DefaultTextUnits','data')
hold off

PROGRAM OUTPUT:

Please enter p-side doping , NA = 10E14
Please enter n-:side doping , ND =10E17

Ec

Ei

Ec
EF

Ev

p-side x=0 n-side
Ev
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LAB # 5

OBJECT:
Program to construct a plot of a square law relationship (Idsat/Ido versus VG/VP) of FET

EXERCISE:

Construct a matlab program to plot square law relationship (Idsat/Ido vs Vg/Vp) of FET

THEORY:

In phenomenological theory

Idsat/Ido = Vg/Vp-1-2/3(Vbi/Vp-1)[1-((Vbi/Vp-Vg/Vp)/(Vbi/Vp-1))^3/2]
-1-2/3(Vbi/Vp-1)[1-((Vbi/Vp)/(Vbi/Vp-1))^3/2]

If
z = Vbi/vp
x = Vg/Vp

Idast/Ido= x-1-2/3(z-1)[1-((z-x)/(z-1))^3/2]
-1-2/3(z-1)[1-((z)/(z-1))^3/2]

According to the square law relationship;
Idsat/Ido = (1-Vg/Vp)^2

MATLAB CODE:

%computational parameters
z = -0.4; %z=Vbi/Vp
x = linspace(0,1); %x=Vg/Vp
num = x-1-(2/3)*(z-1)*(1-((z-x)./(z-1)).^(1.5));
den = -1-(2/3)*(z-1)*(1-(z./(z-1)).^(1.5));
yP = num./den;
%square law theory
yS = (1-x).^2;
% plotting result
Close
plot(x,yP,x,yS,'--');grid
xlabel('Vg/Vp');
ylabel('Idsat/Ido');
text(0.38,0.4,'square-law')
text(0.8,0.83,'Vbi/Vp=-0.4')
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Program Output:
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LAB#6

OBJECT:

Construct a plot of the depletion width(w) versus the impurity concentration(NA or ND).

EXERCISE:

Construct a MATLAB program to plot depletion width(w) versus the impurity
concentration(NA pr ND) on the lightly doped side of Si p+ -n and n+ -p step junctions
maintained at 3ook.include curves for Va=0.5v,0v,and-10v covering the range
10exp14/cm^3<NA or ND<10exp17/cm^3.

THEORY:

The vbi associated with the p+ -n and n+ -p step junction is computed using the
relationship

Vbi=EG/2+kT/q*ln(ND/ni)

If NA=ND
(NA+ND)/NA*ND=1/NB

Where NB is the doping (NA or ND) on the lightly doped side of the junction.

MATLAB CODR :

%this program calculates and plots the depletion width vs impurity
%constants and prameters
T=300; %temp in kelvin
k=8.617e-5; %boltzman constant(ev/k)
e0=8.85e-14; %permitivity of free space(F/cm)
q=1.602e-19; %charge on an electron(coul)
ks=11.8; %dielectric constant of Si at 300K
ni=1e10; %intrinsic carrier conc. in Si at 300K
eg=1.12; %band gap of Si(ev)
%choose variable values
NB=logspace(14,17); %doping ranges from 1e14 to 1e17
VA=[0.5 0 -10]; %VA values set
%depletion width calculation
Vbi=eg/2+k*T.*log(NB./ni);
w(1,:)=1.0e4*sqrt(2*ks*e0/q.*(Vbi-VA(1))./NB);
w(2,:)=1.0e4*sqrt(2*ks*e0/q.*(Vbi-VA(2))./NB);
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w(3,:)=1.0e4*sqrt(2*ks*e0/q.*(Vbi-VA(3))./NB);
%plot
close
loglog(NB,w,'-'); grid
axis([1.0e14 1.0e17 1.0e-1 1.0e1])
xlabel('NA or ND')
ylabel('width(micrometers)')
set(gca,'defaultTextUnits','normalized')
text(.38,.26,'VA=0.5v')
text(.38,.76,'VA=-10v')
text(.77,.82,'Si,300K')
text(.77,.79,'p+/nandn+/p')
set(gca,'DefaultTextUnits','data')

PROGRAM OUTPUT:

1
10

VA=-10v

width(micro
meters)

Si,300K
p+/nandn+/p

100

VA=0.5v

10
14

10

-1

1015 10
NA or ND

16 1017
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Title of Course: Analog Electronic Circuits Lab
Course Code: EC393
L-T-P scheme: 0-0-3                                                                                      Course Credit: 2

Objectives:
1. Impart understanding of working principles and applications of semiconductor devices in the design

of electronic circuits.
2. Introduce basic applications like rectifiers, amplifiers and other signal conditioning circuits with

emphasis on practical design considerations.
3. To enhance the understanding of the topics in the curriculum, specific activities have been designed

as conceptual and hands on aid.

Learning Outcomes: The students will have a detailed knowledge of the concepts of process and on
successful completion of this course; the students will be able to:
1. Analyze and appreciate the working of electronic circuits involving applications of diodes and
transistors.
2. Comprehend working of amplifiers.
3. Design simple analog circuits using general purpose op-amp IC741.
4. Design combinational digital circuits to meet a given specification using digital ICs
5. Develop simple projects based on the different devices studied in this course.

Course Contents:
Exercises that must be done in this course are listed below:
1. Study of  Diode as clipper & clamper
2. Study of Zener diode as a voltage regulator
3. Study of ripple and regulation characteristics of full wave rectifier without and with capacitor filter
4. Study of characteristics curves of B.J.T
5. Study of characteristics curves of FET.
6. Design a two-stage R-C coupled amplifier & study of it’s gain & Bandwidth.
7. Study of class A power amplifiers.
8. To construct a Class B complementary symmetry power amplifier and observe the waveforms with
cross-over distortion and to compute maximum output power and efficiency
9. Design of a Schmitt Trigger using 555 timer.
10. Study Inverting and Non –inverting Amplifier

Text Book:
1 Kannan Kano(1997), Semiconductor Devices, 1st Edition, Pearson Education.
2 Jacob Millman, Christos C. Halkias (2009), Integrated Eletronics,TMH publications.
3 Boylestad, Louis Nashalsky(2007), Electronic Devices and CircuitTheory, 9th Edition, PHI

Publication.

Recommended   basic lose component Requirements:
1. Resisters , Capacitors ,Transistors ,Inductors ,Bread board and jumper wires
2. Input Output Device Function Generator CRO Probes.
3. Power Supply Proper Requirement.
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EXPERIMENT-1

AIM: Study of Diode as clipper & clamper

APPARATUS REQUIRED:

AC Supply (-12V-0V-12V), PN Diodes-1N4007, Capacitor-470μF, Connecting Wires, Resistor-
10 KΩ, Breadboard, Multimeter

THEORY:

There are a variety of diode networks called clippers that have the ability to “clip” off a portion
of the input signal without distorting the remaining part of the alternating waveform. The half-
wave rectifier is an example of the simplest form of diode clipper—one resistor and diode.
Depending on the orientation of the diode, the positive or negative region of the input signal is
“clipped” off.
There are two general categories of clippers: series and shunt. The series configuration is
defined as one where the diode is in series with the load, while the shunt variety has the diode in
a branch parallel to the load.

The clamping network is one that will “clamp” a signal to a different dc level. The network must
have a capacitor, a diode, and a resistive element, but it can also employ an independent dc
supply to introduce an additional shift. The magnitude of Rand C must be chosen such that the
time constant, τ= RC is large enough to ensure that the voltage across the capacitor does not
discharge significantly during the interval the diode is non-conducting.

CLIPPER’SCIRCUIT DIAGRAM:

Positive Series Clipper

Fig1: Simple positive Series Clipper
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Negative Series Clipper

Fig.2: Simple negative series clipper

Biased Positive Series Clipper

Fig.3: Biased Positive Series Clipper

Biased Negative Series Clipper

Fig.4: Biased Negative Series Clipper
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Positive shunt Clipper

Negative shunt Clipper

Fig. 6: Shunt (parallel) negative clipper

Biased Positive and negative shunt Clipper

Fig. 7: Biased Positive and negative shunt Clipper
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Clamper Circuit Diagrams

Negative Biased Clamping Circuit

(a)

(b)

Fig. 8: Negative Biased Clamping Circuit

Positive Biased Clamping Circuit

(a)

(b)

Fig.9: Positive Biased Clamping Circuit
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EXPERIMENT-2

AIM: Study of Zener diode as a voltage regulator

APPARATUS:
Zener diode – ECZ5V1, Regulated Power Supply (0-15V), Voltmeter, Ammeter,
Resistor(1KΩ), Breadboard, Connecting wires

THEORY:
A zener diode is heavily doped p-n junction diode, specially made to operate in the break down
region. A p-n junction diode normally does not conduct when reverse biased. But if the reverse
bias is increased, at a particular voltage it starts conducting heavily. This voltage is called Break
down Voltage. High current through the diode can permanently damage the device. To avoid
high current, we connect a resistor in series with zener diode. Once the diode starts conducting it
maintains almost constant voltage across the terminals whatever may be the current through it,
i.e., it has very low dynamic resistance. It is used in voltage regulators.

CIRCUIT DIAGRAM:

SUPPLY SIDE:
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PROCEDURE:

SUPPLY SIDE:
1. Connections are made as per the circuit diagram.
2. The Regulated power supply voltage is increased in steps.
3. For different input voltages (Vi) corresponding output voltages (Vo) are observed and then
noted in the tabular form.
4. A graph is plotted between input voltage (Vi) and the output voltage (Vo).

LOAD SIDE:
1. Connection are made as per the circuit diagram
2. The load is placed in full load condition and the output voltage (Vo), load current (IL) are
measured.
3. The above step is repeated by decreasing the value of the load in steps.
4. All the readings are tabulated and a graph is plotted between load current (IL) and the output
voltage (Vo).

OBSERVATIONS:
SUPPLY SIDE:-

S.NO Vi (V) Vo (V)
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LOAD SIDE:-
S.NO IL (V) Vo(V)

MODEL GRAPH:

SUPPLY SIDE:

LOAD SIDE:

RESULT: Regulator characteristics of zener diode are obtained and graphs are plotted for
load and supply side.

EXPERIMENT-3
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AIM: Study of ripple and regulation characteristics of full wave rectifier without and with
capacitor filter

APPARATUS:
AC Supply (12V-0-12V), PN Diodes 1N4007, Capacitor 470μF, Connecting Wires, Variable
resistor (0-10) KΩ, Breadboard, Multimeter

THEORY:

The circuit of a center-tapped full wave rectifier uses two diodes D1&D2. During positive half
cycle of secondary voltage (input voltage), the diode D1 is forward biased andD2is reverse
biased. The diode D1 conducts and current flows through load resistor RL. During negative half
cycle, diode D2 becomes forward biased and D1 reverse biased. Now,D2 conducts and current
flows through the load resistor RL in the same direction. There is a continuous current flow
through the load resistor RL, during both the half cycles and will get unidirectional current as
show in the model graph. The difference between full wave and half wave rectification is that a
full wave rectifier allows unidirectional (one way) current to the load during the entire 360
degrees of the input signal and half-wave rectifier allows this only during one half cycle (180
degree).

CIRCUIT DIAGRAM:

WITHOUT FILTER



UNIVERSITY OF ENGINEERING AND MANAGEMENT, JAIPUR
Lab Manual

WITH FILTER

PROCEDURE:

1. Connections are made as per the circuit diagram.
2. Connect the ac mains to the primary side of the transformer and the secondary side to the
rectifier.
3. Measure the ac voltage at the input side of the rectifier.
4. Measure both ac and dc voltages at the output side the rectifier.
5. Find the theoretical value of the dc voltage by using the formula Vdc=2Vm/π
6. Connect the filter capacitor across the load resistor and measure the values of Vac and
Vdc at the output.
7. The theoretical values of Ripple factors with and without capacitor are calculated.
8. From the values of Vac and Vdc practical values of Ripple factors are calculated. The practical
values are compared with theoretical values.

OBSERVATIONS:

WITHOUT FILTER:

RL(Ohms) Vac(Volts) Vdc(Volts) Ripple Factor

= Vac/ Vdc

% Regulation

(VNL-VFL)/VFL *100
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WITH FILTER:

RL (Ohms) Vac (Volts) Vdc(Volts) Ripple Factor

= Vac/ Vdc

% Regulation

(VNL-VFL)/VFL *100

MODEL GRAPHS:

FULLWAVE RECTIFIER (WITH & WITHOUT FILTER):

RESULT: The ripple factor of the Full-wave rectifier (with filter and without filter) is
calculated.
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EXPERIMENT-4

AIM: Study of characteristics curves of B.J.T

APPARATUS:

NPN-Transistor (BC107), Regulated Power Supply (0-15V), Voltmeters (0-20V), Ammeters (0-
200μA), (0-200mA), Resistors 1KΩ, Breadboard, Connecting wires, BJT

THEORY:

A transistor is a three terminal device. The terminals are emitter, base, collector. In common
emitter configuration, input voltage is applied between base and emitter terminals and output is
taken across the collector and emitter terminals. Therefore, the emitter terminal is common to
both input and output.

The input characteristics resemble that of a forward biased diode curve. This is expected since
the Base-Emitter junction of the transistor is forward biased. As compared to CB arrangement IB

increases less rapidly with VBE. Therefore input resistance of CE circuit is higher than that of
CB circuit.

The output characteristics are drawn between Ic and VCE at constant IB. the collect or current
varies with VCE unto few volts only. After this the collector current becomes almost constant,
and independent of VCE. The value of VCE up to which the collector current changes with VCE is
known as Knee voltage. The transistor always operated in the region above Knee voltage, IC is
always constant and is approximately equal to IB.

The current amplification factor of CE configuration is given by

β = ΔIC/ΔIB

CIRCUIT DIAGRAM
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PROCEDURE:

INPUT CHARECTERSTICS:

1. Connect the circuit as per the circuit diagram.
2. For plotting the input characteristics the output voltage VCE is kept constant at 1Vand for
different values of VBE. Note down the values of IC

3. Repeat the above step by keeping VCE at 2V and 4V.
4. Tabulate all the readings.
5. Plot the graph between VBE and IB for constant VCE

OUTPUT CHARACTERSTICS:

1. Connect the circuit as per the circuit diagram.
2. For plotting the output characteristics the input current IB is kept constant at 10μAand for
different values of VCE note down the values of IC

3. Repeat the above step by keeping IB at 75 μA, 100 μA
4. Tabulate the all the readings
5. Plot the graph between VCE and IC for constant IB.

OBSERVATIONS:

INPUT CHARACTERISTICS:

S.NO VCE = 1V VCE = 2V VCE = 4V

VBE(V) IB(μA) VBE(V) IB(μA) VBE(V) IB(μA)
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OUTPUT CHARACTERISTICS:

IB = 50 μA IB = 75 μA IB = 100 μA

S.NO VCE(V) IC(mA) VCE(V) IC(mA) VCE(V) IC(mA)

MODEL GRAPHS:

INPUT CHARACTERSTICS:
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OUTPUT CHARECTERSTICS:
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EXPERIMENT-5

AIM:Study of characteristics curves of FET.

THEORY:

A FET is a three terminal device, having the characteristics of high input impedanceand less
noise, the Gate to Source junction of the FET s always reverse biased. In response tosmall
applied voltage from drain to source, the n-type bar acts as sample resistor, and thedrain current
increases linearly with VDS. With increase in ID the ohmic voltage drop betweenthe source and
the channel region reverse biases the junction and the conducting position ofthe channel begins
to remain constant. The VDS at this instant is called “pinch of voltage”.If the gate to source
voltage (VGS) is applied in the direction to provide additionalreverse bias, the pinch off voltage
ill is decreased. In amplifier application, the FET is alwaysused in the region beyond the pinch-
off.

= −
CIRCUIT DIAGRAM:

PROCEDURE:

1. All the connections are made as per the circuit diagram.
2. To plot the drain characteristics, keep VGS constant at 0V.
3. Vary the VDD and observe the values of VDS and ID.
4. Repeat the above steps 2, 3 for different values of VGS at 0.1V and 0.2V.
5. All the readings are tabulated.
6. To plot the transfer characteristics, keep VDS constant at 1V.
7. Vary VGG and observe the values of VGS and ID.
8. Repeat steps 6 and 7 for different values of VDS at 1.5 V and 2V.
9. The readings are tabulated.
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OBSERVATIONS:

DRAIN CHARACTERISTICS:

VGS=0V VGS=-1V VGS=-2V

S.NO VDS(V) ID(mA) VDS(V) ID(mA) VDS(V) ID(mA)

TRANSFER CHARACTERISTICS

VDS =0.5V VDS=1V VDS =1.5V

S.NO VGS (V) ID(mA) VGS (V) ID(mA) VGS (V) ID(mA)
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MODEL GRAPH:

DRAIN CHARACTERISTICS:

TRANSFER CHARACTERISTICS:
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EXPERIMENT-6

AIM: Design a Two-stage R-C coupled amplifier & study of its gain & Bandwidth

APPARATUS:

Transistors-BC107(2Nos),Resistors-3.3K(2Nos),33k(2Nos),330Ω(2Nos),1k(2Nos)
Capacitors-100uF(3Nos),10uF(2Nos), Bread Board, Regulated power supply, CRO

THEORY:

This is most popular type of coupling as it provides excellent audio fidelity. A coupling
capacitor is used to connect output of first stage to input of second stage. Resistances R1, R2, Re
form biasing and stabilization network. Emitter bypass capacitor offers low reactance paths to
signal coupling Capacitor transmits ac signal, blocks DC. Cascade stages amplify signal and
overall gain is increased total gain is less than product of gains of individual stages. Thus for
more gain coupling is done and overall gain of two stages equals to A=A1*A2

A1=voltage gain of first stage
A2=voltage gain of second stage.

When ac signal is applied to the base of the transistor, its amplified output appears across the
collector resistor Rc. It is given to the second stage for further amplification and signal appears
with more strength. Frequency response curve is obtained by plotting a graph between
frequency and gain in dB .The gain is constant in mid frequency range and gain decreases on
both sides of the mid frequency range. The gain decreases in the low frequency range due to
coupling capacitor Cc and at high frequencies due to junction capacitance Cbe.

CIRCUIT DIAGRAM
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PROCEDURE:

1. Apply input by using function generator to the circuit.
2. Observe the output waveform on CRO.
3. Measure the voltage at

a. Output of first stage
b. Output of second stage.

4. From the readings calculate voltage gain of first stage, second stage and overall gain of
two stages. Disconnect second stage and then measure output voltage of first stage. Calculate
voltage gain.
5. Compare it with voltage gain obtained when second stage was connected.
6. Note down various values of gain for different frequencies.
7. A graph is plotted between frequency and voltage gain.

OBSERVATIONS:-

S.No. I/P  Voltage (Vi) APPLIED

FREQUENCY

O/P Voltage (Vo) Voltage GAIN

in dB (20 log10Vo/Vi)

MODELGRAPH:-

INPUT WAVEFORM:
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FIRST STAGE OUTPUT:

SECOND STAGE OUTPUT:

FREQUENCY RESPONSE:

PRECAUTIONS:

(1) All connections should be tight.
(2) Transistor terminals must be identifying properly.
(3) Reading should be taken without any parallax error.

RESULT:
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EXPERIMENT-7

AIM:Study the operation of class A power amplifier.

APPARATUS:
Transistors- SL100, BC558 1, K100, Resistor- 47kΩ,33Ω,220Ω, Capacitors- 47 μF, Signal
Generator-(0-3)MHz, CRO, Regulated power supply (0-30)V , Bread Board, Diodes IN 4007

THEORY:

The power amplifier is said to be Class A amplifier if the Q point and the input signal are
selected such that the output signal is obtained for a full input signal cycle. For all values of
input signal, the transistor remains in the active region and never enters into cut-off or saturation
region. When an a.c signal is applied, the collector voltage varies sinusoidaly hence the collector
current also varies sinusoidaly. The collector current flows for 3600 (full cycle) of the input
signal, i.e., the angle of the collector current flow is3600.

CIRCUIT DIAGRAM

PROCEDURE:

1. Connect the circuit as per the circuit diagram.
2. Set Vi =50 mv, using the signal generator.
3. Keeping the input voltage constant, vary the frequency from 10 Hz to 1M Hz in regular
steps and note down the corresponding output voltage.
4. Plot the graph; Gain (dB) vs Frequency(Hz).

FORMULA

Maximum power transfer =Pomax =(Vo)/ RL

Efficiency, η= Pomax/ Pc
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TABLES:
Keep the input voltage constant, Vin =

Frequency (in Hz) Output Voltage (in volts) Gain= 20 log(Vo/Vin) (in dB)

RESULT:
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EXPERIMENT-8

AIM: To construct a Class B complementary symmetry power amplifier and observe the
waveforms with cross-over distortion and to compute maximum output power and efficiency.

APPARATUS:
Transistors- SL100, BC558 1, K100, Resistor- 47kΩ, 33Ω, 220Ω, Capacitors- 47μF, Signal
Generator-(0-3)MHz, CRO, Regulated power supply (0-30)V , Bread Board, Diodes IN 4007

THEORY:

A power amplifier is said to be Class B amplifier if the Q-point and the input signal are selected
such that the output signal is obtained only for one half cycle for a full input cycle. The Q-point
is selected on the X-axis. Hence, the transistor remains in the active region only for the positive
half of the input signal.
There are two types of Class B power amplifiers: Push Pull amplifier and complementary
symmetry amplifier. In the complementary symmetry amplifier, one n-p-n and another p-n-
transistor is used. The matched pair of transistor is used in the common collector configuration.
In the positive half cycle of the input signal, the n-p-n transistor is driven into active region and
starts conducting and in negative half cycle, the p-n-p transistor is driven into conduction.
However there is a period between the crossing of the half cycles of the input signals, for which
none of the transistor is active and output, is zero

Circuit Diagram:
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OBSERVATIONS:

Output Signal:

Amplitude:
Time Period:

CALCULATIONS

Input Power, Pin=2VCCIm/π=

Output Power, Po=VmIm/2=

Efficiency, = ∗ 100=
WAVEFORMS

Input signal

Output signal

RESULT:
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EXPERIMENT-9

AIM:Design of a Schmitt Trigger using 555 timer

Apparatus:Digital trainer kit -01, Regulated power supply -1, Function generator -1, CRO -1,
IC 555(timer) -1, Resistors 1KΩ -2 No. 9.1KΩ -1,Capacitor 0.01μF -1.

THEORY:

Apart from the timing functions, the two comparators of the 555 timer can be used
independently for other applications. One example is a Schmitt Trigger shown here. The two
comparator inputs (pin 2 & 6) are tied together and biased at 1/2 Vcc through a voltage divider
R1 and R2.Since the threshold comparator wil trip at 2/3 Vcc and the trigger comparator will
trip at 1/3Vcc,the bias provided by the resistors R1 & R2 are centered within the comparators
trip limits.

By modifying the input time constant on the circuit, reducing the value of input capacitor (C1)
to 0.001 uF so that the input pulse get differentiated, the arrangement can also be used either as
a bistable device or to invert pulse wave forms. In the later case, the fast time combination of C1
with R1 & R2 causes only the edges of the input pulse or rectangular waveform to be passed.
These pulses set and reset the flip-flop and a high level inverted output is the result.

Circuit Diagram:
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PROCEDURE:

Waveforms:

RESULT: A Schmitt trigger circuit using IC 555 and verified the output waveform
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EXPERIMENT-10
AIM:To study the following linear applications of op-amp

1. Inverting amplifier
2. Non – inverting amplifier

APPARATUS REQUIRED:

1. Op – Amp IC741
2. Dual Power Supply15V,
3. Resistors
4. Capacitors
5. Function Generator
6. Cathode Ray Oscilloscope
7. Multimeter
8. Breadboard and Connecting Wires

THEORY:
Inverting Amplifier:

This is the most widely used of all the Op-amp circuits. The output V0 is fed back to the
inverting input through the Rf – Rin network as shown in figure where Rf is the feedback
resistor. The input signal Vi is applied to the inverting input terminal through Rin and non-
inverting input terminal of Op-amp is grounded. The output V0 is given by

V0 = Vi(-Rf / Rin)

Where, the gain of amplifier is - Rf / Rin

The negative sign indicates a phase-shift of 180 degrees between Viand V0. The effective
input impedance is Ri. An inverting amplifier uses negative feedback to invert and amplify
a voltage. The Rin, Rf resistor network allows some of the output signal to be returned to the
input. Since the output is 180° out of phase, this amount is effectively subtracted from the
input, thereby reducing the input into the operational amplifier. This reduces the overall
gain of the amplifier and is dubbed negative feedback.

CIRCUIT DIAGRAM:



UNIVERSITY OF ENGINEERING & MANAGEMENT, JAIPUR
Lab Manual

TABULATION: Vi=---------------
Rin =---------------

S.No Rf Observed V0 Calculated V0

V0 = Vi(-Rf / Rin)

MODEL GRAPH:

Non – inverting amplifier

The circuit diagram of non – inverting amplifer is shown in figure. Here, the signal is applied to
the non – inverting input terminal and feedback is given to inverting terminal. The circuit
amplifiers the input signal without inverting it. The output Vout is given by

V = (1 + RR )V
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CIRCUIT DIAGRAM:

TABULATION:

Vi=--------------

Rin=---------------

S.No Rf Observed V0 Calculated V0

V0 = Vi(-Rf / Rin)



UNIVERSITY OF ENGINEERING & MANAGEMENT, JAIPUR
Lab Manual

MODEL GRAPH:

PROCEDURE:

Inverting & Non – inverting amplifier

1. Make connections as given in fig 1 & fig 2 for inverting and non inverting amplifiers
respectively.

2. Give sine wave input of Vivolts using AFO with the frequency of 1KHZ.
3. The output voltage V0 observed on a CRO. A dual channel CRO to be used to see Vi &

Vo.

4. Vary Rf and measure the corresponding V0 and observe the phase of V0 with respect to
V0.

5. Tabulate the readings and verify with theoretical values.

RESULT:

The linear applications of 741 op amp were studied experimental
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Title of Course: Numerical Methods Lab
Course Code: M(CS)391
L-T-P scheme: 0-0-3                                                                                      Course Credit: 2

Objectives:
 To give an overview of what can be done
 To give insight into how it can be done
 To give the confidence to tackle numerical solutions

An understanding of how a method works aids in choosing a method. It can also provide an
indication of what can and will go wrong, and of the accuracy which may be obtained.

 To gain insight into the underlying physics
"The aim of this course is to introduce numerical techniques that can be used on computers, rather
than to provide a detailed treatment of accuracy or stability"
Learning Outcomes:
On completion of this course, the student will be able to:

1. Demonstrate skills in using computer programming tools for engineering calculations;
2. Demonstrate ability to construct simple computer algorithms using a programming tool;
3. Apply simple numerical methods to solve mathematical problems with relevance to civil

engineering;
4. Appreciate the limitations and the applicability of the numerical methods;
5. Apply computer-based numerical methods for the solution of engineering problems.

Course Contents:
Exercises that must be done in this course are listed below:

1. Assignments on Newton forward /backward, Lagrange’ s interpolation.
2. Assignments on numerical integration using Trapezoidal rule, Simpson’ s 1/3 rule.
3. Assignments on numerical solution  of a system of linear equations using Gauss elimination

and Gauss-Seidel iterations.
4. Assignments on  numerical solution of Algebraic Equation by Regular-falsi and Newton

Raphson methods.
5. Assignments on ordinary differential equation: Euler’ s and Runga-Kutta  methods.

Text Book:
 Introductory method of numerical analysis, Sastry S.S
 Computer Programming in fortran 77, Rajaraman V
 Numerical methods: for scientific and engineering computation,Mahinder Kumar Jain

.
Recommended Systems/Software Requirements:
1. Intel based desktop PC with minimum of 166 MHZ or faster processor with at least 64 MB RAM

and 100 MB free disk space.
2. Turbo C or TC3 complier in Windows XP or Linux Operating System.

Experiment No: 1(a) Newton forward interpolation
Aim: Write a C program to implement the Newton forward interpolation.
Description:
Interpolation is the process of finding the values of y corresponding to the any value of x between x0
and xn for the given values of y=f(x) for a set of values of x. Out of the many techniques of
interpolation, Newton’s Forward and Backward Interpolation are two very widely used formulas. In
this tutorial, we’re going to discuss a C program for Newton Forward Interpolation along with its
sample output.
Both of Newton’s formulas are based on finite difference calculus. These formulas are very often
used in engineering and related science fields. Before going through the source code for Newton
Forward Interpolation, let’s go through the forward interpolation formula and the variables used in
the C program.
Newton’s forward interpolation formula contains y0 and the forward differences of y0. This formula
is used for interpolating the values of y near the beginning of a set of tabulated values and
extrapolation the values of y a little backward (i.e. to the left) of y0. The formula is given below:



Compared to forward interpolation, the backward interpolation formula contains yn and the
backward differences of yn. This formula is used for interpolating the values of y near the end of a
set of tabulated values and also for extrapolating the values of y a little ahead (i.e. to the right) of yn.
Algorithm:

1. Function NFI ()
2. Read n, x
3. For I = 1 to n by 1 do
4. Read x[i], y[i]
5. End for
6. If ((x < x[i] or (x > x[n]))
7. Print “Value lies out of boundary”
8. Exit
9. End if
10. //Calculating p
11. p = (x – x [1]) / (x [2]-x [1])
12. // Forward diff table
13. For j = 1 to (n-1) by 1 do
14. For i =1 to (n - j) by 1 do
15. If (j=1) Then
16. d[i][j] = y [i+1] – y[i]
17. Else
18. d[i][j] = d[i+1][j-1] – d[i][j-1]
19. End if
20. End For
21. End For
22. // Applying Formula
23. Sum =y [1]
24. For I = 1 to (n-1) by 1 do
25. Prod = 1
26. For j =0 to (i-1) by 1 do
27. Prod = prod * (p-j)
28. End for
29. m = fact(i)
30. Sum = sum + (d[1][i] * prod) / m
31. End For
32. Print “Ans is”, Sum
33. End Function

/* Program to implement Newton’s forward interpolation*/
1
2
3
4
5
6
7
8
9
10

#include<stdio.h>
#include<conio.h>
#include<math.h>
#include<stdlib.h>
main()
{

float x[20],y[20],f,s,h,d,p;
int j,i,n;
printf("enter the value of n :");
scanf("%d",&n);
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11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

printf("enter the elements of x:");
for(i=1;i<=n;i++)
{

scanf("%f",&x[i]);
}

printf("enter the elements of y:");
for(i=1;i<=n;i++)
{

scanf("%f",&y[i]);
}

h=x[2]-x[1];
printf("Enter the value of f:");
scanf("%f",&f);

s=(f-x[1])/h;
p=1;
d=y[1];
for(i=1;i<=(n-1);i++)
{

for(j=1;j<=(n-i);j++)
{

y[j]=y[j+1]-y[j];

}
p=p*(s-i+1)/i;
d=d+p*y[1];

}
printf("For the value of x=%6.5f THe value is %6.5f",f,d);
getch();

}

OUTPUT:
how many record you will be enter: 5
enter the value of x0: 2.5
enter the value of f(x0): 9.75
enter the value of x1: 3
enter the value of f(x1): 12.45
enter the value of x2: 3.5
enter the value of f(x2): 15.70
enter the value of x3: 4
enter the value of f(x3): 19.52
enter the value of x4: 4.5
enter the value of f(x4): 23.75
Enter X for finding f(x): 4.25

u = -0.500
f(4.25) = 21.583750

Experiment No: 1(b) Newton backward interpolation
Aim: Write a C program to implement Newton backward interpolation.
Algorithm:

1. Function NBI ()
2. Read n, x
3. For I = 1 to n by 1 do
4. Read x[i], y[i]
5. End for
6. If ((x < x[i] or (x > x[n]))
7. Print “Value lies out of boundary”



8. Exit
9. End if
10. //Calculating p
11. p = (x – x [1]) / (x [2]-x [1])
12. // Forward diff table
13. For j = 1 to (n-1) by 1 do
14. For i =1 to (n - j) by 1 do
15. If (j=1) Then
16. d[i][j] = y [i+1] – y[i]
17. Else
18. d[i][j] = d[i+1][j-1] – d[i][j-1]
19. End if
20. End For
21. End For
22. // Applying Formula
23. Sum =y [n]
24. For I = 1 to (n-1) by 1 do
25. Prod = 1
26. For j =0 to (i-1) by 1 do
27. Prod = prod * (p+j)
28. End for
29. m = fact(i)
30. Sum = sum + (d[n-1][i] * prod) / m
31. End For
32. Print “Ans is”, Sum
33. End Function

/* Program to implement Newton’s forward interpolation */
#include<stdio.h>
#include<conio.h>
#include<math.h>
#include<stdlib.h>
main()
{

float x[20],y[20],f,s,d,h,p;
int j,i,k,n;
printf(“enter the value of the elements :”);
scanf(“%d”,&n);
printf(“enter the value of x: \n\n”);
for(i=1;i<=n;i++)
{

scanf(“%f”,&x[i]);
}

printf(“enter the value of y: \n\n”);
for(i=1;i<=n;i++)
{

scanf(“%f”,&y[i]);
}
h=x[2]-x[1];

printf(“enter the searching point f:”);
scanf(“%f”,&f);
s=(f-x[n])/h;
d=y[n];
p=1;
for(i=n,k=1;i>=1,k<n;i–,k++)
{

for(j=n;j>=1;j–)
{
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y[j]=y[j]-y[j-1];
}
p=p*(s+k-1)/k;
d=d+p*y[n];

}
printf(“for f=%f ,ans is=%f”,f,d);
getch();
}
OUT PUT:

how many record you will be enter: 5
enter the value of x0: 2.5
enter the value of f(x0): 9.75
enter the value of x1: 3
enter the value of f(x1): 12.45
enter the value of x2: 3.5
enter the value of f(x2): 15.70
enter the value of x3: 4
enter the value of f(x3): 19.52
enter the value of x4: 4.5
enter the value of f(x4): 23.75
Enter X for finding f(x): 4.25

_____________________________________________________

x(i)     y(i)     y1(i)    y2(i)    y3(i)    y4(i)
_____________________________________________________

2.500    9.750

3.000    12.450    2.700

3.500    15.700    3.250    0.550

4.000    19.520    3.820    0.570    0.020

4.500    23.750    4.230    0.410 -0.160 -0.180
u = -0.500
f(4.25) = 21.583750 -

Experiment No: 1(c) Lagrange’ s interpolation
Aim: Write a C program to implement Lagrange’ s interpolation.

Algorithm:
1. Input number of Observation n
2. For i = 1 to n
3. Input Xi
4. Input Yi
5. Next i
6. Input xp at which yp to be computed
7. Initialize yp = 0
8. For i = 1 to n
9. t = 1
10. For j = 1 to n
11. If j ≠ i
12. t = t * (xp - Xj)/(Xi - Xj)
13. End If



14. Next j
15. yp = yp + t * Yi
16. Next i
17. Print yp as output
18. Stop

/* Program to implement Lagrange’ s interpolation */
#include<stdio.h>
#include<conio.h>
#include<math.h>
int main()
{

float x[10],y[10],temp=1,f[10],sum,p;
int i,n,j,k=0,c;

printf("\nhow many record you will be enter: ");
scanf("%d",&n);
for(i=0; i<n; i++)
{
printf("\n\nenter the value of x%d: ",i);
scanf("%f",&x[i]);
printf("\n\nenter the value of f(x%d): ",i);
scanf("%f",&y[i]);

}
printf("\n\nEnter X for finding f(x): ");
scanf("%f",&p);

for(i=0;i<n;i++)
{

temp = 1;
k = i;
for(j=0;j<n;j++)
{

if(k==j)
{

continue;
}
else
{

temp = temp * ((p-x[j])/(x[k]-x[j]));
}

}
f[i]=y[i]*temp;

}

for(i=0;i<n;i++)
{

sum = sum + f[i];
}
printf("\n\n f(%.1f) = %f ",p,sum);
getch();

}

OUTPUT :
enter the value of n 4
enter the value to be found 2.5
enter the values for xi’s & fi’s
1 1
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2 8
3 27
4 64
X = 2.500000
sum = 15.625000

Experiment No: 2. Trapezoidal rule
Aim: Write a C program to implement Trapezoidal rule.
Description:
A number of definite integrals need to be solved in applied mathematics, physics and engineering.
The manual analytical solution of definite integrals is quite cumbersome and time consuming. So, in
this post I have presented source code in C program for Trapezoidal method as one of the computer-
programming-based solutions of definite integrals. The techniques of numerical methods are used to
solve this equation; it involves a number of calculations and efforts have been made to minimize
error in the program.
The trapezium or trapezoidal rule can be used as a way of estimating the area under a curve because
the area under a curve is given by integration. So, the trapezoidal rule gives a method of estimating
integrals. This is useful when you come across integrals that you don’t know how to evaluate. So,
the program for trapezoidal method in C given here is applicable to calculate finite integral or area
under a curve.
h=(xn– x0)/n
After that, the C source code for trapezoidal method uses the following formula to calculate the
value of definite integral:

Algorithm:
1. Read x1, x2, e {x1 and x2 are the two end points of the internal the allowed error in integral

is e}
2. h = x2 - x1
3. SI = (f(x1) + f(x2))/2;
4. I = h - si
5. i = 1 Repeat
6. x = x1 + h/2
7. for J= 1 to I do
8. SI = SI + f(x)
9. x = x + h
10. End for
11. i = 21
12. h = h/2 {Note that the internal has been halved above and the number of points where the

function has to be computed is doubled}
13. i0 = i1
14. i1 = h.si. until / I1 - i0 / <= c./i1/
15. Write I1, h, i
16. Stop.

/* Program to to implement Trapezoidal rule */
#include<stdio.h>
#include<math.h>
main()
{
float h, a, b, n, x[20], y[20], sum = 0, integral;
int i;
clrscr();
printf("enter the value of a, b, n:");



scanf("%f %f %f", &a, &b, &n);
printf("enter the values of x:");
for(i = 0; i <= (n-1); i++)
{
scanf("%f", &x[i]);

}
printf("\n enter the values of y:");
for(i = 0; i <= (n-1); i++)
{
scanf("%f", &y[i]);

}
h = (b-a)/n;
x[0] = a;
for(i = 1; i <= n-1; i++)
{
x[i] = x[i-1] + h;
sum = sum + 2 * y[i];

}
sum = sum + y[b];
integral = sum * (h/2);
printf("approximate integral value is: %f", integral);
getch();

}
OUTPUT :
enter the values of a, b, n
123
enter the values of x:
123
enter the values of y:
123
approximate integral value is 2.166667

Experiment No:2(a) Simpson’ s 1/3 rule
AIM: Write a C Program to implement Simpson’ s 1/3 rule.

Description:
n the source code below, a function f(x) = 1/(1+x) has been defined. The calculation using Simpson
1/3 rule in C is based on the fact that the small portion between any two points is a parabola. The
program follows the following steps for calculation of the integral.

 As the program gets executed, first of all it asks for the value of lower boundary value of x
i.e. x0, upper boundary value of x i.e. xn and width of the strip, h.

 Then the program finds the value of number of strip as n=( xn – x0 )/h and checks whether it
is even or odd. If the value of ‘n’ is odd, the program refines the value of ‘h’ so that the
value of ‘n’ comes to be even.

 After that, this C program calculates value of f(x) i.e ‘y’ at different intermediate values of
‘x’ and displays values of all intermediate values of ‘y’.

 After the calculation of values of ‘c’, the program uses the following formula to calculate the
value of integral in loop.
Integral = *((y0 + yn ) +4(y1 + y3 + ……….+ yn-1 ) + 2(y2 + y4 +……….+ yn-2 ))

 Finally, it prints the values of integral which is stored as ‘ans’ in the program.
If f(x) represents the length, the value of integral will be area, and if f(x) is area, the output of
Simpson 1/3 rule C program will be volume. Hence, numerical integration can be carried out using
the program below; it is very easy to use, simple to understand, and gives reliable and accurate
results.
f(x) = 1/(1+x)
.
Algorithm:

1. Read x1, x2, e
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2. h = (x2 - x1)/2
3. i = 2
4. si = f(x1) + f(x2)
5. s2 = 0
6. s4 = f(x1 + h)
7. I0 = 0
8. In = (s + 4s4).(h/3)
9. Repeat
10. s2 = s2 + s4 { s2 stores already computed functional value and s4 the value computed in the

new nitration }
11. s4 = 0
12. x = x1 + h/2
13. for j = 1 to I do
14. s4 = s4 + f(x)
15. x = x + h
16. h = h/2
17. i = 2i
18. io = in
19. in = (s1 + 2s2 + 4s4) . (h/3)
20. until |In-Io|≤e. /in
21. Write In, h, i
22. STOP

/* Program to to implement Simpson’ s 1/3 rule. */
#include<stdio.h>
#include<conio.h>
#include<math.h>
main()
{
float h, a, b, n, x[20], y[20], sum = 0, itgl;
int i;
clrscr();
printf("enter the values of a, b, n");
scanf("%f%f%f", &a, &b, &n);
printf("enter the values of x");
for(i = 0; i <= n; i++)
{
scanf("%f", &x[i]);

}
printf("\n enter the values of y");
for(i = 0; i <= n; i++)
{
scanf("%f", &y[i]);

}
h = (b - a)/n;
a = x[0];
b = x[n];
for(i = 0; i <= (n-2); i++)
{
x[i] = x[i] + h;
if(i % 2 == 0)
{
sum = sum + 4 * y[i];

}
else
{
sum = sum + 2 * y[i];



}
}
itgl = sum * (h/3);
printf("integral value%f", itgl);
getch();

}

OUTPUT :
enter the values of a, b, n
123
enter the value of x
4567
enter the values of y
8912
integral value is 5.555556

Experiment No: 3(a) Gauss elimination.

AIM: Write a C Program to implement Gauss elimination method.

Description:
let us first consider the following three equations:

a1x + b1y + c1z = d1
a2x + b2y + c2z = d2
a3x + b3y + c3z = d3

Assuming a1 ≠ 0, x is eliminated from the second equation by subtracting (a2/ a1) times the first
equation from the second equation. In the same way, the C code presented here eliminates x from
third equation by subtracting (a3/a1) times the first equation from the third equation.

Then we get the new equations as:

a1x + b1y + c1z = d1
b’2y + c’2z = d’2
c’’3z = d’’3

The elimination procedure is continued until only one unknown remains in the last equation. After
its value is determined, the procedure is stopped. Now, Gauss Elimination in C uses back
substitution to get the values of x, y and z as:

z=  d’’3 / c’’3
y=(d’2 – c’2z) / b’2
x=( d1- c1z- b1y)/ a1.
Algorithm:

1. Start

2. Declare the variables and read the order of the matrix n.

3. Take the coefficients of the linear equation as:

Do for k=1 to n

Do for j=1 to n+1

Read a[k][j]

End for j

End for k
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4. Do for k=1 to n-1

Do for i=k+1 to n

Do for j=k+1 to n+1

a[i][j] = a[i][j] – a[i][k] /a[k][k] * a[k][j]

End for j

End for i

End for k

5. Compute x[n] = a[n][n+1]/a[n][n]

6. Do for k=n-1 to 1

sum = 0

Do for j=k+1 to n

sum = sum + a[k][j] * x[j]

End for j

x[k] = 1/a[k][k] * (a[k][n+1] – sum)

End for k

7. Display the result x[k]

8. Stop

/* Program to to implement Gauss elimination method */
#include<stdio.h>
int main()
{

int i,j,k,n;
float A[20][20],c,x[10],sum=0.0;
printf("\nEnter the order of matrix: ");
scanf("%d",&n);
printf("\nEnter the elements of augmented matrix row-wise:\n\n");
for(i=1; i<=n; i++)
{

for(j=1; j<=(n+1); j++)
{

printf("A[%d][%d] : ", i,j);
scanf("%f",&A[i][j]);

}
}
for(j=1; j<=n; j++) /* loop for the generation of upper triangular matrix*/
{

for(i=1; i<=n; i++)
{

if(i>j)
{

c=A[i][j]/A[j][j];
for(k=1; k<=n+1; k++)
{

A[i][k]=A[i][k]-c*A[j][k];
}

}
}

}
x[n]=A[n][n+1]/A[n][n];



/* this loop is for backward substitution*/
for(i=n-1; i>=1; i--)
{

sum=0;
for(j=i+1; j<=n; j++)
{

sum=sum+A[i][j]*x[j];
}
x[i]=(A[i][n+1]-sum)/A[i][i];

}
printf("\nThe solution is: \n");
for(i=1; i<=n; i++)
{

printf("\nx%d=%f\t",i,x[i]); /* x1, x2, x3 are the required solutions*/
}
return(0);

OUTPUT :
No of Equtions : 3
Enter Coefficients of Eqution
4 3 -2
1 1 1
3 -2 1
Enter Constant value
5 3 2
Eliminated matrix as :-
4.00 3.00 -2.00 5.00
0.00 0.25 1.50 1.75
0.00 0.00 28.00 28.00
Solution :
X3 = 1.00
X2 = 1.00
X1 = 1.00

Experiment No:3(b) Gauss-Seidel iterations.
AIM: Write a C Program to implement Gauss-Seidel iterations method.

Description:
The program for Gauss-Seidel method in C works by following the steps listed below:

When the program is executed, first of all it asks for the value of elements of the augmented matrix
row wise.
Then, the program asks for allowed error and maximum number of iteration to which the
calculations are to be done. The number of iterations required depends upon the degree of accuracy.
The program assumes initial  or approximate solution as  y=0 and z=0 and new value of x which is
used to calculate new values of y and z using the following expressions:
x= 1/a1 ( d1-b1y-c1z)
y=1/b2 ( d2-a2x-c2z)
z=1/c3 ( d3-a3x-b3y)

Algorithm:

1. Start

2. Declare the variables and read the order of the matrix n

3. Read the stopping criteria er
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4. Read the coefficients aim as

Do for i=1 to n

Do for j=1 to n

Read a[i][j]

Repeat for j

Repeat for i

5. Read the coefficients b[i] for i=1 to n

6. Initialize x0[i] = 0 for i=1 to n

7. Set key=0

8. For i=1 to n

Set sum = b[i]

For j=1 to n

If (j not equal to i)

Set sum = sum – a[i][j] * x0[j]

Repeat j

x[i] = sum/a[i][i]

If absolute value of ((x[i] – x0[i]) / x[i]) > er, then

Set key = 1

Set x0[i] = x[i]

Repeat i

9. If key = 1, then

Goto step 6

Otherwise print results

.

/* Program to implement Gauss-Seidel iterations method. */
#include<stdio.h>
#include<math.h>
#define X 2
main()
{

float x[X][X+1],a[X], ae, max,t,s,e;
int i,j,r,mxit;
for(i=0;i<X;i++) a[i]=0;
puts(" Eneter the elemrnts of augmented matrix rowwise\n");
for(i=0;i<X;i++)
{
for(j=0;j<X+1;j++)
{
scanf("%f",&x[i][j]);
}
}
printf(" Eneter the allowed error and maximum number of iteration: ");
scanf("%f%d",&ae,&mxit);
printf("Iteration\tx[1]\tx[2]\n");
for(r=1;r<=mxit;r++)
{



max=0;
for(i=0;i<X;i++)
{

s=0;
for(j=0;j<X;j++)
if(j!=i) s+=x[i][j]*a[j];
t=(x[i][X]-s)/x[i][i];
e=fabs(a[i]-t);
a[i]=t;

}
printf(" %5d\t",r);
for(i=0;i<X;i++)
printf(" %9.4f\t",a[i]);
printf("\n");
if(max<ae)
{

printf(" Converses in %3d iteration\n", r);
for(i=0;i<X;i++)
printf("a[%3d]=%7.4f\n", i+1,a[i]);
return 0;

}

}
}

OUTPUT :
Enter the number of equations: 3
Enter the co-efficients of the equations:
a[1][1]= 2
a[1][2]= 1
a[1][3]= 1
a[1][4]= 5
a[2][1]= 3
a[2][2]= 5
a[2][3]= 2
a[2][4]= 15
a[3][1]= 2
a[3][2]= 1
a[3][3]= 4
a[3][4]= 8

x[1] =2.500000
x[2] =1.500000
x[3] =0.375000

x[1] =1.562500
x[2] =1.912500
x[3] =0.740625

x[1] =1.173437
x[2] =1.999688
x[3] =0.913359

x[1] =1.043477
x[2] =2.008570
x[3] =0.976119

x[1] =1.007655
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x[2] =2.004959
x[3] =0.994933

x[1] =1.000054
x[2] =2.001995
x[3] =0.999474

converges to solution
x[1]=1.000054
x[2]=2.001995
x[3]=0.999474

Experiment No: 4(a) Regular-falsi

AIM: Write a program to implement Regular-falsi method.

Description:
The C Program for regula falsi method requires two initial guesses of opposite nature. Like the
secant method, interpolation is done to find the new values for successive iterations, but in this
method one interval always remains constant.

The programming effort for Regula Falsi or False Position Method in C language is simple and easy.
The convergence is of first order and it is guaranteed. In manual approach, the method of false
position may be slow, but it is found superior to the bisection method.

 tr – a counter which keeps track of the no. of iterations performed
 maxmitr – maximum number of iterations to be performed
 x0, x1 – the limits within which the root lies
 x2 – the value of root at nth iteration
 x3 – the value of root at (n+1)th iteration
 allerr – allowed error
 x – value of root at nth iteration in the regula function
 f(x0), f(x1) – the values of f(x) at x0 and x1 respectively

f(x) = cos(x) – x*e^x

Algorithm :

1. Start

2. Read values of x0, x1 and e

*Here x0 and x1 are the two initial guesses

e is the degree of accuracy or the absolute error i.e. the stopping criteria*

3. Computer function values f(x0) and f(x1)

4. Check whether the product of f(x0) and f(x1) is negative or not.

If it is positive take another initial guesses.

If it is negative then goto step 5.

5. Determine:

x = [x0*f(x1) – x1*f(x0)] / (f(x1) – f(x0))

6. Check whether the product of f(x1) and f(x) is negative or not.

If it is negative, then assign x0 = x;

If it is positive, assign x1 = x;



7. Check whether the value of f(x) is greater than 0.00001 or not.

If yes, goto step 5.

If no, goto step 8.

*Here the value 0.00001 is the desired degree of accuracy, and hence the stopping

criteria.*

8. Display the root as x.

9. Stop

10.

/* Program to implement Regular-falsi method */
#include<stdio.h>
#include<math.h>
float f(float x)
{

return cos(x) - x*exp(x);
}
void regula (float *x, float x0, float x1, float fx0, float fx1, int *itr)
{

*x = x0 - ((x1 - x0) / (fx1 - fx0))*fx0;
++(*itr);
printf("Iteration no. %3d X = %7.5f \n", *itr, *x);

}
void main ()
{

int itr = 0, maxmitr;
float x0,x1,x2,x3,allerr;
printf("\nEnter the values of x0, x1, allowed error and maximum iterations:\n");
scanf("%f %f %f %d", &x0, &x1, &allerr, &maxmitr);
regula (&x2, x0, x1, f(x0), f(x1), &itr);
do
{

if (f(x0)*f(x2) < 0)
x1=x2;

else
x0=x2;

regula (&x3, x0, x1, f(x0), f(x1), &itr);
if (fabs(x3-x2) < allerr)
{

printf("After %d iterations, root = %6.4f\n", itr, x3);
return 0;

}
x2=x3;

}
while (itr<maxmitr);
printf("Solution does not converge or iterations not sufficient:\n");
return 1;

}
OUTPUT :

Enter the value of x0: -1

Enter the value of x1: 1

__________________________________________________________

x0         x1        x2        f0      f1      f2
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__________________________________________________________

-1.000000 1.000000 0.513434 -4.540302 1.459698 -0.330761
0.513434  1.000000 0.603320 -0.330761 1.459698 -0.013497
0.603320  1.000000 0.606954 -0.013497 1.459698 -0.000527
0.606954  1.000000 0.607096 -0.000527 1.459698 -0.000021
__________________________________________________________
App.root = 0.607096

Experiment No: 4(b) Newton Raphson methods
AIM: Write a program to implement Newton Raphson methods.

Algorithm:

1. Start

2. Read x, e, n, d

*x is the initial guess

e is the absolute error i.e the desired degree of accuracy

n is for operating loop

d is for checking slope*

3. Do for i =1 to n in step of 2

4. f = f(x)

5. f1 = f'(x)

6. If ( [f1] < d), then display too small slope and goto 11.

*[ ] is used as modulus sign*

7. x1 = x – f/f1

8. If ( [(x1 – x)/x1] < e ), the display the root as x1 and goto 11.

*[ ] is used as modulus sign*

9. x = x1 and end loop

10. Display method does not converge due to oscillation.

11. Stop

/* Program to implement Newton Raphson methods */
#include<stdio.h>
#include<math.h>
float f(float x)
{

return x*log10(x) - 1.2;
}
float df (float x)
{

return log10(x) + 0.43429;
}
void main()



{
int itr, maxmitr;
float h, x0, x1, allerr;
printf("\nEnter x0, allowed error and maximum iterations\n");
scanf("%f %f %d", &x0, &allerr, &maxmitr);
for (itr=1; itr<=maxmitr; itr++)
{

h=f(x0)/df(x0);
x1=x0-h;
printf(" At Iteration no. %3d, x = %9.6f\n", itr, x1);
if (fabs(h) < allerr)
{

printf("After %3d iterations, root = %8.6f\n", itr, x1);
return 0;

}
x0=x1;

}
printf(" The required solution does not converge or iterations are insufficient\n");
return 1;

}
OUTPUT :
ENTER THE TOTAL NO. OF POWER:::: 3

x^0::-3

x^1::-1

x^2::0

x^3::1

THE POLYNOMIAL IS :::  1x^3 0x^2 -1x^1 -3x^0
INTIAL X1---->3

ITERATION    X1    FX1    F'X1
1         2.192  21.000 26.000

2         1.794  5.344  13.419
3         1.681  0.980  8.656
4         1.672  0.068  7.475
5         1.672  0.000  7.384

THE ROOT OF EQUATION IS 1.671700

Experiment No:5(a) Euler’ s methods
AIM: Write a program to simulate Euler’ s method.

Description:
Solving an ordinary differential equation or initial value problem means finding a clear expression
for y in terms of a finite number of elementary functions of x. Euler’s method is one of the simplest
method for the numerical solution of such equation or problem. This C program for Euler’s
method considers an ordinary differential equations, and the initial values of x and y are known.
Mathematically, here, the curve of solution is approximated by a sequence of short lines i.e. by the
tangent line in each interval. Using these information, the value of the value of ‘yn’ corresponding to
the value of ‘xn‘ is to determined by dividing the length (xn – x) into n strips.
Therefore, strip width= (xn – x)/n and xn=x0+ nh.
Again, if m be the slope of the curve at point, y1= y0 + m(x0 , yo)h.
Similarly, values of all the intermediate y can be found out.
Below is a source code for Euler’s method in C to solve the ordinary differential equation dy/dx =
x+y. It asks for the value of of x0 , y0 ,xn and h. The value of slope at different points is calculated
using the function ‘fun’.
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The values of y are calculated in while loop which runs till the initial value of x is not equal to the
final value. All the values of ‘y’ at corresponding ‘x’ are shown in the output screen.
dy/dx = x+y

Algorithm:

1. Start

2. Define function

3. Get the values of x0, y0, h and xn

*Here x0 and y0 are the initial conditions

h is the interval

xn is the required value

4. n = (xn – x0)/h + 1

5. Start loop from i=1 to n

6. y = y0 + h*f(x0,y0)

x = x + h

7. Print values of y0 and x0

8. Check if x < xn

If yes, assign x0 = x and y0 = y

If no, goto 9.

9. End loop i

10. Stop

/* Program to simulate Euler’ s method */
#include<stdio.h>
float fun(float x,float y)
{

float f;
f=x+y;
return f;

}
main()
{

float a,b,x,y,h,t,k;
printf("\nEnter x0,y0,h,xn: ");
scanf("%f%f%f%f",&a,&b,&h,&t);
x=a;
y=b;
printf("\n x\t y\n");
while(x<=t)
{

k=h*fun(x,y);
y=y+k;
x=x+h;
printf("%0.3f\t%0.3f\n",x,y);

}
}
OUTPUT :
Enter the value of range: 1 1.5
Enter the value of y1: 5



Enter the h: 0.1
y1 = 5.000

x = 1.000 => y2 = 5.500

x = 1.100 => y3 = 6.105

x = 1.200 => y4 = 6.838

x = 1.300 => y5 = 7.726

x = 1.400 => y6 = 8.808

x = 1.500 => y7 = 10.129

Experiment No:5(b) Runga-Kutta  methods
AIM: Write a program to simulate Runga-Kutta  methods.

/* Program to simulate Runga-Kutta  methods */
#include<stdio.h>
#include<math.h>
float f(float x,float y);
int main()
{

float x0,y0,m1,m2,m3,m4,m,y,x,h,xn;
printf("Enter x0,y0,xn,h:");
scanf("%f %f %f %f",&x0,&y0,&xn,&h);
x=x0;
y=y0;
printf("\n\nX\t\tY\n");
while(x<xn)
{

m1=f(x0,y0);
m2=f((x0+h/2.0),(y0+m1*h/2.0));
m3=f((x0+h/2.0),(y0+m2*h/2.0));
m4=f((x0+h),(y0+m3*h));
m=((m1+2*m2+2*m3+m4)/6);
y=y+m*h;
x=x+h;
printf("%f\t%f\n",x,y);

}
}
float f(float x,float y)
{

float m;
m=(x-y)/(x+y);
return m;

}

OUTPUT:
Enter the value of x0: 0

Enter the value of y0: 2

Enter the value of h: 0.05

Enter the value of last point: 0.1
k1 = 0.1000
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k2 = 0.1025

y(0.0500) = 2.101

k1 = 0.1026

k2 = 0.1052

y(0.1000) = 2.205
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