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Subject Name: Principles of Management Subject Code-HU601
Year: 3rd Year Semester: Sixth

Module
Number

Topics Number of Lectures

1

Introduction: 7L

Basic conceptsof Management: Definition, essence,
Functions, Roles, Level. 2

Functions of Management Planning : Concept,
Nature, Types, Analysis, Management, objectives

2

Structure : Concept, Structure, Principles,
Centralization, Decentralization, Spn of Management,
Organizational Effectiveness

3

9L

2

Management and Society : Concept, external
environment, CSR, Corporate Governance, Ethical
Standards.

3

People Management : Overview, Job design,
Recruitment and Selection, Stress Management

3

Managerial competencies  : Communication,
Motivation, Team Effectiveness, Conflict
Management, Creativity, Enterprenuership.

3

18L

3.

Leadership concept : Nature, Styles, Decision Making,
Process, Tools and Techniques.

3

Economic, Financial and quantitative Analysis :
Production Markets, National Income Accounting,
Financial Function, and goals, Fianancialststements,
Ratio Analysis.

3

Quantitative Methods : Statistical Interference,
Forecasting, Regression Analysis, Ststistical Quality
Control

3

4
Customer Management : Market planning and
research, Market Mix, Advertising and Brand
Management.

3

Operations and Technology Management :
Production and Operations Management , Logistics,
& supply chain Management.

3

TQM, Kaizen and Six Sigma, MIS. 3
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Subject Name: Digital Communications Subject Code-EC601
Year: 3rd Year Semester: Sixth
Module
Number

Topics Number of
Lectures

1

Probability Theory and Random Processes: 6L

1. Conditional probability, communication
example, joint probability, statistical independence,
random variable continuous and discrete.

2

2. cumulative distribution function, probability density
function – Gaussian, Rayleigh and Rician, mean,
variance

2

3. Random process, stationary and ergodic processes,
correlation coefficient, covariance, auto correlation
function and its properties, random binary wave, power
spectral density.

2

2

Signal Vector Representation: 6L
1. Analogy between signal and vector, distinguishability of

signal, orthogonality and orthonormality,
1

2. Basis function, orthogonal signal space, message point,
signal constellation, geometric interpretation of signals,
likelihood functions, Schwartz inequality, Gram-
Schmidt orthogonalization procedure,

2

3. response of the noisy signal at the receiver, maximum
likelihood decision rule, decision boundary, optimum
correlation receiver; probability of error, error function,
complementary error function, Type-I and Type-II
errors.

3

3

Digital Data Transmission: 10L
1. Concept of sampling, Pulse Amplitude Modulation

(PAM), interlacing and multiplexing of samples 1
2. Pulse Code Modulation (PCM),quantization, uniform

and non uniform quantization, quantization noise, binary
encoding.

2

3. A-Law and µ-law companding, differential PCM, delta
modulation and Adaptive delta modulation

2

4. Digital transmission components, source, multiplexer,
line coder, regenerative repeater, concept of line coding
– polar/unipolar/bipolar NRZ and RZ, Manchester,
differential encoding and their PSDs.

2

5. pulse shaping, Inter Symbol Interference (ISI), Eye
pattern, Nyquist criterion for zero ISI, equalizer, zero
forcing equalizer, timing extraction

3

4
Digital Modulation Techniques: 14L

1. Types of Digital Modulation, coherent and non-
coherent Binary Modulation Techniques, basic digital
carrier modulation techniques: ASK, FSK and PSK

2. Coherent Binary Phase Shift Keying (BPSK),
geometrical representation of BPSK signal; error
probability of BPSK, generation and detection of BPSK
Signal, power spectrum of BPSK.

1

2

3. Concept of M-ary Communication, M- ary phase shift
keying, the average probability of symbol error for
coherent M-ary PSK, power spectra of MPSK,
Quadrature Phase Shift Keying (QPSK), error
probability of QPSK signal, generation and detection of

2



QPSK signals, power spectra of QPSK signals,
4. Offset Quadrature Phase shift Keying

(OQPSK),Coherent Frequency Shift Keying (FSK),
Binary FSK, error probability of BFSK signals,
generation and detection of Coherent Binary FSK
signals, power spectra of BFSK signal,

2

5. Minimum Shift Keying (MSK),signal constellation of
MSK waveforms, error probability of MSK signal,
Gaussian Minimum Shift Keying: GMSK

2

6. Basic concept of OFDM 2
7. Constellation diagram, Some performance issues for

different digital modulation techniques-Error Vector
Magnitude (EVM), Eye Pattern and Relative
Constellation Error (RCE), Conceptual idea for Vector
Signal Analyzer (VSA).

3

Total Number Of Hours = 36

Faculty In-Charge HOD, ECE Dept.
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Assignment:
Module-1(Probability Theory and Random Processes :):

1. In pulse amplitude modulation (PAM),a PAM word consists of a sequence of
pulses, where each pulse may take on a given number of amplitude levels.
Suppose a PAM word is n pulses long and each pulse may take on m different
levels.
(a) How many distinct PAM words are there? (b) If each PAM word, four pulses
long, is equally likely to occur and each pulse can have one of three levels, {0, 1,
2}, what is the probability of a PAM word occurring with exactly two pulses of
level 2?

2. In pulse code modulation (PCM), a PCM word consists of a sequence of binary
digits (bits) of 1s and 0s.
(a) Suppose the PCM word length is n-bits long. How many distinct words are
there?
(b) If each PCM word, three bits long, is equally likely to occur, what is the
probability of a word with exactly two 1s occurring? Solve this problem in two
ways. First, consider all words in a sample space. Second, suppose each bit is
equally likely.

3. Mention properties of Stochastic process.

Module-2 (Signal Vector Representation):
1. State and explain grahm shcmidt orthogonalization procedure.
2. State orthonormality, othogonality and basis function.
3. Discuss about maximum likelihood rule for AWGN channel.
4. Discuss about matched filter for optimum detection.

Module-3(Digital Data Transmission):
1. What is companding? Why it is needed?
2. Explain uniform and non-uniform quantization?
3. What is Nyquist criterion for zero intersymbol interference?
4. What is the function of raised cosine function?
5. What are limitations of delta modulation?
6. What is quantization noise?
7. Given an input data: 010110, Represent it using the line codes.

Module-4(Digital Modulation Techniques):
1. What is the difference between MSK and QPSK?
2. With Proper equations and signal constellation explain the concept of Quadri

phase shift Keying.
3. Explain the concept of OFDM.
4. Draw an eye diagram and mention the significance of its different parts.
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Subject Name: Digital Signal Processing Subject Code-EC602
Year: 3rd Year Semester: Sixth

Module
Number

Topics Number of Lectures

1

Discrete time signal and system in time domain: - 8L

1. Introduction of DSP and its applications. 1

2. Type of digital signals, sampling theorem,
Shannon’s theorem and aliasing effect

1

3. Various operation of digital signals. 1
4. Discrete time system 2

5. Concept of various type of convolution
and its properties

2

6. Concept of correlation and its application 1

2

Harmonics Analysis of Signals 8L
1. Brief introduction of Fourier transform 1
2. Discrete Time Fourier Transform and its

properties 1
3. Some numerical on DTFT 1
4. Discrete Fourier Transform and its

properties
1

5. Some numerical on DFT 1
6. Concept of Overlap save and overlap add

method
1

7. Concept of FFT and its application 1
8. 2 Radix FFT algorithms 1

3.

Z Transform: 5L
1. Brief introduction of Z transform and

ROC with properties
1

2. Z transform and its properties 1
3. Some numerical on Z transform

1

4. Analysis and designing the system using z
transform

2

4
LTI DTS in frequency domain: - 3L

1. Introduction of Transfer function and
frequency response

1

2. Introduction of linear phase filter, Group d
and phase delay.

1

3. Concept of simple analog and digital filter 1

5

Digital FIR Filter design:- 6L
1. Introduction of FIR filter and its structure 1

2. Discrete parallel and cascade FIR filter 1

3. Introduction of Linear phase filter and its
characteristics

1

4. Basic concept of window signal and
window functions

1



5. FIR filter design using various window
function 1

6. design high pass, low pass and band pass
filter designing 1

6

Digital IIR Filter design: - 4L
1. Introduction of IIR filter and its structure 1

2. Discrete parallel and cascade IIR filter 1

3. Basic concept of bilinear transform 1

4. IIR filter design using bilinear transform 1

7

DSP processor (TMS 320C 54X): 4L

1. Introduction of DSP processor and its
applications

1

2. Characteristic and features of TMS 320
DSP family

1

3. Functional block diagram and architecture
of TMS 320C 54X series DSP processor

1

4. Addressing mode and instruction set of
TMS 320C 54X

1

Faculty In-Charge HOD, ECE

Assignment:

Module-1 (Discrete time signal and system in time domain):

1. (a) If x(n) = 0 for n < 0, derive an expression for x(n) in terms of its even part, xe(n),
and, using this expression, find x(n) when xe(n) = (0.9)lnlu(n).

(b) If xI(n) is even and x2(n) is odd, what is y(n) = xl (n) . x2(n)?

2. Determine whether or not the signals below are periodic and, for each signal that is
periodic, determine the fundamental period.

(a) x[n] = Re{ / } + Im{ / }
(b) x[n] = / cos(nπ/17)

3. Given the sequence x(n) = (6 - n)[u(n) - u(n - 6)], make a sketch of
(a) y1(n)=x(4-n)
(b) y1n) = x(n2 - 2n + 1)

4. Consider the sequence

x(n) = nu(-n)
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(a) Find out the Energy of x(n)
(b) Find out the Power of x2(n)

5. Determine which systems are Liner, shift invariant and causal
(a) y(n) = x(n)sin(nπ/2)
(b) y(n) = Re{x(n)}

6. (a) Find the convolution of the two finite-length sequences:
x(n) = 0.5n[ u(n) - u(n-6)] and h(n) = 2sin(nπ/2)[ u(n+3) – u(n-4)]
(b) If the response of a linear shift-invariant system to a unit step (i.e., the step

response) is

s(n) = n(1/2)n u(n) . Find the unit sample response, h(n).

7. Find the periodic convolution of the two finite-length sequences:
x[n] = [1,4,-3,6,4] and h[n] = [2,-4,3]…………[by using circular matrix method]

8. Two causal finite length sequences are given following.
y[n] = [6,11,-13,16,1,9,2] and h[n] = [2,5,-1,4]

If y[n] = h[n]*x[n], then find out the sequence x[n].

Module-2 (Harmonics Analysis of Signals):

1. The DFT of a discrete sequence x[n] is X[k] = [1,2,3,4]
(a) Find out the DFT of the sequence g[n] = x[n-2].
(b) Find out the IDFT of sequence of X[k] = [3, 4, 1, 2].
(c) Find out the value of ‘a’ and ‘b’ from the given DFT of x[n] is

X[k] = [0, a, 2+j, -1, b, j].

2. If x[n] = [1,-2,3,-1,5,-9], find out the value of
(a) X[0],
(b) X[3],
(c) ∑ [ ],
(d) ∑ (−1) [ ]
(e) [9]
3. (a) What is the difference between DTFT and DFT.
(b) Explain how the DFT is coming from DTFT.
(c) What is Twiddle factor?

4. Find out the DFT of given sequence by using matrix method
x[n] = del{n] + 2del[n-1] + del[n-2] +2del[n-3]

5. Determine the Fourier transform of the signal:x (n) = 2 n u (n) – 2 – n u (- n).



6. Determine sectional convolution whose impulse response is h[n] = {1,1,1} and input
is   x[n] = {3, –1,0,1,3,2,0,1,2,1} using overlap add method.

Module-3(Z Transform):

1. If the z transform of x[n] is 32/(Z2-16), then calculate the z transform of (1/2n) x[n]

2. The transfer function of a causal system is given as
H(Z) = (Z+0.5) (Z+2) (Z-1)2/Z4,

then calculate the inverse z transform of H(Z).

3. The transfer function of a causal system is given as H[Z] = ,
then calculate the value of h[n].
4. Describe correlation and multiplication property of z-transform.

5. Find the inverse Z transform of X(Z) =
( )( )( )( )

for ROC- i) 2 < |Z| <3
ii) |Z| >3
iii) |Z| <1

6. Find out the Z transform of following signal
x[n] = (-1) n cos(π/3n) u[n]

7.Write down the difference equation for Transfer function( ) = 1 + + +1 + + − +
Module-4 (LTI DTS in frequency domain):

1. (a) Find out the impulse response of given system equation
y[n] = x[n] +2x[n-1]- 4x[n-2]

(b) Calculate and draw the frequency and phase response of above system.
(c) How do you explain the nature and properties of the above system?

2. Prove that the IIR filter is always a nonlinear phase filter.
3. Find out the solution of difference equation of

y[n]– (1/6) y[n-1] -(1/6) y[n-2] = 4x[n]
if x[n] = u[n], n ≥ 0, and y [-1] =0, y [-2] = 12.

4. The signal x[n] = {1,0.5} is applied to a digital filter and the resulting
output is y[n] = del[n] – 2del [n - 1] –del[n-2].
(a) What is the frequency response H(F) of this filter?
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(b) Find the impulse response h[n] of this filter.
(c) Find the filter difference equation

Module-5 (Digital FIR Filter design):

1. What type of window(s) may be used to design a low-pass filter with a
passband cutoff frequency p= 0.35 , and transition width = 0.025 ,
and a maximum stopband deviation of s = 0.003?

2. Use the window design method to design a minimum-order low-pass filter
with a passband cutoff frequency p = 0.45 , a stopband cutoff frequency
s= 0.5 , and a maximum stopband deviation s= 0.005.

3. Suppose that we would like todesign a low-pass filteroforder N = 128with a passband
cutoff frequency p= 0.48 and a stopband cutoff frequency of s= 0.52
(a) Find the approximate passband and stopband ripple if we were to use a Kaiser
window design.
( b ) If an equiripple filter were designed so that it had a passband ripple equal to that
of the Kaiser window designfound in part (a), how small would the stopband ripple
be?

4. We would like to design an equiripple low-pass filter of order N =30. For
a type I      filter of order N, what is the minimum number of
alternations that this filter may have. and what is the maximum number?

5. For a low-pass filter with s = p,, what is the difference in the stopband attenuation
in

decibels between a Kaiserwindow design and an equiripple filter if both filters have
the same transition width?

Module-5 (Digital IIR Filter design):

1. Find the minimum order and the 3-dB cutoff frequency of a continuous-time
Butterworth filter that will satisfy thefollowing Frequency response constraints:

| H(jΩ)| = 0.95 Ω = 16,000π
| Ha(jΩ) | ≤ 0.1 Ω > 24,000π

2. Use the bilinear transformation to design a first-order low-pass Butterworth
filter that has a 3-dB cutoff frequency c= 0.5 .

3. Use the bilinear transformation to design a second-order bandpass Butterworth filter

that has 3-dB cutoff frequencies l= 0.4  and u= 0.6 .
4. If the specifications for an analog low-pass filter are to have a I-dB cutoff frequency

of 1 kHz and a maximum

stopband ripple s= 0.01 for If |f |> 5 kHz, determine the required filter order for the

following:
( a ) Butterworth filter



(h) Type 1Chebyshev filter
(c) Type I1 Chebyshev filter
(d) Elliptic filter

5. If an analog filter has an equiripple passband, will the digital filter designed using the
impulse invariance method
have an equiripple passband? Will it have an equiripple passband if the bilinear
transformation is used?

6. Can an analogallpass filter be mapped to a digital allpass filter using the bilinear
transformation?

7. An IIR low-pass digital filter is to be designed to meet the following
specifications:
Passband cutoff frequency of 0.221 with a passband ripple less than 0.01
Stopband cutoff frequency of 0.241 with a stopband attenuation greater than
40 dB
(a) Determine the filter order required to meet these specifications if a digital
Butterworth filter is designed usingthe bilinear transformation.
(b) Repeat for a digital Chebyshev filter.
(c) Compare the number of multiplications required to compute each output
value using these filters, and comparethem to an equiripple linear phase
filter.
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Subject Name: Telecommunication System Subject Code-EC603
Year: 3rd Year Semester: Sixth

Module
Number

Topics Number of
Lectures

1

Introduction to Telephone Systems: 3L
Evolution of Telecommunication 1L

Components and Examples of
Telecommunication systems

1L

Pulse dialing & Tone dialing; Telephone
Instruments -rotary dial and push button types

1L

2

Telecommunication Transmission Lines 6L
Copper, Co-axial, and Fiber optic cables 1L

Transmission Bridge-Hybrid circuit for 2-
wire to 4-wire conversion and vice versa

2L

PCM Carriers 2L

American and European standards of carrier
channels

1L

3

Subscriber Loop Systems 4L
BORSCHT Functions 1L

Switching hierarchy & routing, signaling
techniques-in channel & common channel
signaling

2L

SS7 1L

4

Switching System 3L
Electro-mechanical switching-Strowger&
Crossbar

1.5L

Circuit Switching & Packet Switching 1.5L

5

Digital Switching systems 6L
Time division Time switch 1L
Time multiplexed Space switch 1L
Time multiplexed Time switch, 1L
Hybrid switching 1L
TS, ST, STS, TST systems 1L
Architecture of 5ESS systems 1L

6

Stored Program Control 4L
Software architecture, Application software 1L
Electronic Exchanges 1L

Introduction to cordless telephones and
Digital PABX

2L

7

Traffic Engineering 6L

Blocking network, blocking probability,
grade of service, traffic load, Erlang-B and
Congestion formulas-case studies Modems
and Their Standards

2L



RS 232C; DTE and DCE, Facsimile
Transmission,

2L

Broad band transmission ISDN, DSL and
ADSL, ISDN and B-ISDN

2L

8

IP Telephony 4L
Voice over IP 1L
Session initiation protocol 1L
H.323 signaling 1L
IP multimedia service 1L

Total Number Of Hours = 36

Faculty In-Charge HOD, ECE Dept.
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Subject Name: Antenna Theory & Propagation Subject Code-EC604A
Year: 3rd Year Semester: Sixth
Module
Number

Topics Number of
Lectures

1

Review of Maxwell’s Equation and antenna basic: 6L

1. Radiation of e.m waves and introducing Antenna. Vector
Potential and Retarded Vector Potential

1

2. Radiation fields of a Hertzian dipole(electric); Duality
Principle, Radiation fields due to short magnetic dipole

1

3. AntennaCharacteristics:RadiationPattern,BeamWidth;Radi
ationResistanceandefficiency;DirectivityandGain

2

1. Impedance,VSWR,Polarization;EffectiveheightandReceive
Aperture;NoiseTemperature of Antenna.

2

2

Characteristics of λ/2dipole: 7L
1. discussion on λ/4 monopole antenna; Current distribution

and Radiation patterns of center-fed dipoles of length
λ,3λ/2and2λ

2

2. Horizontal and Vertical antennas over a plane ground
Antenna Arrays: electric Field due to 2 element
arrays,3element Arrays

2

3. Pattern Multiplication; Uniform Linear Array 2
4. End fire and Broadside; Phased array 1

3.

Characteristics and properties of different antennas: 10L
1. Wave Antenna, Helical Antenna, Folded Dipole

2
2. Yagi-Uda Array

1
3. Loop Antenna 1

4. Electrically Short Antennas 1

5. Broad Band Antenna (Log periodic Antenna) 1

6. Micro strip Patch Antenna 1

Radiation from an aperture

7. Sectoral and Pyramidal Horn Antennas 1

8. Design of Optimum Horn Antenna; Parabolic and Corner
Reflectors and feed systems

2

4
Methods of Propagation: 14L

Ground Wave Propagation:

1. Components of ground wave 1
2. Field strength dependence on physical factors 1

Sky wave Propagation:
3. Ionospheric Layers

1
4. Virtual Height, Critical Frequency, MUF 2



5. Skip distance, poradic Reflections
1

Space wave propagation:

6. Tropospheric Scatter
1

7. Ducting Super refraction, Sub refraction 1
8. Friss Transmission Formula, SNR of a Radio Link 2

Physical(Medium) effects on Radio wave Propagation:
9. Absorption, Refraction and Radio Horizon

1
10. Diffraction, Multipath Propagation and fading, Noise

2
11. Doppler effect 1

Total Number Of Hours = 37

Faculty In-Charge HOD, ECE Dept.

Assignment:
Module-1(Review of Maxwell’s Equation and antenna basic):

1. Define an antenna.
2. What is meant by radiation pattern?
3. Define Radiation intensity?
4. Define Beam efficiency?
5. Define Directivity?
6. What are the different types of aperture.?
7. What is meant by effective height?
8. What are the field zone?
9. What is meant by Polarization.?
10. What is meant by front to back ratio.?
11. Define antenna efficiency.?
12. What is radiation resistance ?
13. A three port circulator has an insertion loss of 1db, isolation of 20 db, VSWR

=1.2when all ports are matched terminated. Find S matrix and output power at
port 2and 3 for an input power of 100mw at port.

14. Explain in detail the measurement of VSWR through return loss measurements.

Module-2 (Characteristics of λ/2dipole):
1. Derive the expression for the radiated field from a short dipole.
2. Derive the expression for power radiated by a current element and its radiation

resistance.
3. Define dipole antenna. Derive the radiation field and radiation resistance from a

half wave dipole.
4. Derive the expression for radiation field and radiation resistance.
5. For an array N element feed with signal of equivalent amplitude and phase,

determine the maxima and minima directions. Draw the radiation pattern
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6. Obtain the expression for the field and the radiation pattern produced by a 2
element array of infinitesimal dipole with distance of separation λ/2 & currents
of equal magnitude and phase shift 180°.

7. Obtain the expression for the field and the radiation pattern produced by a 2
element array of infinitesimal dipole with distance of separation λ/2 and currents
of equal magnitude and same phase.

8. What is folded dipole antenna ?
9. Explain the term pattern multiplication

Module-3(Characteristics and properties of different antennas):
1. Derive the expression for radiation resistance of small loop antenna.
2. What are sectoral horn antennas?
3. What are secondary antenna?
4. Name any four substrate materials for micro strip antenna?
5. What are the different methods of feeding slot antennas?
6. What are the application of slot antenna?
7. Define Huygen’s Princple.
8. Define co axial antenna?
9. Define Biconical antenna.
10. What are the parameters to be considered for the design of a helical antenna?
11. What are the types of radiation modes of operation for a helical antenna?
12. List the applications of helical antenna?
13. Name and sketch an antenna which provides circularly polarized waves?
14. Name and draw a frequency independent antenna?
15. What is meant by Travelling wave antenna?
16. What do you mean by driven elements?
17. What do you mean by parasitic elements?
18. What is rhombic antenna and give its applications?
19. What is LPDA?
20. What are the applications of log periodic and Yagi Uda antenna?
21. Explain the construction of Yagi antenna. Discuss the design aspects.
22. Specify the design consideration for a rhombic antenna.
23. Explain the geometry of a log periodic antenna. How wideband operation is

possible with this antenna.

Module-4(Methods of Propagation):
1. Distinguish between ground wave and sky wave.
2. What is meant by fading?
3. What is multipath propagation?
4. What is meant by Faradays rotation?
5. Define skip distance.
6. What is duct propagation?
7. Define Gyro frequency.
8. Define critical frequency.
9. Derive the expression for refractive index of ionosphere and critical frequency.
10. Derive the expression for calculating field strength at a distance in space wave

Propagation
11. Explain in detail about ionosphere propagation.
12. Write short notes on i) Ground wave propagation ii) space wave propagation
13. Define and explain for ionospheric region

i) Critical frequency ii) MUF iii) Skip zone iv) Virtual height of a layer
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Subject Name: Optical Communication & N/W Subject Code-EC604B
Year: 3rd Year Semester: Sixth

Module
Number

Topics Number of Lectures

1

Introduction to communication systems: 3L

1. Principles, components. 1
2. Different forms ofcommunications in brief 1
3. advantages of opticalfiber communication,

spectral characteristics.
1

2

Optical Fiber wave guide 4L
1. Structure 1
2. Single and Multimode operation 1
3. Attenuation, Material and wave guide

dispersion.
2

3.

Optical Sources 7L
1. Light Emitting Diode; principle, structures,

power and efficiency, coupling to fibres. 1
2. Laser diodes; principle, double

heterostructure, gain and index guiding,
distributed lasers.

2

3. Quantum Well Lasers; Modes and narrow
linewidth lasers

2

4. Modulation; Bandwidth for modulation 1
5. Optical transmitters: components 1

4
Optical Detectors 2L

1. Device types, optical detection principles,
efficiency, responsivity, bandwidth.

1

2. Preamplifiers; noise sources, signal to noise
ratio.

1

5

Point-to-point link and WDM 11L
1. Building blocks; Multiplexing 1

2. Intensity Modulation/Direct Detection
system;

1

3. Principle of Regeneration 1
4. WDM link 1
5. Optical amplifiers; EDFA 1
6. SOA 1
7. Raman amplifier 1
8. Fabry-Perot filters 1
9. Dispersion compensation and management 1
10. Link analysis and Bit-Error-Rate calculation. 2

6
Optical Network 8L

1. LAN, MAN, WAN; Topologies: bus, star,
ring; Ethernet; FDDI; Telecom
networking:SDH/SONET

4

2. Different forms of access networks:
Telephony; ISDN; Cable TV; Broadcast and
Switched Networks; HFC networks; FTTC
and FTTHnetworks; All optical networks.

4

Total Number Of Hours = 35

Faculty In-Charge HOD, ECE Dept.



Assignment:
Module-1(Introduction to communication systems):

1. Ghgjhh
2.

Module-2 (Optical Fiber wave guide):

1. A silica optical fiber with a core diameter large enough to be considered by ray
theory analysis has a core refractive index of 1.50 and a cladding refractive index
of 1.47. Determine: (a) the critical angle at the core–cladding interface; (b) the
NA for thefiber; (c) the acceptance angle in air for the fiber.

2. A typical relative refractive index difference for an optical fiber designed for
longdistance transmission is 1%. Estimate the NA and the solid acceptance angle
in air for the fiber when the core index is 1.46. Further, calculate the critical
angle at the core–cladding interface within the fiber. It may be assumed that the
concepts of geometricoptics hold for the fiber.

3. An optical fiber in air has an NA of 0.4. Compare the acceptance angle for
meridionalrays with that for skew rays which change direction by 100° at each
reflection.

4. Discuss about different mode of operation.
5. A graded index fiber with a parabolic refractive index profile core has a

refractive index at the core axis of 1.5 and a relative index difference of 1%.
Estimate the maximum possible core diameter which allows single-mode
operation at a wavelength of 1.3μm.

6. Determine the cutoff wavelength for a step index fiber to exhibit single-mode
operation when the core refractive index and radius are 1.46 and 4.5μm,
respectively,with the relative index difference being 0.25%.

Module-3(Optical Sources):
1. What are direct and indirect bandbackmaterial?Which one is used for LED and

why?
2. Explain the structure,material,characteristics and modulation of light emitting

diode used as optical sources.
3. What are the desirable properties of an optical source for optical

communication application.Define emission response time and quantum
efficiency of an optical source.

4. Define and differentiate external and internal quantum efficiency of an LED.
5. What is meant by optical confinement of light in LASER.How it is

oriented,explain.
6. Compare LED and LASER sources used in optical fiber communication.
7. What is meant by stimulated emission of light in LASER.Describe with neat

sketches the working of Ditributed Feedback LASER structures and its
characteristics.

8. Explain the various types of LASER with its different configuration diagram and
modals.

9. Explain the construction and working of a heterojunction of LED.

Module-4(Optical Detectors):
1. Explain the detection process in the p–n photodiode. Compare this device with

thep–i–n photodiode.
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2. A p–i–n photodiode on average generates one electron–hole pair per three
incidentphotons at a wavelength of 0.8 μm. Assuming all the electrons are
collected calculate:
(a) the quantum efficiency of the device;
(b) its maximum possible bandgap energy;
(c) the mean output photocurrent when the received optical power is 10−7W.

3. Define the quantum efficiency and the responsivity of a photodetector.
4. Derive an expression for the responsivity of an intrinsic photodetector in

terms of the quantum efficiency of the device and the wavelength of the incident
radiation.

5. Determine the wavelength at which the quantum efficiency and the responsivity
are equal.

Module-5(Point-to-point link and WDM):

1. Give the major reasons which have led to the development of optical
amplifiers,outlining the attributes and application areas for these devices.

2. Describe the two main SOA types and indicate their distinguishing features.
3. Explain the gain process in a Raman fiber amplifier and comment upon the

flexibilityassociated with the pumping process in this fiber amplifier type.
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Subject Name: Computer Networks Subject Code-EC604C
Year: 3rd Year Semester: Sixth
Module Number Topics Number of Lectures

1

Data Communication Fundamentals: 10L
1. Layered Network Architecture; Data

and Signal; Guided Transmission
Media; Unguided Transmission Media;
Transmission Impairments and Channel
Capacity; Transmission of Digital
Signal; Analog Data to Analog Signal;
Digital Data to Analog Signal;
Multiplexing of Signals: The telephone
system and DSL technology; Cable
MODEM and SONET

10

2

Data Link control: 6L
1. Interfacing to the media and

synchronization; Error Detection and
Correction; Flow and Error control;
Data Link Control.

10

3

Switching Communication Networks: 8L
1. Circuit switching; Packet switching;

Routing in packet switched networks;
Congestion control in packet switched
networks; X.25; Frame Relay;
Asynchronous Transfer Mode Switching
(ATM).

8

4

Broadcast communication networks: 10L
1. Network Topology; Medium Access

Control Techniques; IEEE CSMA/CD
based LANs; IEEE Ring LANs; High
Speed LANs – Token Ring Based; High
Speed LANs – CSMA/CD based;
Wireless LANs; Bluetooth; Cellular
Telephone Networks; Satellite
Networks.

10

5
Internetworking: 6L

1. Internetworking Devices; Internet
Protocols; TCP/IP; Transport and
Application layer protocols. Network
Security: Cryptography; Secured
Communication; Firewalls.

6

Total Number Of Hours = 40



Assignments:

Module-1:
1. Write down the functions of OSI Layers
2. What will be SNR value in case of noiseless channel?
3. Define Bandwidth? Create the relationship between Bit Rate and Baud Rate?
4. Write down the names of network impairments?
5. Write down the features and basic components of a computer network
6. What kind of topology is well suited for university or college environment?
7. Why we need layered architecture?
8. What will be the channel capacity of a noisy channel having SNR value= 20dB and

Bandwidth=3 KHz?

Module-2:
1. What is the significance of sequence number in Stop & Wait ARQ protocol?
2. Discuss Stop & Wait ARQ with 010101 bit sequence?
3. In Selective-Repeat ARQ, sender window size > 2m–1." Is it correct? Justify.
4. Suppose a sender is using sliding window protocol of window size 15. What will be the

window status for the following occurrence? Sender has sent packets 0 to 11 and has
received NAK 6.

5. Define ALOHA? Differentiate between Pure and Slotted ALOHA.

Module-3:
1. Differentiate between circuit switching and packet switching.
2. Write short notes on the following topic:

A. Frame Relay
B. X.25
C. ATM

3. Why packet switching is connection less?

Module-4:
1. Discuss CSMA/CA with the help of a flowchart.
2. Why CSMA/CD is not implemented in WLAN?
3. Describe 802.3 header formats. Why padding is required?
4. Describe Bluetooth Architecture.
5. Differentiate between Token Ring and Token Bus.

Module-5:
1. What is distance vector routing protocol? What is the difference between RIP and EGP?
2. Distinguish between gateway and bridge. What is transparent bridge?
3. A network has subnet mask 255.255.255.224 Determine the maximum or number of Host

in this network. Also determine the broadcast address of this network.
4. Compare IPv4 and IPv6
5. What is the purpose of subnetting? Find the netid and the host id of the following IP
address

A. 192.167.78.1
B. 10.10.10.10
C. 189.32.1.34

6. What is CIDR? Define NAT with proper example?
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Subject Name: Computer Networks Subject Code-EC604C
Year: 3rd Year Semester: Sixth

7. Write the differences between ARP and RARP?
8. Write the differences between TCP and UDP?
9.  Differentiate Leaky Bucket Algorithm from Token Bucket Algorithm.
10. Why IP address is 32 Bit? How we need so many addresses? Compare IP address, Mac

Address, Port address and Socket address?
11. Define Count to infinity problem? Which routing algorithm faces this problem?
12. Write the short notes on the following

A. DNS
B. FTP
C. EMAIL
D. MIME
E. POP3
F. SMTP

13. How are ‘iterative query resolution and ‘recursive query resolution different from each
other in the context of DNS?

14. What do you understand by data privacy? How can authentication, integrity and non-
repudiation be implemented by Digital Signature?

15. Define Firewall? Discuss all types of Firewall.
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Subject Name: FPGA & Reconfigurable Computing Subject Code-EC604D
Year: 3rd Year Semester: Sixth

Module
Number

Topics Number of Lectures

1

Introduction to Reconfigurable Computing: 5L

1. History, State-of-the-Art and Future
Trends of reconfigurable computer.

1

2. Computing requirements as Power, Area
and VLSI scaling

1

3. Mapping of Algorithm analysis and
speed-up of RC architectures

1

4. Fine Grain and Coarse Grain, Hybrid and
Embedded Architectures, Supercomputers

2

2

Reconfigurable Logic Devices: 6L
1. FPGA and its internal

architecture,computing elements, LUT,
BRAM, interconnects, I/O Blocks

2

2. programming of FPGA andinterfacing
case study 2

3. ALU design, designing with embedded
processors, introduction to Power PC and
ARM processors.

2

3.

Hardware Description Language for RC: 8L
1. Design cycle, algorithms, Hardware

Description Language 2
2. VHDL, different design styles: data flow,

structural and behavioral and mixed. 2

3. practical logic circuit implementation
example on FPGA, debugging,

2

4. writing test bench, High level synthesis
and Low levelsynthesis.

2

4
RC Configuration: 4L

1. Application segmentation and Resource
partitioning, spatial and temporal
configuration, systolic architectures and
algorithms

2

2. Bitserial, on the fly, multiplexing vs. run-
time reconfiguration

2

5
RC Implementation: 6L

1. Virtual Hardware Components (VHC)
design process, high level synthesis of
VHC and optimization.

2

2. VHC data-path and control unit
design, simulation and verification of
VHC

2

3. determination of reconfigurable scheme
and associated loading mechanisms
(temporaland spatial partitioning) for RC

2



6

RC applications: 9L
1. Reconfigurable computing for DSP

1

2. DSP application building blocks.
2

3. Reconfigurable computing for Image
processing

2

4. Reconfigurable computing for
Bioinformatics

2

5. Reconfigurable computing for Network
Security

2

Total Number of Hours = 38

Faculty In-Charge HOD, ECE Dept.

Assignment:
Module-1:

1. What is the difference between temporal computation and spatial computation?
2. 2. RC platforms are typically built around the use of FPGAs. These systems often

include a CPLD in addition tothe FPGA. What are the main differences between a
FPGA and a CPLD? Give a reason why a CPLD maylikely still be incorporated into a
reconfigurable computing platform despite the platform having a much larger(in terms
of Les) and more powerful FPGA on the platform to do the bulk of the processing.

Module-2:
1. Calculate frame processing time in clock cycles for all 786,432 pixels of the video

frameFind out the operating clock frequency (in MHz) that allows ASP performance
= 120 fps5.

2. what is reconfigurable processor?

Module-3:
1. This question involves a manual routing of HDL code, a snippet of assembly, and

calculation of propagation delays. The following program needs to be implemented:
X = AND (OR (B, C), AND (D, E))
Y = NOR (AND (B, C, D, E), OR (D, E))
You are to motivate the choice of whether this should be done on a microprocessor or
directly in hardware.

2. How can a reconfigurable processor be reconfigured?
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Module-4:
1. How can a reconfigurable processor be employed?
2. Explain the partial reconfigurable architecture.
3. What is the advantages of reconfigurable architecture?

Module-5:
1. What is VHC? Explain briefly.
2. Draw the diagram of FPGA design flow.
3. Explain internal architecture of FPGA.

Module-6:
1. How Reconfigurable Computing is used in DSP application?
2. How Reconfigurable Computing is used in network security?
3. How Reconfigurable Computing is used in image processing?
4. How Reconfigurable Computing is used in bioinformatics?
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Subject Name: Advanced OOPs using C++ Subject Code-EC605B
Year:3rd Year Semester: Sixth
Module Number Topics Number of Lectures

1

Introduction 5L
1. Basics of OOP, Features; Structure of

C++ program; Class and object;
Concept of Constructor& destructor;
Abstraction

2. Encapsulation; Inheritance;
3. Static and dynamic

binding;Polymorphism.

2L

1L
2L

2

Exception Handling 5L
1. Exception handling mechanism;

throwing, catching, rethrowing
mechanism;

2. Multiple catch statement; Nested try-
catch block;

3. Exception in constructor & destructor;
exceptions in operator overloaded
functions.

2L

2L

1L

3

Template 6L
1. Class template; Member function

inclusion; Class template with different
parameter;

2. Function template; Function template
with multiple parameters;

3. Overloading of template function;
member function template.

3L

2L

1L

4

Console I/O operations 6L
1. C++ streams; C++ stream classes;
2. Unformatted I/O operations;
3. Formatted I/O operations;
4. Managing output with Manipulators.

1L
2L
2L
1L

5

Working with Files 10L
1. Data File Handling: Need for a data file,

Types of data files – Text file and
Binary file;

2. Text File: Basic file operations on text
file: Creating/Writing text into file,
reading and manipulation of text from
an already existing text File (accessing
sequentially).

3. Binary File: Creation of file, Writing
data into file, Searching for required
data from file, Appending data to a file,
Insertion of data in sorted file, Deletion
of data from file, Modification of data in
a file; opening and closing files; classes

2L

4L

4L



for file stream operations; Error
handling during file operations;
command line arguments.

6

Standard Template Library 4L

1. Components of STL; Containers,
Iterator;

2. Applications of container classes.

2L

2L

Standard Functions Library 4L
1. C-based I/O functions (fflush, fgetc,

ferror, fscanf, fprintf etc.); Time, Date,
Localization functions (asctime, clock,
ctime, difftime,
localtimemktime,strftime etc.);

2. Dynamic memory allocation functions
(calloc, malloc, realloc, free).

2L

2L

7
String Manipulation 4L

1. The String class; Creating String object;
Manipulating strings;

2. Relational operations on strings; String
comparison characteristics, swapping;
Accessing characters in strings.

1L

3L

Total Number Of Lectures = 44

Faculty In-Charge HOD, CSE Dept.
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Subject Name: Advanced OOPs using C++ Subject Code-EC605B
Year:3rd Year Semester: Sixth
Assignment:

Module-1: Introduction
1. Write a program in which a class has three data members: name, roll no, marks of 5

subjects and a member function Assign() to assign the streams on the basis of table given
below:

Avg. Marks Stream
90% or more Computers
80% - 89% Electronics
75% - 79% Mechanical
70% - 74% Electrical

2. What is virtual base class? Write a small code to explain it.Why pure virtual functions are
needed?Define a function area() to compute the area of objects of different classes –
triangle, rectangle, square. Invoke these in the main program. Comment on the binding
(static or dynamic) that takes place in your program.

Module-2: Exception Handling
1. Explain exceptions with different types. How exception is handled in C++?Write down the

steps by which we can handle the exceptions with a proper example.
2. How we can restrict a function to throw only certain specified exception in C++. Explain with

proper example.When we use catch(…) handler? Explain with a proper example.Write
programs that demonstrate how certain exception types are not allowed to be thrown.

Module-3: Template
1. What do you mean by generic programming?Explain class template and function template

with proper example.A template can be considered as a kind of macro. Then what is the
difference between them?

2. What is the difference between class template and template class?Write a function template to
perform linear search/ binary search/ bubble sort/ merge sort/ selection sort in an array.Write
a C++ program where template function is overloaded.Explain inline function template.

Module-4: Console I/O operations
1. Differentiate get(), getline() and write() function with proper example.What do you mean by

stream? Write down its different types of stream with proper example.What is streambuf?
Explain stream.Why it is necessary to include the file iostream in all C++ program?

2. A. What the following statement do?
i. cout.write(s1,m).write(s2,n)
ii. cout.write(line, size)
iii. cout.precision(a)

B. How do the following two statements differ in operation?
a. Cin>>a;
b. Cin.get(a);

Module-5: Working with Files
1. Write a C++ program to write number 1 to 100 in a data file NOTES.TXT.Explain how

while(f1) statement detects the end of file that is connected to f1 stream.
2. Explain the difference between normal text file and binary file. What are the advantages of

saving data in binary form?How many file objects are required to do the following operation?
iv. To process four files sequentially.
v. To merge two files into third file.



Module-6: STL
1. What are the different types of algorithm in STL? Explain.What are the applications of

container class?How list works in STL? Explain with proper example.What do you mean by
function objects? How you use function objects in algorithm?

2. A table gives a list of car models and the number of units sold in each type in a specified
period. Write a program to store this table in a suitable container, and to display interactively
the total value of a particular model sold, given the unit-cost of that model.

Module-7: String Manipulation
1. What is the importance of using string class? What do you mean by C-Style string?Write a

C++ program to create string objects in C++.
2. Write a program that reads the name “RAMAN KUMAR BANERJEE” from keyboard into

three separate string objects and then concatenates them into a new string object using
i. + operator
ii. append() function
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Subject Name: Object Oriented Programming Using Java Subject Code-EC605A
Year: 3rd Year Semester: Sixth

Module
Number

Topics Number of Lectures

1

Introduction: 6L

1. Concepts of object oriented programming
language, Major and minor elements,
Object, Class.

2L

2. Relationships among objects, aggregation,
links.

2L

3. Relationships among classes association,
aggregation, using, instantiation, meta-
class, grouping constructs.

2L

2

Object oriented concepts: 3L
1. Difference between OOP and other

conventional programming – advantages
and disadvantages.

1L

2. Class, object, message passing,
inheritance, encapsulation, polymorphism. 2L

3

Class & Object proprieties: 11L
1. Basic concepts of java programming –

advantages of java, byte-code & JVM.
2L

2. Data types, access specifiers, operators,
control statements & loops, array, creation
of class, object, constructor, finalize and
garbage collection.

2L

3. Use of method overloading, this
keyword, use of objects as parameter &
methods returning objects, call by value &
call by reference

2L

4. Static variables & methods,
garbage collection, nested & inner classes

2L

5. Basic String handling concepts- String
(discuss charAt() , compareTo(), equals(),
equalsIgnoreCase(), indexOf(), length() ,
substring(), toCharArray() ,
toLowerCase(), toString(), toUpperCase()
, trim() , valueOf() methods) &
StringBuffer classes (discuss append(),
capacity(), charAt(), delete(),
deleteCharAt(), ensureCapacity(),
getChars(), indexOf(), insert(), length(),
setCharAt(), setLength(), substring(),
toString() methods).

2L

6. Concept of mutable and immutable string,
command line arguments, basics of I/O
operations – keyboard input using
BufferedReader & Scanner classes.

1L

4
Reusability properties 4L

1. Super class & subclasses including
multilevel hierarchy, process of

1L



constructor calling in inheritance.
2. Use of super and final keywords with

super() method, dynamic method
dispatch.

1L

3. Use of abstract classes & methods,
interfaces.

1L

4. Creation of packages, importing packages,
member access for packages.

1L

5
Exception handling & Multithreading 10L

1. Exception handling basics. 1L

2. Different types of exception classes, use
of try & catch with throw, throws &
finally, creation of user defined exception
classes.

3L

3. Basics of multithreading, main thread,
thread life cycle, creation of multiple
threads, thread priorities.

3L

4. Thread synchronization, inter-thread
communication, deadlocks for threads,
suspending & resuming threads.

3L

6
Applet Programming (using swing) 7L

1. Basics of applet programming, applet life
cycle, difference between application &
applet programming

1L

2. Parameter passing in applets, I/O in
applets, use of repaint(),
getDocumentBase(), getCodeBase()
methods.

1L

3. Concept of delegation event model and
listener, layout manager (basic concept),
creation of buttons (JButton class only) &
text fields.

5L

Faculty In-Charge HOD, CSE Dept.

Assignment:
Module-1(Introduction):

1. Explain different properties of object oriented programming language.

Module-2 (Object oriented concepts):
1. Advantages and disadvantages of java over C and C++.
2. Explain with examples: encapsulation, polymorphism.

Module-3(Class & Object proprieties):
1. Explain different steps of java source code compilation and execution.
2. Why java is called platform independent programming language.
3. Explain with examples different access specifiers of java.
4. Explain finalize and garbage collection of java.
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5. Explain the significant of static keyword.
6. String vs StringBuffer class.

Module-4(Reusability properties):
1. Explain different inheritance with examples.
2. Explain uses of this, this(), super, super().
3. Abstract class vs interface.
4. Member access for packages.

Module-5(Exception handling & Multithreading):
1. Different ways of exception handling.
2. Different ways of implementing concept of multithreading.
3. Discus problems in multithreading and their solutions.

Module-3(Applet Programming (using swing)):
1. Benefits of applet.
2. Different programs with applet.
3. Different components of swing.
4. Different event handling and layouts in swing.
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Subject Name: Programming Languages Subject Code-EC605B
Year:3rd Year Semester: Sixth
Module Number Topics Number of Lectures

1

Introduction 5L
1. Basics of OOP, Features; Structure of

C++ program; Class and object;
Concept of Constructor& destructor;
Abstraction

2. Encapsulation; Inheritance;
3. Static and dynamic

binding;Polymorphism.

2L

1L
2L

2

Exception Handling 5L
1. Exception handling mechanism;

throwing, catching, rethrowing
mechanism;

2. Multiple catch statement; Nested try-
catch block;

3. Exception in constructor & destructor;
exceptions in operator overloaded
functions.

2L

2L

1L

3

Template 6L
1. Class template; Member function

inclusion; Class template with different
parameter;

2. Function template; Function template
with multiple parameters;

3. Overloading of template function;
member function template.

3L

2L

1L

4

Console I/O operations 6L
1. C++ streams; C++ stream classes;
2. Unformatted I/O operations;
3. Formatted I/O operations;
4. Managing output with Manipulators.

1L
2L
2L
1L

5

Working with Files 10L
1. Data File Handling: Need for a data file,

Types of data files – Text file and
Binary file;

2. Text File: Basic file operations on text
file: Creating/Writing text into file,
reading and manipulation of text from
an already existing text File (accessing
sequentially).

3. Binary File: Creation of file, Writing
data into file, Searching for required
data from file, Appending data to a file,
Insertion of data in sorted file, Deletion
of data from file, Modification of data in
a file; opening and closing files; classes

2L

4L

4L



for file stream operations; Error
handling during file operations;
command line arguments.

6

Standard Template Library 4L

1. Components of STL; Containers,
Iterator;

2. Applications of container classes.

2L

2L

Standard Functions Library 4L
1. C-based I/O functions (fflush, fgetc,

ferror, fscanf, fprintf etc.); Time, Date,
Localization functions (asctime, clock,
ctime, difftime,
localtimemktime,strftime etc.);

2. Dynamic memory allocation functions
(calloc, malloc, realloc, free).

2L

2L

7
String Manipulation 4L

1. The String class; Creating String object;
Manipulating strings;

2. Relational operations on strings; String
comparison characteristics, swapping;
Accessing characters in strings.

1L

3L

Total Number Of Lectures = 44

Faculty In-Charge HOD, CSE Dept.
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Subject Name: Programming Languages Subject Code-EC605B
Year:3rd Year Semester: Sixth
Assignment:

Module-1: Introduction
1. Write a program in which a class has three data members: name, roll no, marks of 5

subjects and a member function Assign() to assign the streams on the basis of table given
below:

Avg. Marks Stream
90% or more Computers
80% - 89% Electronics
75% - 79% Mechanical
70% - 74% Electrical

2. What is virtual base class? Write a small code to explain it.Why pure virtual functions are
needed?Define a function area() to compute the area of objects of different classes –
triangle, rectangle, square. Invoke these in the main program. Comment on the binding
(static or dynamic) that takes place in your program.

Module-2: Exception Handling
1. Explain exceptions with different types. How exception is handled in C++?Write down the

steps by which we can handle the exceptions with a proper example.
2. How we can restrict a function to throw only certain specified exception in C++. Explain with

proper example.When we use catch(…) handler? Explain with a proper example.Write
programs that demonstrate how certain exception types are not allowed to be thrown.

Module-3: Template
1. What do you mean by generic programming?Explain class template and function template

with proper example.A template can be considered as a kind of macro. Then what is the
difference between them?

2. What is the difference between class template and template class?Write a function template to
perform linear search/ binary search/ bubble sort/ merge sort/ selection sort in an array.Write
a C++ program where template function is overloaded.Explain inline function template.

Module-4: Console I/O operations
1. Differentiate get(), getline() and write() function with proper example.What do you mean by

stream? Write down its different types of stream with proper example.What is streambuf?
Explain stream.Why it is necessary to include the file iostream in all C++ program?

2. A. What the following statement do?
i. cout.write(s1,m).write(s2,n)
ii. cout.write(line, size)
iii. cout.precision(a)

B. How do the following two statements differ in operation?
a. Cin>>a;
b. Cin.get(a);

Module-5: Working with Files
1. Write a C++ program to write number 1 to 100 in a data file NOTES.TXT.Explain how

while(f1) statement detects the end of file that is connected to f1 stream.
2. Explain the difference between normal text file and binary file. What are the advantages of

saving data in binary form?How many file objects are required to do the following operation?
iv. To process four files sequentially.
v. To merge two files into third file.



Module-6: STL
1. What are the different types of algorithm in STL? Explain.What are the applications of

container class?How list works in STL? Explain with proper example.What do you mean by
function objects? How you use function objects in algorithm?

2. A table gives a list of car models and the number of units sold in each type in a specified
period. Write a program to store this table in a suitable container, and to display interactively
the total value of a particular model sold, given the unit-cost of that model.

Module-7: String Manipulation
1. What is the importance of using string class? What do you mean by C-Style string?Write a

C++ program to create string objects in C++.
2. Write a program that reads the name “RAMAN KUMAR BANERJEE” from keyboard into

three separate string objects and then concatenates them into a new string object using
i. + operator
ii. append() function
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Subject Name: Electronic Measurement & Instrumentation Subject Code: EC605C
Year: 3rd Year Semester: Sixth
Module Number Topics Number of Lectures

1

Introduction : 11L

1. Method of measurement, Measurement
system, Classification of instruments 1L

2. Definition of accuracy, Precision,
Resolution, Speed of response

1L

3. Error in measurement, Classification of
errors

1L

4. loading effect due to shunt and series
connected instruments

2L

5. General features, Construction, Principle of
operation and torque equation of Moving
coil, Moving iron, Electrodynamometer,
Induction instruments

3L

6. Principle of operation of the Electrostatic,
Thermoelectric, Rectifier type instruments

2L

7. Extension of instrument ranges and
multipliers

1L

2

Instrument transformer 9L

1. Disadvantage of shunt and multipliers,
Advantage of Instrument transformers

1L

2. Principle of operation of Current &
Potential transformer, errors

3L

Measurement of power

1. Principle of operation of Electro dynamic &
Induction type wattmeter. Wattmeter errors.

2L

Measurement of resistance

1. Measurement of medium, low and high
resistances, Megger.

3L

3

Measurement of Energy 3L
1. Construction, theory and application of AC

energy meter
2L

2. testing of energy meters 1L

Potentiometer 3L

1. Principle of operation and application of
Crompton’s DC potentiometer

1L



2. Polar and Co-ordinate type AC
potentiometer. Application

2L

ACBridges 4L

1. Measurement of Inductance, Capacitance
and frequency by AC bridges.

4L

4

Cathode ray oscilloscope(CRO) 3L
1. Measurement of voltage, current, frequency

& phase by oscilloscope
1L

2. Sampling and storage oscilloscope 1L

3. Double beam CRO. 1L

Electronic Instruments 4L

1. Advantages of digital meter over analog
meters, Digital voltmeter, Resolution and
sensitivity of digital meters

2L

2. Digital multimeter, Digital frequency
meter, Signal generator

2L

Sensors &Transducers 3L

1. Introduction to sensors &Transducers,
Strain gauge

1L

2. LVDT, Temperature transducers 2L

3. Flow measurement using magnetic flow
measurement.

1L

Total Number Of Hours = 40L

Assignment:
Module-1(Introduction):

1. The following data refer to measurement in a single phase AC load

Find the power factor of the load and maximum percentage of uncertainty in the
value obtained?

2. Define accuracy sensitivity, dead zone and reproducibility?
3. A voltage has a true value of 1.50V. An analog indicating instrument with a scale range of 0-

2.50V shows a voltage of 1.46V. What are the values of absolute error and correction?
Express the error as a fraction of true value and the full scale deflection?

4. Explain loading effect due to shunt connected instrument?
5. A multimeter having a sensitivity of 2000Ω/V is used to measure the voltage across a circuit

having an output resistance of 10kΩ. The open circuit voltage of the circuit is 6V. Find the
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reading of the multimeter when it is set to it’s 10V scale. Find percentage error due to
loading effect?

6. Explain Dynamic characteristic of a measurement system?
7. Describe eddy current damping and air friction damping technique used in indicating

type instrument?
8. Differentiate absolute error and relative error?
9. A 0-150 V voltmeter has a guaranteed accuracy of 1% of full scale reading. The

voltage measured by this instrument is 75 V. Calculate the limiting error in
percentage?

10.Describe the spring control technique and gravity control technique used in
indicating type instrument?

Module-2 (Power and resistance measurement , Instrument transformer):
1. Explain Loss of charge method for high resistance measurement?
2. Describe direct deflection method of measuring high resistance?
3. Draw the equivalent circuit and phasor diagram of a current transformer?
4. What do you mean by Ratio error in practical current transformer?
5. The magnetising current of a ring core current transformer, of ratio 1000/5 A, when operating

at full primary current and with a secondary burden of non inductive resistance of 1 Ω is 1 A
at a power factor of 0.4. Neglecting the effect of magnetic leakage, calculate-

i) The phase displacement between primary and secondary currents?
ii) The ratio error at full load assuming that there has been no turn compensation?

6. Mention the difference between Current Transformer and Potential Transformer?
7. Derive the expression for bridge sensitivity while measuring unknown resistance using

Wheatstone bridge method?
8. State and explain Blondel’s theorem?
9. How three phase power can be measured using 3 watt meters?
10. Describe how three phase power can be measured using only two watt meters?

Module-3(AC Bridges, Potentiometer, Measurement of Energy):
1. How capacitance can be measured using De Sauty’s bridge
2. Describe the operation of a DC potentiometer and also explain how standardisation of this

instrument is done to get direct reading for measurement of unknown voltage?
3. Describe the operation of phase shifting transformer?
4. Explain how AC potentiometer works?
5. A basic slide wire potentiometer has a working voltage of 3V with negligible internal

resistance. The resistance of slide wire is 400Ω and it’s length is 200 cm. A 200 cm scale is
placed along the slide wire. The slide wire has 1mm scale divisions and it is possible to read
up to 1/5 of a division. The instrument is standardised with 1.018V standard cell with sliding
contact at the 101.8 cm mark on scale. Calculate –

i) Working current?
ii) The resistance of series rheostat?
iii) The measurement range?
iv) The resolution of instrument?

6. How unknown frequency can be measured using Wien’s bridge ?
7. In a Wheatstone bridge the value of resistances of various arms are P=1000 Ω, Q=100 Ω,

R=2005 Ω and S=200 Ω. The bridge is balanced when PS=RQ. The battery has an emf of 5V
and negligible internal resistance. The galvanometer has a current sensitivity of 10 mm/µA



and an internal resistance of 100 Ω. Calculate the deflection of galvanometer and the
sensitivity of the bridge in terms of deflection per unit change in resistance?

8. Derive the expression of unknown inductance for measurement of inductance using
Anderson’s bridge? Also draw the phasor diagram of the bridge at balanced condition?

9. Explain the significance of standardization of potentiometer? How potentiometer
gives more accurate result than voltmeter while measuring unknown voltage?

10. Explain how self-inductance can be measured using Maxwell’s Inductance Bridge?
Module-4(Electronic instruments, CRO, Sensors and Transducers):

1. Describe how thermocouple can be used for temperature measurement?
2. Write down the difference between sensors and transducers? Define Strain Gauge?
3. Prove that Gf = 1 + 2γ

Where Gf is the gauge factor of the strain gauge and  γ is the Poisson’s ratio.
4. Explain the operating principle of LVDT?
5. Describe the block diagram of Cathode Ray Oscilloscope and explain each block?
6. A resistance strain gauge with a gauge factor of 2 is cemented to a steel member

which is subjected to a strain of 1x 10-6 . If the original resistance value of the gauge is
130 ohm calculate the change in resistance?

7. How temperature is measured using thermocouple?
8. Write short note on RTD?
9. What are the main advantages of digital meter over analog  meters

10. Explain the operation of a signal generator?
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Title of Course: Digital Communications Lab
Course Code: EC691
L-T-P scheme: 0-0-3                                                                                      Course Credit: 2

Objectives:
Digital communication uses electrical signalling methods to transmit information over a physical
channel separating atransmitter and receiver with the channel properties often time varying. This
course presents the theory and practice of digital communication including signal design,
modulation methods, demodulation methods, wireless channel basics and the application of this
to the design of modern OFDM systems.

Learning Outcomes:
Upon successful completion of this course, the students will be able to;
1. Understand the basicconcepts of advanceddigitalcommunicationsystems
2. Apply different modulation schemesto baseband signals
3. Analyze the BERcharacteristics of Baseband Modulated signals

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

1. To study different types of signal sampling and its reconstruction.
2. To study Pulse Position Modulation
3. To generate the pulse width modulated and demodulated signals.
4. Study of Time Division Multiplexing System.
5. To study delta modulation & demodulation and observe the effect of slope overload
6. To study the operation of Amplitude Shift Keying modulation and demodulation with the

help of circuit connections.
7. To study the operation of Frequency Shift Keying modulation and demodulation with the

help of kit.
8. To generate Pulse shift key (PSK) With Wave forms.
9. To study Quadri Phase Shift Keying (QPSK).10. To study Differential Phase Shift Keying (DPSK).

Text Book:
1.J. D. Proakis and M. Salehi (2008), Digital Communication,
2.McGraw HilDavid Silage (2009), Digital Communication

Recommended Kits and Equipment Requirements:
1. Digital communication,Advance Digital communication kits
2. DSO, FG, Probes
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EXPERIMENT-1

Aim:To study different types of signal sampling and its reconstruction.

ApparatusRequired:
1. Sampling and its reconstruction Kit-DCL01
2. Digital Storage Oscilloscope(DSO)
3. Power supply
4. Patch cords

Theory:Regardless of the sampling method used, by definition it captures only pieces
of the message. So, how can the sampled signal be used to recover the whole
message? This question can be answered by considering the mathematical model that
defines the sampled signal:

Sampled message = the sampling signal × the message
As you can see, sampling is actually the multiplication of the message with the

sampling signal. And, as the sampling signal is a digital signal which is actually
made up of a DC voltage and many sinewaves (the fundamental and its harmonics)
the equation can be rewritten as:

Sampled message = (DC + fundamental + harmonics) × message

Block Diagram:

Fig. 1.1BlockDiagram for Natural Sampling

Fig. 1.2BlockDiagram for Sample and Hold
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Fig. 1.3BlockDiagram for Flat Top Sampling

Waveforms

a. Sampling b. Reconstruction

Fig. 1. Showing sampling and reconstruction waves

Conclusion:
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EXPERIMENT-2

Aim:To study Pulse Position Modulation.

ApparatusRequired:Dual trace CRO, PPM kit, connecting leads.

THEORY:

In Pulse Position Modulation, both the pulse amplitude and pulse duration are held constant but
the position of the pulse is varied in proportional to the sampled values of the message signal.
Pulse time modulation is a class of signalling techniques that encodes the sample values of analog
signal onto the time axis of a digital signal and it is analogous to angle modulation techniques.
The two main types of PTM are PWM and PPM. In PPM the analogsample value determines the
position of a narrow pulse relative to the clocking time. In PPM rise time of pulse decides the
channel bandwidth. It has low noise interference.

CIRCUITDIAGRAMandWAVEFORM:

Fig. 1. PPM generation circuit and PPM waveform

Conclusion:
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EXPERIMENT-3

AIM:To generate the pulse width modulated and demodulated signals.

Apparatus Required:Capacitors-0.01µF, 1µF, Resistors- 1.2kΩ, 1.5kΩ, 8.2kΩ, IC555,
Function generator, DSO.

THEORY:
Pulse Time Modulation is also known as Pulse Width Modulation or Pulse Length Modulation.
In PWM,the samples of the message signal are used to vary the duration of the individual
pulses. Width may bevaried by varying the time of occurrence of leading edge, the trailing edge
or both edges of the pulse inaccordance with modulating wave. It is also called Pulse Duration
Modulation.

CIRCUIT DIAGRAM:

Fig. 1. Pulse width modulation generator circuit

Fig. 2. Pulse width modulation demodulation circuit
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Waveforms:

Fig. 2.Showing PWM signal

Observation Table:

Sl. No. Control Voltage (Vp-p) O/P Pulse Width (m sec)

Conclusion:
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EXPERIMENT-4

Aim:Study of Time Division Multiplexing System

Apparatusrequired: TDM Transmitter Trainer, Connecting wires, DSO.

Theory: Time Division is a technique of transmitting more than one information on the
same channel. The samples consist of short pulses followed by another pulse after a
long-time interval, this is as shown in fig.1.
This no-activity time intervals can be used to include samples from the other channels as
well. This means that several information can be transmitted over a single channel by
sending samples from different information sources at different moments in time. This
technique is known as Time Division Multiplexing or TDM. TDM is widely used in
digital communication systems to increase the efficiency of the transmitting.

Block diagram:

Fig. 1.Block diagram of TDM system.

Waveform:

Fig. 2.Showing TDM waveform with long time intervals between the samples.

Conclusion:
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EXPERIMENT-4

Aim:To study delta modulation & demodulation and observe the effect of slope
overload.

Apparatusrequired: Delta modulation / demodulation trainer, Connecting wires, DSO.

Theory:Delta Modulation is a system of Digital Modulation scheme in which the
difference between the sample value at sampling time K and sample value at the
previous sampling time ( k – 1 ) is encoded into just a single bit.
The baseband signal m(t) and its quantized approximation m’(t) are applied as inputs to
a comparator. A comparator simply makes a comparison between inputs. If signal
amplitude has increased, then modulators output is at logic level 1. If the signal
amplitude has decreased, the modulator output is at logic level 0. Thus the output from
the modulator is a series of 0’s and 1’s to indicate rise and fall of the waveform since the
previous value. The comparator output is then latched into a D flip-flop which is
clocked by the transmitter clock. Thus the output of the flip-flop is a latched 1 or 0
synchronous with the transmitter clock edge. The binary sequence is transmitted to
receive and is also fed to the unipolar to bipolar converter. This block converts logic 0 to
voltage level of +4V and 1 to voltage level of – 4V. The bipolar output ia applied to the
integrator whose output is : a) Rising linear ramp signal when – 4V is applied to it       b)
Falling linear ramp signal when + 4V is applied to it. The integrator output is then
connected to the – ve terminal of voltage comparator.

Block Diagram:

Fig.1.: Delta Modulator

Fig.2.: Delta demodulator
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Observation:

Conclusion:
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EXPERIMENT-6

Aim:To study the operation of Amplitude Shift Keying modulation and demodulation
with the help of circuit connections.

Apparatusrequired:

1. Resistors 1.2KΩ 3
2. Transistor BC 107 2
3. DSO 1
4. Functiongenerator 0-1MHz 1
5. Regulated PowerSupply 0-30V,1A 1
6. Probes --- 1

Theory:

The binary ASK system was one of the earliest form of digital modulation used in
wireless telegraphy. In an binary ASK system binary symbol 1 is represented by
transmitting a sinusoidal carrier wave of fixed amplitude Ac and fixed frequency fc for
the bit duration Tb whereas binary symbol 0 is represented by switching of the carrier for
Tb seconds. This signal can be generated simply by turning the carrier of a sinusoidal
oscillator ON and OFF for the prescribed periods indicated by the modulating pulse
train. For this reason, the scheme is also known as on-off shift testing. Let the sinusoidal
carrier can be represented by Ec (t) =Ac cos (2Πfct) then the binary ASK signal can be
represented by a wave s(t) given by S(t) = Accos(2Πfct), symbol 1 ASK signal can be
generated by applying the incoming binary data and the sinusoidal carrier to the two
inputs of a product modulator. The resulting output is the ASK wave. The ASK signal
which is basically product of the binary sequence and carrier signal has a same as that of
base band signal but shifted in the frequency domain by ±fc. The band width of ASK
signal is infinite but practically it is 3/Tb.
Circuit diagram:

Fig. 1.Amplitude Shift Keying and demodulation Circuit
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Waveforms:

Fig. 2.Showing Amplitude Shift Keying signal

Conclusion:



UNIVERSITY OF ENGINEERING AND MANAGEMENT, JAIPUR
Lab Manual

EXPERIMENT-7

Aim:To study the operation of Frequency Shift Keying modulation and demodulation with
the help of kit.

Apparatus Required:FSK kit, DSO and connecting probes

Theory:

Frequency Shift Keying is the process generating a modulated signal from  a digital data
input. If the incoming bit is 1, a signal with frequency f1 is sent for the duration of the bit. If
the bit is 0, a signal with frequency f2 is sent for the duration of this bit. This is the basic
principle behind FSK modulation.
Basically a 555 timer is used as an Astablemultivibrator, which generates a clock pulse of
frequency determined by the values of R and C in this circuit. This is divided by 2, 4, 8 and 16
using 74163 IC, and two of these outputs are used in a NAND logic gates circuit, to generate a
FSK modulated wave. To this NAND gates’ circuit a binary data sequence is also supplied.
The circuit operation causes a frequency f1 for bit 1, and f2 for bit 0.
In the demodulator circuit, the FSK modulated signal is applied to a high Q tuned filter. This
filter is tuned to the frequency of either 0 or 1. This filter passes the selected frequency and
rejects the other. The output is then passed through a FWR (Full Wave Rectifier) circuit and
the output is now above zero volts only. It is then passed through a comparator; if the input to
the comparator is greater than threshold value, the output is 1, else it is 0. This digital output
of the comparator is the demodulated FSK output.

Circuit diagram:
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Waveforms

Fig. 1. Showing waveform of Frequency shift keying.

Conclusion:



UNIVERSITY OF ENGINEERING AND MANAGEMENT, JAIPUR
Lab Manual

EXPERIMENT No. :8

Aim:To study Phase Shift Keying (PSK).

Apparatus Used: Trainer kit, Connecting wires, DSO.

Theory:Phase shift keying (PSK) involves the phase shift change of the carrier sine
wave between 0º and 180º in accordance with the data stream to be transmitted. PSK
is also known as phase reversal keying (PSK).
Functionally, the PSK modulator is very similar to the ASK modulator . both uses
balanced modulator to multiply the carrier with the modulating signal. Bit in contrast
to ASK technique, the digital signal applied to the modulation input for PSK
generation is bipolar i.e. have equal positive and negative voltage levels. When the
modulating input is positive the output of modulator is a sine wave in phase with the
carrier input. Whereas for the negative voltage levels, the output of modulator is a
sine wave which is shifted out of phase 180º from the carrier input.

Block Diagram:

Fig. 1:Block diagram of PSK modulator

Fig. 2. Block diagram of PSK demodulator

Waveforms:

Fig. 3. PSK waveform

Conclusion:
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EXPERIMENT No. :9

Aim:To study QuadriPhase Shift Keying (QPSK).

Apparatus Used:Trainer kit, Connecting wires, DSO.

Theory:With quadrature phase shift keying modulation (also called quaternary
PSK,Quadriphase PSK or 4-PSK), a sinusoidal waveform is varied in phase whilekeeping
the amplitude and frequency constant. The term quadrature indicatesthat there are four
possible phases.
Equation (1) shows the general expression for a QPSK waveform.( ) = [ + ( )] (1)

Block Diagram:

Fig. 1.Block diagram of QPSK Modulator.

Waveforms and Constellation diagram:

(a) (b)

Fig. 2.Constellation diagram (a) = , , , (b) = 0, , ,



UNIVERSITY OF ENGINEERING AND MANAGEMENT, JAIPUR
Lab Manual

Fig. 3.Waveform of QPSK signal

Conclusion:
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EXPERIMENT No. :10

Aim:To study Differential Phase Shift Keying (DPSK).

Apparatus Used:Trainer kit, Connecting wires, DSO.

Theory:DPSK is noncoherent form of phase shift keying which avoids the need for a
coherent reference signal at the receiver.Input binary sequence is first differentially encoded
and then modulation using a BPSK modulator. Differentially encoded sequence {dk} is
generated from the input binary sequence {mk} by complementing the modulo-sum of mk

and dk-1. DPSK generation sequence is illustrated in Table 1.

Table 1. Illustrating DPSQ sequence

mk 1 0 0 1 0 0 1 1
dk-1 1 1 0 1 1 0 1 1
dk 1 1 0 1 1 0 1 1 1

Block diagram:

Fig. 1: Block diagram of generating DPSK signal

Fig. 2: Block diagram of demodulating DPSK signal
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Waveform:

Fig. 3:Waveform showing DPSK signal.

Conclusion:
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Title of Course: Digital Signal Processing lab
Course Code: EC692
L-T-P scheme: 0-0-3                                                                                      Course Credit: 2

Objectives:
The main objective of this course is to introduce the architecture of DSP processor for developing real-
time applications. In this course students, will learn about the computational building blocks and the basic
architectural features of DSP. They will learn about programmable digital signal processors and
implementation details of DSP algorithms like digital filters, including basic adaptive filters and FfTs.
They will also be introduced to CODEC programming and interfacing codec and DSP as
well as several real-world applications of DSP processors.

Learning Outcomes:
1. Understand the architecture and building blocks of digital signal processor.
2. Analyze and process signals using DSP Processor.
3. Implementing FIR, IIR and basic adaptive filters to suit specific requirements for specific applications.
4. Learn codec programming and interfacing it with DSP.
5. Understand the applications of DSP processors
6. Designing and implementing a small application using DSP processor

Course Contents:
Exercises that must be done in this course are listed below:
Experiment 1: - Generate continuous and Discrete signal
Experiment 2: - Graphical representation of unit step signal
Experiment 3: - Graphical representation of unit sample signal
Experiment 4: - Graphical representation of unit ramp signal
Experiment 5: - Graphical representation of exponential signal
Experiment 6: - Graphical representation of exponential increasing- decreasing signal
Experiment 7: - Graphical representation of even signal
Experiment 8: - Graphical representation of odd signal
Experiment 9:- Determine whether given signal is periodic or not
Experiment 10: - Convolution of given sequences
Experiment 11: - Cross correlation of given sequences
Experiment 12: - Plot Magnitude and Phase Response
Experiment 13: - Impulse Response of a given System
Experiment 14: -Z Transform of the Sequence a given sequence
Experiment 15: - Inverse Z Transform of the Sequence a given sequence
Experiment 16: - DFT and IDFT of a Sequence
Experiment 17: - 8- point DFT of the Sequence
Experiment 18: - Circular convolution of following sequences

Text Book:
1. J. G. Proakis and D. G. Manolakis, “Digital Signal Processing”, Prentice Hall India, 3rd edition,

1997, ISBN: 81-203-1129-9

Recommended Systems/Software Requirements:
1. SCILAB
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Experiment 1: -Generate continuous and Discrete signal

AIM: - To write a scilab code to sketch the continuous time signal x (t ) =2∗exp(-2 t ) and also  its
discrete time equivalent signal with a sampling period T = 0 . 2 sec

Algorithm: -

Step 1: - Start the program
Step 2: - Get the input for signal generation
Step 3: - Use the appropriate library function
Step 4: - Display the output and output wave form

Source Code: -

clear;
clc ;
close ;
t =0:0.01:2;
x1 =2* exp ( -2*t);
subplot (1 ,2 ,1);
plot (t,x1);

xlabel ( ’ t ’ );
ylabel ( ’ x ( t ) ’ );
title ( ’CONTINUOUS TIME PLOT ’ );
n =0:0.2:2;
x2 =2* exp ( -2*n);

subplot (1 ,2 ,2);
plot2d3 (n, x2);
xlabel ( ’n ’ );
ylabel ( ’ x (n) ’ );
title ( ’DISCRETE TIME PLOT ’ );

Output: -
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Experiment 2: - Graphical representation of unit step signal

AIM: - To write the Scilab code to find the unit step signal and sketch the output wave form.

Algorithm: -

Step 1: - Start the program
Step 2: - Get the input for signal generation
Step 3: - Use the appropriate library function
Step 4: - Display the output and output wave form

Source Code: -

clear;
clc;
close;
L = 4; // Upper limit
n = -L: L;
x = [ zeros (1, L), ones (1, L +1)];
a= gca ();
a. thickness = 2;
a. y_location = "middle ";
plot2d3 (‘gnn‘, n,x)
xtitle(‘Graphical Representation of Unit Step Signal', ' n ', ' x [ n] ' );

Output: -



UNIVERSITY OF ENGINEERING & MANAGEMENT, JAIPUR
Lab Manual

Experiment 3: - Graphical representation of unit sample signal

AIM: - To write the Scilab code to find the unit sample signal and sketch the output wave form.

Algorithm: -

Step 1: - Start the program
Step 2: - Get the input for signal generation
Step 3: - Use the appropriate library function
Step 4: - Display the output and output wave form

Source Code: -

clear;
clc;
close;
L = 4; // Upper limit
n = -L: L;
x = [ zeros (1,L) ,1, zeros (1,L)];
a= gca ();
a.thickness = 2;
a.y_location = " middle ";
plot2d3 ( ’ gnn ’ ,n,x)
xtitle ( ’ Graphical Representation of Unit Sample Sequence ’ , ’ n ’ , ’ x [ n ] ’ );

Output: -
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Experiment 4: - Graphical representation of unit ramp signal

AIM: - To write the Scilab code to find the unit ramp signal and sketch the output wave form.

Algorithm: -

Step 1: - Start the program
Step 2: - Get the input for signal generation
Step 3: - Use the appropriate library function
Step 4: - Display the output and output wave form

Source Code: -

clear;
clc;
close;
L = 4; // Upper limit
n = -L: L;
x = [ zeros (1, L) ,0: L];
a= gca ();
a.thickness = 2;
a.y_location = "middle ";
plot2d3 (‘gnn‘, n,x)
xtitle('Graphical representation of unit ramp signal, ' n ' , ' x [ n ] ' );

Output: -
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Experiment 5: - Graphical representation of exponential signal

AIM: - To write the Scilab code to find the exponential signal and sketch the output wave form.

Algorithm: -

Step 1: - Start the program
Step 2: - Get the input for signal generation
Step 3: - Use the appropriate library function
Step 4: - Display the output and output wave form

Source Code: -

clear;
clc ;
close ;
a =1.5;
n =1:10;
x = (a)^n;
a= gca ();
a.thickness = 2;
plot2d3 ( ' gnn ' ,n,x)
xtitle ( ' Graphical representation of exponential signal', ' n ' , ' x [ n ] ' );

Output: -
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Experiment 6: - Graphical representation of exponential increasing- decreasing signal

AIM: - To write the Scilab code to find the exponential increasing- decreasing signal and sketch the
output wave form.

Algorithm: -

Step 1: - Start the program
Step 2: - Get the input for signal generation
Step 3: - Use the appropriate library function
Step 4: - Display the output and output wave form

Source Code: -

clear;
clc;
close;
a = -1.5;
n = 0:10;
x = (a)^n;
a= gca ();
a. thickness = 2;
a. x_location = " o r i g i n ";
a. y_location = " o r i g i n ";
plot2d3 ( ' gnn ' ,n,x)
xtitle ( ' Graphical representation of exponential increasing- decreasing signal', ' n ' , ' x [ n ] ' );

Experiment 7: - Graphical representation of even signal

AIM: - To write the Scilab code to find the even signal and sketch the output wave form.

Algorithm: -

Step 1: - Start the program
Step 2: - Get the input for signal generation
Step 3: - Use the appropriate library function
Step 4: - Display the output and output wave form

Source Code: -

clear;
clc;
close;
n = -7:7;
x1 = [0 0 0 1 2 3 4];
x = [x1 ,5, x1(length (x1) : -1:1) ];
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a= gca ();
a. thickness = 2;
a. y_location = " middle ";
plot2d3 ( ’ gnn ’ ,n,x)
xtitle ( ’ Graphical representation of even signal’, ’ n ’, ’ x [ n ] ’ );

Experiment 8: - Graphical representation of odd signal

AIM: - To write the Scilab code to find the odd signal and sketch the output wave form.

Algorithm: -

Step 1: - Start the program
Step 2: - Get the input for signal generation
Step 3: - Use the appropriate library function
Step 4: - Display the output and output wave form

Source Code: -

clear ;
clc ;
close ;
n = -5:5;
x1 = [0 1 2 3 4 5];
x = [-x1($ : -1:2) ,x1 ];
a= gca ();
a. thickness = 2;
a. y_location = " middle ";
a. x_location = " middle "
plot2d3 ( ’ gnn ’ ,n,x)
xtitle ( ’ Graphical representation of even signal’, ’ n ’, ’ x [ n ] ’ );

Experiment 9:-Determine whether given signal is periodic or not

AIM: - To write the Scilab code to find the given signal is periodic or not

Algorithm: -

Step 1: - Start the program
Step 2: - Get the input for signal generation
Step 3: - Use the appropriate library function
Step 4: - Display the output and output wave form
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Source Code: -

clear ;
clc ;
close ;
t =0:0.01:10;
x1=cos (2* %pi *t /3) ;
subplot (1 ,2 ,1);
plot (t,x1);
xlabel ( ’ t ’ );
ylabel ( ’ x ( t ) ’ );
title ( ’CONTINUOUS TIME PLOT ’ );
n =0:0.2:10;
x2= cos (2* %pi *n /3) ;
subplot (1 ,2 ,2);
plot2d3 (n,x2);
xlabel ( ’ n ’ );
ylabel ( ’ x ( n ) ’ );
title ( ’DISCRETE TIME PLOT ’ );

Experiment 10: -Convolution of given sequences

AIM: - To write the Scilab code to find the convolution of a given signal x (n) = [1 2 1 1] ,
h (n) = [1 -1 1 -1]and sketch the output wave form.

Algorithm: -

Step 1: - Start the program
Step 2: - Get the input for signal generation
Step 3: - Use the appropriate library function
Step 4: - Display the output and output wave form

Source Code: -

clear;5 clc;6 close;7 x = [1 2 1 1];8 h =[1 -1 1 -1];9 y= convol (x,h);10 disp ( round (y))



UNIVERSITY OF ENGINEERING & MANAGEMENT, JAIPUR
Lab Manual

Output: -

Experiment 11: - Cross correlation of given sequences

AIM: - To write the Scilab code to find the cross correlation of a given signal x (n) = [1 2 1 1] ,
h (n) = [1 1 2 1]and sketch the output wave form.

Algorithm: -

Step 1: - Start the program
Step 2: - Get the input for signal generation
Step 3: - Use the appropriate library function
Step 4: - Display the output and output wave form

Source Code: -

clear;
clc;
close;
x = [1 2 1 1];
h = [1 1 2 1];
h1 = [1 2 1 1];
y= convol (x, h1);11 disp (round (y));

Output:-
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Experiment 12: - Plot Magnitude and Phase Response

AIM: - To write the Scilab code to find the magnitude and phase plot of a given system and sketch
the output wave form.

Algorithm: -

Step 1: - Start the program
Step 2: - Get the input for signal generation
Step 3: - Use the appropriate library function
Step 4: - Display the output and output wave form

Source Code: -

clear ;
clc ;
close ;
w=- %pi :0.01: %pi ;
H =1+2* cos(w) +2* cos (2* w);
[ phase_H ,m]= phasemag (H);
Hm=abs(H);
a= gca ();
subplot (2 ,1 ,1);
a. y_location =" o r i g i n ";
plot2d (w/%pi ,Hm);
xlabel ( ’ Frequency i n Radians ’ )
ylabel ( ’ abs (Hm) ’ );
title ( ’MAGNITUDE RESPONSE ’ );
subplot (2 ,1 ,2);
a= gca ();
a. x_location =" o r i g i n ";
a. y_location =" o r i g i n ";
plot2d (w /(2* %pi ),phase_H );
xlabel ( ’ Frequency i n Radians ’ );
ylabel ( ’ <(H) ’ );
title ( ’PHASE RESPONSE ’ );
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Output: -

Experiment 13: - Impulse Response of a given System

AIM: - To write the Scilab code to find the impulse response of a given system and sketch the
output wave form.

Algorithm: -

Step 1: - Start the program
Step 2: - Get the input for signal generation
Step 3: - Use the appropriate library function
Step 4: - Display the output and output wave form

Source Code: -

clear;
clc;
close ;
z=%z;
a=z ^3+2*( z ^(2) ) -4*(z) +1;
b=z ^3;
h = ldiv (a,b ,4) ;
disp (h,"h(n)=");
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Output:-

Experiment 14: -Z Transform of the Sequence a given sequence

AIM: - To write the Scilab code to calculate the z transform of a given sequence and sketch the
output wave form.

Algorithm: -

Step 1: - Start the program
Step 2: - Get the input for signal generation
Step 3: - Use the appropriate library function
Step 4: - Display the output and output wave form

Source Code: -

clear ;
clc ;
close ;
function [za ]= ztransfer ( sequence ,n)
z= poly (0, ’ z ’ , ’ r ’ )
za= sequence *(1/ z)^n’
endfunction
x1 =[2 -1 3 2 1 0 2 3 -1];
n = -4:4;
zz= ztransfer (x1 ,n);
disp (zz ,"Z-transform of sequence is : ");
disp ( ’ROC is the entire plane except z = 0 and z =%inf ’ );
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Experiment 15: - Inverse Z Transform of the Sequence a given sequence

AIM: - To write the Scilab code to calculate the inverse z transform of a given sequence and sketch
the output wave form.

Algorithm: -

Step 1: - Start the program
Step 2: - Get the input for signal generation
Step 3: - Use the appropriate library function
Step 4: - Display the output and output wave form

Source Code: -

clear;
clc ;
close ;
z=%z;
a =(2+2* z+z ^2) ;
b=z ^2;
h = ldiv (b,a ,6) ;
disp (h," First six values of h ( n )=");

Experiment 16: -DFT and IDFT of a Sequence

AIM: - To write the Scilab code to calculate the DFT of a given sequence x [n] = [ 1, 1 , 0 , 0 ] and
IDFT of a Sequence Y[ k ] = [ 1 , 0 , 1 , 0 ] and sketch the output wave form.

Algorithm: -

Step 1: - Start the program
Step 2: - Get the input for signal generation
Step 3: - Use the appropriate library function
Step 4: - Display the output and output wave form

Source Code: -

x [n] = [ 1, 1 , 0 , 0 ] and IDFT of a Sequence Y[ k ] = [ 1 , 0 , 1 , 0 ]

clear ;
clc ;
close ;
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x = [1 ,1 ,0 ,0];//DFT Computation
X = fft (x , -1);
Y = [1 ,0 ,1 ,0];//IDFT Computation
y = fft (Y , 1);// Display sequence X[ k ] and y [ n ] in command window
disp (X,"X[ k]=");
disp (y,"y [ n]=");

Output: -

Experiment 17: - 8- point DFT of the Sequence

AIM: - To write the Scilab code to calculate the 8- point DFT of a given sequence x [ n] = [ 1, 1 , 1 ,
1 , 1 , 1 , 0 , 0 ]and sketch the output wave form.

Algorithm: -

Step 1: - Start the program
Step 2: - Get the input for signal generation
Step 3: - Use the appropriate library function
Step 4: - Display the output and output wave form
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Source Code: -

clear ;4 clc ;5 close ;6 x = [1 ,1 ,1 ,1 ,1 ,1 ,0 ,0];7 //DFT Computation8 X = fft (x , -1);9 // D i s p l a y s e q u e n c e X[ k ] i n command window10 disp (X,"X[ k]= ");

Experiment 18: -Circular convolution of following sequences

AIM: - To write the Scilab code to calculate the circular convolution of a given sequence x [ n] = [ 1
, 2 , 2 , 1 , 0 ] and Y[ k]=exp (- j ∗4∗pi ∗k /5) . X [ k ] and sketch the output wave form.

Algorithm: -

Step 1: - Start the program
Step 2: - Get the input for signal generation
Step 3: - Use the appropriate library function
Step 4: - Display the output and output wave form

Source Code: -

clear ;
clc ;
close ;
x=[1 ,2 ,2 ,1 ,0];
X= fft(x , -1);
k =0:1:4;
j= sqrt ( -1);
pi =22/7;
H= exp(-j *4* pi*k /5) ;
Y=H.*X;//IDFT Computation
y= fft(Y ,1) ;// D i s p l a y s e q u e n c e y [ n ] i n command window
disp ( round (y),"y [ n]= ");// P l o t s
n =0:1:4;
a = gca ();
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a. y_location = " o r i g i n ";
a. x_location = " o r i g i n ";
plot2d3 (n, round (y) ,5);
poly1 =a. children (1) . children (1) ;
poly1 . thickness =2;
xtitle ( ’ P l o t o f s e q u e n c e y [ n ] ’ , ’ n ’ , ’ y [ n ] ’ );



UNIVERSITY OF ENGINEERING AND MANAGEMENT, JAIPUR
Lab Manual

Title of Course: Object Oriented Programming Using Java Lab
Course Code: EC695A
L-T-P scheme: 0-0-3 Course Credit: 2

Objectives:
1. To strengthen their problem solving ability by applying the characteristics of an object

oriented approach.
2. To introduce object oriented concepts in Java.

Learning Outcomes:
1. Explain what constitutes an object-oriented approach to programming and identify the

potential benefits of object-oriented programming over other approaches.
2. Apply an object-oriented approach to developing applications of varying complexities.

Course Contents:
Exercises that must be done in this course are listed below:
Exercise No. 1: Class creation with main method and steps of source code compilation and
execution.
Exercise No. 2: Design a stack and a queue.
Exercise No. 3: Design different types of linked lists for different operations.
Exercise No. 4: Methods of String.
Exercise No. 5: Implement different types of polymorphism: overloading and overriding.
Exercise No. 6: Implement different types of inheritance.
Exercise No. 7: Use of package with access specifier.
Exercise No. 8: Write a program using static keyword.
Exercise No. 9: Write a program to use this, this(), super, super().
Exercise No. 10: Exception handling.
Exercise No. 11: Threading.
Exercise No. 12: Applet programming and Action Event.
Exercise No. 13: Swing programming and Layout.

Text Book:
1. E. Balagurusamy – " Programming With Java: A Primer" – 3rd Ed. – , Tata Mc Graw Hill.
2. Herbert Schildt, Java: The Complete Reference (Tata Mcgraw Hill Education Private , 7th

Ed).

Recommended Systems/Software Requirements:
Java Development Kit and Java Runtime Environment, preferable latest version.

Experiment No: 1: Java source code compilation and execution.

Aim: Class creation with main method and steps of source code compilation and execution.

Description:
Create a file with .java extension. Write a class with main method. Then compile that source

code using javac command(java compiler) then execute generated bytecode using java command.

/* First java program First.java */
public class First {

public static void main(String args[]){
System.out.println(“Welcome”);

}
}

Steps of execution:
javac First.java //For compilation



java First //For execution

OUTPUT:
Welcome

Experiment No: 2A: Design a stack.

Aim: Write a program in java to design stack.

Description:
A stack is a container of objects that are inserted and removed according to the last-in first-

out (LIFO) principle. In the pushdown stacks only two operations are allowed: push the item into the
stack, and pop the item out of the stack. A stack is a limited access data structure - elements can be
added and removed from the stack only at the top. push adds an item to the top of the stack, pop
removes the item from the top. A helpful analogy is to think of a stack of books; you can remove
only the top book, also you can add a new book on the top.

/* Java program Stack.java */

class Stack {

//stack holds 10 values

int stack[] = new int[10];
//top of the stack
int tos;

Stack() {
//initially top of stack -1, denotes empty
tos = -1;

}

//push or add an element top of the stack
void push(int element) {

//if stack is full
if (tos == 9) {

System.out.println("Stack is full!");
} else {

stack[++tos] = element;
}

}

//pop or remove element from top of stack
int pop() {

//if no element in stack
if (tos < 0) {

System.out.println("Stack is empty");
//0 indicates operation fails
return 0;

} else {
return stack[tos--];

}
}

}

INPUT:
If push(1) is invoked, 1 will be added onto the stack. Again if push(2) is invoked then 2 will

be added onto the stack and now top of the stack is 2.
If pop() is invoked 2 will be returned as top of the stack is 2.
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OUTPUT:
If return value of pop() is printed then 2 will be printed as top of the element is 2.

Experiment No: 2B: Design a queue.

Aim: Write a program in java to design queue.

Description:
A queue is a container of objects (a linear collection) that are inserted and removed

according to the first-in first-out (FIFO) principle. An excellent example of a queue is a line of
students in the food court of the UC. New additions to a line made to the back of the queue, while
removal (or serving) happens in the front. In the queue only two operations are allowed enqueue and
dequeue. Enqueue means to insert an item into the back of the queue, dequeue means removing the
front item. The picture demonstrates the FIFO access.

/* Java program Queue.java */

public class Queue {

private static final int capacity = 3;
int arr[] = new int[capacity];
int size = 0;
int top = -1;
int rear = 0;

public void push(int pushedElement) {
if (top < capacity - 1) {

top++;
arr[top] = pushedElement;

} else {
System.out.println("Overflow !");

}
}

public int pop() {
int e = arr[rear];
if (top >= rear) {

rear++;
} else {

System.out.println("Underflow !");
}
return e;

}

public void display() {
if (top >= rear) {

System.out.println("Elements in Queue : ");
for (int i = rear; i <= top; i++) {

System.out.println(arr[i]);
}

}
}

}



INPUT:
The push() method is for inserting element in a queue, pop() to get element from the rear

position and display() to print all elements in the queue.

OUTPUT:
If display() is invoked, all the elements will be printed from the rear position to top position.

Experiment No: 3A: Design Singly Link List.

Aim: Write a program in java to design singly link list.

Description:
Singly Linked Lists are a type of data structure. It is a type of list. In a singly linked list each

node in the list stores the contents of the node and a pointer or reference to the next node in the list.
It does not store any pointer or reference to the previous node. It is called a singly linked list because
each node only has a single link to another node. To store a single linked list, you only need to store
a reference or pointer to the first node in that list. The last node has a pointer to nothingness to
indicate that it is the last node.

/* Java program SinglyLinkList.java */

public class SinglyLinkedList<T> {

private Node<T> head;
private Node<T> tail;

public void add(T element) {

Node<T> nd = new Node<T>();
nd.setValue(element);
System.out.println("Adding: " + element);
/**
* check if the list is empty
*/

if (head == null) {
//since there is only one element, both head and
//tail points to the same object.
head = nd;
tail = nd;

} else {
//set current tail next link to new node
tail.setNextRef(nd);
//set tail as newly created node
tail = nd;

}
}

public void addAfter(T element, T after) {

Node<T> tmp = head;
Node<T> refNode = null;
System.out.println("Traversing to all nodes..");
/**
* Traverse till given element
*/

while (true) {
if (tmp == null) {

break;
}
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if (tmp.compareTo(after) == 0) {
//found the target node, add after this node
refNode = tmp;
break;

}
tmp = tmp.getNextRef();

}
if (refNode != null) {

//add element after the target node
Node<T> nd = new Node<T>();
nd.setValue(element);
nd.setNextRef(tmp.getNextRef());
if (tmp == tail) {

tail = nd;
}
tmp.setNextRef(nd);

} else {
System.out.println("Unable to find the given element...");

}
}

public void deleteFront() {

if (head == null) {
System.out.println("Underflow...");

}
Node<T> tmp = head;
head = tmp.getNextRef();
if (head == null) {

tail = null;
}
System.out.println("Deleted: " + tmp.getValue());

}

public void deleteAfter(T after) {

Node<T> tmp = head;
Node<T> refNode = null;
System.out.println("Traversing to all nodes..");
/**
* Traverse till given element
*/

while (true) {
if (tmp == null) {

break;
}
if (tmp.compareTo(after) == 0) {

//found the target node, add after this node
refNode = tmp;
break;

}
tmp = tmp.getNextRef();

}
if (refNode != null) {

tmp = refNode.getNextRef();
refNode.setNextRef(tmp.getNextRef());



if (refNode.getNextRef() == null) {
tail = refNode;

}
System.out.println("Deleted: " + tmp.getValue());

} else {
System.out.println("Unable to find the given element...");

}
}

public void traverse() {

Node<T> tmp = head;
while (true) {

if (tmp == null) {
break;

}
System.out.println(tmp.getValue());
tmp = tmp.getNextRef();

}
}

public static void main(String a[]) {
SinglyLinkedList<Integer> sl = new SinglyLinkedList<Integer>();
sl.add(3);
sl.add(32);
sl.add(54);
sl.add(89);
sl.addAfter(76, 54);
sl.deleteFront();
sl.deleteAfter(76);
sl.traverse();

}
}

class Node<T> implements Comparable<T> {

private T value;
private Node<T> nextRef;

public T getValue() {
return value;

}

public void setValue(T value) {
this.value = value;

}

public Node<T> getNextRef() {
return nextRef;

}

public void setNextRef(Node<T> ref) {
this.nextRef = ref;

}

@Override
public int compareTo(T arg) {

if (arg == this.value) {
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return 0;
} else {

return 1;
}

}
}

INPUT:
Input is provided in main method.

OUTPUT:
Adding: 3
Adding: 32
Adding: 54
Adding: 89
Traversing to all nodes..
Deleted: 3
Traversing to all nodes..
Deleted: 89 32 54 76

Experiment No: 3B: Design Doubly Linked List.

Aim: Write a program in java to design doubly link list.

Description:
A doubly-linked list is a linked data structure that consists of a set of sequentially linked

records called nodes. Each node contains two fields, called links that are references to the previous
and to the next node in the sequence of nodes. The beginning and ending nodes previous and next
links, respectively, point to some kind of terminator, typically a sentinel node or null, to facilitate
traversal of the list. If there is only one sentinel node, then the list is circularly linked via the sentinel
node. It can be conceptualized as two singly linked lists formed from the same data items, but in
opposite sequential orders.

/* Java program DoublyLinkedList.java */

import java.util.NoSuchElementException;

public class DoublyLinkedList<E> {

private Node head;
private Node tail;
private int size;

public DoublyLinkedListImpl() {
size = 0;

}

/**
* this class keeps track of each element information
*
* @author java2novice
*
*/

private class Node {

E element;
Node next;



Node prev;

public Node(E element, Node next, Node prev) {
this.element = element;
this.next = next;
this.prev = prev;

}
}

/**
* returns the size of the linked list
*
* @return
*/

public int size() {
return size;

}

/**
* return whether the list is empty or not
*
* @return
*/

public boolean isEmpty() {
return size == 0;

}

/**
* adds element at the starting of the linked list
*
* @param element
*/

public void addFirst(E element) {
Node tmp = new Node(element, head, null);
if (head != null) {

head.prev = tmp;
}
head = tmp;
if (tail == null) {

tail = tmp;
}
size++;
System.out.println("adding: " + element);

}

/**
* adds element at the end of the linked list
*
* @param element
*/

public void addLast(E element) {

Node tmp = new Node(element, null, tail);
if (tail != null) {

tail.next = tmp;
}
tail = tmp;
if (head == null) {

head = tmp;
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}
size++;
System.out.println("adding: " + element);

}

/**
* this method walks forward through the linked list
*/

public void iterateForward() {

System.out.println("iterating forward..");
Node tmp = head;
while (tmp != null) {

System.out.println(tmp.element);
tmp = tmp.next;

}
}

/**
* this method walks backward through the linked list
*/

public void iterateBackward() {

System.out.println("iterating backword..");
Node tmp = tail;
while (tmp != null) {

System.out.println(tmp.element);
tmp = tmp.prev;

}
}

/**
* this method removes element from the start of the linked list
*
* @return
*/

public E removeFirst() {
if (size == 0) {

throw new NoSuchElementException();
}
Node tmp = head;
head = head.next;
head.prev = null;
size--;
System.out.println("deleted: " + tmp.element);
return tmp.element;

}

/**
* this method removes element from the end of the linked list
*
* @return
*/

public E removeLast() {
if (size == 0) {

throw new NoSuchElementException();
}



Node tmp = tail;
tail = tail.prev;
tail.next = null;
size--;
System.out.println("deleted: " + tmp.element);
return tmp.element;

}

public static void main(String a[]) {

DoublyLinkedListImpl<Integer> dll = new DoublyLinkedListImpl<Integer>();
dll.addFirst(10);
dll.addFirst(34);
dll.addLast(56);
dll.addLast(364);
dll.iterateForward();
dll.removeFirst();
dll.removeLast();
dll.iterateBackward();

}
}

INPUT:
Input is provided in main method.

OUTPUT:
adding: 10
adding: 34
adding: 56
adding: 364
iterating forward.. 34 10 56 364
deleted: 34
deleted: 364
iterating backword.. 56 10

Experiment No: 4A: Methods of String: indexOf()

Aim: Write a program in java to implement indexOf().

Description:
The String class is immutable (constant), i.e. Strings in java, once created and initialized,

cannot be changed. The String is a final class, no other class can extend it, and you cannot change
the state of the string. String values cannot be compare with '==', for string value comparison, use
equals() method. String class supports various methods, including comparing strings, extracting
substrings, searching characters & substrings, converting into either lower case or upper case, etc.

Below method shows how to get index of a specified character or string from the given
string. By using indexOf() method you get get the position of the specified string or char from the
given string. You can also get the index strting from a specified position of the string.

/* Java program MyStringIndexOf.java */

public class MyStringIndexOf {

public static void main(String[] a) {

String str = "Use this string for testing this";
System.out.println("Basic indexOf() example");
System.out.println("Char 's' at first occurrence: " + str.indexOf('s'));
System.out.println("String \"this\" at first occurrence: " + str.indexOf("this"));
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/**
* Returns the first occurrence from specified start index
*/

System.out.println("First occurrence of char 's' from 4th index onwards : "
+ str.indexOf('s', 4));

System.out.println("First occurrence of String \"this\" from 6th index onwards: "
+ str.indexOf("this", 6));

}
}

INPUT: Input is provided in main method.

OUTPUT:
Basic indexOf() example
Char 's' at first occurrence: 1
String "this" at first occurrence: 4
First occurrence of char 's' from 4th index onwards : 7
First occurrence of String "this" from 6th index onwards: 28

Experiment No: 4B: Methods of String: lastIndexOf()

Aim: Write a program in java to implement  lastIndexOf().

Description:
Below example shows how to get index of a given character or string from a string in the

reverse order, means last occurring index. By using lastIndexOf() method you can get last
occurrence of the reference string or character.

/* Java program MyStrLastIndexOf.java */

public class MyStrLastIndexOf {

public static void main(String a[]) {

String str = "Use this string for testing this";
System.out.println("Basic lastIndexOf() example");
System.out.println("Char 's' at last occurrence: " + str.lastIndexOf('s'));
System.out.println("String \"this\" at last occurrence: " + str.lastIndexOf("this"));
/**
* Returns the last occurrence from specified start index, searching
* backward starting at the specified index.
*/

System.out.println("first occurrence of char 's' from 24th index backwards: "
+ str.lastIndexOf('s', 24));

System.out.println("First occurrence of String \"this\" from 26th index backwards: "
+ str.lastIndexOf("this", 26));

}
}

INPUT: Input is provided in main method.

OUTPUT:
Basic lastIndexOf() example
Char 's' at last occurrence: 31
String "this" at last occurrence: 28
first occurrence of char 's' from 24th index backwards: 22
First occurrence of String "this" from 26th index backwards: 4



Experiment No: 4C: Methods of String: startsWith()

Aim: Write a program in java to implement startWith().

Description:
Below example shows how to find whether a string value start with another string value. By

using startsWith() method, you can get whether the string starts with the given string or not. Also
this method tells that the string occurrence at a specific position.

/* Java program MyStrStartsWith.java */

public class MyStrStartsWith {

public static void main(String a[]) {

String str = "This is an example string.";
System.out.println("Is this string starts with \"This\"? "

+ str.startsWith("This"));
System.out.println("Is this string starts with \"is\"? "

+ str.startsWith("is"));
System.out.println("Is this string starts with \"is\" after index 5? "

+ str.startsWith("is", 5));
}

}

INPUT: Input is provided in main method.

OUTPUT:
Is this string starts with "This"? true
Is this string starts with "is"? false
Is this string starts with "is" after index 5? true

Experiment No: 4D: Methods of String: endsWith()

Aim: Write a program in java to implement  endsWith().

Description:
Below example shows how to find whether a string value ends with another string value. By

using endsWith() method, you can get whether the string ends with the given string or not. Also this
method tells that the string occurrence at a specific position.

/* Java program MyStringEnd.java */

public class MyStringEnd {

public static void main(String a[]) {

String str = "This is a java string example";
if (str.endsWith("example")) {

System.out.println("This String ends with example");
} else {

System.out.println("This String is not ending with example");
}
if (str.endsWith("java")) {

System.out.println("This String ends with java");
} else {

System.out.println("This String is not ending with java");
}
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}
}

INPUT: Input is provided in main method.

OUTPUT:
This String ends with example
This String is not ending with java

Experiment No: 4E: Methods of String: split()

Aim: Write a program in java to implement split().

Description:
Below example shows how to split or brake a string. The split() method splits the string

based on the given regular expression or delimiter, and returns the tokens in the form of array.
Below example shows splitting string with space, and second split is based on any kind of spaces,
that includes tab, enter, line breaks, etc.

/* Java program MyStrSplit.java */

public class MyStrSplit {

public static void main(String a[]) {

String str = "This program splits a string based on space";
String[] tokens = str.split(" ");
for (String s : tokens) {

System.out.println(s);
}
str = "This     program  splits a string based on space";
tokens = str.split("\\s+");

}
}

INPUT: Input is provided in main method.

OUTPUT:
This
program
splits
a
string
based
on
space

Experiment No: 4F: Methods of String: getChars()

Aim: Write a program in java to implement getChars().

Description:
Below example shows how to copy range of characters from the given string to another

character array. By suing getChars() method, you can copy range of characters from the given string.

/* Java program MyCharArrayCopy.java */

public class MyCharArrayCopy {



public static void main(String a[]) {

String str = "Copy chars from this string";
char[] ch = new char[5];
/**
* The getChars() method accepts 4 parameters first one is the start
* index from string second one is the end index from string third one
* is the destination char array forth one is the start index to append
* in the char array.
*/

str.getChars(5, 10, ch, 0);
System.out.println(ch);

}
}

INPUT: Input is provided in main method.

OUTPUT:
chars

Experiment No: 4G: Methods of String : replace()

Aim: Write a program in java to implement replace().

Description:
Below example shows how to get replace character or a string into a string with the given

string. String provides replace() method to replace a specific character or a string which occurs first.
replaceAll() method replaces a specific character or a string at each occurrence.

/* Java program MyStringReplace.java */

public class MyStringReplace {

public static void main(String a[]) {

String str = "This is an example string";
System.out.println("Replace char 's' with 'o':" + str.replace('s', 'o'));

System.out.println("Replace first occurrence of string\"is\" with \"ui\":"
+ str.replaceFirst("is", "ui"));

System.out.println("Replacing \"is\" everywhere with \"no\":"
+ str.replaceAll("is", "no"));

}
}

INPUT: Input is provided in main method.

OUTPUT:
Replace char 's' with 'o': This is an example string
Replace first occurrence of string “is" with "ui": This is an example string Replacing "is"
everywhere with "no": This no an example string

Experiment No: 4H: Methods of String : equals()

Aim: Write a program in java to implement equals().

Description:
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The below example shows how to compare two string objects in java. You can not use "=="
operator to compare two strings. String provides equals() method to compare two string objects.
Also you can ignore case during string compare by calling equalsIgnoreCase() method. '==' operator
compares the object reference but not the string value.

/* Java program MyStringEquals.java */

public class MyStringEquals {

public static void main(String a[]) {
String x = "JUNK";
String y = "junk";
/**
* We cannot use '==' operator to compare two strings. We have to use
* equals() method.
*/

if (x.equals(y)) {
System.out.println("Both strings are equal.");

} else {
System.out.println("Both strings are not equal.");

}
/**
* We can ignore case with equalsIgnoreCase() method
*/

if (x.equalsIgnoreCase(y)) {
System.out.println("Both strings are equal.");

} else {
System.out.println("Both strings are not equal.");

}
}

}

INPUT: Input is provided in main method.

OUTPUT:
Both strings are not equal.
Both strings are equal.

Experiment No: 4I: Methods of String: concat()

Aim: Write a program in java to implement concat().

Description:
Below example shows different ways of append or concat two string objects. You can

append two strings by just using "+" sign. Also you can concatinate two string objects by calling
concat() method.

/* Java program MyStringConcat.java */

public class MyStringConcat {

public static void main(String a[]) {
String b = "jump ";
String c = "No jump";
/**
* We can do string concatenation by two ways. One is by using '+'
* operator, shown below.



*/
String d = b + c;
System.out.println(d);
/**
* Another way is by using concat() method, which appends the specified
* string at the end.
*/

d = b.concat(c);
System.out.println(d);

}
}

INPUT: Input is provided in main method.

OUTPUT:
jump No jump
jump No jump

Experiment No: 4J: Methods of String: copyValueOf()

Aim: Write a program in java to implement copyValueOf().

Description:
Below example shows how to convert character array to a string object. By using

String.copyValueOf() method you can convert char array to string object. Also you can copy range
of character array to string.

/* Java program MyArrayCopy.java */

public class MyArrayCopy {

public static void main(String a[]) {
char ch[] = {'M', 'y', ' ', 'J', 'a', 'v', 'a', ' ', 'e', 'x', 'a', 'm', 'p', 'l', 'e'};
/**
* We can copy a char array to a string by using copyValueOf() method.
*/

String chStr = String.copyValueOf(ch);
System.out.println(chStr);
/**
* We can also copy only range of charactors in a char array by
* copyValueOf() method.
*/

String subStr = String.copyValueOf(ch, 3, 4);
System.out.println(subStr);

}
}

INPUT: Input is provided in main method.

OUTPUT:
My Java example
Java

Experiment No: 4K: Methods of String: getBytes()

Aim: Write a program in java to implement getBytes().
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Description:
Sometimes we have to convert string object into byte array. You can use getBytes() method

to convert string object to byte array.

/* Java program SinglyLinkList.java */

public class MyStringBytes {

public static void main(String a[]) {

String str = "core java api";
byte[] b = str.getBytes();
System.out.println("String length: " + str.length());
System.out.println("Byte array length: " + b.length);

}
}

INPUT: Input is provided in main method.

OUTPUT:
String length: 13
Byte array length: 13

Experiment No: 5A: Implement polymorphism: overloading.

Aim: Write a program in java to implement method overloading.

Description:
Polymorphism is the capability of a method to do different things based on the object that it

is acting upon. In other words, polymorphism allows you define one interface and have multiple
implementations. I know it sounds confusing. Don’t worry we will discuss this in detail. It is a
feature that allows one interface to be used for a general class of  actions. An operation may exhibit
different behavior in different instances. The behavior depends on the types of data used in the
operation. It plays an important role in allowing objects having different internal structures to share
the same external interface. Polymorphism is extensively used in implementing inheritance.

Following concepts demonstrate different types of polymorphism in java.
A) Method Overloading
B) Method Overriding

In Java, it is possible to define two or more methods of same name in a class, provided that
there argument list or parameters are different. This concept is known as Method Overloading.

/* Java program Overload.java */

class OverloadDemo {

void test() {
System.out.println("No Parameters");

}

//overload test with one integer parameter
void test(int a) {

System.out.println("a : " + a);
}

//overload test with two integer parameter
void test(int a, int b) {



System.out.println("a & b : " + a + " " + b);
}

//overload test with one double parameter
double test(double a) {

return a * a;
}

}

class Overload {

public static void main(String args[]) {
//create an instance for class OverloadDemo
OverloadDemo od = new OverloadDemo();

//call all test methods
od.test();
od.test(5);
od.test(2, 3);
System.out.println("Result : " + od.test(11.1));

}
}

INPUT: Input is provided in main method

OUTPUT:
No Parameters
a : 5
a & B : 2 3
Result : 123.21

Experiment No: 5B: Implement different types of polymorphism: overriding

Aim: Write a program in java to implement method overriding.

Description:
Sub class has the same method as of super class. In such cases sub class overrides the super

class method without even touching the source code of the super class. This feature is known as
method overriding.

/* Java program OverrideTest.java */

class Surface {

int length = 2;
int width = 3;

Surface(int l, int w) {
length = l;
width = w;

}

void showArea() {
System.out.println("Area of the Surface is : " + (length * width));

}
}
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class Box extends Surface {

int height = 4;

void showArea() {
System.out.println("Area of the Surface within Box is : " + (length * width));

}

void showVolume() {
System.out.println("Volume of the Cube is : " + (length * width * height));

}
}

class OverrideTest {

public static void main(String args[]) {

//create an instance of Superclass
Surface s = new Surface();

//access member of superclass
s.showArea();

//create an instance of subclass
Box b = new Box();

//access member of subclass & superclass
b.showArea();
b.showVolume();

}
}

INPUT: Input is provided in main method.

OUTPUT:
Area of the Surface is : 6
Area of the Surface within Box is : 6
Volume of the Cube is : 24

Experiment No : 6: Implement inheritance.

Aim: Write a program in java to implement inheritance.

Description:
Inheritance is one of the features of Object-Oriented Programming (OOPs). Inheritance

allows a class to use the properties and methods of another class. In other words, the derived class
inherits the states and behaviors from the base class. The derived class is also called subclass and the
base class is also known as super-class. The derived class can add its own additional variables and
methods. These additional variable and methods differentiates the derived class from the base class.

/* Java program Inheritance.java */
// A class to display the attributes of the vehicle

class Vehicle {

String color;
int speed;



int size;

void attributes() {
System.out.println("Color : " + color);
System.out.println("Speed : " + speed);
System.out.println("Size : " + size);

}
}

// A subclass which extends for vehicle
class Car extends Vehicle {

int CC;
int gears;

void attributescar() {
// The subclass refers to the members of the superclass
System.out.println("Color of Car : " + color);
System.out.println("Speed of Car : " + speed);
System.out.println("Size of Car : " + size);
System.out.println("CC of Car : " + CC);
System.out.println("No of gears of Car : " + gears);

}
}

public class Test {

public static void main(String args[]) {
Car b1 = new Car();
b1.color = "Blue";
b1.speed = 200;
b1.size = 22;
b1.CC = 1000;
b1.gears = 5;
b1.attributescar();

}
}

INPUT: Input is provided in main method.

OUTPUT:
Color of Car : Blue
Speed of Car : 200
Size of Car : 22
CC of Car : 1000
No of gears of Car : 5

Experiment No: 7: Use of package with access specifier.

Aim: Write a program in java of package and access specifire.

Description:
Access Modifiers is the way of specifying the accessibility of a class and its members with

respective to other classes and members.
Packages in Java are a mechanism to encapsulate a group of classes, interfaces and sub

packages. Many implementations of Java use a hierarchical file system to manage source and class
files. It is easy to organize class files into packages. All we need to do is put related class files in the
same directory, give the directory a name that relates to the purpose of the classes, and add a line to
the top of each class file that declares the package name, which is the same as the directory name
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where they reside. In java there are already many predefined packages that we use while
programming. For example: java.lang, java.io, java.util etc. However one of the most useful feature
of java is that we can define our own packages

/* Java program IPub.java */
// top-level interface declaration with public modifier
public interface IPub {…}

package pack1;
// top-level class declaration with default modifier
class CDef {….}
// top-level interface declaration with default modifier
interface CDef {…}

package pack1;
// another class in same package Pack1
class A1 {

// public Class is accessible within the package
CPub cPubObj;

// default Class is accessible within the package
CDef cDefObj;

}

package pack1;
// default Interface is accessible within the package
class B1 implements IDef {…}

package pack1;
// public Interface is accessible within the package
class C1 implements IPub {…}

package Pack2;
// Class in other package Pack1
class A2 {

// public Class is accessible in other package
CPub cPubObj;

// default Class is NOT accessible in other package
CDef cDefObj;
}

package pack2;
// default Interface is NOT accessible outside the package
class B2 implements IDef {…}

package pack2;
// public Interface is accessible outside the package
class C2 implements IPub {…}

INPUT: Not Applicable for this program.

OUTPUT:
public Members: If members are declared as public inside a class then such members are
accessible to the classes which are inside and outside of the package where this class is
visible. This is the least restrictive of all the accessibility modifiers.



protected Members:If members are declared as protected then these are accessible to all
classes in the package and to all subclasses of its class in any package where this class is
visible.

Default Members: When no accessibility modifier is specified for the member then
implicitly it is declared as Default. These are accessible only to the other classes in the
class’s package.

private Members:This is the most restrictive of all accessibility modifiers. These members
are accessible only with in the same class. These are not accessible from any other class
within a class’s package also.

Experiment No: 8: Write a program using static keyword.

Aim: Write a program in java to implement use of static keyword.

Description:
The static keyword in java is used for memory management mainly. We can apply java
static keyword with variables, methods, blocks and nested class. The static keyword belongs
to the class than instance of the class.

The static can be:

1. variable (also known as class variable)
2. method (also known as class method)
3. block
4. nested class

/* Java program UseStatic.java */
class UseStatic {

static int a = 3;
static int b;

static void dis(int x) {
System.out.println("x = "+x);
System.out.println("a = "+a);
System.out.println("b = "+b);

}

static {
System.out.println("Static block initialized.");
b = a * 4;

}

public static void main(String args[]) {
dis(9);

}
}

INPUT: Input is provided in main methos.

OUTPUT:
Static block initialized.
x = 9
a = 3
b = 12
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Experiment No: 9A: Write a program to use this.

Aim: Write a program in java to show the use of this.

Description:
There can be a lot of usage of java this keyword. In java, this is a reference variable that

refers to the current object.
Uses of this keyword:

1. this keyword can be used to refer current class instance variable.
2. this keyword can be used to invoke current class method (implicitly)
3. this can be passed as an argument in the method call.
4. this can be passed as argument in the constructor call.
5. this keyword can also be used to return the current class instance

/* Java program Student.java */
//example of this keyword

class Student {

int id;
String name;

Student(int id, String name) {
this.id = id;
this.name = name;

}

void display() {
System.out.println(id + " " + name);

}

public static void main(String args[]) {
Student s1 = new Student(111, "Ram");
Student s2 = new Student(222, "Shan");
s1.display();
s2.display();

}
}

INPUT: Input is provided in main method.

OUTPUT:
111 Ram
222 Shan

Experiment No: 9B: Write a program to use this().

Aim: Write a program in java to show the use of this().

Description:
The this() constructor call can be used to invoke the current class constructor (constructor

chaining). This approach is better if you have many constructors in the class and want to reuse that
constructor. this() can be used to invoke current class constructor.

/* Java program Student.java */

class Student {



int id;
String name;
String city;

Student(int id, String name) {
this.id = id;
this.name = name;

}

Student(int id, String name, String city) {
this(id, name);//now no need to initialize id and name
this.city = city;

}

void display() {
System.out.println(id + " " + name + " " + city);

}

public static void main(String args[]) {
Student e1 = new Student(111, "Ram");
Student e2 = new Student(222, "Shan", "Kolkata");
e1.display();
e2.display();

}
}

INPUT: is provided in main method.

OUTPUT:
111 Ram null
222 Shan Kolkata

Experiment No: 9C: Write a program to use super.

Aim: Write a program in java to show the use of super.

Description:
The super keyword in java is a reference variable that is used to refer immediate parent class

object. Whenever you create the instance of subclass, an instance of parent class is created implicitly
i.e. referred by super reference variable. super is used to refer immediate parent class instance
variable and  method.

/* Java program Bike.java */
//example of super keyword

class Vehicle {

int speed = 50;
}

class Bike extends Vehicle {

int speed = 100;

void display() {
System.out.println(super.speed);//will print speed of Vehicle now

}
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public static void main(String args[]) {
Bike b = new Bike();
b.display();

}
}

INPUT: is provided in main method.

OUTPUT: 50

Experiment No: 9D: Write a program to use super().

Aim: Write a program in java to show the use of super().

Description: super() is used to invoke parent class constructor.

/* Java program Bike.java */

class Vehicle {

Vehicle() {
System.out.println("Vehicle is created");

}
}

class Bike extends Vehicle {

Bike() {
super();//will invoke parent class constructor
System.out.println("Bike is created");

}

public static void main(String args[]) {
Bike b = new Bike();

}
}

INPUT: Input is provided in main method.

OUTPUT:
Vehicle is created
Bike is created

Experiment No: 10: Exception handling.

Aim: Write a program in java to show the use of exception handling.

Description:
An exception is an event, which occurs during the execution of a program, that interrupts the

normal flow of the program. It is an error thrown by a class or method reporting an error in code.
The 'Throwable' class is the superclass of all errors and exceptions in the Java language Exceptions
are broadly classified as 'checked exceptions' and 'unchecked exceptions'. All RuntimeExceptions
and Errors are unchecked exceptions. Rest of the exceptions are called checked exceptions. Checked
exceptions should be handled in the code to avoid compile time errors. Exceptions can be handled by
using 'try-catch' block. Try block contains the code which is under observation for exceptions. The
catch block contains the remedy for the exception. If any exception occurs in the try block then the
control jumps to catch block. If a method doesn't handle the exception, then it is mandatory to



specify the exception type in the method signature using 'throws' clause. We can explicitly throw an
exception using 'throw' clause.

/* Java program MyClass.java */

public class MyClass{

public void show(String[] str) throws ArithmeticException,
ArrayIndexOutOfBoundsException{

if(str.length<2){
throw new ArrayIndexOutOfBoundsException("Array length is "

+str.length+" It must be 2");
} else if(n2==0){

throw new ArithmeticException("Divided by 0, not possible");
}else{

int n1=Integer.parseInt(str[0]);
int n2=Integer.parseInt(str[1]);
int result=0;

result=n1/n2;
System.out.print("Result : "+result);

}
}
public static void main(String args[]) {
try {

new MyClass().show(args);
} catch(ArithmeticException aex){

System.out.println(aex);
} catch(ArrayIndexOutOfBoundsException aibex){

System.out.println(aibex);
}

}
}

INPUT-1: If java MyClass 10 2 (command is executed)

OUTPUT-1: Result : 5

INPUT-2: If java MyClass 10 0 (command is executed)

OUTPUT-2: Divided by 0, not possible

INPUT-3: If java MyClass 10 (command is executed)

OUTPUT-3: Array length is 1 It must be 2

Experiment No: 11: Thread

Aim: Write a program in java to implement thread.

Description:
Threading is a facility to allow multiple tasks to run concurrently within a single process.

Threads are independent, concurrent execution through a program, and each thread has its own
stack.

In Java threads can be implemented in two ways. One is by 'Extending Thread Class' and the
other way is by 'Implementing Runnable Interface'

Extending Thread Class is required to 'override run()' method. The run method contains the
actual logic to be executed by thread.
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Creation of thread object never starts execution, we need to call 'start()' method to run a
thread. Examples gives you more details. Other methods supported by Threads are given below.

join(): It makes to wait for this thread to die. You can wait for a thread to finish by calling its
join() method.

sleep(): It makes current executing thread to sleep for a specified interval of time. Time is in
milli seconds.

yield(): It makes current executing thread object to pause temporarily and gives control to
other thread to execute.

notify(): This method is inherited from Object class. This method wakes up a single thread
that is waiting on this object's monitor to acquire lock.

notifyAll(): This method is inherited from Object class. This method wakes up all threads
that are waiting on this object's monitor to acquire lock.

wait(): This method is inherited from Object class. This method makes current thread to wait
until another thread invokes the notify() or the notifyAll() for this object.

/* Java program ThreadTest.java */

public class ThreadTest {

public static void main(String args[]) {

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

MyThread th1 = new MyThread("TH : 1");
MyThread th2 = new MyThread("TH : 22");
MyThread th3 = new MyThread("TH : 333");

MyThread2 th21 = new MyThread2("TH2 : 1");
MyThread2 th22 = new MyThread2("TH2 : 22");
MyThread2 th23 = new MyThread2("TH2 : 333");

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

th1.start();
th2.start();
th3.start();
new Thread(th21).start();
new Thread(th22).start();
new Thread(th23).start();

}
}

class MyThread extends Thread {

public MyThread(String str) {
super(str);

}

public synchronized void access() {

for (int i = 0; i < 5; i++) {
System.out.println("Loop " + i + ": " + getName());

try {
if (getName().equals("TH : 1")) {

sleep(4000);
}



} catch (InterruptedException e) {
}

}
}

public void run() {
access();
System.out.println("-----------------");
System.out.println("End: " + getName());
System.out.println("-----------------");

}
}

class MyThread2 implements Runnable {

String str;

public MyThread2(String str) {
this.str = str;

}

public synchronized void access() {

for (int i = 0; i < 5; i++) {
System.out.println("Loop " + i + ": " + str);

try {
if (str.equals("TH : 1")) {

Thread.sleep(4000);
}

} catch (InterruptedException e) {
}

}
}

public void run() {
access();
System.out.println("-----------------");
System.out.println("End: " + str);
System.out.println("-----------------");

}
}

INPUT: Input is provided in main method.

OUTPUT: Output sequences may changes time to time.
Create ...
Start ...
Loop 0: TH : 22
Loop 0: TH2 : 22
Loop 1: TH : 22
Loop 1: TH2 : 22
Loop 0: TH : 1
Loop 2: TH2 : 22
Loop 3: TH2 : 22
Loop 4: TH2 : 22
-----------------
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End: TH2 : 22
-----------------
Loop 2: TH : 22
Loop 3: TH : 22
Loop 4: TH : 22
-----------------
End: TH : 22
-----------------
Loop 0: TH2 : 1
Loop 1: TH2 : 1
Loop 2: TH2 : 1
Loop 3: TH2 : 1
Loop 4: TH2 : 1
-----------------
End: TH2 : 1
-----------------
Loop 0: TH : 333
Loop 1: TH : 333
Loop 2: TH : 333
Loop 3: TH : 333
Loop 4: TH : 333
-----------------
End: TH : 333
-----------------
Loop 0: TH2 : 333
Loop 1: TH2 : 333
Loop 2: TH2 : 333
Loop 3: TH2 : 333
Loop 4: TH2 : 333
-----------------
End: TH2 : 333
-----------------
Loop 1: TH : 1
Loop 2: TH : 1
Loop 3: TH : 1
Loop 4: TH : 1
-----------------
End: TH : 1
-----------------

Experiment No: 12: Applet programming

Aim: Write a program in java to implement action event with applet.

Description:
A Java applet is a small application which is written in Java or another programming

language that compiles to Java bytecode and delivered to users in the form of that bytecode. The user
launches the Java applet from a web page, and the applet is then executed within a Java Virtual
Machine (JVM) in a process separate from the web browser itself. A Java applet can appear in a
frame of the web page, a new application window, Sun's AppletViewer, or a stand-alone tool for
testing applets. Java applets were introduced in the first version of the Java language, which was
released in 1995.

Changing the state of an object is known as an event. For example, click on button, dragging
mouse etc. The java.awt.event package provides many event classes and Listener interfaces for event
handling. In computing, an event is an action or occurrence recognized by software that may be
handled by the software. Computer events can be generated or triggered by the system, by the user
or in other ways. Typically, events are handled synchronously with the program flow, that is, the



software may have one or more dedicated places where events are handled, frequently an event loop.
A source of events includes the user, who may interact with the software by way of, for example,
keystrokes on the keyboard. Another source is a hardware device such as a timer. Software can also
trigger its own set of events into the event loop, e.g. to communicate the completion of a task.
Software that changes its behavior in response to events is said to be event-driven, often with the
goal of being interactive. A source generates an Event and send it to one or more listeners registered
with the source. Once event is received by the listener, they processe the event and then return.
Events are supported by a number of Java packages, like java.util, java.awt and java.awt.event. Any
action that user performs on a GUI component must be listened and necessary action should to be
taken. For example, if a user clicks on a Exit button, then we need to write code to exit the program.
So for this, we need to know that the user has clicked the button. This process of knowing is called
as listening and the action done by the user is called an event. Writing the corresponding code for a
user action is called as Event handling. An event listener in Java is an interface that contains
methods called handlers in which corresponding action code is to be written. An event class contains
the information about an event.
Event source is the GUI component or model on which an event is generated or in other words an
action is done.
An adapter class is an abstract class implementing a listener interface. This is essential when we
don't want to write all the handlers. For example, MouseListener interface contains a lot of methods
such as mousePressed(), mouseReleased().. and we want to write only one of them, we use adapter
class. This class implements all the methods of an interface giving them an empty body while itself
being abstract. For every action user performs, a corresponding event object is generated. This
generated event object should be sent to the corresponding listener so that we can handle that event
and write the code accordingly. The process of sending of event object to its corresponding listener
is called as event dispatching. Events cannot be dispatched if they aren't generated and an event,
except MouseEvent cannot be generated on a disabled component.

/* Applet Program & Action Event */
import javax.swing.*;
import java.applet.*;
import java.awt.*;
import java.awt.event.*;

public class MyApplet extends Applet implements ActionListener {
JTextField txtEmail;
JLabel lblMsg;
JButton btnSubmit;

public void init(){
txtEmail=new JTextField(20);
btnSubmit = new JButton("Submit");
lblMsg = new JLabel("****");
setBackground(Color.YELLOW);

add(lblMsg);
add(txtEmail);
add(btnSubmit);

btnSubmit.addActionListener(this);
}
public void actionPerformed(ActionEvent ae){

submit();
}
private void submit() {
if(!txtEmail.getText().contains("@")){

lblMsg.setText("In valid Email Id :: must contains @");
}else if(!txtEmail.getText().contains(".com")){

lblMsg.setText("In valid Email Id :: must contains .com");
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}else{
lblMsg.setText("Email Id valid");

}
}

}

INPUT: Typing santanu.basak in the textfield, press Submit button.

OUTPUT:

Experiment No: 13: Swing programming and Layout

Aim: Write a program in java to implement layout with swing.

Description:
Layout means the arrangement of components within the container. In other way we can say

that placing the components at a particular position within the container. The task of layouting the
controls is done automatically by the Layout Manager. The LayoutManagers are used to arrange
components in a particular manner. LayoutManager is an interface that is implemented by all the
classes of layout managers. There are following classes that represent the layout managers:

java.awt.BorderLayout
java.awt.FlowLayout
java.awt.GridLayout
java.awt.CardLayout
java.awt.GridBagLayout
javax.swing.BoxLayout
javax.swing.GroupLayout
javax.swing.ScrollPaneLayout
javax.swing.SpringLayout

The BorderLayout is used to arrange the components in five regions: north, south, east, west
and center. Each region (area) may contain one component only. It is the default layout of frame or
window. The BorderLayout provides five constants for each region:



public static final int NORTH
public static final int SOUTH
public static final int EAST
public static final int WEST
public static final int CENTER

/* Java program BorderLayoutExample.java */

import javax.swing.*;

public class BorderLayoutExample {

JFrame frm;
JButton btn1;
JButton btn2;
JButton btn3;
JButton btn4;
JButton btn5;

public BorderLayoutExample() {
init();

}

private void init() {
frm = new JFrame("Border Layout");

btn1 = new JButton("Button 1");
btn2 = new JButton("Button 2");
btn3 = new JButton("Button 3");
btn4 = new JButton("Button 4");
btn5 = new JButton("Button 5");

prepare();
}

private void prepare() {
frm.add(btn1, "South");
frm.add(btn2, "North");
frm.add(btn3, "East");
frm.add(btn4, "West");
frm.add(btn5, "Center");

frm.setSize(400, 400);

frm.setVisible(true);
}

private void show() {
frm.setVisible(true);

}

public static void main(String args[]) {
BorderLayoutExample reg = new BorderLayoutExample();
reg.show();

}
}
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INPUT: Input is not required.

OUTPUT:
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Title of Course: Programming Language Lab
Course Code: EC695B
L-T-P scheme: 0-0-3                                                                                      Course Credit: 2

Objectives:
The course presents C++ programming including: advanced C++ environment, exception handling,
conception of different file handling, template, STL that aims to:

 Be able to code using more advanced C++ features such as class, objects, operator
overloads, dynamic memory allocation, inheritance and polymorphism, exception handling,
etc.

 Be able to build class template, function template and also they will able to know how
practically STL are works.

 Be able to understand practically different string operations and different file operations, like
text file, binary file.

Learning Outcomes:

 Be able to develop different types of computer programs using C++.
 Understand exception handling mechanism and different file (text, binary) operations.
 Understand the usage of template: class template & function template and STL.

 Be able to do different operations on string in C++ programming.

Course Contents:
Exercises that must be done in this course are listed below:
Exercise No.1: Introduction, Basics of C++, Inline function, friend function, function and
overloading, inheritance
Exercise No. 2: Exception Handing: throwing, catching, rethrowing mechanism; Multiple catch
statement
Exercise No. 3: Template: Class template, Function template
Exercise No. 4: Console I/O operations: C++ streams; C++ stream classes; Unformatted I/O
operations; Formatted I/O operations; Managing output with Manipulators.
Exercise No. 5: Working with Files: Text File: Basic file operations on text file: Creating/Writing
text into file; Binary File: Creation of file, writing data into file, searching.
Exercise No. 6:Standard Template Library: Components of STL; Containers, Iterator; Applications
of container classes.
Exercise No. 7:String Manipulation: The String class; Creating String object;  Manipulating strings;
Relational operations on strings; String comparison characteristics.

Text Books:
1. Schildt, H., The Complete Reference C++, Tata McGraw Hill Education Pvt. Ltd.
2. E.Balagurusamy; Object Oriented programming with C++; Tata McGraw Hill Education

Pvt. Ltd.
Reference Books:

3. Debasish Jana, C++ object oriented programming paradigm, PHI.
4. D. Ravichandran, Programming with C++, Tata McGraw Hill Education Pvt. Ltd.
5. Y.I. Shah and M.H. Thaker, Programming In C++, ISTE/EXCEL BOOKS.

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++compiler in Windows XP/7 or Linux Operating System.
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Experiment No 1:Inline Function

Aim: Write a C++ program to find the largest of three numbers using inline function.

Description:
Inline function is one of the important feature of C++. When the program executes the function call
instruction the CPU stores the memory address of the instruction following the function call, copies
the arguments of the function on the stack and finally transfers control to the specified function. The
CPU then executes the function code, stores the function return value in a predefined memory
location/register and returns control to the calling function.C++ provides an inline functions to
reduce the function call overhead. Inline function is a function that is expanded in line when it is
called. When the inline function is called whole code of the inline function gets inserted or
substituted at the point of inline function call. This substitution is performed by the C++ compiler at
compile time.

Algorithm:
Step 1: Start the program.
Step 2: Declare and define the function largest() as inline.
Step 3: Compare with other variables.
Step 4: Return largest number.
Step 5: Stop the program.

/* Program */
#include<iostream.h>
inline int largest(int&a,int&b,int&c)
{
int big=0;
if(a>b)

big=a;
else

big=b;
if(c>big)
big=c;
return big;

}
int main()
{
inta,b,c;
cout<<"Enter Three Numbers To Find The Largest "<<endl;
cout<<"a = ";
cin>>a;
cout<<"\nb = ";
cin>>b;
cout<<"\nc = ";
cin>>c;
int large=largest(a,b,c);
cout<<"\n Largest of "<<a<<","<<b<<" and "<<c<<" is "<<large;
getch();
return(0);

}

INPUT 1:
Enter Three Numbers To Find The Largest
a = 24
b = 45
c = 23
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OUTPUT 1:
Largest of 24,45 and 23 is 45

INPUT 2:
Enter Three Numbers To Find The Largest
a = 22
b = 34
c = 56

OUTPUT2:
Largest of 22,34 and 56 is 56

Experiment No. 2:Concept of Class and Object
Aim: Create a class called 'EMPLOYEE' that has
- EMPCODE and EMPNAME as data members
- member function getdata( ) to input data
- member function display( ) to output data
Write a main function to create EMP, an array of EMPLOYEE objects. Accept anddisplay the
details of at least 6 employees.

Description:
A class is used to specify the form of an object and it combines data representation and methods for
manipulating that data into one neat package. The data and functions within a class are called
members of the class.A class definition starts with the keyword class followed by the class name;
and the class body, enclosed by a pair of curly braces. A class definition must be followed either by
a semicolon or a list of declarations.The keyword public determines the access attributes of the
members of the class that follow it. A public member can be accessed from outside the class
anywhere within the scope of the class object. You can also specify the members of a class as private
or protected which we will discuss in a sub-section.A class provides the blueprints for objects, so
basically an object is created from a class. We declare objects of a class with exactly the same sort of
declaration that we declare variables of basic types.
Here “EMPLOYEE” is the class, EMPCODE and EMPNAME are the data member. Here getdata()
function is used to get input and display() is to show output.

Algorithm:

STEP 1:  Start the program.
STEP 2:  Declare the class Employee.
STEP 3: empcode and empname are the data members
STEP 4: Declare and define getdata() function to take input from user.
STEP 5: Display() function shows the output.
STEP 6: Array of objects of the class Employee is declared in main() function.
STEP 7: By using Emp[i], access the class members.
STEP 10: Stop the program.

/* Program */
#include<iostream.h>
#include<conio.h>
#include<iomanip.h>
class Employee
{
private: intempcode;
char empname[10];
public: void getdata();
void display();



UNIVERSITY OF ENGINEERING AND MANAGEMENT, JAIPUR
Lab Manual

Dept. of Computer Science and Engineering, UEM Jaipur

};
void Employee::getdata()
{
cout<<"\nNAME :";
cin>>empname;
cout<<"\nCODE :";
cin>>empcode;
}
void Employee::display()
{
cout<<endl<<setw(20)<<empname<<setw(10)<<empcode;
}
int main()
{
Employee Emp[6];

clrscr();
cout<< "Enter employee details:\n ";
for(inti=0;i<6;i++)
{

cout<<"\nemployee "<<i+1<<endl;
Emp[i].getdata();
}

cout<<"\nEmployee details are as follows :";
cout<<"\n\n"<<setw(20)<<"NAME"<<setw(10)<<setiosflags(ios::right)<<"CODE";

cout<<"\n------------------------------";
for(i=0;i<6;i++)

Emp[i].display();
getch();
return(0);

}

INPUT 1:
Enter employee details:
employee 1
NAME :ashok
CODE :111
employee 2
NAME :annapurna
CODE :112
employee 3
NAME :anupama
CODE :113
employee 4
NAME :anuradha
CODE :114
employee 5
NAME :ashraya
CODE :115
employee 6
NAME :akash
CODE :116
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OUTPUT 1:
Employee details are as follows :
NAME CODE

----------------------------------------------
Ashok 111

Annapurna 112
anupama 113
anuradha 114
ashraya 115
akash 116

INPUT 2:
Enter employee details:
employee 1
NAME :ram
CODE :111
employee 2
NAME :shyam
CODE :112
employee 3
NAME :jodu
CODE :113
employee 4
NAME :madhu
CODE :114
employee 5
NAME :sri
CODE :115
employee 6
NAME :teja
CODE :116

OUTPUT 2:

Employee details are as follows:
NAME CODE

----------------------------------------------
ram 111
shyam 112
jodu 113
madhu 114
sri 115
teja 116

Experiment No 3:Friend Function
Aim: Create a class 'COMPLEX' to hold a complex number. Write a friend function toadd
two complex numbers. Write a main function to add two COMPLEX objects.

Description:
A friend function of a class is defined outside that class' scope but it has the right to access all
private and protected members of the class. Even though the prototypes for friend functions appear
in the class definition, friends are not member functions.A friend can be a function, function
template, or member function, or a class or class template, in which case the entire class and all of its
members are friends.Here by using friend function two complex objects are added.
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Algorithm:
STEP 1:  Start the program.
STEP 2:  Declare the class complex.
STEP 3: Declare get_complex(), show_complex(). Also declare add_complex() as friend function.
STEP 4: Define get_complex() to enter the input.
STEP 5: Define show_complex() to show the output.
STEP 6: add_complex() is defined to add two complex number.
STEP 7: c1, c2, c3 are the objects of class complex.
STEP 8: By using the above object member function of the class complex is called.
STEP 10: Stop the program.

/* Program */
#include<iostream>
Using namespace std;
class complex
{
float real,imag;
public: void get_complex();
void show_complex();
friend complex add_complex(complex c1,complex c2);

};
void complex::get_complex()
{
cout<<"Enter real number :";
cin>> real;
cout<<"Enter Imaginary number :";
cin>>imag;
}
void complex::show_complex()
{
cout<<real<<"+i"<<imag;
}
complex add_complex(complex c1,complex c2)
{
complex c;

c.real=c1.real+c2.real;
c.imag=c1.imag+c2.imag;
return c;

}
int main()
{
clrscr();
complex c1,c2,c3;
c1.get_complex();
c2.get_complex();
c3=add_complex(c1,c2);

cout<<"\nComplex Number 1 = ";
c1.show_complex();

cout<<"\nComplex Number 2 = ";
c2.show_complex();

cout<<"\nSum of Complex Number 1 and 2 = ";
c3.show_complex();

getch();
return 0;

}
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INPUT 1:
Enter real number:12
Enter Imaginary number:10
Enter real number:3
Enter Imaginary number:5

OUTPUT 1:
Complex Number 1 = 12+i10
Complex Number 2 = 3+i5
Sum of Complex Number 1 and 2 = 15+i15

INPUT 2:
Enter real number:112
Enter Imaginary number:110
Enter real number:13
Enter Imaginary number:15

OUTPUT2:
Complex Number 1 = 112+i110
Complex Number 12 = 13+i15
Sum of Complex Number 1 and 2 = 125+i125

Experiment No. 4: OperatorOverloading
Aim: Create a 'MATRIX' class of size m X n. Overload the ‘+’ operator to add two
MATRIX objects. Write a main function to implement it.

Description:
Operator overloading is an important concept in C++. It is a type of polymorphism in which an
operator is overloaded to give user defined meaning to it. Overloaded operator is used to perform
operation on user-defined data type. For example '+' operator can be overloaded to perform addition
on various data types, like for Integer, String(concatenation) etc. Almost any operator can be
overloaded in C++. However there are few operator which can not be overloaded. Operator that are
not overloaded are follows
scope operator - ::
sizeof
member selector - .
member pointer selector - *
ternary operator - ?:
Here addition of two matrix of size m X n are added using ‘+’ operator. So, here ‘+’ operator is
overloaded.

Algorithm:
STEP 1:  Start the program.
STEP 2:  Declare the class mat.
STEP 3:  Define the operator ‘+’.
STEP 4:  The function readmat() is defined to insert the elements of the matrix.
STEP 5:  The function display() is defined for displaying the outputs.
STEP 6: Objects of mat class is declared in the main() function.
STEP 7: By using that the desired operations are done.
STEP 10: Stop the program.
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/* Program */
#include<iostream.h>
#include<conio.h>
class mat
{
intm,n,a[20][20];
public:
mat(intx,int y);
void readmat();
mat operator +(mat);
void display();

};
mat :: mat(intx,int y)

{
m=x;n=y;
for(inti=0;i<m;i++)
{
for(int j=0;j<n;j++)
a[i][j]=0;
}

}
void mat :: readmat()
{

cout<<"\nenter matrix elements\n";
for(inti=0;i<m;i++)
for(int j=0;j<n;j++)

cin>>a[i][j];
}
mat mat:: operator +(mat obj)
{
mat temp(m,n);
for(inti=0;i<m;i++)
for(int j=0;j<n;j++)
{

temp.a[i][j]=a[i][j]+obj.a[i][j];
}
return temp;
}
void mat:: display()
{

inti,j;
for(i=0;i<m;i++)
{

cout<<"\n\n";
for(j=0;j<n;j++)

cout<<"\t"<<a[i][j];
}
}

int main()
{

int m1,n1;
clrscr();
cout<<"\nEnter the size(m,n) of matrix: ";
cin>>m1>>n1;
mat a(m1,n1),b(m1,n1),c(m1,n1);

cout<<"\nEntermartix 1: ";
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a.readmat();
cout<<"\nEnter matrix 2: ";
b.readmat();
c=a.operator +(b);

cout<<"\nFirst Matrix :\n";
a.display();
cout<<"\nSecond Matrix :\n";
b.display();
cout<<"\nmatrix 1+matrix 2: ";
c.display();
getch();
return 0;
}

INPUT 1:
Enter the size(m,n) of matrix: 2 2
Enter martix 1: enter matrix elements
3 3
3 3
Enter matrix 2: enter matrix elements
4 4
4 4

OUTPUT 1:
First Matrix :
3 3
3 3
Second Matrix :
4 4
4 4
matrix 1 + matrix 2:
7 7
7 7

INPUT 2:
Enter the size(m,n) of matrix: 2 2
Enter martix 1: enter matrix elements
55
5 5
Enter matrix 2: enter matrix elements
4 4
4 4

OUTPUT2:
First Matrix :
55
5 5
Second Matrix :
4 4
4 4
matrix 1 + matrix 2:
99
9 9
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Experiment No. 5: Function Overloading
Aim: Simple Program for Function Overloading Using C++ Programming to calculate the
area of circle, rectangle and triangle using function overloading.

Description:
If any class have multiple functions with same names but different parameters then they are said to
be overloaded. Function overloading allows you to use the same name for different functions, to
perform, either same or different functions in the same class. Function overloading is usually used to
enhance the readability of the program. If you have to perform one single operation but with
different number or types of arguments, then you can simply overload the function. There are two
ways to overload a function 1. By changing number of Arguments 2. By having different types of
argument.

Algorithm:

STEP 1:  Start the program.
STEP 2:  Declare the class name as fn with data members and member functions.
STEP 3:  Read the choice from the user.
STEP 4:  Choice=1 then go to the step 5.
STEP 5:  The function area() to find area of circle with one integer argument.
STEP 6:  Choice=2 then go to the step 7.
STEP 7:  The function area() to find area of rectangle with two integer argument.
STEP 8:  Choice=3 then go to the step 9.
STEP 9:  The function area() to find area of triangle with three arguments, two as Integer and one as
float.
STEP 10: Choice=4 then stop the program.

/*program*/

#include<iostream.h>
#include<stdlib.h>
#include<conio.h>
#define pi 3.14
class fn
{

public:
void area(int);  //circle
void area(int,int);  //rectangle
void area(float ,int,int);  //triangle

};

void fn::area(int a)
{

cout<<"Area of Circle:"<<pi*a*a;
}
void fn::area(inta,int b)
{
cout<<"Area of rectangle:"<<a*b;
}
void fn::area(float t,inta,int b)
{
cout<<"Area of triangle:"<<t*a*b;
}
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void main()
{
intch;
inta,b,r;
clrscr();
fnobj;
cout<<"\n\t\tFunction Overloading";
cout<<"\n1.Area of Circle\n2.Area of Rectangle\n3.Area of Triangle\n4.Exit\n:”;
cout<<”Enter your Choice:";
cin>>ch;

switch(ch)
{

case 1:
cout<<"Enter Radious of the Circle:";
cin>>r;
obj.area(r);

break;
case 2:

cout<<"Enter Sides of the Rectangle:";
cin>>a>>b;
obj.area(a,b);

break;
case 3:

cout<<"Enter Sides of the Triangle:";
cin>>a>>b;
obj.area(0.5,a,b);

break;
case 4:
exit(0);

}
getch();
}

OUTPUT:

Function Overloading
1. Area of Circle
2. Area of Rectangle
3. Area of Triangle
4. Exit
Enter Your Choice: 2

Enter the Sides of the Rectangle: 5 5

Area of Rectangle is: 25

1. Area of Circle
2. Area of Rectangle
3. Area of Triangle
4. Exit
Enter Your Choice: 4
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Experiment No. 6: Inheritance
Aim: To find out the student details using multiple inheritance.

Description:
Multiple inheritance is a feature of some object-oriented computer programming languages in which
an object or class can inherit characteristics and features from more than one parent object or parent
class. It is distinct from single inheritance, where an object or class may only inherit from one
particular object or class.

Algorithm:
Step 1: Start the program.
Step 2: Declare the base class student.
Step 3: Declare and define the function get() to get the student details.
Step 4: Declare the other class sports.
Step 5: Declare and define the function getsm() to read the sports mark.
Step 6: Create the class statement derived from student and sports.
Step 7: Declare and define the function display() to find out the total and average.
Step 8: Declare the derived class object,call the functions get(),getsm() and display().
Step 9: Stop the program.

/*program*/
#include<iostream.h>
using namespace std;
class student
{

protected:
int rno,m1,m2;

public:
void get()

{
cout<<"Enter the Roll no :";
cin>>rno;
cout<<"Enter the two marks   :";
cin>>m1>>m2;

}
};
class sports
{

protected:
intsm;                   // sm = Sports mark

public:
void getsm()

{
cout<<"\nEnter the sports mark :";
cin>>sm;

}
};
class statement:publicstudent,public sports
{
inttot,avg;

public:
void display()

{
tot=(m1+m2+sm);

avg=tot/3;
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cout<<"\n\n\tRoll No    : "<<rno<<"\n\tTotal      : "<<tot;
cout<<"\n\tAverage    : "<<avg;

}
};
int main()
{
clrscr();

statement obj;
obj.get();
obj.getsm();
obj.display();
}

INPUT:
Enter the Roll no: 100

Enter two marks
90
80

Enter the Sports Mark: 90

OUTPUT:

Roll No: 100
Total    : 260
Average: 86.66

Experiment No. 7:Exception Handling
Aim: Write a C++ program illustrating Exception Handling.

Description:
An exception is a problem that arises during the execution of a program. A C++ exception is a
response to an exceptional circumstance that arises while a program is running, such as an attempt to
divide by zero.Exceptions provide a way to transfer control from one part of a program to another.
C++ exception handling is built upon three keywords: try, catch, and throw.

Algorithm:
Step1: Start
Step2: Divide a number by 0 within try block
Step3: Throw the exception
Step4: In catch block display a massage
Step5: stop

/* Program */
#include<iostream>
Using namespace std;
int main()
{
inta,b;
cout<<”enter values of a and b \n”;
cin>>a;
cin>>b;
int x=a-b;
try
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{
If(x!=0)
{
Cout<<”result is “<<a/x<<”\n”;
}
Else
{
Throw(x);
}
}
Catch(inti)
{
Cout<<”Exception caught: x =”<<x<<”\n”;
}

INPUT 1:
enter values of a and b
20 15

OUTPUT 1:
result is 4

INPUT 2:
enter values of a and b
10 10

OUTPUT2:
Exception caught: x=0

Experiment No. 8: Exception Handling
Aim:To perform exception handling with multiple catch.

Description:
Exceptions can be thrown anywhere within a code block using throw statements. The operand of the
throw statements determines a type for the exception and can be any expression and the type of the
result of the expression determines the type of exception thrown.The catch block following the try
block catches any exception. You can specify what type of exception you want to catch and this is
determined by the exception declaration that appears in parentheses following the keyword catch.

Algorithm:
Step 1: Start the program.
Step 2: Declare and define the function test().
Step 3: Within the try block check whether the value is greater than zero or not.

a. if the value greater than zero throw the value and catch the corresponding exception.
b. Otherwise throw the character and catch the corresponding exception.

Step 4: Read the integer and character values for the function test().
Step 5: Stop the program.

/* Program */
#include<iostream.h>
#include<conio.h>
void test(int x)
{

try
{
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if(x>0)
throw x;

else
throw 'x';

}

catch(int x)
{

cout<<"Catch a integer and that integer is:"<<x;
}

catch(char x)
{

cout<<"Catch a character and that character is:"<<x;
}

}

void main()
{
clrscr();
cout<<"Testing multiple catches\n:";

test(10);
test(0);

getch();
}

OUTPUT:

Testing multiple catches
Catch a integer and that integer is: 10
Catch a character and that character is: x

Experiment No. 9:Function Template
Aim: Write a C++ program to swap the numbers using the concept of function template.

Description:
Templates are the foundation of generic programming, which involves writing code in a way that is
independent of any particular type.A template is a blueprint or formula for creating a generic class or
a function. The library containers like iterators and algorithms are examples of generic programming
and have been developed using template concept.

Syntax of function template:
template <class type> ret-type func-name(parameter list)
{

// body of function
}

Algorithm:
STEP 1:  Start the program.
STEP 2:  Declare the template class.
STEP 3:  Declare and define the functions to swap the values.
STEP 4:  Declare and define the functions to get the values.
STEP 5:  Read the values and call the corresponding functions.
STEP6:   Display the results.
STEP 7:  Stop the program.
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/* Program */
#include<iostream.h>
#include<conio.h>

template<class t>

void swap(t &x,t&y)
{

t temp=x;
x=y;
y=temp;

}

void fun(inta,intb,floatc,float d)
{
cout<<"\na and b before swaping :"<<a<<"\t"<<b;

swap(a,b);
cout<<"\na and b after swaping  :"<<a<<"\t"<<b;
cout<<"\n\nc and d before swaping :"<<c<<"\t"<<d;

swap(c,d);
cout<<"\nc and d after swaping  :"<<c<<"\t"<<d;
}

void main()
{
inta,b;

float c,d;
clrscr();
cout<<"Enter A,B values(integer):";
cin>>a>>b;
cout<<"Enter C,D values(float):";
cin>>c>>d;

fun(a,b,c,d);
getch();
}

INPUT 1:
Enter A, B values (integer): 10  20
Enter C, D values (float):    2.50  10.80

OUTPUT 1:
A and B before swapping: 10 20
A and B after swapping:  20 10

C and D before swapping: 2.50  10.80
C and D after swapping: 10.80  2.50

Experiment No. 10: Function template.
Aim: Program to display largest among two numbers using function templates.

Description:
A function template Large() is defined that accepts two arguments n1 and n2 of data type T. T
signifies that argument can be of any data type.Large() function returns the largest among the two
arguments using a simple conditional operation.Inside the main() function, variables of three
different data types: int, float and char are declared. The variables are then passed to the Large()



UNIVERSITY OF ENGINEERING & MANAGEMENT, JAIPUR
Lab Manual

Dept. of Computer Science and Engineering, UEM Jaipur

function template as normal functions.During run-time, when an integer is passed to the template
function, compiler knows it has to generate a Large() function to accept the int arguments and does
so.Similarly, when floating-point data and char data are passed, it knows the argument data types
and generates the Large() function accordingly.This way, using only a single function template
replaced three identical normal functions and made your code maintainable.

Algorithm:
STEP 1:  Start the program.
STEP 2:  Declare the template function.
STEP 3:  Declare and define the function Large() tofind the largest value.
STEP 4:  After taking input from user, the largest value is identified
STEP 5:   Display the results.
STEP 7:  Stop the program.

/*Program*/
#include <iostream>
using namespace std;
// template function
template <class T>
T Large(T n1, T n2)
{

return (n1 > n2) ? n1 : n2;
}
int main()
{

int i1, i2;
float f1, f2;
char c1, c2;

cout<< "Enter two integers:\n";
cin>> i1 >> i2;
cout<< Large(i1, i2) <<" is larger." <<endl;

cout<< "\nEnter two floating-point numbers:\n";
cin>> f1 >> f2;
cout<< Large(f1, f2) <<" is larger." <<endl;
cout<< "\nEnter two characters:\n";
cin>> c1 >> c2;
cout<< Large(c1, c2) << " has larger ASCII value.";
return 0;

}

INPUT 1:
Enter two integers:
5
10
OUTPUT 1:
10 is larger.

INPUT 2:
Enter two floating-point numbers:
12.4
10.2
OUTPUT 2:
12.4 is larger.
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INPUT 3:
Enter two characters:
z
Z
OUTPUT 3:
z has larger ASCII value.

Experiment No. 11: Class template
Aim: Simple calculator using Class template. Program to add, subtract, multiply and divide
two numbers using class template.

Description:
The class contains two private members of type T: num1 & num2, and a constructor to initalize the
members.It also contains public member functions to calculate the addition, subtraction,
multiplication and division of the numbers which return the value of data type defined by the user.
Likewise, a function displayResult() to display the final output to the screen.In the main() function,
two different Calculator objects intCalc and floatCalc are created for data types: int and float
respectively. The values are initialized using the constructor.
We use <int> and <float> while creating the objects. These tell the compiler the data type used for
the class creation.This creates a class definition each for int and float, which are then used
accordingly.Then, displayResult() of both objects is called which performs the Calculator operations
and displays the output.

Algorithm:
STEP 1:  Start the program.
STEP 2:  Declare the template class.
STEP 3:  Declare and define the function displayResult() tofind the result of the mathematical
operations.
STEP 4:  intCalc(2, 1) doing the operations on integer values.
STEP 5:   floatCalc(2.4, 1.2) doing the operations on float values.
STEP 6:   Display the results.
STEP 7:  Stop the program.

/*Program*/
#include <iostream>
using namespace std;
template <class T>
class Calculator
{
private:

T num1, num2;

public:
Calculator(T n1, T n2)
{

num1 = n1;
num2 = n2;

}
void displayResult()

{
cout<< "Numbers are: " << num1 << " and " << num2 << "." <<endl;
cout<< "Addition is: " << add() <<endl;
cout<< "Subtraction is: " << subtract() <<endl;
cout<< "Product is: " << multiply() <<endl;
cout<< "Division is: " << divide() <<endl;

}
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T add() { return num1 + num2; }

T subtract() { return num1 - num2; }

T multiply() { return num1 * num2; }

T divide() { return num1 / num2; }
};

int main()
{

Calculator<int>intCalc(2, 1);
Calculator<float>floatCalc(2.4, 1.2);

cout<< "Int results:" <<endl;
intCalc.displayResult();

cout<<endl<< "Float results:" <<endl;
floatCalc.displayResult();

return 0;
}

OUTPUT :

Int results:
Numbers are: 2 and 1.
Addition is: 3
Subtraction is: 1
Product is: 2
Division is: 2

Float results:
Numbers are: 2.4 and 1.2.
Addition is: 3.6
Subtraction is: 1.2
Product is: 2.88
Division is: 2

Experiment No. 12:CONSOLE INPUT OUTPUT
Aim: Write a C++ program where user will input the text and how many characters are
entered would be shown in the output.

Description:
The classes istream and ostream define two member function put() and get()  respectively to handle
the single character input/output operations. When we type a line of input, the text is sent to the
program as soon as we press the RETURN key. The program then reads one character at a time
using the statement cin.get( c); and displays it using the statement cout.put( c); The process is
terminated when the newline character is encountered.

Algorithm:
STEP 1:  Start the program.
STEP 2:  Taking inputs from user.
STEP 3:  Input will be taken character wise.
STEP 4:  After taking input from user, it will count the number of characters.
STEP 5:   Display the number of characters.
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STEP 6:  Stop the program.

/*Program*/
#include<iostream>

using namespace std;
int main()

{
int count=0;
char c;
cout<<"input text:";
cin.get(c);
while(c!='\n')
{

cout.put(c);
count++;
cin.get(c);

}
cout<<"\n number of characters= "<<count;
return 0;

}

INPUT 1:
input text:  object oriented programming

OUTPUT 1:
object oriented programming
number of characters=27

INPUT 1:
input text:  happy new year
OUTPUT2:
happy new year
number of characters=14

Experiment No. 13: CONSOLE INPUT OUTPUT
Aim: Write a C++ program to implement the working principle ofgetline() function.

Description:
We can read and display a line of text more efficiently using the line oriented input functions
getline(). The getline() function reads a whole line of a text that ends with a newline character. The
reading is terminated as soon as either the newline character ‘\n’ is encountered or size-1 characters
are read (whichever occurs first). The newline character is read byt not saved. Instead it is replaced
by NULL character.

Algorithm:
STEP 1:  Start the program.
STEP 2:  Taking inputs from user.
STEP 3:  Input will be taken as a whole line.
STEP 4:  After taking input from user, it will print the desired output.
STEP 5:   Display the result.
STEP 6:  Stop the program.
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/*Program*/
#include<iostream>
using namespace std;
int main()
{

int size=20;
char city[20];
cout<<"enter the city name: \n";
cin>>city;
cout<<"city name: "<<city<<"\n\n";
cout<<"enter the city name again: \n";
cin.getline(city,size);
cout<<"city name now: "<<city<<"\n\n";
cout<<"enter the another city name: \n";
cin.getline(city,size);
cout<<"New city name is: "<<city<<"\n\n";

}
INPUT 1:
Enter city name:
Delhi

OUTPUT 1:
City name:
Delhi

City name: Delhi
enter the city name again:
city name now:
enter the another city name:
chennai
New city name is: Chennai

INPUT 1:
Enter city name:
New Delhi

OUTPUT 1:
City name: New
enter the city name again:
city name now: Delhi
enter the another city name:
Greater Kolkata
New city name is: Greater Kolkata

Experiment No. 14:CONSOLE INPUT OUTPUT
Aim: Write a C++ program to create the following format.

ITEMS COST TOTAL VALUE
10 75 750
6 100 600
12 60 720
15 99 1485

GRAND TOTAL= 3555

Description:
For formatting the output width() function is used. To set the required field width we use it. The
output will be displayed in given width.
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Algorithm:
STEP 1:  Start the program.
STEP 2: Define arrays of items and cost.
STEP 3: Set the output with width() function
STEP 4:   Display the desired output.
STEP 5:  Stop the program.

/*Program*/
#include<iostream>
using namespace std;
int main()
{

int items[4]={10,6,12,15};
int cost[4]={75,100,60,99};
cout.width(5);
cout<<"ITEMS";
cout.width(8);
cout<<"COST";
cout.width(15);
cout<<"TOTAL VALUE"<<"\n";
int sum=0;
for(inti=0;i<4;i++)
{

cout.width(5);
cout<<items[i];
cout.width(8);
cout<<cost[i];
int value=items[i] * cost[i];
cout.width(15);
cout<<value<<"\n";
sum=sum+value;

}
cout<<"\n GRAND TOTAL= ";
cout.width(2);
cout<<sum<<"\n";
return 0;

}

OUTPUT 1:

ITEMS COST TOTAL VALUE
10 75 750

6 100 600
12 60 720
15 99 1485

GRAND TOTAL= 3555
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Experiment No. 15:CONSOLE INPUT OUTPUT
Aim: Write a C++ program where you find the square root of any five values. Format the
desired output with precision() function.

Description:
By using precision () function we just format the output. This function is used to set number of
decimal points to a float value.

Algorithm:
STEP 1:  Start the program.
STEP 2: Set precision.
STEP 3:  Set the width of output and find the square root of particular values.
STEP 4:   Display the desired output.
STEP 5:  Stop the program.

/*Program*/
#include<iostream>
#include<cmath>
using namespace std;
int main()
{ cout<<"precision set to 3 digits \n\n";

cout.precision(3);
cout.width(10);
cout<<"VALUE";
cout.width(15);
cout<<"SORT_OF_VALUE"<<"\n";
for(int n=1;n<=5;n++)
{

cout.width(8);
cout<<n;
cout.width(13);
cout<<sqrt(n)<<"\n";

}
cout<<"\n PRECISION SET TO 5 DIGITS \n\n";
cout.precision(5);
cout<<"sqrt(10)= "<<sqrt(10)<<"\n\n";
cout.precision(0);
cout<<"sqrt(10)= "<<sqrt(10)<<"\n default settings \n";
return 0;

}

OUTPUT:
precision set to 3 digits

VALUE SORT_OF_VALUE
1 1
2 1.41
3 1.73
4 2
5 2.24

PRECISION SET TO 5 DIGITS

sqrt(10)= 3.1623
sqrt(10)= 3
default settings
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Experiment No. 16:CONSOLE INPUT OUTPUT
Aim: Fill the blank spaces of the above program with ‘.’

Description:
By using fill () function we just format the output. The blank spaces of the above output is replaced
by ‘.’

Algorithm:
STEP 1:  Start the program.
STEP 2:  Set precision.
STEP 3:  Set the width of output and find the square root of particular values.
STEP 4: Fill up the blank spaces with ‘.’ Using fill() function.
STEP 5:   Display the desired output.
STEP 6:  Stop the program.

/*Program*/
#include<iostream>
#include<cmath>
using namespace std;
int main()
{

cout<<"precision set to 3 digits \n\n";
cout.precision(3);
cout.fill('.');
cout.width(10);
cout<<"VALUE";
cout.width(15);
cout<<"SORT_OF_VALUE"<<"\n";
for(int n=1;n<=5;n++)
{

cout.width(8);
cout<<n;
cout.width(13);
cout<<sqrt(n)<<"\n";

}
cout<<"\n PRECISION SET TO 5 DIGITS \n\n";
cout.precision(5);
cout<<"sqrt(10)= "<<sqrt(10)<<"\n\n";
cout.precision(0);
cout<<"sqrt(10)"<<sqrt(10)<<"default setting \n";
return 0;

}

OUTPUT:
precision set to 3 digits

……….VALUE………… SORT_OF_VALUE
……………..1……………………………1
……...……...2………………………...1.41
……………..3…………………...……1.73
……………..4……………………………2
……………..5…………………………2.24
PRECISION SET TO 5 DIGITS

sqrt(10)= 3.1623
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sqrt(10)= 3
default settings

Experiment No. 17:FILE HANDLING
Aim: Write a Program for Read File Operation Using C++ Programming

Description:
File handling concept in C++ language is used for store a data permanently in computer. Using file
handling we can store our data in Secondary memory (Hard disk). fstream is used to both read and
write data from/to files

Algorithm:
STEP 1:  Start the program.
STEP 2:  Declare the variables.
STEP 3:  Get the file name to read.
STEP 4:  Using ifstreamin(filename) check whether the file exist.
STEP 5:  If the file exist then check for the end of file condition.
STEP 6:  Read the contents of the file.
STEP 7:  Print the contents of the file.
STEP 8:  Stop the program.

/*Program*/
#include<iostream>
#include<fstream>
using namespace std;
int main()
{

char c,fname[10];
cout<<"Enter file name:";
cin>>fname;
ifstream in(fname);

if(!in)
{

cout<<"File Does not Exist";
return;

}
cout<<"\n\n";

while(in.eof()==0)
{

in.get(c);
cout<<c;

}

}

OUTPUT:
Enter File name: one.txt
INDIA
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Experiment No. 18:FILE HANDLING
Aim:Write a Program for Read & Write File Operation (Convert lowercase to uppercase)
Using C++ Programming

Description:
A file must be opened before you can read from it or write to it. Either the ofstream or fstream object
may be used to open a file for writing or ifstream object is used to open a file for reading purpose
only.C++ provides a special function, eof( ), that returns nonzero (meaning TRUE) when there are
no more data to be read from an input file stream, and zero (meaning FALSE) otherwise.

Algorithm:
STEP 1:  Start the program.
STEP 2:  Declare the variables.
STEP 3:  Read the file name.
STEP 4:  open the file to write the contents.
STEP 5:  writing the file contents up to reach a particular condition.
STEP6:   write the file contents as uppercase.
STEP7:   open the file to read the contents.
STEP 8:  Stop the program.

/*Program*/
#include<fstream.h>
#include<stdio.h>
#include<ctype.h>
#include<string.h>
#include<iostream.h>
#include<conio.h>
void main()
{              char c,u;

char fname[10];
clrscr();
ofstream out;
cout<<"Enter File Name:";
cin>>fname;
out.open(fname);
cout<<"Enter the text(Enter # at end)\n";   //write contents to file

while((c=getchar())!='#')
{

u=c-32;
out<<u;

}
out.close();
ifstream in(fname);        //read the contents of file
cout<<"\n\n\t\tThe File contains\n\n";

while(in.eof()==0)
{           in.get(c);

cout<<c;
}

getch();
}

OUTPUT:
Enter File Name: two.txt
Enter contents to store in file (enter # at end)
oops programming
The File Contains
OOPS PROGRAMMING
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Experiment No. 19:FILE HANDLING
Aim: Program to count number of words in a file.

Description:
File handling concept in C++ language is used for store a data permanently in computer. Using file
handling we can store our data in Secondary memory. For read and write from a file we need another
standard C++ library called fstream. Always test for the end-of-file condition before processing data
read from an input file stream. Use a while loop for getting data from an input file stream.  A for
loop is desirable only when you know the exact number of data items in the file, which we do not
know.

Algorithm:
STEP 1:  Start the program.
STEP 2:  Declare the variables.
STEP 3:  Read the file name.
STEP 5:  Check the eof condition
STEP6:   Count the number of words
STEP 7:  Stop the program.

/*Program*/
#include<fstream>
#include<iostream>
using namespace std;
int main()
{
ifstream fin;
fin.open("out.txt");

int count = 0;
char word[30];

while(!fin.eof())
{

fin >> word;
count++;

}

cout<< "Number of words in file are " << count;

fin.close();
return 0;

}

OUTPUT:
Number of words in file are 20.
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Experiment No. 20:FILE HANDLING
Aim:Program to count number of lines in a text file.

Description:
File handling concept in C++ language is used for store a data permanently in computer. Using file
handling we can store our data in Secondary memory. For read and write from a file we need another
standard C++ library called fstream. Always test for the end-of-file condition before processing data
read from an input file stream. Use a while loop for getting data from an input file stream.  A for
loop is desirable only when you know the exact number of data items in the file, which we do not
know.

Algorithm:
STEP 1:  Start the program.
STEP 2:  Declare the variables.
STEP 3:  Read the file name.
STEP 5:  Check the eof condition
STEP 6:   Count the number of lines
STEP 7:  Stop the program.

/*Program*/
#include<fstream>
#include<iostream>
using namespace std;
int main()
{
ifstream fin;
fin.open("out.txt");

int count = 0;
char str[80];

while(!fin.eof())
{

fin.getline(str,80);
count++;

}
cout<< "Number of lines in file are " << count;
fin.close();

return 0;
}

OUTPUT:
Number of lines in file are 5.
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Experiment No. 21:FILE HANDLING
Aim:Program to implement searching operation on binary file in C++

Description:
When data is stored in a file in the binary format, reading and writingdata is faster because no time is
lost in converting the data from one format to another format. Such files are called binary files. This
following program explains how to create binary files and also how to read, write, search, delete and
modify data from binary files.

Algorithm:
STEP 1:  Start the program.
STEP 2:  Declare the variables and functions with definitions.
STEP 3:  Read the file name.
STEP 5:  Check the eof condition
STEP 6:   searching is done.
STEP 7:  Stop the program.

/*Program*/
#include<fstream.h>
#include<conio.h>
#include<stdlib.h>
class student
{

introllno;
char name[20];
char branch[3];
float marks;
char grade;
public:

void getdata()
{

cout<<"Rollno: ";
cin>>rollno;
cout<<"Name: ";
cin>>name;
cout<<"Branch: ";
cin>>branch;
cout<<"Marks: ";
cin>>marks;

if(marks>=75)
{

grade = 'A';
}
else if(marks>=60)
{

grade = 'B';
}
else if(marks>=50)
{

grade = 'C';
}
else if(marks>=40)
{

grade = 'D';
}
else
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{
grade = 'F';

}
}
void putdata()
{

cout<<"Rollno: "<<rollno<<"\tName: "<<name<<"\n";
cout<<"Marks: "<<marks<<"\tGrade: "<<grade<<"\n";

}
intgetrno()
{

return rollno;
}

}stud1;
void main()
{

clrscr();

fstreamfio("marks.dat", ios::in | ios::out);
char ans='y';
while(ans=='y' || ans=='Y')
{

stud1.getdata();
fio.write((char *)&stud1, sizeof(stud1));
cout<<"Record added to the file\n";
cout<<"\nWant to enter more ? (y/n)..";
cin>>ans;

}
clrscr();
intrno;
long pos;
char found='f';
cout<<"Enter rollno of student to be search for: ";
cin>>rno;
fio.seekg(0);
while(!fio.eof())
{

pos=fio.tellg();
fio.read((char *)&stud1, sizeof(stud1));
if(stud1.getrno() == rno)
{

stud1.putdata();
fio.seekg(pos);
found='t';
break;

}
}
if(found=='f')
{

cout<<"\nRecord not found in the file..!!\n";
cout<<"Press any key to exit...\n";
getch();
exit(2);

}
fio.close();
getch();
}
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OUTPUT:
Rollno: 1
Name: Aman
Branch: CSE
Marks: 96
Recorded added to the file

Want to enter more? (y/n)..y
Rollno: 2
Name: Savvy
Branch: IT
Marks: 91
Recorded added to the file

Want to enter more? (y/n)..n

Searching
Enterrollno of student to be search for: 2
Rollno: 2 Name: Savvy
Marks: 91 Grade: A

Experiment No. 22:STL
Aim:C++ Program to Implement Queue in STL.

Description:
The C++ STL (Standard Template Library) is a powerful set of C++ template classes to provide
general-purpose templatized classes and functions that implement many popular and commonly used
algorithms and data structures like vectors, lists, queues, and stacks.This C++ Program demonstrates
implementation of Queue in STL. Here is source code of the C++ Program to demonstrate Queue in
STL.

Algorithm:
STEP 1:  Start the program.
STEP 2:  Declare the variables and functions with definitions.
STEP 3:  Define STL of queue
STEP 5:  Doing queue operations
STEP 6: Stop the program.

/*Program*/
#include <iostream>
#include <queue>
#include <string>
#include <cstdlib>
using namespace std;
int main()
{

queue<int> q;
int choice, item;

while (1)
{

cout<<"\n---------------------"<<endl;
cout<<"Queue Implementation in Stl"<<endl;
cout<<"\n---------------------"<<endl;
cout<<"1.Insert Element into the Queue"<<endl;
cout<<"2.Delete Element from the Queue"<<endl;
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cout<<"3.Size of the Queue"<<endl;
cout<<"4.Front Element of the Queue"<<endl;
cout<<"5.Last Element of the Queue"<<endl;
cout<<"6.Exit"<<endl;
cout<<"Enter your Choice: ";
cin>>choice;

switch(choice)
{
case 1:

cout<<"Enter value to be inserted: ";
cin>>item;
q.push(item);

break;
case 2:

item = q.front();
q.pop();
cout<<"Element "<<item<<" Deleted"<<endl;

break;
case 3:

cout<<"Size of the Queue: ";
cout<<q.size()<<endl;

break;
case 4:

cout<<"Front Element of the Queue: ";
cout<<q.front()<<endl;

break;
case 5:

cout<<"Back Element of the Queue: ";
cout<<q.back()<<endl;

break;
case 6:

exit(1);
break;

default:
cout<<"Wrong Choice"<<endl;

}
}
return 0;

}

OUTPUT:
1.Insert Element into the Queue
2.Delete Element from the Queue
3.Size of the Queue
4.Front Element of the Queue
5.Last Element of the Queue
6.Exit
Enter your Choice: 1
Enter value to be inserted: 9

---------------------
Queue Implementation in Stl

---------------------
1.Insert Element into the Queue
2.Delete Element from the Queue
3.Size of the Queue
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4.Front Element of the Queue
5.Last Element of the Queue
6.Exit
Enter your Choice: 1
Enter value to be inserted: 8
---------------------
Queue Implementation in Stl

---------------------
1.Insert Element into the Queue
2.Delete Element from the Queue
3.Size of the Queue
4.Front Element of the Queue
5.Last Element of the Queue
6.Exit
Enter your Choice: 3
Size of the Queue: 2

Experiment No. 23:STL
Aim:C++ Program to Implement Vector in STL

Description:
Vector is a template class that is a perfect replacement for the good old C-style arrays. It allows the
same natural syntax that is used with plain arrays but offers a series of services that free the C++
programmer from taking care of the allocated memory and help operating consistently on the
contained objects.This C++ Program demonstrates implementation of Vector in STL.Here is source
code of the C++ Program to demonstrate Vector in STL.

Algorithm:
STEP 1:  Start the program.
STEP 2: Declare the variables and functions with definitions.
STEP 3:  Define STL of vector
STEP 5:  Doing vector operations
STEP 6: Stop the program.

/*Program*/
#include <iostream>
#include <vector>
#include <string>
#include <cstdlib>
using namespace std;
int main()
{

vector<int>ss;
vector<int>::iterator it;

int choice, item;
while (1)
{

cout<<"\n---------------------"<<endl;
cout<<"Vector Implementation in Stl"<<endl;
cout<<"\n---------------------"<<endl;
cout<<"1.Insert Element into the Vector"<<endl;
cout<<"2.Delete Last Element of the Vector"<<endl;
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cout<<"3.Size of the Vector"<<endl;
cout<<"4.Display by Index"<<endl;
cout<<"5.Dislplay by Iterator"<<endl;
cout<<"6.Clear the Vector"<<endl;
cout<<"7.Exit"<<endl;
cout<<"Enter your Choice: ";
cin>>choice;

switch(choice)
{
case 1:

cout<<"Enter value to be inserted: ";
cin>>item;
ss.push_back(item);

break;
case 2:

cout<<"Delete Last Element Inserted:"<<endl;
ss.pop_back();

break;
case 3:

cout<<"Size of Vector: ";
cout<<ss.size()<<endl;

break;
case 4:

cout<<"Displaying Vector by Index: ";
for (inti = 0; i<ss.size(); i++)
{

cout<<ss[i]<<" ";
}

cout<<endl;
break;

case 5:
cout<<"Displaying Vector by Iterator: ";

for (it = ss.begin(); it != ss.end(); it++)
{

cout<<*it<<" ";
}

cout<<endl;
break;

case 6:
ss.clear();
cout<<"Vector Cleared"<<endl;

break;
case 7:

exit(1);
break;

default:
cout<<"Wrong Choice"<<endl;

}
}
return 0;

}
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OUTPUT:
---------------------
Vector Implementation in Stl

---------------------
1.Insert Element into the Vector
2.Delete Last Element of the Vector
3.Size of the Vector
4.Display by Index
5.Dislplay by Iterator
6.Clear the Vector
7.Exit
Enter your Choice: 1
Enter value to be inserted: 4

---------------------
Vector Implementation in Stl

---------------------
1.Insert Element into the Vector
2.Delete Last Element of the Vector
3.Size of the Vector
4.Display by Index
5.Dislplay by Iterator
6.Clear the Vector
7.Exit
Enter your Choice: 1
Enter value to be inserted: 6

---------------------
Vector Implementation in Stl

---------------------
1.Insert Element into the Vector
2.Delete Last Element of the Vector
3.Size of the Vector
4.Display by Index
5.Dislplay by Iterator
6.Clear the Vector
7.Exit
Enter your Choice: 1
Enter value to be inserted: 3

---------------------
Vector Implementation in Stl

---------------------
1.Insert Element into the Vector
2.Delete Last Element of the Vector
3.Size of the Vector
4.Display by Index
5.Dislplay by Iterator
6.Clear the Vector
7.Exit
Enter your Choice: 1
Enter value to be inserted: 8
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---------------------
Vector Implementation in Stl

---------------------
1.Insert Element into the Vector
2.Delete Last Element of the Vector
3.Size of the Vector
4.Display by Index
5.Dislplay by Iterator
6.Clear the Vector
7.Exit
Enter your Choice: 1
Enter value to be inserted: 9

---------------------
Vector Implementation in Stl

---------------------
1.Insert Element into the Vector
2.Delete Last Element of the Vector
3.Size of the Vector
4.Display by Index
5.Dislplay by Iterator
6.Clear the Vector
7.Exit
Enter your Choice: 1
Enter value to be inserted: 2

---------------------
Vector Implementation in Stl

---------------------
1.Insert Element into the Vector
2.Delete Last Element of the Vector
3.Size of the Vector
4.Display by Index
5.Dislplay by Iterator
6.Clear the Vector
7.Exit
Enter your Choice: 3
Size of Vector: 6

---------------------
Vector Implementation in Stl

---------------------
1.Insert Element into the Vector
2.Delete Last Element of the Vector
3.Size of the Vector
4.Display by Index
5.Dislplay by Iterator
6.Clear the Vector
7.Exit
Enter your Choice: 4
Displaying Vector by Index: 4 6 3 8 9 2

---------------------
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Vector Implementation in Stl

---------------------
1.Insert Element into the Vector
2.Delete Last Element of the Vector
3.Size of the Vector
4.Display by Index
5.Dislplay by Iterator
6.Clear the Vector
7.Exit
Enter your Choice: 2
Delete Last Element Inserted:

---------------------
Vector Implementation in Stl

---------------------
1.Insert Element into the Vector
2.Delete Last Element of the Vector
3.Size of the Vector
4.Display by Index
5.Dislplay by Iterator
6.Clear the Vector
7.Exit
Enter your Choice: 3
Size of Vector: 5

---------------------
Vector Implementation in Stl

---------------------
1.Insert Element into the Vector
2.Delete Last Element of the Vector
3.Size of the Vector
4.Display by Index
5.Dislplay by Iterator
6.Clear the Vector
7.Exit
Enter your Choice: 5
Displaying Vector by Iterator: 4 6 3 8 9
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Experiment No. 24:STL
Aim:C++ Program to Implement Set in STL

Description:
This C++ Program demonstrates implementation of Set in STL.Here is source code of the C++
Program to demonstrate Set in STL.

Algorithm:
STEP 1:  Start the program.
STEP 2:  Declare the variables and functions with definitions.
STEP 3:  Define STL of set
STEP 5:  Doing set operations
STEP 6: Stop the program.

/*Program*/
#include <iostream>
#include <set>
#include <string>
#include <cstdlib>
using namespace std;
int main()
{

set<int>st;
set<int>::iterator it;

int choice, item;
while (1)
{

cout<<"\n---------------------"<<endl;
cout<<"Set Implementation in Stl"<<endl;
cout<<"\n---------------------"<<endl;
cout<<"1.Insert Element into the Set"<<endl;
cout<<"2.Delete Element of the Set"<<endl;
cout<<"3.Size of the Set"<<endl;
cout<<"4.Find Element in a Set"<<endl;
cout<<"5.Dislplay by Iterator"<<endl;
cout<<"6.Exit"<<endl;
cout<<"Enter your Choice: ";
cin>>choice;

switch(choice)
{
case 1:

cout<<"Enter value to be inserted: ";
cin>>item;
st.insert(item);

break;
case 2:

cout<<"Enter the element to be deleted: ";
cin>>item;
st.erase(item);

break;
case 3:

cout<<"Size of the Set: ";
cout<<st.size()<<endl;

break;
case 4:

cout<<"Enter the element to be found: ";
cin>>item;
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it = st.find(item);
if (it != st.end())

cout<<"Element "<<*it<<" found in the set" <<endl;
else

cout<<"No Element Found"<<endl;
break;

case 5:
cout<<"Displaying Map by Iterator: ";

for (it = st.begin(); it != st.end(); it++)
{

cout<< (*it)<<" ";
}

cout<<endl;
break;

case 6:
exit(1);

break;
default:

cout<<"Wrong Choice"<<endl;
}

}
return 0;

}

OUTPUT:
---------------------
Set Implementation in Stl
---------------------

1.Insert Element into the Set
2.Delete Element of the Set
3.Size of the Set
4.Find Element in a Set
5.Dislplay by Iterator
6.Exit
Enter your Choice: 1
Enter value to be inserted: 1

---------------------
Set Implementation in Stl
---------------------

1.Insert Element into the Set
2.Delete Element of the Set
3.Size of the Set
4.Find Element in a Set
5.Dislplay by Iterator
6.Exit
Enter your Choice: 1
Enter value to be inserted: 2

---------------------
Set Implementation in Stl
---------------------

1.Insert Element into the Set
2.Delete Element of the Set
3.Size of the Set
4.Find Element in a Set
5.Dislplay by Iterator
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6.Exit
Enter your Choice: 1
Enter value to be inserted: 3

---------------------
Set Implementation in Stl
---------------------

1.Insert Element into the Set
2.Delete Element of the Set
3.Size of the Set
4.Find Element in a Set
5.Dislplay by Iterator
6.Exit
Enter your Choice: 1
Enter value to be inserted: 4

---------------------
Set Implementation in Stl
---------------------

1.Insert Element into the Set
2.Delete Element of the Set
3.Size of the Set
4.Find Element in a Set
5.Dislplay by Iterator
6.Exit
Enter your Choice: 1
Enter value to be inserted: 5

---------------------
Set Implementation in Stl
---------------------

1.Insert Element into the Set
2.Delete Element of the Set
3.Size of the Set
4.Find Element in a Set
5.Dislplay by Iterator
6.Exit
Enter your Choice: 1
Enter value to be inserted: 4

---------------------
Set Implementation in Stl
---------------------

1.Insert Element into the Set
2.Delete Element of the Set
3.Size of the Set
4.Find Element in a Set
5.Dislplay by Iterator
6.Exit
Enter your Choice: 1
Enter value to be inserted: 3

---------------------
Set Implementation in Stl
---------------------

1.Insert Element into the Set
2.Delete Element of the Set
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3.Size of the Set
4.Find Element in a Set
5.Dislplay by Iterator
6.Exit
Enter your Choice: 1
Enter value to be inserted: 2

---------------------
Set Implementation in Stl
---------------------

1.Insert Element into the Set
2.Delete Element of the Set
3.Size of the Set
4.Find Element in a Set
5.Dislplay by Iterator
6.Exit
Enter your Choice: 1
Enter value to be inserted: 1

---------------------
Set Implementation in Stl
---------------------

1.Insert Element into the Set
2.Delete Element of the Set
3.Size of the Set
4.Find Element in a Set
5.Dislplay by Iterator
6.Exit
Enter your Choice: 3
Size of the Set: 5

---------------------
Set Implementation in Stl
---------------------

1.Insert Element into the Set
2.Delete Element of the Set
3.Size of the Set
4.Find Element in a Set
5.Dislplay by Iterator
6.Exit
Enter your Choice: 5
Displaying Map by Iterator: 1 2 3 4 5

---------------------
Set Implementation in Stl
---------------------

1.Insert Element into the Set
2.Delete Element of the Set
3.Size of the Set
4.Find Element in a Set
5.Dislplay by Iterator
6.Exit
Enter your Choice: 4
Enter the element to be found: 3
Element 3 found in the set



UNIVERSITY OF ENGINEERING AND MANAGEMENT, JAIPUR
Lab Manual

Dept. of Computer Science and Engineering, UEM Jaipur

---------------------
Set Implementation in Stl
---------------------

1.Insert Element into the Set
2.Delete Element of the Set
3.Size of the Set
4.Find Element in a Set
5.Dislplay by Iterator
6.Exit
Enter your Choice: 2
Enter the element to be deleted: 5

Experiment No. 25:String Manipulation
Aim:Write a C++ program to copy a string from another string. Also concatenate them and find the
total length after concatenation.

Description:
C++ provides following two types of string representations:
-The C-style character string.
-The string class type introduced with Standard C++.
The C-style character string originated within the C language and continues to be supported within
C++. This string is actually a one-dimensional array of characters which is terminated by a null
character '\0'. Thus a null-terminated string contains the characters that comprise the string followed
by a null.
C++ supports a wide range of functions that manipulate null-terminated strings:
strcpy(s1, s2);
Copies string s2 into string s1.
strcat(s1, s2);
Concatenates string s2 onto the end of string s1.
strlen(s1);
Returns the length of string s1.
strcmp(s1, s2);
Returns 0 if s1 and s2 are the same; less than 0 if s1<s2; greater than 0 if s1>s2.
strchr(s1, ch);
Returns a pointer to the first occurrence of character ch in string s1.
strstr(s1, s2);
Returns a pointer to the first occurrence of string s2 in string s1.

Algorithm:
STEP 1:  Start the program.
STEP 2:  Declare the string variables.
STEP 3:  Copy the content of str1 to str3
STEP 5:  Concatenate str1 and str2
STEP 6: Find the length of str1
STEP 7: Stop the program.

/*Program*/
#include <iostream>
#include <cstring>
using namespace std;
int main ()
{

char str1[10] = "Hello";
char str2[10] = "World";
char str3[10];

intlen ;
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// copy str1 into str3
strcpy( str3, str1);
cout<< "strcpy( str3, str1) : " << str3 <<endl;

// concatenates str1 and str2
strcat( str1, str2);
cout<< "strcat( str1, str2): " << str1 <<endl;

// total lenghth of str1 after concatenation
len = strlen(str1);
cout<< "strlen(str1) : " <<len<<endl;

return 0;
}
OUTPUT:
strcpy( str3, str1) : Hello
strcat( str1, str2): HelloWorld
strlen(str1) : 10

Experiment No. 26:String Manipulation
Aim:Write a C++ program to implement he String Class in C++.

Description:
The standard C++ library provides a string class type that supports all the operations mentioned
above, additionally much more functionality.

Algorithm:
STEP 1:  Start the program.
STEP 2:  Declare the string variables.
STEP 3:  Copy str1 into str3
STEP 5:  Concatenate str1 and str2 and stores into str3
STEP 6: Find the length of str3
STEP 7: Stop the program.

/*Program*/
#include <iostream>
#include <string>
using namespace std;
int main ()
{

string str1 = "Hello";
string str2 = "World";
string str3;

intlen ;

// copy str1 into str3
str3 = str1;

cout<< "str3 : " << str3 <<endl;

// concatenates str1 and str2
str3 = str1 + str2;

cout<< "str1 + str2 : " << str3 <<endl;

// total length of str3 after concatenation
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len = str3.size();
cout<< "str3.size() :  " <<len<<endl;

return 0;
}

OUTPUT:
str3 : Hello
str1 + str2 : HelloWorld
str3.size() :  10
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Title of Course: Electronic Measurement & Instrumentation Lab
Course Code: EC695C
L-T-P scheme: 0-0-3 Course Credit: 2

Objectives:
1. To introduce the student fundamentals of Electronics Instruments and Measurement
2. To understand how measuring instruments work for measurement of electrical and non electrical

quantity.
3. Providing practical ideas and an in-depth understanding of Measurement procedures.

Learning Outcomes: The students will have a detailed knowledge of the concepts of different
measuring methods and the devices that has to be used for the purpose. Upon the completion of
Operating Systems practical course, the student will be able to:

 Understand necessity of measuring devices and also proper selection of the devices
 Use proper instruments for measuring electrical and non electrical quantities.
 Understand effects of the internal impedances of meteres while measuring.
 Analyze General features of analog meteres
 Learn the application of ac and dc potentiometer to measure unknown emf
 Understand the fundamental concepts of CRO and it's use to measure electrical parameters

Course Contents:
Exercises that must be done in this course are listed below:
Exercise No. 1: Measure a resistance using Kelvin’s Double Bridge
Exercise No. 2: Measure unknown capacitance using Schering Bridge
Exercise No. 3: Measure self inductance using Anderson’s Bridge.
Exercise No. 4: Measure unknown value of capacitance using De Sauty Bridge
Exercise No. 5: Measure Unknown frequency using Wein’s Bridge
Exercise No. 6: Measure three phase power and power factor
Exercise No. 7: Study the operation of CRO

Text Book:
1. A.K. Sawhney, A course in Electrical & Electronic Measurements & Instrumentation, Dhanpat
Rai and sons

Recommended Systems/Apparatus Requirements:
1. Laboratory Kits, Multimeters, CRO, Connecting wires.



Experiment No: 1
Measure a resistance using Kelvin’s Double Bridge
Aim: To measure a low resistance using Kelvin’s Double Bridge.

Theory:
Kelvin Double Bridge is nothing but a modification of Wheatstone bridge. It is used for measuring
of low resistance to a good precision. It compares two ratio arms P,Q and p,q and hence is called
'double bridge'.

P, Q, p, q are the resistances in the ratio arms. G is a galvanometer of D'Arsonal type, used as a null
detector. S is a small standard resistor; R is a resistance under measurement. Usually low resistance
consists of four leads. Two of them are called as voltage leads and remaining as current leads. "r" is
the resistance of connecting lead between R and S.
Under balanced conditions,

From the above equation, it is clear that the resis tance of connecting leads "r" has no effect on the
measurement if the two sets of ratio arms have equal ratios ie, P/Q = p/q. The effect of thermo
electric Emf can be eliminated by making other measurement with battery terminals reversed and
taking the average of the two readings can eliminate the effect of thermo electric Emfs.
Procedure:
Procedure for the measurement of low resistance R using Kelvin Double Bridge
1. Move the Galvanometer switch to increase position. This connects the built-in galvanometer to the
circuit. If an external more sensitive galvanometer is available, connect it to the terminals marked
"extgalv" and put the galvanometer switch in "EXT" position.
2. Four terminals are provided for connecting unknown resistance of the bridge circuit. They are lab
eled by "+C, +P, - C, - P". Here +C and - C constitute the current terminals. If the given unknown
resistance is of four leads then connect the two potential leads to +P & -P and current leads to +C &
-C with correct current polarity. If the unknown resistance has two terminals then the leads from +C
and +P are connected to other terminals of unknown resistance.
3. Now, press the button on the panel and obtain the balance by varying the dials.
4. Under balanced conditions, the sum of two dials multiplied by multiplier sitting gives the value of
unknown resistance.
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5.Find the tolerance of the resistance and tabulate the results.

Observation Table:

The example results are as given in the tabular form below:

Conclusion:

Experiment No: 2
Measure unknown capacitance using Schering Bridge

Aim: To measure unknown capacitance using Schering Bridge

Theory:
Schering bridge is widely used for capacitance and dissipation factor measurement. It is extensively
used in the measurement of capacitance.
At balance



Cx - Unknown capacitance
C4 - variable Capacitor
R3, R4 - Non inductive resistance

Procedure:
1. The trainer is switched ‘ON’ and the unknown capacitance is connected in the terminals Cx
2. Initially the resistance R3 is kept some value and by varying the value of resistance R 4 the

balanced condition is obtained
3. The balanced condition is checked
4. All the values are noted down.

Observation Table:

Conclusion:

Experiment No: 3
Measure self inductance using Anderson’s Bridge.

Aim: To measure self inductance using Anderson’s Bridge

Theory:
Anderson’s bridge is the most accurate bridge used for the measurement of self – inductance over a
wide range of values, from a few micro-Henries to several Henries. In this method the unknown self-
inductance is measured in terms of known capacitance and resistances, by comparison. It is a
modification of Maxwell’s L - C Bridge. In this bridge, double balance is obtained by the variation
of resistances only, the value of capacitance being fixed.
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Procedure:

1. The circuit diagram of the bridge is as shown in the figure.
2. The coil whose self-inductance is to be determined, is connected in the arm AB, in series

with a variable non-inductive resistor R1.
3. Arms BC, CD and DA contain fixed and non – inductive resistors R2, R3 and R4

respectively.
4. Another non - inductive resistor R5 is connected in series with a standard capacitor C and

this combination is put in parallel with the arm  CD.
5. The null detector is connected between B and E.
6. The signal generator is connected between A and C junctions.
7. Select one capacitor and one inductor and connect them in appropriate places using patch

chords.
8. A perfect balance is obtained by adjusting R1 and R5 alternatively till the detector D

indicate a minimum balance .
9. The values of R1 and R5 are measured with a multi-meter( While measuring the R1 and R5

values, they should be in open circuit ) .
10. In the balance condition the self – inductance value of the coil is calculated by using the

above formula.

Observation Table:

Conclusion:

Experiment No: 4
Measure unknown value of capacitance using De Sauty Bridge
Aim: To measure unknown value of capacitance using De Sauty Bridge

Theory:
The De Sauty’s bridge is an A.C Bridge works on the principle of Wheat stone’s bridge. This bridge
is used to determine the capacity of an unknown capacitor C2 in terms of the capacity of a standard
known capacitor C1. Here R1 and R2 are non - inductive resistors. R1, R2, C1 and C2 are connected
in a Wheat stone’s bridge as shown in the figure. When the bridge is balanced, the ratios of
impedances are equal



At balanced condition Capacity of a unknown capacitor
C2 = (R1 / R2 ) x C1  μF

Procedure:

1. The connections are made as shown in the figure.
2. The resistance R1 and a condenser C1 are in series in one branch of the bridge and a

resistance R2 and another capacitor C2 are in series in another branch.
3. The A.C signal generator frequency is adjusted to a fixed value of 1 KHz or below, which is

convenient to our ear.
4. A resistance is unplugged in R1 and the resistance R2 is adjusted till the sound in the head -

phone is reduced to zero level.
5. The value of R2 is measured with a multi-meter and noted. While measuring the resistances,

they should be in open circuit.
6. The above process is repeated for different values of R1 and the values are noted in the

table.
7. When the hum in the head – phone is at zero level , then the time constants of the upper and

the lower braches of Wheat stone’s bridge equal i.e. C1R1= C2R2

Observation Table:

Conclusion:

Experiment No: 5
Measure Unknown frequency using Wein’s Bridge
Aim: To measure Unknown frequency using Wein’s Bridge

Theory:
In this bridge circuit, there is a lead-lag network. Balancing of the bridge is easier because satisfying
the phase angle equality condition can be achieved. This bridge can also be used to determine the
frequency of the AC input in terms of the component values of the bridge circuit. In this AC Bridge,
there is no inductor. Inductive losses because of stray fields cause problems in balancing of the
bridge. Owing to the absence of L in the circuit, this can be effectively used for determining the
frequency f of the AC input.
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At balanced condition the unknown frequency can be given as

f= 1/[2π√(R1 R3 C1 C3) ]

Procedure:

1. Connect mains cord to the Trainer.
2. Connect terminal 1 to 4(for evaluating unknown capacitance Cx1).
3. Rotate variable resistance R1 towards anti clockwise direction.
4. Select Frequency Selector f or any desired range of frequency.
5. Vary resistance R1 towards clockwise direction slowly.
6. Keep varying R1 until null condition is achieved
7. Now remove the patch cord between terminal 1 & 4 and record the value of R1 in the

observation table using multimeter

Observation Table:

Conclusion:

Experiment No: 6
Measure three phase power and power factor
Aim: To Measure three phase power and power factor
Theory:
Power consumed by a 3-phase balanced or unbalanced load (star connected) can be measured by
using 2-wattmeters properly connected in the circuit.The current coil of the wattmeter are connected
in series with the load in any two line. Where as the pressure coils are connected between these two
lines and the third line. The phasor diagram of this circuit assuming balanced lagging load has been
shown in the figure. Under running conditions the power consumed by the three phase system is the
sum o the two individual wattmeters.

Mathematically, the total power consumed,1 + 2 = √3× {cos(30 − Ø) + cos(30 + Ø) }
Where,

Power consumed by wattmeter1=√3× {cos(30 −Ø)}
Power consumed by wattmeter 2=√3× {cos(30 +Ø) }
When the load power factor is less then 0.5 then wattmeter 2 will show the correct deflection and
first wattmeter will show the reverse deflection. In the first wattmeter the current coil or voltage coil
connection is reversed. Thus the wattmeter pointer direction is corrected. The net power is obtained
by adding the two wattmeter readings.



Power angle is given by

Ø = √3×( 1 − 2)( 1 + 2)
Then the power factor of the load can be calculated as:

Ø = [ √ ×( − )( + )]

Procedure:

1. Connect the circuit as shown in the diagram.
2. Vary the inductive load.
3. Note down the reading carefully.
4. If one wattmeter reads negative or gives reverse reading, the reading of wattmeter is taken

by reversing the current coil terminal.

Observation Table:

Sl. No. Voltage

VL

(volts)

Current

IL

(amp)

Power

W1

(Watts)

Power W2

(Watts)

Total
Power

P=W1+W2

Power
Factor=cosØ
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Conclusion:

Experiment No: 7
Study the operation of CRO
Aim: To Study of CRO & Measurement of frequency using Lissajous Patterns.

Theory:
The cathode ray oscilloscope is the most versatile measuring instrument available. We can
measure following parameters using the CRO:
1. AC or DC voltage.
2. Time (t=1/f).
3. Phase relationship
4. Waveform calculation: Rise time; fall time; on time; off-time Distortion, etc.
We can also measure non-electrical physical quantities like pressure, strain, temperature,
acceleration, etc., by converting into electrical quantities using a transducer.

Major blocks:
1. Cathode ray tube (CRT)
2. Vertical amplifier
3. Horizontal amplifier
4. Sweep generator
5. Trigger circuit
6. Associated power supply.

BLOCK DIAGRAM OF CRO

1. The cathode ray tube is the heart of CRO. The CRT is enclosed in an evacuated glass
envelope to permit the electron beam to traverse in the tube easily. The main functional
units of CRO are as follows.

Electron gun assembly, Deflection plate unit, Screen.



2. Vertical Amplifier is the main factor in determining the bandwidth and sensitivity of an
oscilloscope. Vertical sensitivity is a measure of how much the electron beam will be
deflected for a specified input signal. On the front panel of the oscilloscope, one can see a
knob attached to a rotary switch labeled volts/division. The rotary switch is electrically
connected to the input attenuation network. The setting of the rotary switch indicates what
amplitude signal is required to deflect the beam vertically by one division.
3. Horizontal amplifier under normal mode of operation, the horizontal amplifier will
amplify the sweep generator input. When the CRO is being used in the X-Y mode, the
horizontal amplifier will amplify the signal applied to the horizontal input terminal.
Although the vertical amplifier mush be able to faithfully reproduce low-amplitude and high
frequency signal with fast rise time, the horizontal amplifier is only required to provide a
faithful reproduction of the sweep signal which has a relatively high amplitude and slow rise
time.
4. Sweep generator and Trigger circuit These two units form the Signal Synchronization
unit of the CRO.
5. Associated Power Supply: The input signal may come from an external source when the
trigger selector switch is set to EXT or from low amplitude AC voltage at line frequency
when the switch is set to LINE or from the vertical amplifier when the switch is set to INT.
When set for INT (internal triggering), the trigger circuit receives its inputs from the vertical
amplifier.
Procedure:

1.1 Measurement of Voltage Using CRO :

A voltage can be measured by noting the Y deflection produced by the voltage; using this
deflection in conjunction with the Y-gain setting, the voltage can be calculated as follows :

V = (no. of boxes in cm.) x (selected Volts/cm scale)

1.2 Measurement of Current and Resistance Using a CRO :

Using the general method, a correctly calibrated CRO can be used in conjunction with a
known value of resistance R to determine the current I flowing through the resistor.

1.3 Measurement of  Frequency Using a CRO :

A simple method of determining the frequency of a signal is to estimate its periodic time
from the trace on the screen of a CRT. However this method has limited accuracy, and
should only be used where other methods are not available. To calculate the frequency of
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the observed signal, one has to measure the period, i.e. the time taken for 1 complete cycle,
using the calibrated sweep scale. The period could be calculated by

T = (no. of squares in cm) x (selected Time/cm scale)

Once the period T is known, the frequency is given by

f (Hz)= 1/T(sec)

1.4. Measurement of Phase:

The calibrated time scales can be used to calculate the phase shift between two sinusoidal
signals of the same frequency. If a dual trace or beam CRO is available to display the two
signals simultaneously (one of the signals is used for synchronization), both of the signals
will appear in proper time perspective and the amount of time difference between the
waveforms can be measured. This, in turn can be utilized to calculate the phase angle,
between the two signals.


phase shift in cm.
one period in cm.

Figure 1:- PHASE SHIFT BETWEEN TWO SIGNALS

Referring to figure.1, the phase shift can be calculated by the formula;

  
Phase shift in cm.
One period in cm.

 x 360

Note that the calculation does not involve the actual calibrated time base setting. In fact, the
observed waveforms can be varied using the horizontal amplifier venire adjustment to
obtain as many boxes for one full scale as desired. Another method for fast calculation is to
multiply the scale factor by the phase difference (in cm) where the scale factor is degrees
per box or degrees per cm.

1.5 Use of Lissajous Patterns for Frequency Measurements:

If a well calibrated CRO timebase is not available, a signal generator can be used to measure
the frequency of an unknown sinusoidal signal. It is connected to the vertical channel ( or
horizontal ) and the calibrated signal source is fed to the horizontal channel ( or vertical
).The frequency of the signal generator is adjusted so that a steady Lissajous pattern is
obtained. The Lissajous pattern can be very involved to analyze. However, for the frequency



measurement, all that is needed is the number of tangencies (points at the edge of arcs)
along the vertical and horizontal lines.

The frequency relationship between the horizontal and vertical inputs is given by;

f

f N
h

v


No. of tangencies (vertical)

o.  of tangencies (horizontal)

from which fv , the unknown frequency can be calculated.

Conclusion:
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Title of Course: Antenna Propagation Lab
Course Code: EC694A
L-T-P scheme: 0-0-3                                                                                      Course Credit: 2

Objectives:
1. To introduce the fundamental principles of antenna theory and various types of antennas.
2. Applying the principles of antennas to the analysis, design, and measurements of antennas.
3. To know the applications of some basic and practical configurations such as dipoles, loops, and

broadband, aperture type and horn antennas..

Learning Outcomes: Through lecture, and out-of-class assignments, students are provided learning
experiences that enable them to:

 Understand the basic principles of all types of antennas and Analyze different types of
antennas designed for various frequency ranges.

 Become proficient with analytical skills for understanding practical antennas.
 Design some practical antennas such as dipole, Yagi-Uda, and horn antennas.
 Determine the radiation patterns (in principal planes) of antennas through measurement

setups. Develop technical & writing skills important for effective communication.
 Acquire team-work skills for working effectively in groups

Course Contents:
Exercises that must be done in this course are listed below:
Exercise No.1: Study Yagi-Uda Antenna radiation pattern characteristics
Exercise No.2: To compare the effects of the number of element to the radiation pattern
characteristics.
Exercise No. 3: The Slotted Line(waveguide hardware, measurement of SWR, λg, impedance)
Exercise No. 4: Impedance Matching and Tuning ((stub tuner, λ/4 transformer, network analyzer)
Exercise No. 5: To understand the basic principles of a given antenna (here Dielectric antenna) and
practically measure the following characteristics of this antenna

1. The Radiation pattern (Azimuth XY-plane plot)
2. Antenna Beam width
3. Antenna Front-to-Back ratio
4. The Gain using standard reference antenna

Exercise No. 6: Study Horn Antenna Radiation pattern characteristics
Exercise No. 7: To understand the basic principles of a given antenna (here Half-Wave Simple
Dipole antenna) and practically measure the following characteristics of this antenna

1. The Radiation pattern (Azimuth XY-plane plot)
2. Antenna Beam width
3. Antenna Front-to-Back ratio
4. The Gain using standard reference antenna

Exercise No. 8: To measure the low, medium and high VSWR of the given loads and determine the
reflection coefficient.

Text Book:
1. E.C. Jordan and Balmain, "Electro Magnetic Waves and Radiating Systems", PHI, 1968, Reprint
2003

Recommended Systems/Software Requirements:
1. Intel based desktop PC with minimum of 1 GHZ or faster processor with at least 2 GB RAM and

100 GB free disk space.
2. Sci-LAB, CST for Windows XP or Linux Operating System.



Experiment No: 1

Aim: Study Yagi-Uda Antenna radiation pattern characteristics

Theory:
The Yagi-Uda antenna was invented in Japan at Tohoku Imperial University by Hidetsugu Yagi and
Shintaro Uda in 1926 and published his research in English in 1928. Yagi arrays were used widely in
the Second World War because they were simple to build and directional. Yagi-Uda antenna, named
after its developers, is widely used for TV reception. A dipole (or folded dipole) is used as the only
active element to intercept radio waves and transfer the electromagnetic energy to a transmission line
in the form of electric current and voltage. An antenna with a driven element and one, or more,
parasitic element is generally known as a “Yagi”, after on of its inventors (Mssrs Yagi and Uda).
With the length of the second dipole (the un-driven or “Parasitic” element) shorter then the driven
dipole (the driven element) the direction of maximum radiation is from the driven element towards
the parasitic element. In this case, the parasitic element is called the “director”. With the length of
the second dipole longer than the driven dipole the direction of maximum radiation is from the
parasitic element towards the driven element. In the case, the parasitic element is called the
“reflector”. All other elements are considered as parasitic radiators without any feed line or matching
network; thus making the realization considerably cheaper. The parasitic elements influence both the
input impedance of the active element as well as the radiation pattern of the overall antenna system.
An element longer than λ/2 behind the active element will act as a reflector, which reflects the
approaching waves in the major lobe toward the dipole. Conversely, a shorter element in front of the
active element will act as a director, which concentrates the received waves in the major lobe and
reradiates toward the dipole. The directivity of the antenna system is greater with an increased
number of parasitic elements, particularly the directors. Practically, there is a limit beyond which
very little gain is obtained by the addition of more directors. The length of the directors
(0.30λ−0.45λ) and the spacing between them (0.30λ−0.4λ) must be properly selected to optimise the
front-to-back ratio of the antenna.
On the other hand, it has been concluded numerically and experimentally that the reflector spacing
and size have negligible effects on the forward gain, but large effects on the backward gain (front-to-
back ratio) and input impedance. The major role of the reflector is played by the first element next to
the active one (~0.25λ) away). Increasing the number of reflectors will only contribute slightly in the
performance of Yagi-Uda antenna. The input impedance of the dipole, which acts as the active
element, is lower compared to an isolated dipole. In order to make the matching easier, a 2-element
folded dipole is often used to replace the single dipole. This will give impedance step-up by a factor
of 4.

Dipole
• Two conductors of length ≈ λ /4
• One connected to signal, the other to ground
• The only driven element in the system, no electrical connection to directors or reflector Directors
• Lengths smaller than dipole, continuously decreasing
• Excited by the field of the dipole
• Make antenna directional Reflector
• Larger than dipole
• Prevents antenna from sending backwards

Yagi Uda Antenna Configurations
1. Construct a Yagi antenna using the dipole antenna kit provided with the experiment set.
2. Investigate the E-plane patterns for the configuration with a reflector, a director, a director plus a
reflector, and 4 directors plus a reflector. The transmitted waves must be horizontally polarized.
3. Arrange the set to produce vertically polarized waves. Measure the H-plane patterns for the
configuration with a reflector, a director, a director plus a reflector, and 4 directors plus a reflector.
4. Analyze the E- and H-plane radiation pattern of the all the Yagi antenna. Deduce the 3-dB beam
width for each of the plane patterns.
5. Replace the type 2 with the type 3, 4 and 5 of the Yagi-Uda antenna kit respectively (please see
the appendix)
6. Repeat from step 1 to 4 to complete the experiment.
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7. Comparison of the differences among all types of the Yagi-Uda antennas should be included in
the discussions.

Experimental Data:
Manual Procedures for Plotting Radiation Pattern

Table 1: Directional Diagram
Types of Test
Antenna:

Polarization:

Type of Source
Antenna:

Polarization:

Distance Between
Source & Test
Antenna:

cm

Detector Bias Current: µA
WR Meter Range: dB Frequency:
Angle [º] SWR Meter Level

[dB]
Angle [º] SWR Meter Level

[dB]
0 0
-10 10
-20 20

DISCUSSION & CONCLUSION:



Experiment No: 2

Aim: Study the effects of the number of element to the radiation pattern characteristics.

Theory:
Yagi Uda antennas contain one folded-dipole antenna, one reflector and no. of the directors as per
selection either 3-element or 5-element or 7-element.Mount antennas as per your experiments using
provided M8*45mm screw &wing nut.
On red-masked base-plate, the elements of Yagi-uda antenna will be placed or mounted on their
proper location (drills) as per below mentioned nomenclatures; Reflector – YU1, Folded dipole –
YU2, Director1 – YU3, Director2 – YU4, Director3 – YU5, Director4-YU6 and Director5-YU7

Dipole
• Two conductors of length ≈ λ /4
• One connected to signal, the other to ground
• The only driven element in the system, no electrical connection to directors or reflector Directors
• Lengths smaller than dipole, continuously decreasing
• Excited by the field of the dipole
• Make antenna directional Reflector
• Larger than dipole
• Prevents antenna from sending backwards

Yagi Uda Antenna Configurations
1. Construct a Yagi antenna using the dipole antenna kit provided with the experiment set.
2. Investigate the E-plane patterns for the configuration with a reflector, a director, a director plus a
reflector, and 4 directors plus a reflector. The transmitted waves must be horizontally polarized.
3. Arrange the set to produce vertically polarized waves. Measure the H-plane patterns for the
configuration with a reflector, a director, a director plus a reflector, and 4 directors plus a reflector.
4. Analyze the E- and H-plane radiation pattern of the all the Yagi antenna. Deduce the 3-dB beam
width for each of the plane patterns.
5. Replace the type 2 with the type 3, 4 and 5 of the Yagi-Uda antenna kit respectively (please see
the appendix)
6. Repeat from step 1 to 4 to complete the experiment.
7. Comparison of the differences among all types of the Yagi-Uda antennas should be included in
the discussions.

Experimental Data:
Manual Procedures for Plotting Radiation Pattern

Element type---------------
Table 1: Directional Diagram

Types of Test
Antenna:

Polarization:

Type of Source
Antenna:

Polarization:

Distance Between
Source & Test
Antenna:

cm

Detector Bias Current: µA
WR Meter Range: dB Frequency:

Angle [º] SWR Meter Level
[dB]

Angle [º] SWR Meter Level
[dB]

0 0
-10 10
-20 20

DISCUSSION & CONCLUSION:
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Experiment No: 3 Slotted Line

Aim: Study The Slotted Line (waveguide hardware, measurement of SWR, λg, impedance)

Theory:
In this experiment we will use a waveguide slotted line to study the basic behaviour of standing
waves, and to measure SWR, guide wavelength, and complex impedance. Slotted lines can be made
with any type of transmission line (waveguide, coax, micro strip, etc.), but in all cases the electric
field magnitude is measured along the line with a small probe antenna and diode detector. The diode
operates in the square-law region, so its output voltage is proportional to power on the line. This
signal is measured with the HP415 SWR meter. To obtain good sensitivity, the RF signal is
modulated with a 1 kHz square wave; the SWR meter contains a narrowband amplifier tuned to this
frequency. The HP4l5 has scales calibrated in SWR, and relative power in dB. This experiment also
introduces the student to common waveguide components such as waveguide-to-coax adapters,
isolators, wave meters, slide-screw tuners, detectors, and attenuators. While the slotted line is
cumbersome to use and gives less accurate results when compared with the automated vector
network analyzer, the slotted line is still the best way to learn about standing waves and impedance
mismatches. Before doing the experiment, read pages 69-72 of the textbook for a general description
of the slotted line. Make sure that you understand the difference between "guide wavelength" and
"wavelength". There is a discussion on pages 101, 109, and 113 on this topic. There is a manual in
the lab describing the operation of the SWR meter; it is often non intuitive. The detector diode must
operate in the square law region for good behaviour and accurate results. If the power level is too
high, the small signal condition will not apply and the output will be saturated, while for very low
power, the signal will be lost in the noise floor. Attenuation and impedance are discussed on pages
109-115, and there is also a very useful example there to help with your calculations later.

Equipment Needed:
Sweep oscillator and X-band plug-in coax-to-waveguide adapter
Waveguide isolator cavity
Wave meter precision attenuator slotted line and detector SWR meter
Waveguide matched load frequency counter (optional) waveguide section (1m long) fixed
waveguide attenuator (3 to 10 dB) slide-screw tuner blank
Waveguide flange
Waveguide iris

Procedure:
Setup:

 Set up the equipment as shown below. We are using X-band waveguide, with a=0.9", and a
recommended operating range of 8.20 - 12.40 GHz for dominant mode operation.

 Measurement of Guide Wavelength: Set the source to a CW frequency in the above range,
and measure the frequency with the frequency counter or wave meter. Do not rely on the
scale reading on the sweep generator, as this may not be accurate.

 The wave meter is a tuneable resonant cavity, and is used by tuning it until a dip is
registered on the SWR meter; the frequency is then read from the scale of the wave meter.
Be sure to detune the wave meter after frequency measurement to avoid amplitude
fluctuations that may occur when the wave meter is set to the operating frequency.

 Place the blank flange on the load end of the slotted line; use two or more screws to get good
contact. Set the attenuator near zero dB. Adjust the SWR sensitivity for a reading near mid
scale, then adjust the carriage position to locate several minima, and record these positions
from the scale on the slotted line. Note that voltage minima are more sharply defined than
voltage maxima, so the minima positions lead to more accurate results. Since the voltage
minima are known to occur at spacing of λg/2, the guide wavelength can be determined. Do
this for several frequencies.

 Measurement of SWR
 Measurement of Attenuation
 Measurement of Impedance



Experimental data:
Table 1: SWR Vs. Frequency

SWR Frequency Attenuation Impedance

DISCUSSION & CONCLUSION:
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Experiment No: 4

Aim: Study Impedance Matching and Tuning ((stub tuner, λ/4 transformer, network analyzer)

Theory:
In this experiment we will study two types of matching or tuning techniques: the stub tuner and the
quarter-wave transformer. We will first use the network analyzer and a stub tuner to tune a
mismatched load at a single frequency, and then over a broad frequency range. Next we will design
and fabricate a quarter-wave transformer to match a 500 line to a 250 load, and test this circuit. You
should complete Network Analyzer experiment, before doing this experiment.

Equipment Needed:
Vector Network Analyzer
6 GHz S-parameter test set plotter with HP-IB input 3 dB coaxial attenuator coaxial short micro strip
substrate with SMA connector 25 Ω chip resistor (or two 50 Ω resistors)

Procedure:
Setup:

 Arrange the equipment as shown below. Set the sweep oscillator to sweep from 2-4 GHz,
and calibrate the Network Analyzer. Since we will only be making reflection measurements
in this experiment, it is only necessary to do a one-port calibration. Store the Cal Set in
memory.

 Single frequency tuning: Our mismatched load will consist of a 3 dB coaxial attenuator
backed with a short circuit. Connect this load to the analyzer (without the stub tuner), and
measure the return loss. Now insert the stub tuner, as shown above, and tune for the best
possible return loss at 3 GHz. Record the response, and measure the positions of the stubs
(and the stub separation). Repeat this tuning procedure at 2.5 GHz and at 3.5 GHz. It will be
helpful to learn how to use the frequency markers on the network analyzer for this work.

 Broadband tuning: Reduce the sweep range to 3-4 GHz, and calibrate again, and store the
calibration. Measure and record the return loss of the mismatched load. Now insert the stub
tuner, and adjust to achieve the lowest possible maximum return loss over the frequency
band. Record this result. Repeat for a sweep range of 2-4 GHz. You don't need to calibrate
again, since you should be able to recall the previously saved Cal Set for the 2-4 GHz range.

 Quarter-wave matching transformer: Design a quarter-wave matching transformer to match
a 25 Ω load to a 50 Ω micro strip line at 3 GHz.

Experimental Data:
Single-frequency tuning:

Table 1:
3dB Attenuation Short circuit combination

Broadband tuning:
Table 2:

Tuning Frequency range Return loss

Return loss of the quarter-wave transformer:
Table 3:

Return loss 25 Ω load from 2-4 GHz



DISCUSSION & CONCLUSION:
Experiment No: 5

Aim: To understand the basic principles of a given antenna (here Dielectric antenna) and
practically measure the following characteristics of this antenna

5. The Radiation pattern (Azimuth XY-plane plot)
6. Antenna Beam width
7. Antenna Front-to-Back ratio
8. The Gain using standard reference antenna

Theory:
This antenna contains one half-wave element, means the length of antenna element is one half of
wavelength & hence the name half-wave dielectric. Mount this antenna as per your experiments
using provided M8x45mm screw & wing nut. On red-masked base-plate, the element is placed or
mounted on its proper location (drills). Rotate this mounted antenna using transmitting mast
assembly from 0° to 360° to get its Radiation pattern.

Gain measurement:
For gain measurement of this antenna, we used reference gain measurement method. In which three
antennas are required; one is a reference antenna of known gain (i.e. dielectric in our case), second is
any type of antenna connected at receiving side, whose gain not necessarily to be known (i.e. another
folded dielectric, but at receiving side) and third is an antenna whose gain is to be measured (i.e.
Antenna Under Test, AUT)

Use following equation for measurement of gain using reference antenna method

GHWSD (dBi) = GRef (folded) (dBi) + [PMeas (HWSD) (dBm)–PRef (folded)(dBm)
GHWSD = Measured Gain of AUT antenna (in dBi)
GRef (dielectric) = Gain of reference dielectric antenna
GHWSD (dBi) =Power meter reading when AUT is connected at transmitting side (in dBm).
GRef (dielectric) (dBi)=Power meter reading when reference dielectric antenna is connected at
transmitting side (in dBm)

Experimental Data:
Raddiation pattern observation table of Half-wave simple dielectric antenna

Table 1:
Sl. No. Angle (degrees) Observed Power (dBm)

0°
10°
--
--
360°
Measurement of Beam width:

From the observed radiation pattern of this AUT antenna, find the -3dB power level on center line
and draw an arc from centre of pattern to -3dB level and then measure the either side angles. Note
down that angle as beam width of antenna
Beam width, θ = ____ ° (at right side) + ____ ° (at left side) = ______°

Measurement of Front-to-Back Ratio:
From the observed radiation pattern of this AUT antenna, find the power level of main-lobe (i.e. lobe
having more strength) & write it as “Pmaj” and then find power level lobe, which is 1800 off from
main lobe, write it as “Pmin”, then calculate Front-to-Back Ratio using the below equation
Front-to-Back Ratio = Pmaj – Pmin (in dBm) =------------dB

Measurement of Gain:
GHWSD (in dBi) = 24 (in dBi) + [PMeas (HWSD) (in dBm) – PRef(dielectric) (in dBm)=----------------dBi

Result:

DISCUSSION & CONCLUSION:
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Experiment No: 6 Horn Antenna

Aim: Study Horn Antenna radiation pattern characteristics

Theory:
The radiation pattern is a graphical representation of the strength of radiation of an antenna as a
function of direction. The strength of radiation is usually measured in terms of field strength
although sometimes radiation intensity (power radiated per unit solid angle) is also used. For the
purpose of radiation pattern, one considers the given antenna to be located at the origin of a spherical
polar coordinates systems (r,θ,φ) and the variation in the field strength at different points on an
imaginary concentric spherical surface of radius r is noted. For sufficiently larger r, as explained
later on, the field variation or the pattern is independent or r and also the fields are tangential to the
hypothetical spherical surface. In general, separate patterns are plotted for θ and φ polarization.
Usually the radiation pattern is shown in principal planes of interest. Further, for linearly polarized
antennas, patterns may be plotted in E – plane or H – plane E- plane is defined as the plane passing
through the antenna in the direction of beam maximum and parallel to the far field E – vector. One
defines the H – plane similarly. It is quite common to plot the pattern by normalizing the field values
with respect to the field strength in the direction of maximum radiation.
The radiation pattern of typical microwave antennas consists of a main lobe and a few minor or side-
lobes. Beam-width of an antenna is defined as the angular separation between 3 dB points with
respect to the maximum field strength. Side lobes represent a loss and leakage of information in the
transmit mode. In the receive mode, side lobes may cause an uncertainty in determining the angle of
arrival of a signal. However, side lobes are very sensitive to the surroundings in which the radiation
pattern is measured.

Procedure:

 Keep variable attenuator at maximum position.
 Keep the Control knobs of VSWR meter as below:

Range dB ------ 40dB/50dB
Input Switch ------ Impedance Low
Meter Switch ------ Normal
Gain (Coarse-Fine) ------ Mid position approximately

 Keep the Control knobs of Klystron Power Supply as below:
Meter Switch ------ OFF
Mod Switch ------ ‘AM’
Beam Voltage Knob ------ Fully Anti-Clockwise
Reflector Voltage Knob ------ Fully Clockwise
AM Frequency and Amplitude knob ------ Mid position approximately

 Turn the Meter Switch of Klystron Power Supply to beam voltage position and set the beam
voltage between 240V to 300V.

 Keep the axis of both antennas in same line and the receiving antenna at 0 in the scale of
receiving antenna mount.

 Obtain full scale deflection at any convenient range switch position of the VSWR meter by
gain control knob of VSWR meter or by Variable attenuator

 Rotate the receiving antenna to 3600 in steps of 5o and note down the corresponding power
reading in normal dB range. When necessary change range switch to next higher range.

 Plot the relative power pattern vs. angle
 From the diagram determine 3 dB width (beam width) of the horn antenna.



Experimental Data:
For Half Power Beam Width:

Table 1:
Sl. No. Angle of rotation (90 + or 90-)

Degrees
Output Power dB

0°
+10°
+20°
-10°

Half Power Beam Width (2θ) = in degrees

For Gain Measurement:
Radial Distance between horns S = 10cm
Frequency, f= in GHz
λ0 = C/f=
Pt= in dB
Pr= in dB
G = 4 /λ0(Pr/Pt)1/2

G dB= 10 log (G ) = in dB

Result:

DISCUSSION & CONCLUSION:
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Experiment No: 7

Aim: To understand the basic principles of a given antenna (here Half-Wave Simple Dipole
antenna) and practically measure the following characteristics of this antenna

5. The Radiation pattern (Azimuth XY-plane plot)
6. Antenna Beam width
7. Antenna Front-to-Back ratio
8. The Gain using standard reference antenna

Theory:
This antenna contains one half-wave element, means the length of antenna element is one half of
wavelength & hence the name half-wave dipole. Mount this antenna as per your experiments using
provided M8x45mm screw & wing nut. On red-masked base-plate, the element is placed or mounted
on its proper location (drills). Rotate this mounted antenna using transmitting mast assembly from 0°
to 360° to get its Radiation pattern.

Gain measurement:
For gain measurement of this antenna, we used reference gain measurement method. In which three
antennas are required; one is a reference antenna of known gain (i.e. folded dipole in our case),
second is any type of antenna connected at receiving side, whose gain not necessarily to be known
(i.e. another folded dipole, but at receiving side) and third is an antenna whose gain is to be
measured (i.e. Antenna Under Test, AUT)

Use following equation for measurement of gain using reference antenna method
GHWSD (dBi) = GRef (folded)(dBi) + [PMeas(HWSD)(dBm)–PRef (folded)(dBm)
GHWSD = Measured Gain of AUT antenna (in dBi)
GRef (folded) = Gain of reference Folded dipole antenna
GHWSD (dBi) =Power meter reading when AUT is connected at transmitting side (in dBm).
GRef (folded)(dBi)=Power meter reading when reference folded dipole antenna is connected at
transmitting side (in dBm)

Experimental Data:
Rad. pattern observation table of Half-wave simple dipole antenna

Table 1:
Sl. No. Angle (degrees) Observed Power (dBm)

0°
10°
--
--
360°
Measurement of Beam width:

From the observed radiation pattern of this AUT antenna, find the -3dB power level on center line
and draw an arc from centre of pattern to -3dB level and then measure the either side angles. Note
down that angle as beam width of antenna
Beam width, θ = ____ ° (at right side) + ____ ° (at left side) = ______°

Measurement of Front-to-Back Ratio:
From the observed radiation pattern of this AUT antenna, find the power level of main-lobe (i.e. lobe
having more strength) & write it as “Pmaj” and then find power level lobe, which is 1800 off from
main lobe, write it as “Pmin”, then calculate Front-to-Back Ratio using the below equation
Front-to-Back Ratio = Pmaj – Pmin (in dBm)= in dB

Measurement of Gain:
GHWSD (in dBi) = 24 (in dBi) + [PMeas(HWSD) (in dBm) – PRef(folded) (in dBm)= in dBi

Result:



DISCUSSION & CONCLUSION:
Experiment No: 8

Aim: To measure the low, medium and high VSWR of the given loads and determine the
reflection coefficient.

Theory:
The electromagnetic field at any point of a transmission line (eg a wave guide) may be considered as
the sum of two travelling waves. The incident wave propagates from the generator, the reflected
wave propagates towards the generator .The reflected wave is set up by the reflection of the incident
wave from a discontinuity on the line or from a load impedance not equal to the characteristic
impedance of the line.
The magnitude and phase of the reflected wave depends upon the amplitude and phase of the
reflecting impedance. The magnitude also depends on the amplitude losses on the line. On a lossy
line the reflected (and incident) wave will be attenuated. If the line is uniform and infinitely long
there would be no reflected wave. The same applies for a line of finite length which is matched i.e.
has a load equal to the characteristic impedance of the line.
The presence of two travelling waves gives rise to standing wave along the line. The electrical (and
mechanical) field varies periodically with distance.
The maximum field strength is found where the two waves add in phase and the minimum where the
two waves add in opposite phase. Figure above shows the voltage standing wave patterns for
different load impedances. The distance between two successive minima (or maxima) is half the
wavelength on the transmission line. The ratio between the electrical fields of the reflected and
incident wave is called the voltage reflection coefficient, being a vector, which means that is phase
varies along the transmission line. The voltage standing wave ratio VSWR on a transmission line is
defined as the ratio between maximum and minimum field strengths along the line.

Procedure:
Measurement of Low & Medium VSWR:

 Keep the Control knobs of VSWR meter as below:
Range dB ------ 40dB/50dB
Input Switch ------ Impedance Low
Meter Switch ------ Normal
Gain (Coarse-Fine) ------ Mid position approximately

 Keep the Control knobs of Klystron Power Supply as below:
Meter Switch ------ OFF Mod
Switch ------ ‘AM’
Beam Voltage Knob ------ Fully Anti-Clockwise
Reflector Voltage Knob ------ Fully Clockwise
AM Frequency and Amplitude knob ------ Mid position approximately

 Turn the Meter Switch of Klystron Power Supply to beam voltage position and set the beam
voltage between 240V to 300V.

 Move the probe along the slotted line to get maximum deflection in VSWR Meter
Adjust the VSWR meter gain control knob or variable attenuator until the meter indicates1.0
on normal VSWR scale.

 Keep all the control knobs as it is, move the probe to next minimum position. Read the
VSWR value on scale.

 Repeat the above step for change of S.S. tuner probe depth and record the corresponding
VSWR value on the scale (Medium VSWR).

 If the VSWR is between 3.2 and 10, change the range dB switch to next higher position and
read the VSWR on second scale of 3 to 10.
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Experimental Data:

Low VSWR =
Medium VSWR =
High VSWR Measurement=
d1 = in cm
d2 = in cm

d3= in cm
d4 = in cm

λg = 2(d3 − d4) =  in cm
VSWR= λg/π (d1-d2)
Reflection coefficient (for high VSWR) = s-1/s+1

Result:

DISCUSSION & CONCLUSION:



Model Viva questions:

1. What is an Isotropic radiator?
2. Isotropic radiator is also called as………
3. Define Field strength pattern and Power radiation patterns
4. What is the formula to measure Pavg?
5. Define Radian and Ste radian
6. Define Radiation intensity
7. Define Directive Gain and Directivity
8. Define Power gain and Radiation Efficiency (Antenna Efficiency)?
9. Define Effective aperture
10. Define Beamwidth & Front to Back Ratio
11. Define Antenna Beam Efficiency
12. Define Antenna Bandwidth.
13. List the applications of horn antenna.
14. Write the salient feature of horn antenna?
15. List the types of horn antenna.
16. Give the radiation resistance of short monopole horn antenna.
17. Write the relation for radiation resistance of short dipole.
18. What is power pattern?
19. What is field pattern?
20. What is the difference between polar plot and rectangular plot?
21. What is the difference between isotropic and Omni directional pattern?
22. The side lobe level of an antenna is 20dB down. Explain?
23. For a high directional antenna FBR must be……?
24. What antenna reciprocity?
25. Explain the terms bi-directional pattern and Uni-directional pattern?
26. In radiation pattern measurement experiment how you increase transmitted peak

power using PIN diode?
27. What is the relation for patch area illuminated by an antenna in a scan?
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Title of Course: Optical Communication & N/W Lab
Course Code: EC694B
L-T-P scheme: 0-0-3                                                                                      Course Credit: 2

Objectives: This course aims to initiate and expose the students to exciting area of optical
communication. Technical concepts   which   are   at   the   core   of   design, implementation and
research will be discussed during this course in order that is conductive to understanding general
concepts as well as latest development Following points will be  elaborated in this course:

• Optical fibers
• Optical Transmitter
• Optical Receiver
• Optical Link
• Optical networks

The objective of the course is to provide a comprehensive understanding of optical communication
systems and networks. The course starts with basics of light waves and their propagation, and
single/multimode optical fibers. Then move to broadband (light emitting diode) and narrowband
(laser diodes) optical sources and their modulation; PIN and Avalanche photo detectors and other
elements of optical systems. We will study basic optical networks then using a design approach to
point-to-point fiber links, star, bus and ring topologies. Multiple access techniques such as WDM
(Wavelength Division Multiplexing) and SCM (Sub Carrier Multiplexing) also will be covered.
Synchronous Optical Networks (SONET) will be covered to good extend. Passive Optical Networks
(PON) widely used in fiber-to-the-home (FTTH) schemes and emerging radio over fiber (ROF)
networks that bridge the optical and wireless networks will also be covered.

Learning Outcomes:
Knowledge:
1. To learn the basic elements of optical fiber transmission link, fiber modes configurations and

structures.
2. To understand the different kind of losses, signal distortion in optical wave guides and other

signal degradation factors. Design optimization of SM fibers, RI profile and cut-off wave length.
3. To learn the various optical source materials, LED structures, quantum efficiency, Laser diodes

and different fiber amplifiers.
4. To learn the fiber optical receivers such as PIN APD diodes, noise performance in photo detector,

receiver operation and configuration.
5. To learn fiber slicing and connectors, noise effects on system performance, operational principles

WDM and solutions.

Course Contents:

1. D. C. Characteristics of LED and PIN photo diode.
2. D. C. Characteristics of Laser diode.
3. Measurement of Numerical aperture, Propagation and Bending Loss in
4. fiber.Fiber Optic Analog Link.
5. Fiber Optic Digital Link
Text Book:
1. Maurice J. Bach, Design of the UNIX Operating System, PHI.
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EXPERIMENT. NO: 1

AIM:To study the Voltage Vs Current (V-I) and Power Vs Current ( P-I) characteristics of the
given LED.

HARDWARE REQUIRED

1. OFT Power Supply
2. A digital multi-meter
3. LED Module
4. Benchmark Fiber Optic Power Meter
5. Bare fiber adaptor-Plastic
6. 1.25m Plastic fiber

THEORY:A light-emitting diode (LED) is a semiconductor light source. LEDs are
used as indicator lamps in many devices, and are increasingly used for lighting.
Introduced as a practical electronic component in 1962, early LEDs emitted low-
intensity red light, but modern versions are available across the visible, ultraviolet
and infrared wavelengths, with very high brightness.
The LED is based on the semiconductor diode. When a diode is forward biased
(switched on), electrons are able to recombine with holes within the device, releasing
energy in the form of photons. This effect is called electroluminescence and the color of
the light (corresponding to the energy of the photon) is determined by the energy gap of
the semiconductor. An LED is usually small in area (less than 1 mm2), and integrated
optical components are used to shape its radiation pattern and assist in reflection.

Symbol of LED

Like a normal diode, the LED consists of a chip of semiconducting material
impregnated, or doped, with impurities to create a p-n junction. As in other diodes,
current flows easily from the p-side, or anode, to the n-side, or cathode, but not in the
reverse direction. Charge-carriers—electrons and holes—flow into the junction from
electrodes with different voltages. When an electron meets a hole, it falls into a lower
energy level, and releases energy in the form of a photon.
The wavelength of the light emitted, and therefore its color, depends on the band gap
energy of the materials forming the p-n junction. In silicon or germanium diodes, the
electrons and holes recombine by a non-radiative transition which produces no optical
emission, because these are indirect band gap materials. The materials used for the LED
have a direct band gap with energies corresponding to near-infrared, visible or near-
ultraviolet light.
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LED development began with infrared and red devices made with gallium arsenide.
Advances in materials science have made possible the production of devices with
evershorter wavelengths, producing light in a variety of colors.
LEDs must have a resistor in series to limit the current to a safe value, for quick testing
purposes a 1k resistor is suitable for most LEDs if your supply voltage is 12V or less.

LED Module Setup

PROCEDURE

Connect the OFT power supply properly to the module using the DIN-DIN cable
provided with  the power supply. Turn the multi-turn pot to its minimum position and
switch ON the module.

1 Measure the voltage across the resistor R1 (180 ohms and calculate the current
through the LED lf which is given as

i. 1f = V1/180

2 Now measure the voltage VLED across the LED and note down.

3 Remove the dummy adaptor cap from the power meter PD exposing the large
area photo-detector. Mount the bare fiber adaptor-plastic over the PD. Carefully
hold the LED source very close to the photo-detector window perpendicular to it
to couple all the optical power output P of the LED. Calculate the power in mW
and note it down which is given as

P0 (mW)  = 10 P(dBm)/10
4 Turn the potentiometer clockwise direction slightly towards the maximum till you

get a convenient reading V and repeat the steps 1 to 3 and tabulate.
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4. Repeat step 4 till the potentiometer reaches its maximum position and plot the
graph for VLED VS If and If VS P0). The graphs should be similar to the one
shown in fig.1 and fig. 2 respectively.

5. Calculate the E-O conversion efficiency `η’ of the LED from the plotted graph
`If’ VS P0 which is given as

η = P0 / If

6. Unscrew the self locking cap in the LED without removing it completely and
insert the 1.25 m plastic fiber into the cap. Now tighten the cap. Remove the ST
adaptor from the power meter PD and mount the Bare fiber adaptor – plastic on
to the PD. Insert the other end of the plastic fiber to this adaptor Repeat above
experiment but the optical measurement with a plastic fiber and plastic fiber
adaptor in Power meter, instead of measuring it was explained in step 3.

Plot the optical power values and what do you see in the plots and what happens to the
E-O conversion efficiency?

TABULATION: Wavelength of the LED: _____________nm

S. No. V1 V If

mA
VLED V P

dBm
P0

mW
0.1
0.2
0.3
..
..
..

1.1
1.2
1.3

7.1.5.3 MODEL GRAPH

Figure 1. Voltage Vs Current graph
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Figure 2. Power Vs Current graph

RESULT:
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EXPERIMENT NO: 2
AIM: To study the characteristics of the given Photo Detector at zero-bias, Forward Bias and
Reverse Bias conditions.

HARDWARE NEEDED
1. OFT power supply
2. A digital multi-meter
3. PD Module
4. Benchmark Fiber Optic Power Source
5. Benchmark Fiber Optic Power Meter
6. 1m Patch cord (PSTO-PC-1)
7. 1 M.10K resistors
8. 10K, 6.8K, 4.7K, 3.3K, 3.9K & 2.2K resistors (for reverse bias)
9. Ambient light arrester

THEORY:A photodiode is a type of photodetector capable of converting light into either
current or voltage, depending upon the mode of operation.Photodiodes are similar to regular
semiconductor diodes except that they may be either exposed (to detect vacuum UV or X-rays)
or packaged with a window or optical fiber connection to allow light to reach the sensitive part
of the device. Many diodes designed for use specifically as a photodiode will also use a PIN
junction rather than the typical PN junction.
A photodiode is a PN junction or PIN structure. When a photon of sufficient energy strikesthe
diode, it excites an electron, thereby creating a mobile electron and a positively charged electron
hole. If the absorption occurs in the junction's depletion region, or one diffusion length away
from it, these carriers are swept from the junction by the built-in field of the depletion region.
Thus holes move toward the anode, and electrons toward the cathode, and a photocurrent is
produced.

Photovoltaic mode
When used in zero bias or photovoltaic mode, the flow of photocurrent out of the device is

restricted and a voltage builds up. The diode becomes forward biased and "dark current" begins
to flow across the junction in the direction opposite to the photocurrent. This mode is
responsible for the photovoltaic effect, which is the basis for solar cells—in fact, a solar cell is
just a large area photodiode.

Photoconductive mode
In this mode the diode is often reverse biased, dramatically reducing the response time at the

expense of increased noise. This increases the width of the depletion layer, which decreases the
junction's capacitance resulting in faster response times. The reverse bias induces only a small
amount of current (known as saturation or back current) along its direction while the
photocurrent remains virtually the same. The photocurrent is linearly proportional to the
illuminance.

Critical performance parameters of a photodiode include:
Responsivity

The ratio of generated photocurrent to incident light power, typically expressed in A/W
when used in photoconductive mode. The responsivity may also be expressed as a quantum
efficiency, or the ratio of the number of photogenerated carriers to incident photons and thus
a unitless quantity.
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Dark current

The current through the photodiode in the absence of light, when it is operated in
photoconductive mode. The dark current includes photocurrent generated by background
radiation and the saturation current of the semiconductor junction. Dark current must be
accounted for by calibration if a photodiode is used to make an accurate optical power
measurement, and it is also a source of noise when a photodiode is used in an optical
communication system.  noise-equivalent power.
(NEP) The minimum input optical power to generate photocurrent, equal to the rms noise
current in a 1 hertz bandwidth. The related characteristic detectivity (D) is the inverse of
NEP, 1/NEP; The NEP is roughly the minimum detectable input power of a photodiode.
When a photodiode is used in an optical communication system, these parameters contribute
to the sensitivity of the optical receiver, which is the minimum input power required for the
receiver to achieve a specified bit error ratio.

PROCEDURE
Photo-detector at Zero bias

Connect of OFF power supply to the module using the DIN-DIN cable provided with the
power supply. Set the bias switch to the zero bias configuration (Bias switch moved to the
top most position). Turn the bias voltage varying pot in the PD module to its minimum
position and switch ON the module. The zero bias LED lights up.
The module at the zero bias configuration is shown in Fig.1. The photodiode is given no bias
voltage. The current induced by the photo-detector due to the incident optical power on to it,
flows through the load resistor.

Figure 1 : PD with zero bias configuration
1. Put 1 M ohm resistor across VL.
2. Connect the ST connector end of the patch cord supplied with the module to the

power source.
3. Set the Power source in CW mode and to give maximum output power (refer

Benchmark power source manual on how to adjust the power). Connect 1m patch
cord between source and meter (use bare fiber adaptor – plastic at the power
meter end) and measure this optical power P and adjust the power in source such
that it reads-18dBm approx. Note down this power.

4. Slightly unscrew the black colored cap of the PD to loosen it without removing it
from the connector assembly. Remove the patch cord from the power meter and
gently push the fiber into the black cap until it is held in place. Now tighten the
black cap by screwing it back. The fiber will now be held firmly in place. Now
measure the voltage across V1.
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5. Vary the optical power P from -18dBm approx in steps of 5dBm.To reduce the
power more than what the power source can attenuate remove the ST connector
of the patch cord slightly that is connected to the power source. This gives the
natural attenuation. Ensure that this loose connector is not disturbed while
connecting and removing the patch cord between meter and PD. May be you can
stick the cable on to the table with a sticking tape near the source. Tabulate the
readings as follows:

OBSERVATION TABULATION

S.No. Power P  dBm Power P0 µW VL Volts Iz  µA

IZ = VL/1 x 106

1.Plot the graph P vs IZ The graph should be similar to the one shown in fig.2

MODEL GRAPH

Figure 2 Power Vs Current graph Photo-detector at Forward bias
Connect the OFT power supply to the module using the DIN-DIN cable provided with

thepower supply. Set the bias switch to the forward bias configuration (Bias switch moved
tot eh middle position). Turn the bias voltage varying pot in the PD module to its minimum
position and switch ON the module. The forward bias LED lights up.
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The module at the forward bias configuration switches the photodiode to a basic
configuration as shown in Fig.3. The photodiode is given forward bias voltage.

Figure 3 : PD with forward bias configuration
Put 10K resistor across VL.

Adjust the potentiometer and fix the bias voltage at 10V

Connect the ST connector end of the patch cord supplied with the module to the power
source.

Set the Power source in CW mode and to give maximum output power (refer Benchmark
power source manual on how to adjust the power). Connect 1m patch cord between source
and meter (use bare fiber adaptor – plastic at the power meter end) and measure this optical
power P and adjust the power in source such that it reads – 18dBm approx. Note down this
power.  Slightly unscrew the black colored cap of the PD to loosen it, without removing it
from the connector assembly. Remove the patch cord from the power meter and gently push
the fiber into the black cap until it is held in place. Now tighten the black cap by screwing it
back. The fiber will now be held firmly in place. Now measure the voltage VL.

Vary the optical power P from – 18 dBm to -40 dBmapprox in steps of 5dBm. To reduce the
power more than what the power source can attenuate, remove the ST connector of the
patch cord slightly that is connected to the power source. This gives the natural attenuation.
Ensure that this loose connector is not disturbed while connecting and removing the patch
cord between meter and PD. May be you can stick the cable on to the table with a sticking
tape near the source. Tabulate the readings as follows:

Forward Voltage: -------------- V If = VL/10 x 103

S.No. Power P
dBm

Power P0µW VL V If

Ma
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Figure 4 Power Vs Current graph
7. Plot the graph P vs If. The sample graph is shown in fig.4

8. Now fix the power launched as – 20 dBm.

9. Vary the bias voltage from 2V to 10V by adjusting the potentiometer and measure
VL.

10. Tabulate the values and plot the graph VBIAS VS IL. The sample graph is shown in
Fig.5

Incident Power = ----------------dBm

S.No. Bias Voltage VBIAS

V
VL V If

mA

Fig. 5 Voltage Vs. Current graph
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Photo-detector at Reverse Bias

Connect the OFT power supply to the module using the DIN-DIN cable provided with the
power supply. Set the bias switch to the reverse bias configuration (Bias switch moved to
the bottom most position). Turn the bias voltage varying pot in the PD module to its
minimum position and switch ON the module. The reverse bias LED lights up.

The module at the reverse bias configuration switches the photodiode to a basic configuration
as shown in Fig.6. The photodiode is given reverse bias voltage. The current induced by the
photodiode due to the incident optical power on to it, flows through the load resistor.

Figure 6: PD with reverse bias configuration
1. Put 10K resistor across VL.
2. Adjust the potentiometer and fix the bias voltage at 10V.
3. Connect the ST connector end of the patch cord supplied with the module to the

power source.
4. Set the Power source in CW mode and to give maximum output power (refer

Benchmark power source manual on how to adjust the power). Connect 1m patch
cord between source and meter (use bare fiber adaptor plastic at the power meter
end) and measure this optical power P and adjust the power in source such that it
reads – 18dBm approx. Note down this power.

5. Slightly unscrew the black colored cap of the PD to loosen it, without removing it
from the connector assembly. Remove the patch cord from the power meter and
gently push the fiber into the black cap until it is held in place. Now tighten the black
cap by screwing it back. The fiber will now be held firmly in place. Now measure
the voltage VL.

6. Vary the optical power P from – 18dBm to -40dBm approx in steps of 5dBm. To
reduce the power more than what the power source can attenuate, remove the ST
connector of the patch cord slightly that is connected to the power source. This gives
the natural attenuation. Ensure that this loose connector is not disturbed while
connecting and removing the patch cord between meter and PD. May be you can
stick the cable on to the table with a sticking tape near the source. Tabulate the
readings as follows:

Reverse Voltage = _______________V                      Ir = VL/10 x 103
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S.No. Power P
dBm

Power P
µW

VL V IR

mA

7. Plot the graph P vs IR. The sample graph is shown in figure 7.

Figure 7 Power Vs Current graph
8. Now fix the power launched as – 20 dBm.
9. Vary the bias voltage from 2V to 10V by adjusting the potentiometer and

measure VL.
10. Tabulate the values

Incident Power = _____________ dBm

S.No. Bias voltage
VBIAS( V)

VL (V) IR

(mA)
Rλ (A/W) η

(%)

11. For each value of the bias voltage and current calculate the value of the
responsivity from the formula. Are all the Rλ values approximately same? What
do you infer from this?

Rλ =  VL/(RL* PS) A/W
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where PS is the power in W.

12. From the average value of Rλ calculate the value of the quantum efficiency from
the formula

η = Rλ h ν / e x 100%

where
h = 6.64 x 10-34 JS, is the Planck’s constant

ν = C/λ = 3 x 108 / 850 x 10-9 Hz , is frequency of the incident
photons e =  1.6 x 10-19 Coulombs,  is the electric charge

Repeat the above steps for various values of RL 6.8K, 4.7K, 3.9K & 2.2K.

Leakage Characteristics of Photo-detector

One among the important characteristics of a photodiode is its leakage characteristics
when it is reverse biased. Since the leakage current through the photo-detector is
normally very less, increased bias voltage and higher value of RL is used in the module
at the reverse bias configuration. The basic configuration of the PD module in leakage
characteristics is shown in Fig.8

Figure 8: PD with leakage characteristics

Connect the OFT power supply to the module using the DIN-DIN cable provided with
the power supply. Set the bias switch to the reverse bias configuration (Bias switch
moved to the bottom most position). Turn the bias voltage varying pot in the PD module
to its minimum position and switch ON the module. The reverse bias LED lights up.

1. Put 10 M resistors across VL.
2. Adjust the potentiometer and fix the bias voltage as 10V.
3. Screw in the free end of the ambient light arrester unit supplied with the module

to the PD. This is done to avoid ambient light falling on the Photodiode.
4. Measure the voltage VL.
5. Repeat the above procedure for various values of bias voltage and tabulate.
6. Plot the graph using Vbias and Idark and the sample graph is shown in fig.9
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Idark = VL / RL|| Rm A

where Rm is the multi-meter input impedance which is normally 10Mohm.

S.No. Vbias

(Volts)
VL

(Volts)
Idark

(nA)

Figure 9. Voltage Vs Dark Current graph

RESULT

Thus the V-I characteristics of PIN photodiode has been studied and following
parameters are determined.

Rλ=
η =
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EXPERIMENT NO: 3

AIM:To study the V-I and P-I characteristics of LASER diode.

HARDWARE REQUIRED

1. OFT power supply (OFT power supply can be used for LD module)
2. A digital multi-meter
3. Benchmark LD unit
4. Benchmark LD drive module with its accessories
5. Benchmark Fiber Optic Power meter with ST adaptor
6. Mounting Posts

THEORY:A laser diode is a laser where the active medium is a semiconductor
similar to that found in a light-emitting diode. The most common and practical type
of laser diode is formed from a p-n junction and powered by injected electric
current. These devices are sometimes referred to as injection laser diodes to
distinguish them from (optically) pumped laser diodes, which are more easily
manufactured in the laboratory.
A laser diode, like many other semiconductor devices, is formed by doping a very thin
layer on the surface of a crystal wafer. The crystal is doped to produce an n-type region
and a p-type region, one above the other, resulting in a p-n junction, or diode.

When an electron and a hole are present in the same region, they may recombine or
"annihilate" with the result being spontaneous emission — i.e., the electron may re-
occupy the energy state of the hole, emitting a photon with energy equal to the
difference between the electron and hole states involved. (In a conventional
semiconductor junction diode, the energy released from the recombination of electrons
and holes is carried away as phonons, i.e., lattice vibrations, rather than as photons.)
Spontaneous emission gives the laser diode below lasing threshold similar properties to
an LED. Spontaneous emission is necessary to initiate laser oscillation, but it is one
among several sources of inefficiency once the laser is oscillating.

In the absence of stimulated emission (e.g., lasing) conditions, electrons and holes may
coexist in proximity to one another, without recombining, for a certain time, termed the
"upper-state lifetime" or "recombination time" (about a nanosecond for typical diode
laser materials), before they recombine. Then a nearby photon with energy equal to the
recombination energy can cause recombination by stimulated emission. This generates
another photon of the same frequency, travelling in the same direction, with the same
polarization and phase as the first photon. This means that stimulated emission causes
gain in an optical wave (of the correct wavelength) in the injection region, and the gain
increases as the number of electrons and holes injected across the junction increases.
The spontaneous and stimulated emission processes are vastly more efficient in direct
bandgap semiconductors than in indirect bandgap semiconductors; therefore silicon is
not a common material for laser diodes.

As in other lasers, the gain region is surrounded with an optical cavity to form a laser. In
the simplest form of laser diode, an optical waveguide is made on that crystal surface,
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such that the light is confined to a relatively narrow line. The two ends of the crystal are
cleaved to form perfectly smooth, parallel edges, forming a Fabry-Perot resonator.
Photons emitted into a mode of the waveguide will travel along the waveguide and be
reflected several times from each end face before they are emitted. As a light wave
passes through the cavity, it is amplified by stimulated emission, but light is also lost
due to absorption and by incomplete reflection from the end facets. Finally, if there is
more amplification than loss, the diode begins to "lase".Laser Diode (LD) module Setup

PROCEDURE

1. Setup the LD module as shown in the figure.
2. Keep the potentiometer at the minimum position. Turn ON the power to the

module.
3. Measure the voltage V1 between ground and the point. Calculate the current

hrough the LD  ILD which is given is  ILD = V1/R1

4. Now without changing any voltage or the multi-turn post position, measure the
optical power output P of the LD.
Calculate the power in mW which is given as P0(mW) = 10P(dBm)/10

5. Increase the current through LD by turning the multi-turn pot clockwise direction
slightly towards the maximum till you get a convenient reading V1 and repeat the
steps 2 to 5 and tabulate them as shown below.

6. Repeat step 4 till multi-run pot reaches its maximum position and plot the graph
for VLD VS ILD and ILD VS P0.

7. The threshold current of the LD can be found out from the P-I characteristics
graph. Note down the current from the P-I graph at which there is a sharp rise in
the optical output power. This is the threshold current of the LD

TABULATION

S.No. V1 Volts ILD mA VID Volts P
dBm

P0

mW

1
.

10
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MODEL GRAPH

Figure 1 P-I characteristics curve

Figure 2 V-I characteristics curve

RESULT :

The P-I and V-I characteristics of a Laser Diode were studied and plotted the threshold
current was found to be _________.
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EXPERIMENT NO: 4

AIM:To measure the numerical aperture of a given optical fiber at 650 nm.

HARDWARE REQUIRED: Optical fiber, Numerical Aperture Measurement Kit.

THEORY:Numerical aperture (NA) of a fiber is a measure of the acceptance angle
of light in the fiber. Light which is launched at angles greater than this maximum
acceptable angle does not get coupled to propagating modes in the fiber and
therefore does not reach the receiver at the other end of the fiber. The Numerical
aperture is useful in the computation of optical power coupled from an optical
source to the fiber, from the fiber to a photo detector and between two fibers.

DIAGRAM

PROCEDURE:

1. Insert one end of the fiber into the numerical aperture measurement kit as shown
in the figure. Adjust the fiber such that its tip is 10 mm from the screen

2. Gently tighten the screw to hold the fiber firmly in the place.
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3. Connect the other end of the fiber to the LED Source through a connector. The
fiber will project a circular patch of red light onto the screen. Let d be the
distance between the fiber tip and the screen. Now measure the diameter of the
circular patch of red light in two perpendicular directions (BC and DE in figure).
The mean radius of the circular patch is given by

X= (DE + BC)/4
4.Carefully measure the distance d  between the tip of the fiber and the illuminated screen

(OA) as shown in figure. The Numerical aperture of the fiber is given by
NA= Sin θ = X/(d2 + X2)1/2

5.Repeat steps 1 to 4 for different values of d, compute the average value of Numerical
aperture.

TABULATION:

S.No Radius of the
circular path X

Distance d NA= Sin θ = X/(d2 + X2)1/2

Average:

RESULT
Thus, the numerical aperture of an fiber optic cable is determined.
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EXPERIMENT NO: 5

AIM:To measure the propagation loss in an optical fiber.

HARDWARE REQUIREMENT:Kit(Fiber link-D), 1m, 3m Fiber Cable, Link Patch
cords, Power supply .

INTRODUCTION: Optical fibers are available in different variety of materials.
These materials are usually selected by taking into account their absorption
characteristics of different wavelengths of light. Losses are introduced in fiber due
to various reasons. As light propagates from one end of fiber to another end, part of
it is absorbed in the material exhibiting absorption loss. Also part of the light is
reflected back or in some other direction from the impurity particles present in the
material contributing to the loss of the signal at the other end of the fiber. It is
known as Propagation loss.

FORMULA:

Propagation loss- Attenuation in dB/m

α  = ln(Po1/Po2) /(l2-l1)
where

Po1---- Output power level (µw) at the end of the fiber of length l1 (m)
P02 ---- Output power level (µw) at the end of the fiber of length l2 (m)

MODEL GRAPH:

PROCEDURE:

1. Connect the power supply cables with proper polarity to kit. While connecting
this, ensure that the power supply is OFF.

2. Connect the AMP O/P as a constant signal to the TX I/P using a patch cord.
3. You will measure the light output using SIGNAL STRENGTH section of the kit.

The loss will be more for a longer piece of fiber. In order to measure the loss in
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the fiber you first need a reference of how much light goes into the fiber from the
Light transmitter, You will use the short piece of fiber to measure this reference.

4. Switch on the power supply. Connect the short piece of fiber between the TX and
RX of the kit. Adjust the transmitter level until the signal strength reads 6, this
will be your reference value. Now connect the long piece of fiber instead of the
short piece. What reading do you get? Loss in optical fiber system is usually
measured in dB. Loss of fiber itself is measured in dB/meter.

5. Subtract the length of the short fiber from the length of the long fiber to get the
difference in the fiber lengths (4m-1m). The extra length of 3 m is what created
the extra loss you measured. Then take the signal strength reading you obtained
for the loss of the long fiber directly from the power meter.

TABULATION:

S No Length of the optical fiber
cable

(m)

OpticalPower Signal
Strength Propagation Loss

dBm mW

RESULT:
Thus, the propagation loss in fiber optic cable is measured.
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Title of Course: Computer Networks Lab
Course Code: EC695C
L-T-P scheme: 0-0-3                                                                                      Course Credit: 2

Objectives:
This practical course provides students with hands on training regarding the design, troubleshooting,
modeling and evaluation of computer networks. In this course, students are going to experiment in a
real and simulation based test-bed networking environment, and learn about network design and
troubleshooting topics and tools such as: network addressing, Address Resolution Protocol, basic
troubleshooting tools (like ping, ICMP), IP routing (e.g. RIP), TCP and UDP,DHCP,ACL and many
others. Student will have the opportunity to build some simple networking models using the tool and
perform simulations that will help them evaluate their design approaches and expected network
performance.
Learning Outcomes: The students will have a detailed knowledge network topology, Local area
network, IP addressing, familiarization with network simulator, idea about networking devices,
network cable and connectors, different types routing protocols, concept of remote access and
different types of application layer protocol. Upon the completion of Computer network practical
course, the student will be able to:

 Learn various network commands.
 Understand and implement basic of Network and Network Topology.
 To get idea about IP addressing schemes.
 Understand the benefits of network.
 Configure and simulate various protocols.
 Access remote desktop.
 Connect to different computer using LAN.
 Understand the concepts of access control.

Course Contents:
Exercises that must be done in this course are listed below:
Exercise No.1: Study of different types of Network cables and practically implements the cross-
wired cable and straight through cable using clamping tool.
Exercise No. 2: Familiarization with some network devices.
Exercise No. 3: Study of Network IP.
Exercise No. 4: Connect the computers in LAN.
Exercise No. 5: Introduction to Packet Tracer.
Exercise No. 6: Configure network topology using packet tracer.
Exercise No. 7: Configure network topology using packet tracer to find the routing path by IPRoute
Command.
Exercise No. 8: Network Configuration using distance vector routing protocol.
Exercise No. 9: Configuration of DHCP Protocol
Exercise No. 10: Telnet Configuration.
Exercise No. 11: Configuration of Access Control List.

Text Book:
1. B. A. Forouzan – “Data Communications and Networking (3rd Ed.) “ – TMH
Reference Book:
1. Authorized Self-Study Guide “Interconnecting Cisco Network Devices, Part 1(ICND1), 2nd

Edition, January, 2008.

Recommended Systems/Software Requirements:
1. CAT-5/CAT-6 Cables, RJ 45, Cutter, Clamping Tool, Router , Switch and Hub.
2. Intel based desktop PC with minimum of 166 MHZ or faster processor with at least 64 MB RAM

and 100 MB free disk space.
3. Turbo C or TC3 complier in Windows XP or Linux Operating System.
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Experiment No: 1 STUDY OF DIFFERENT TYPES OF NETWORK CABLES
Aim: Study of different types of Network cables and practically implements the cross-wired cable
and straight through cable using clamping tool.
Apparatus: RJ-45 connector, Clamping Tool, Twisted pair Cable
Description:
RJ-45: Registered Jack 45 (RJ45) is a standard type of physical connector for network cables. RJ45
connectors are most commonly seen with Ethernet cables and networks.

Two standard RJ45 pinouts define the arrangement of the individual eight wires needed when
attaching connectors to a cable - the T568A and T568B standards. Both follow a convention of
coating individual wires in one of five colors - brown, green, orange, blue and white - with certain
stripe and solid combinations.

Following these conventions is essential when building cables to ensure electrical compatibility with
other equipment. For historical reasons, T568B has become the more popular standard. The table
below summarizes this color coding.

Table-1
T568B / T568A Pinouts

Pin T568B T568A

1 white with orange stripe white with green stripe

2 orange Green

3 with with green stripe white with orange stripe

4 blue Blue

5 white with blue stripe white with blue stripe

6 green Orange

7 white with brown stripe white with brown stripe

8 Brown Brown

Figure-1: RJ-45

Clamping Tool: A clamping tool is a fastening device used to hold or secure objects tightly together
to prevent movement or separation through the application of inward pressure. It is used to fasten
RJ-45 with cable tightly.
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Figure-2: Clamping Tool

Twisted Pair Cable: Twisted pair is the ordinary copper wire that connects home and many
business computers to the telephone company. To reduce crosstalk or electromagnetic induction
between pairs of wires, two insulated copper wires are twisted around each other. Each connection
on twisted pair requires both wires. Since some telephone sets or desktop locations require multiple
connections, twisted pair is sometimes installed in two or more pairs, all within a single cable. For
some business locations, twisted pair is enclosed in a shield that functions as a ground. This is
known as shielded twisted pair (STP). Ordinary wire to the home is unshielded twisted pair (UTP).

Figure-3: Twisted Pair Cable

Procedure: To do these practical following steps should be done:
1. Start by stripping about of the plastic jacket off the end of the cable. Be very careful at this point,
as to not nick or cut into the wires, which are inside. Doing so could alter the characteristics of your
cable, or even worse render is useless. Check the wires, one more time for nicks or cuts. If there are
any, just whack the whole end off, and start over.
2. Spread the wires apart, but be sure to hold onto the base of the jacket with your other hand. You
do not want the wires to become untwisted down inside the jacket. Category 5/6 cable must only
have ½ of an inch of ‘untwisted’ wire at the end; otherwise it will be ‘out of spec’. At this point, you
obviously have A LOT more than ½ of an inch of un-twisted wire.
3. You have 2 end jacks, which must be installed on your cable. If you are using a pre-made cable,
with one of the ends whacked off, you only have one end to install-the crossed over end. Below are
two diagrams, which show how you need to arrange the cables for each type of cable end. Decide at
this point which end you are making and examine the associated picture below. Figure-4 shows you
how to prepare cross wired connection. Figure-5 shows you how to prepare straight through wired
connection.
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Figure-4: Color Combination (T568B) Table

Figure-5: Color Combination Table

Experiment No: 2 FAMILIARIZATION WITH SOME NETWORK DEVICES
Aim: Study of following network devices

 Switch
 Router
 Hub
 Repeater

Apparatus: Hardware needed
Procedure: Following should be done to understand this practical
1. Switch: A network switch or switching hub is a computer networking device that connects
network segments. The term commonly refers to a network bridge that processes and routes data
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at the data link layer of the OSI model. Switches that additionally process data at the network
layer are often referred to as Layer 3 switches or multilayer switches.

2. Router: A router is an electronic device that interconnects two or more computer networks,
and selectively interchanges packets of data between them. Each data packet contains address
information that a router can use to determine if the source and destination are on the same
network, or if the data packet must be transferred from one network to another. Where multiple
routers are used in a range collection of interconnected networks, the routers exchange
information about target system addresses, so that each router can build up a table showing the
preferred paths between any two systems on the interconnected networks.

3. Repeater: Functioning at Physical Layer a repeater is an electronic device that receives a
signal and retransmits it at a higher level and /or higher power, or onto the other side of an
obstruction, so that the signal can cover longer distances. Repeater have two ports, so cannot be
use to connect for more than two devices.

4. Hub: An Ethernet hub, active hub, network hub, repeater hub, hub or concentrator is a device
for connecting multiple twisted pair or fiber optic Ethernet devices together and making them
act as single network segment. Hubs work at physical layer of the OSI model. The device is a
form of multiport repeater. Repeater hubs also participate in collision detection, forwarding a
jam signal to all ports if it detects a collision.

Experiment No: 3 STUDY OF NETWORK IP
Aim: Study of IP address of network.

 Classification of IP address
 Sub netting
 Super netting

Description: In the most widely installed level of the Internet Protocol (IP) today, an IP address is a
32-bit number that identifies each sender or receiver of information that is sent in packets across the
Internet. When you request an HTML page or send e-mail, the Internet Protocol part of TCP/IP
includes your IP address in the message (actually, in each of the packets if more than one is
required) and sends it to the IP address that is obtained by looking up the domain name in the
Uniform Resource Locator you requested or in the e-mail address you're sending a note to. At the
other end, the recipient can see the IP address of the Web page requestor or the e-mail sender and
can respond by sending another message using the IP address it received.

An IP address has two parts: the identifier of a particular network on the Internet and an identifier of
the particular device (which can be a server or a workstation) within that network. On the Internet
itself - that is, between the router that move packets from one point to another along the route - only
the network part of the address is looked at.

The Network Part of the IP Address:

The Internet is really the interconnection of many individual networks (it's sometimes referred to as
an internetwork). So the Internet Protocol (IP) is basically the set of rules for one network
communicating with any other (or occasionally, for broadcast messages, all other networks). Each
network must know its own address on the Internet and that of any other networks with which it
communicates. To be part of the Internet, an organization needs an Internet network number, which
it can request from the Network Information Center (NIC). This unique network number is included
in any packet sent out of the network onto the Internet.
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The Local or Host Part of the IP Address:
In addition to the network address or number, information is needed about which specific machine or
host in a network is sending or receiving a message. So the IP address needs both the unique
network number and a host number (which is unique within the network). (The host number is
sometimes called a local or machine address.)

Part of the local address can identify a subnetwork or subnet address, which makes it easier for a
network that is divided into several physical subnetworks (for examples, several different local area
networks or ) to handle many devices.

Apparatus: N/A
Procedure: Following is required to be study under this practical.
Classification of IP address: As show in figure-6 we teach how the IP addresses are classified

and when they are used.

Figure-6: Classification of IP address

Sub netting: Why we develop sub netting and how to calculate subnet mask to identify subnet
address.
Super netting: Why we develop super netting and how to calculate super net mask and how to
identify super net address.
Command: Open your computer go to start button write run then click on run write
‘CMD’ then a black screen will appear then type ipconfig on the screen then you can see the IP
address as well as subnet mask.

Input:
Command: C:>ipconfig

Output:

Figure-7: Output Screen
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Experiment No-4 CONNECT THE COMPUTERS IN LOCAL AREA NETWORK
Description: A local-area network (LAN) is a computer network that spans a relatively small area.
Most often, a LAN is confined to a single room, building or group of buildings, however, one LAN
can be connected to other LANs over any distance via telephone lines and radio waves. A system of
LANs connected in this way is called a wide-area network (WAN).
Nodes on a Local Area Network:
Most LANs connect workstations and personal computers. Each node (individual computer ) in a
LAN has its own CPU with which it executes programs, but it also is able to access data and devices
anywhere on the LAN. This means that many users can share expensive devices, such as laser
printers, as well as data. Users can also use the LAN to communicate with each other, by sending
email or engaging in chat sessions.
LANs are capable of transmitting data at very fast rates, much faster than data can be transmitted
over a telephone line; but the distances are limited and there is also a limit on the number of
computers that can be attached to a single LAN.
Types of Local-Area Networks:
There are many different types of LANs, with Ethernets being the most common for PCs. Most
Apple Macintosh networks are based on Apple's AppleTalk network system, which is built into
Macintosh computers.
Aim: Connect two different computers in Local Area Network
Procedure:
On the host computer: On the host computer, follow these steps to share the internet
connection:
1. Log on to the host computer as Administrator or as Owner.
2. Click Start, and then click Control Panel.
3. Click Network and Internet Connections.
4. Click Network Connections.
5. Right-click the connection that you use to connect to the internet. For example, if you connect
to the Internet by using a modem, right-click the connection that you want under Dial-up/other
network available.
6. Click Properties.
7. Click the Advanced Tab.
8. Under Internet Connection Sharing, select the Allow other network users to connect
through this computer’s Internet connection check box.
9. If you are sharing a dial-up Internet connection, select the Establish a dial-up connection
whenever a computer on my network attempts to access the Internet check box if you want
to permit your computer to automatically connect to the Internet.
10. Click OK. You receive the following message:
When Internet Connection Sharing is enabled, your LAN adapter will be set to use IP address
192.168.10.1. Your computer may lose connectivity with other computers on your network. If
these other computers have static IP address, it is a good idea to set them to obtain their IP
addresses automatically. Are you sure you want to enable Internet Connection sharing?

11. Click YES.
The connection to the Internet is shared to other computers on the local area network (LAN)
The network adapter that is connected to the LAN is configured with a static IP address of
192.168.0.1 and a subnet mask of 255.255.255.0.

On the client computer: To connect to the Internet by using the shared connection, you must
confirm the LAN adapter IP configuration, and then configure the client computer. To confirm
the LAN adapter IP configuration, follow these steps:
1. Log on to the client computer as Administrator or Owner.
2. Click Start, and then click Control Panel.
3. Click Network and Internet Connections.
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4. Click Network Connections.
5. Right-click Local Area Connection and then click properties.
6. Click on General tab, click Internet Protocol (TCP/IP) in the connection uses the following
items list, and then click Properties.
7. In the Internet Protocol (TCP/IP) Properties dialog box, click Obtain an IP address
automatically (if it is not already selected), and then click OK.
Note: You can also assign unique static IP address in the range of 192.168.0.2 to
192.168.0.254. For example, you can assign the following static IP address, subnet mask, and
default gateway:
IP Address 192.168.31.202
Subnet mask: 255.255.255.0
Default gateway 192.168.31.1
8. In the Local Area Connection Properties dialog box, click OK.
9. Quit Control Panel.

Experiment No-5 INTRODUCTION TO PACKET TRACER
Aim: Study of basic network command and Network configuration commands.
Description: Packet Tracer is a cross-platform visual simulation program designed by Cisco
Systems that allows users to create network topologies and imitate modern computer networks.
The software allows users to simulate the configuration of Cisco routers and switches using a
simulated command line interface. Packet Tracer makes use of a drag and drop user interface,
allowing users to add and remove simulated network devices as they see fit. The software is
mainly focused towards Certified Cisco Network Associate Academy students as an educational
tool for helping them learn fundamental CCNA concepts. Students enrolled in a CCNA
Academy program can freely download and use the tool free of charge for educational use.

In addition to simulating certain aspects of computer networks, Packet Tracer can also be used for
collaboration. As of Packet Tracer 5.0, Packet Tracer supports a multi-user system that enables
multiple users to connect multiple topologies together over a computer network. Packet Tracer also
allows instructors to create activities that students have to complete. Packet Tracer is often used in
educational settings as a learning aid. Cisco Systems claims that Packet Tracer is useful for network
experimentation

Apparatus (Software): Command Prompt and Packet Tracer.
Procedure: To do this experiment – follow these steps:
In this experiment students have to understand basic networking commands e.g ping, tracert etc.
All commands related to network configuration which includes how to switch to privilege mode
and normal mode and how to configure router interface and how to save this configuration to
flash memory or permanent memory.

This commands includes

 Configuring the Router commands
 General Commands to configure network
 Privileged Mode commands of a router
 Router Processes & Statistics
 IP Commands
 Other IP Commands e.g. show ip route etc.

Ping: ping sends an ICMP ECHO_REQUEST packet to the specified host. If the host responds,
you get an ICMP packet back. Sound strange? Well, you can “ping” an IP address to see if a
machine is alive. If there is no response, you know something is wrong.
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Figure-8: Command Prompt of PC1

Traceroute: Tracert is a command which can show you the path a packet of information takes
from your computer to one you specify. It will list all the routers it passes through until it
reaches its destination, or fails to and is discarded. In addition to this, it will tell you how long
each ‘hop’ from router to router takes.

Figure-9: Command Prompt of PC1

Nslookup: Displays information from Domain Name System (DNS) name servers.
NOTE: If you write the command as above it shows as default your pc’s server name firstly.
Pathping: A better version of tracert that gives you statistics about packet lost and latency.
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Getting Help:
In any command mode, you can get a list of available commands by entering a question mark
‘?’.
Router>?
To obtain a list of commands that begin with a particular character sequence, type in those
characters followed immediately by the question mark (?).
Router# co?
Configure connect copy
To list keywords or arguments, enter a question mark in place of a keyword or argument.
Include a space before the question mark.
Router# configure?
Memory Configure from NV memory
Network configure from a TFTP network host
Terminal configure from the terminal
You can also abbreviate commands and keywords by entering characters to make the command
unique from other commands. For example, you can abbreviate the show command to sh.

Configuration Files:
Any time you make changes to the router configuration, you must save the changes to memory
because if you do not they will be lost if there is a system reload or power outage. There are two
types of configuration files: the running (currently operating) configuration and the startup
configuration.
Use the following privileged mode commands to work with configuration files.
Configuration terminal-modify the running configuration manually from the terminal.

 Show running-config- display the running configuration.
 Show startup-config- display the startup configuration
 Copy running-config startup-config- copy the running configuration to the startup

configuration.
 Copy startup-config running- config- copy the start up configuration to the running

configuration.
 Erase startup-config- erase the startup-configuration in NVRAM.

IP Address Configuration:
Take the following steps to configure the IP address of an interface.
Step-1: Enter privileged EXEC mode:
Router> enable password
Step-2: Enter the configure terminal command to enter global configuration mode.
Router# config terminal
Step-3: Enter the interface type slot/port or interface type port to enter the interface
configuration mode.
Example:
Router(config)#interface Ethernet 0/1
Step-4: Enter the IP address and subnet mask of the interface using the ip address ipaddress
subnetmask command.

Example:
Router(config-if)#ip address 192.168.10.1 255.255.255.0
Step-5: Exit the configuration mode by pressing Ctrl-Z
Router(config-if)#Ctrl-Z
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Experiment No-6 CONFIGURE NETWORK TOPOLOGY USING PACKET TRACER
Aim: To configure network topology using packet tracer software
Description: Network Topology refers to layout of a network and how different nodes in a
network are connected to each other and how they communicate. Topologies are either physical
(the physical layout of devices on a network) or logical (the way that the signals act on the
network media, or the way that the data passes through the network from one device to the
next).
Some of the topologies are:

 Bus
 Mesh
 Star
 Ring
 Hybrid

Apparatus (Software): Packet Tracer 5.5.
Procedure: To implement this practical following network topology is required to be
configured using the commands discussed above.
After configuring the given network a packet should be ping from any one machine to another.

Figure-10: Network Topology

Router-0 Configuration Command:
Continue with configuration dialog? [yes/ no]: no

Press RETURN to get started!
Router>
Router>Enable
Router#config t
Enter configuration commands, one per line. End with CNTL/Z.
Router(config)# hostname router0
router0(config) # interface fastethernet 0/0 # Configuration of 0/0 port#
router0(config-if) # ip address 192.168.1.1  255.255.255.0
router0(config-if) # no shutdown
router0(config-if)# exit
router0(config)# interface fastethernet 1/0 # Configuration of 1/0 port#
router0(config-if)# ip address 192.168.2.1  255.255.255.0
router0(config-if)# no shutdown
router0(config-if)# exit
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router0(config)# exit
router0# show running-config
Building configuration….
Current configuration: 356 bytes
:
:
:
Version 12.4
Etc etc…….
Ip address 192.168.1.1 255.255.255.0
:
: interface VLAN
No ip address
:
:
:
End
router0#
router0#
router0# copy running-config startup-config
Destination filename[startup-config]?
Building configuration…
[OK]
router0#

IP Configuration of PC-0:

Figure-11: IP Configuration Window of PC0

Here the IP address of PC-0 is: 192.168.1.2
Default Gateway: 192.168.1.1 which is nothing but the one side (IP address of 0/0 port of
router-0, towards PC-0) IP address of router-0

NOTE: Here PC-0 and 0/0 port of router-0 are in a same network that is why their network id is
same(192.168.1)
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IP Configuration of PC-1:

Figure-12: IP Configuration Window of PC1

Here the IP address of PC-1 is: 192.168.2.2
Default Gateway: 192.168.2.1 which is nothing but the one side (IP address of 1/0 port of
router-0, towards PC-1) IP address of router-0

NOTE: Here PC-1 and 1/0 port of router-0 are in a same network that is why their network id is
same (192.168.2)

Output:
After configuration the network looks like

Figure-13: Network Topology

And we can ping PC-1 from PC-0 and If the connection is ok then then PC-0 will get reply from
PC-1
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Figure-14: Output Screen

Experiment No-7 CONFIGURE NETWORK TOPOLOGY USING PACKET TRACER
TO FIND THE ROUTING PATH BY IPROUTE COMMAND
Aim: To configure network topology to find the routing path.
Description: Routing is the process of selecting a path for traffic in a network, or between or
across multiple networks. Routing is performed for many types of networks, including circuit-
switched networks, such as the public switched telephone network (PSTN), computer networks,
such as the Internet, as well as in networks used in public and private transportation, such as the
system of streets, roads, and highways in national infrastructure.
Apparatus (Software): Packet Tracer 5.5.
Procedure: To implement this practical following network topology is required to be
configured using the commands learned in previous experiment. After configuring the given
network a packet should be ping from any one machine to another.

Figure-15: Network Topology.

Router-0 Configuration:
Router>
Router>Enable
Router>config t
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Router(config)# hostname router0
router0(config)# interface fastethernet 0/0
router0(config-if)# ip address 192.168.0.254 255.255.255.0
router0(config-if)# no shutdown
router0(config-if)# exit
router0(config)# interface Serial2/0
router0(config-if)# ip address 192.168.1.1 255.255.255.0
router0(config-if)# no shutdown
router0(config-if)# exit
router0(config)# exit
router0#wr
Building configuration….
[OK]
router0# show running-config
< Student should write all comments/message to their laboratory note book after the
execution of above command>

Router-1 Configuration:
Router> enable
Router#
Router# configure terminal
Router(config)# interface Serial2/0
Router(config-if)# ip address 192.168.1.2.255.255.255.0
Router(config-if)# no shutdown
Router(config-if)# exit
Router(config)# exit
Router# config t
Router(config-if)# ip address 192.168.2.254 255.255.255.0
Router(config-if)# no shutdown
Router(config-if)#exit
Router(config)#exit
Router#wr
Building configuration…
[OK]
Router#
Router# show running-config
< Student should write all comments/message to their laboratory note book after the
execution of above command>

IP ROUTE Command:

Router> enable
Router> show ip route
192.168.0.0/24[1/0] via 192.168.1.1
192.168.0.0/24 is directly connected, FastEthernet0/0
192.168.1.1/24 is directly connected, Serial2/0
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Experiment No-8 NETWORK CONFIGURATION USING DISTANCE VECTOR
ROUTING PROTOCOL
Aim: To configure a network using Distance Vector Routing Protocol. And the well known
protocol is Routing Information Protocol (RIP)
Description: One of the most important examples of distance vector routing protocol is routing
information protocol. The Routing Information Protocol (RIP) defines a way for routers, which
connect networks using the Internet Protocol (IP), to share information about how to route
traffic among networks. RIP is classified by the Internet Engineering Task Force (IETF) as an
Interior Gateway Protocol (IGP), one of several protocols for routers moving traffic around
within a larger autonomous system network -- e.g., a single enterprise's network that may be
comprised of many separate local area networks (LANs) linked through routers.

Each RIP router maintains a routing table, which is a list of all the destinations (networks) it
knows how to reach, along with the distance to that destination. RIP uses a distance vector
algorithm to decide which path to put a packet on to get to its destination. It stores in its routing
table the distance for each network it knows how to reach, along with the address of the "next
hop" router -- another router that is on one of the same networks -- through which a packet has
to travel to get to that destination. If it receives an update on a route, and the new path is shorter,
it will update its table entry with the length and next-hop address of the shorter path; if the new
path is longer, it will wait through a "hold-down" period to see if later updates reflect the higher
value as well, and only update the table entry if the new, longer path is stable.

Apparatus (Software): Packet Tracer 5.5.
Procedure:
1. Develop a Topology shown in figure-16 given below
2. Configure all routers
3. Implement RIP protocol in Router in order to configure the network.

Figure-16: Network Topology.

Router-0 Configuration:

Router> en
Router> config t
Router(config)# hostname router0
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router0(config)# int lo0
router0(config-if)#ip address 10.1.1.1 255.255.255.0
router0(config-if)#no shut
router0(config-if)#int f0/1
router0(config-if)#ip address 10.1.14.1 255.255.255.0
router0(config-if)#no shut
router0(config-if)#end
router0#wr
Building configuration…
[OK]
router0#
router0 con0 is now available
Press RETURN to get started.
router0>en
router0# config t
router0(config)# router rip
router0(config-router)#net 10.0.0.0
router0(config-router)#
router0(config-router)# end
router0#

Router-1 Configuration:

Router> en
Router> config t
Router(config)# hostname router1
router1 (config)# int lo0
router1 (config-if)#ip address 10.1.2.1 255.255.255.0
router1 (config-if)#no shut
router1 (config-if)#int f0/1
router1 (config-if)#ip address 10.1.23.1 255.255.255.0
router1 (config-if)#no shut
router1 (config-if)#int f0/0
router1 (config-if)# ip address 10.1.12.2 255.255.255.0
router1 (config-if)# no shut
router1 (config-if)#end
router1#wr
Building configuration…
[OK]
router1#
router1 con0 is now available
Press RETURN to get started.
router1>en
router1# config t
router1 (config)# router rip
router1 (config-router)#net 10.0.0.0
router1 (config-router)#
router1 (config-router)# end
router1#

Router-2 Configuration:

Router> en
Router> config t
Router(config)# hostname router2
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router2 (config)# int lo0
router2 (config-if)#ip address 10.1.3.1 255.255.255.0
router2 (config-if)#no shut
router2 (config-if)#int f0/1
router2 (config-if)#ip address 10.1.34.1 255.255.255.0
router2 (config-if)#no shut
router2 (config-if)#int f0/0
router2 (config-if)# ip address 10.1.23.2 255.255.255.0
router2 (config-if)# no shut
router2 (config-if)#end
router2#wr
Building configuration…
[OK]
router2#
router2 con0 is now available
Press RETURN to get started.
router2>en
router2# config t
router2 (config)# router rip
router2 (config-router)#net 10.0.0.0
router2 (config-router)#
router2 (config-router)# end
router2#

Router-3 Configuration:

Router> en
Router> config t
Router(config)# hostname router3
router3 (config)# int lo0
router3 (config-if)#int f0/1
router3 (config-if)#ip address 10.1.14.2   255.255.255.0
router3 (config-if)#no shut
router3 (config-if)#int f0/0
router3 (config-if)# ip address 10.1.34.2     255.255.255.0
router3 (config-if)# no shut
router3 (config-if)#end
router3#wr
Building configuration…
[OK]
router3#
router3 con0 is now available
Press RETURN to get started.
router3>en
router3# config t
router3 (config)# router rip
router3 (config-router)#net 10.0.0.0
router3 (config-router)#
router3 (config-router)# end
router3#
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Experiment No-9 CONFIGURATION OF DHCP PROTOCOL
Aim: To configure Dynamic Host Configuration Protocol in order to assign IP address to a PC
or router dynamically.
Description: Dynamic Host Configuration Protocol (DHCP) is a protocol for assigning dynamic
IP addresses to devices on a network. With dynamic addressing, a device can have a different IP
address every time it connects to the network. In some systems, the device's IP address can even
change while it is still connected. DHCP also supports a mix of static and dynamic IP addresses.
Apparatus (Software): Packet Tracer 5.5.
Procedure:
1. Develop a Topology shown in figure-17 given below
2. Configure DHCP in router0

Figure-17: Network Topology.

Configuration of DHCP in Router-0

Router>en
Router# conf t
Router(config)# host R1
R1(config)# int fa1/0
R1(config-if)# ip add 192.168.10.1.2  255.255.255.0
R1(config-if)# no shutdown
R1(config-if)#exit
R1(config)# ip dhcp pool IP10  #pool of 10 Ip addresses #
R1(dhcp-config)#net 192.168.10.0 255.255.255.0
R1(dhcp-config)# default 192.168.10.1     #Router address#
R1(dhcp-config)#exit
R1(config)# ip dhcp exc 192.168.10.1 192.168.10.10
R1(config)# exit
R1#

Output from PC-1:
After the above configuration IP address of PC-1 will be assigned automatically after the request
of IP address from the pool of IP address.
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Figure-18: IP configuration box of PC1

Experiment No-10 TELNET CONFIGURATION
Aim: To configure TELNET Protocol in switch to get access of remote device
Description: Telnet is a terminal emulation program for TCP/IP networks such as the Internet.
The Telnet program runs on your computer and connects your PC to a server on the network.
You can then enter commands through the Telnet program and they will be executed as if you
were entering them directly on the server console. This enables you to control the server and
communicate with other servers on the network. To start a Telnet session, you must log in to a
server by entering a valid username and password. Telnet is a common way to remotely control
Web servers. The Telnet protocol is designed to provide a bi-directional, eight-bit byte oriented
communications facility to allow for a standard method of interfacing terminal devices and
processes. During Telnet configuration in switch we have to implement the concept of VLAN
and its port.
About VLAN: A virtual LAN (VLAN) abstracts the idea of the LAN; A VLAN might comprise
a subset of the ports on a single switch or subsets of ports on multiple switches. By default,
systems on one VLAN don't see the traffic associated with systems on other VLANs on the
same network. VLANs allow network administrators to partition their networks to match the
functional and security requirements of their systems without having to run new cables or make
major changes in their current network infrastructure. IEEE 802.1Q is the standard defining
VLANs; the VLAN identifier or tag consists of 12 bits in the Ethernet frame, creating an
inherent limit of 4,096 VLANs on a LAN. Ports on switches can be assigned to one or more
VLANs, allowing systems to be divided into logical groups -- e.g., based on which department
they are associated with -- and rules to be established about how systems in the separate groups
are allowed to communicate with each other. These can range from the simple and practical
(computers in one VLAN can see the printer on that VLAN, but computers outside that VLAN
cannot), to the complex and legal (e.g., computers in the trading departments cannot interact
with computers in the retail banking departments).

Apparatus (Software): Packet Tracer 5.5.
Procedure:
1. Develop a network (local area) shown in figure-19 given below
2. Configure TELNET in switch
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Figure-19: Network Topology

Switch Configuration:
Switch>
Switch>en
Switch# conf t
Switch(config)# line console 0
Switch(config-line)# pass cisco
Switch(config-line)# login
Switch(config-line)# exit
Switch(config)# line vty 0 4
Switch(config-line)# pass cisco
Switch(config-line)# login
Switch(config-line)# exit
Switch(config)# enable pass cisco
Switch(config)# int vlan 1
Switch(config-if)# ip add 172.17.1.1 255.255.0.0
Switch(config-if)# no shutdown
Switch(config-if)#exit
Switch(config)#exit
Switch# wr
Building Configuration...

Input & Output:
From PC-0 we can easily access remote switch by using TELNET.
Input: PC-0>ping 172.17.1.1
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Figure-20: Output Screen of TELNET Configuration Test

Experiment No-11 CONFIGURATION OF ACCESS COMTROL LIST
Aim: To configure Access Control List (ACL) in order to give permission to the other IP
addresses.
Description: An access control list (ACL), with respect to a computer file system, is a list of
permissions attached to an object. An ACL specifies which users or system processes are granted
access to objects, as well as what operations are allowed on given objects or you can say for each
rule we have two conditions and that is Permit or Deny.

Types of Access Lists
There are two categories of access lists: numbered and named.

Numbered Access Lists:-
Numbered access lists are broken down into several ranges, each dedicated to a specific protocol:

 1–99 IP standard access list
 100-199 IP extended access list
 200-299 Protocol type-code access list
 300-399 DECnet access list
 400-499 XNS standard access list
 500-599 XNS extended access list
 600-699 Appletalk access list
 700-799 48-bit MAC address access list
 800-899 IPX standard access list
 900-999 IPX extended access list
 1000-1099 IPX SAP access list
 1100-1199 Extended 48-bit MAC address access list
 1200-1299 IPX summary address access list
 1300-1999 IP standard access list (expanded range)
 2000-2699 IP extended access list
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Named Access Lists:-
Named access lists provide a bit more flexibility. Descriptive names can be used to identify your
access-lists. Additionally, individual lines can be removed from a named access-list. However, like
numbered lists, all new entries are still added to the bottom of the access list.
There are two common types of named access lists:
• IP standard named access lists
• IP extended named access lists

Apparatus (Software): Packet Tracer 5.5.
Procedure:
Standard IP Access List:
Command Syntax: access-list [1-99] [permit | deny] [source address] [wildcard mask] [log]
Standard IP access-lists are based upon the source host or network IP address, and should be placed
closest to the destination network.
Router(config)# access-list 10 deny 172.18.0.0 0.0.255.255 ( Just for an Example)
Router(config)# access-list 10 permit any
To apply Access Lists we have to configure the Access-Group on the Interface. Likewise we are
taking the interface serial 0 as a reference.
Router(config)# int s0

Router(config-if)# ip access-group 10 in
To view all IP access lists configured on the router:
Router# show ip access-list
To view what interface an access-list is configured on:
Router# show ip interface
Router# show running-config

Extended IP Access List:
Command Syntax: access-list [100-199] [permit | deny] [protocol] [source address] [wildcard
mask] [destination address] [wildcard mask] [operator [port]] [log]

Router(config)# access-list 101 permit tcp 172.18.0.0 0.0.255.255 host 172.16.10.10 eq 80
Router(config)# access-list 101 deny ip 172.18.0.0 0.0.255.255 172.16.0.0 0.0.255.255
Router(config)# access-list 101 permit ip any any

NOTE: *The above IP address is just taken for the example and don’t have real environment
existence.

The first line allows the 172.18.x.x network access only to port 80 on the web server. The second
line blocks 172.18.x.x from accessing anything else on the 172.16.x.x network. The third line allows
172.18.x.x access to anything else.

To apply this access list, we would configure the following
Router(config)# int e0
Router(config-if)# ip access-group 101 in

Extended IP Access List Port Operators
In the preceding example, we identified TCP port 80 on a specific host use the following syntax:
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Router(config)# access-list 101 permit tcp 172.18.0.0 0.0.255.255 host 172.16.10.10 eq 80
We accomplished this using an operator of eq, which is short for equals. Thus, we are identifying
host 172.16.10.10 with a port that equals 80. We can use several other operators for port numbers:

 eq :- Matches a specific port
 gt :- Matches all ports greater than the port specified
 lt :- Matches all ports less than the port specified
 neq :- Matches all ports except for the port specified
 range:- Match a specific inclusive range of ports

ICMP Access List
The specific ICMP port that a “ping” uses is echo. To block specific ICMP parameters, use
anextended IP access list. On Router B, we would configure:

Router(config)# access-list 102 deny icmp 172.18.0.0 0.0.255.255 172.16.0.0 0.0.255.255 echo
Router(config)# access-list 102 permit icmp 172.18.0.0 0.0.255.255 172.16.0.0 0.0.255.255
Router(config)# access-list 102 permit ip any any

The first line blocks only ICMP echo requests (pings). The second line allows all other ICMP traffic.
The third line allows all other IP traffic.
To apply the access lists on other router, you need to configure the following as:-
Router(config)# int e0
Router(config-if)# ip access-group 102 in
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Title of Course: FPGA & Reconfigurable Computing Lab
Course Code: EC694D
L-T-P scheme: 0-0-3 Course Credit: 2

Objectives: The overall course objective is to teach electronics engineering students fundamental
concepts of hardware description languages and advanced techniques in digital system design on
FPGA. Specific objectives include the following:
1. Learn VHDL (Very high speed integrated circuit Hardware Description Language).
2. Utilize VHDL to design and analyse digital systems including arithmetic units and state machines.
3. Learn field programmable gate array (FPGA) technologies and utilize associated computer aided

design (CAD) tools to synthesize and analyse digital systems.
4. Learn testing strategies and construct test-benches.
5. Conduct laboratory experiments using an FPGA based development board to prototype digital

systems and to confirm the analysis done in class.
6. Prepare informative and organized lab reports that describe the methodologies employed, the

results obtained, and the conclusions made in a laboratory experiment.

Learning Outcomes: The students will have a detailed knowledge of the concepts of IEEE and ANSI
standard HDL. Upon the completion of Operating Systems practical course, the student will be able to:

 Understand and implement basic digital logic circuits on FPGA
 Model complex digital systems at several levels of abstractions; behavioural and structural,

synthesis and rapid system prototyping.
 Developand Simulate register-level models of hierarchical digital systems.
 Designand model complex digital system independently or in a team
 Carry out implementations of registers and counters.
 Simulate and synthesize all type of digital logic circuits used on FPGA
 Finally design a CPU.

Course Contents:
Exercises that must be done in this course are listed below:
Exercise No.1: Design of basic Gates: AND, OR, NOT.
Exercise No. 2: Design of universal gates
Exercise No. 3: Design of XOR and XNOR gate.
Exercise No. 4: Design of 2:1 MUX.
Exercise No. 5: Design of 2 to 4 Decoder.
Exercise No. 6: Design of Half-Adder and Full Adder.
Exercise No. 7: Design of 8:3 Priority Encoder.
Exercise No. 8: Design of 4 Bit Binary to Grey Code Converter.
Exercise No. 9: Design of all Flip-Flops.
Exercise No. 10: Design of Shift register.
Exercise No. 11: Design of 8 bit ALU.

Text Book:
1. J. Bhaskar, A VHDL Primer, 3rd edition, Prentice Hall.

Recommended Systems/Software Requirements:
1. Intel based desktop PC with minimum of 1GHZ or faster processor with at least 1GB RAM and 8

GB free disk space.
2. Xilinx ISE14.2 software in Windows XP or Linux Operating System.
3. Xilinx Spartan – 3 Generation FPGA.



Experiment No: 1Design of basic Gates: AND, OR, NOT.
Aim: Write VHDL code for basic gates: AND, OR, NOT on FPGA.
Apparatus: Xilinx ISE 14.2 software

AND Gate

VHDL codes:

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity AND1 is

port (a : in STD_LOGIC; b : in STD_LOGIC; c : out STD_LOGIC) ;
end AND1;
architecture behavioural of AND1 is
begin

process (a, b)
begin
if (a= “1”and b=“1”)
then c<=“1”; else c<=“0”;
end if;
end process;
end behavioural;

OR Gate:

VHDL codes:

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity OR1 is
port (a : in STD_LOGIC; b : in STD_LOGIC; c : out STD_LOGIC) ;
end OR1;
architecture behavioural of OR1 is
begin
process (a, b)
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begin
if (a=“0”and b=“0”) then c<= “0”; else c<=“1”;
end if;
end process;
end behavioural;
NOT Gate:

VHDL Codes:

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity NOT1 is
port (a : in STD_LOGIC; c : out STD_LOGIC) ;
end NOT1;
architecture behavioural of NOT1 is
begin
process (a)

begin
if (a=“0”) then c<=“1”;

else c<=“0”;
end if;
end process;
end behavioural;
Test Bench codes: Student will write/modify test bench codes in Xilinx ISE.
Output:Student will check the output.
Discussion:Student will conclude here.



Experiment No.-2 : Design Universal gates
Aim: Write VHDL code for universal gates: NAND and NOR gate on FPGA.
Apparatus: Xilinx ISE14.2 software

NAND gate:

VHDL codes:

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity NAND1 is
port (a : in STD_LOGIC; b : in STD_LOGIC; c : out STD_LOGIC) ;
end NAND1;
architecture
behavioural of NAND1 is
begin
process (a, b)

begin
if (a= “1”and b=“1”)then c<= “0”;

else c<=“1”;
end if;
end process;
end behavioural;

NOR gate:

VHDL codes:
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity NOR1 is
port (a : in STD_LOGIC; b : in STD_LOGIC; c : out STD_LOGIC) ;
end NOR1;
architecture behavioural of NOR1 is
begin
process (a, b)
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begin
if (a=“0”and b= “0”) then c<=“0”;
else c<=“0”;
end if;
end process;
end behavioural;
Test Bench codes: Student will write/modify test bench codes in Xilinx ISE.
Output: Student will check the output.
Discussion: Student will conclude here.



Experiment No.-3 : Design XOR and XNOR gate

Aim: Write VHDL code for XOR and XNOR gate on FPGA.

Apparatus: Xilinx ISE 14.2 software

XOR gate:

VHDL codes:

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity XOR1 is
port (a : in STD_LOGIC; b : in STD_LOGIC; c : out STD_LOGIC) ;
end XOR1;
architecture behavioural of XOR1 is
begin

process (a, b)
variable (s1, s2, s3, s4:STD_LOGIC)
begin
s1:=NOT a;
s2:=NOT b;

s3:=s1 AND b;
s4:=s2 AND a;
c<=s3 OR s4;

end process;
end behavioural;

XNOR gate:

VHDL codes:
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity XNOR1 is
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port (a : in STD_LOGIC; b : in STD_LOGIC; c : out STD_LOGIC) ;
end XNOR1;
architecture behavioural of XNOR1 is
begin

process (a, b)
variable (s1, s2, s3, s4:STD_LOGIC)
begin
s1:=NOT a;
s2:=NOT b;
s3:=a AND b;
s4:=s1 AND s2;
c<=s3 OR s4;

end process;
end behavioural;

Test Bench codes: Student will write/modify test bench codes in Xilinx ISE.
Output: Student will check the output.
Discussion: Student will conclude here.



Experiment No.-4: Design 2:1 MUX
Aim: Write VHDL code for 2:1 mux using other basic gates on FPGA.
Apparatus: Xilinx ISE 14.2 software
2:1 MUX:
A digital multiplexer is a combinational circuit that selects binary information from one of many input
lines and directs it to a single output line.

= +
VHDL Codes:
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity mux_2 to 1 is
port (a : in STD_LOGIC; b : in STD_LOGIC; s : in STD_LOGIC z : out STD_LOGIC) ;

end mux_2 to 1;
architecture behavioural of mux_2 to 1 is
begin
process (a, b, s)
begin
if (s=“0”)then
z<=a;
else z<=b;
end if;
end process;
end behavioural;

2:1 mux using BASIC gates:
VHDL Codes:
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity mux_2 to 1 is
port (a : in STD_LOGIC; b : in STD_LOGIC; s : in STD_LOGIC z : out STD_LOGIC) ;

end mux_2 to 1 ;
architecture behavioural of mux_2 to 1 is
begin

process (a, b, s)
variable (s1, s2, s3:STD_LOGIC)
begin s1:=NOT s; s2:=s1 AND a; s3:=s AND b; z<=s2 OR s3;
end process;
end behavioural;

S Z
0 A
1 B
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Test Bench codes: Student will write/modify test bench codes in Xilinx ISE.
Output: Student will check the output.
Discussion: Student will conclude here.



Experiment No.-5: Design 2:4 Decoder
Aim: Write VHDL code for 2:4 decoder on FPGA.
Apparatus: Xilinx ISE 14.2 software
2:4 decoder: A decoder is a combinational circuit that converts binary information from n inputs line
to a maximum of 2n unique output lines.

VHDL Codes:
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity decoder_2_to_4 is
port (a:in STD_LOGIC_VECTOR; E:in STD_LOGIC; d : out STD_LOGIC_VECTOR (3 downto 0) ;
end decoder_2_to_4;
architecture behavioural of decoder_2_to_4 is
begin process (a)

begin
case a is when “00”=> d<=“0001”;

when “01”=> d<=“0010”;
when “10”=> d<=“0100”;
when others=>d<=“1000”;
end case;
end process;
end behavioural;

Using DATA_FLOW approach

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity decoder_2_to_4 is
port (a : in STD_LOGIC; b : in STD_LOGIC; E : in STD_LOGIC d : out STD_LOGIC_VECTOR (3

downto0)) ;
end decoder_2_to_4;
architecture dataflow of decoder_2_to_4 is
signal (abar, bbar: STD_LOGIC)
begin
abar<=NOT a;
bbar<=NOT b;
d(0)<=abarAND bbarAND E;

E A B D0 D1 D2 D3
0 X X 0 0 0 0
1 0 0 0 0 0 1
1 0 1 0 0 1 0
1 1 0 0 1 0 0
1 1 1 1 0 0 0
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d(1)<=abarAND b AND E;
d(2)<=a AND bbarAND E;

d(3)<=a AND b AND E;
end dataflow;
Test Bench codes: Student will write/modify test bench codes in Xilinx ISE.
Output: Student will check the output.
Discussion: Student will conclude here.



Experiment No.-6: Design Half adder and Full adder
Aim: Write VHDL code for Half-adder, full-adder on FPGA.
Apparatus: Xilinx ISE 14.2 software
Half-adder:

VHDL codes:
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;
Entity half_adderis
port (a : in STD_LOGIC; b : in STD_LOGIC; s : out STD_LOGIC; c : out STD_LOGIC);

end half_adder;
architecture behavioural of half_adderis
begin
process (a,b)

begin
if (a=“0”and b=“0”) then s<=“0”; c<=“0”;

elsif(a=“1”and b=“1”) s<=“0”; c<=“1”;
else s<=“1”; c<=“0”;
end if;
end process;
end behavioural;

Full-Adder:

A B C Sum Carry
0 0 0 0 0
0 0 1 1 0
0 1 0 1 0
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 0 0 1
1 1 1 1 1

A B Sum Carry
0 0 0 0
0 1 1 0
1 0 1 0
1 1 0 1
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VHDL codes:
library IEEE;

use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

Entity full_adderis
port (a : in STD_LOGIC_VECTOR (0 to 2); s : out STD_LOGIC_VECTOR (0 to 1));
end full_adder;
architecture behavioural of full_adderis
begin
process (a)

begin
case a is
when “000”=> s<=“00”;
when “001”=> s<=“10”;
when “010”=> s<=“10”;
when“011”=> s<=“01”;
when “100”=> s<=“10”;
when “101”=> s<=“01”;
when “110”=> s<=“01”;
when others =>s<=“11”;
end case;
end process;
end behavioural;

Test Bench codes: Student will write/modify test bench codes in Xilinx ISE.
Output: Student will check the output.
Discussion: Student will conclude here.



Experiment No-7 : Design 3:8 Decoder
Aim: Write VHDL code for 3:8decoder on FPGA.
Apparatus: Xilinx ISE 14.2 software
3:8 decoder

Inputs outputs

A B C D7 D6 D5 D4 D3 D2 D1 D0

0 0 0 0 0 0 0 0 0 0 1

0 0 1 0 0 0 0 0 0 1 0

0 1 0 0 0 0 0 0 1 0 0

0 1 1 0 0 0 0 1 0 0 0

1 0 0 0 0 0 1 0 0 0 0

1 0 1 0 0 1 0 0 0 0 0

1 1 0 0 1 0 0 0 0 0 0

1 1 1 1 0 0 0 0 0 0 0

VHDL Codes:
library IEEE;
use IEEE.STD_LOGIC_1164.ALL; use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity decoder_3_to_8is
port (a : in STD_LOGIC_VECTOR (2 downto 0);
d : out STD_LOGIC_VECTOR (7 downto 0);
end decoder_3_to_8;
architecture Behavioural of decoder_3_to_8 is

begin

proess(a)

begin

case a is

when “000”=> d<=“00000001”;

when “001”=> d<=“00000010”;

when “010”=> d<=“00000100”;

when “011”=> d<=“00001000”;

when “100”=> d<=“00010000”;

when “101”=> d<=“00100000”;

when “110”=> d<=“01000000”;

when others=>d<=“10000000”;

end case;
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end process;

end Behavioural;

Test Bench codes: Student will write/modify test bench codes in Xilinx ISE.
Output: Student will check the output.
Discussion: Student will conclude here.



Experiment No.-8 : Design 8:3 priority encoder
Aim: Write VHDL code for 8:3priority encoder on FPGA.
Apparatus: Xilinx ISE 8.1 software
8:3 priority encoder:
An encoder is a digital circuit that performs inverse operation of decoder. An encoder has 2^n input
lines and n output lines. The output lines generate the binary code corresponding to the input value.
Truth-table for 8:3priority encoder

VHDL Codes:
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity p_encoder_8_to_3 is

port (a : in STD_LOGIC_VECTOR (7downto 0);

d : out STD_LOGIC_VECTOR (2downto 0));
endp_encoder_8_to_3;

architecture behavioural of p_encoder_8_to_3 is

begin

process (a)

begin

case a is

when “00000001”=> d<=“000”;

when “0000001X”=> d<=“001”;

when “000001XX”=> d<=“010”;

Inputs outputs

A7 A6 A5 A4 A3 A2 A1 A0 D2 D1 D0

0 0 0 0 0 0 0 0 X X X

0 0 0 0 0 0 0 1 0 0 0

0 0 0 0 0 0 1 X 0 0 1

0 0 0 0 0 1 X X 0 1 0

0 0 0 0 1 X X X 0 1 1

0 0 0 1 X X X X 1 0 0

0 0 1 X X X X X 1 0 1

0 1 X X X X X X 1 1 0

1 X X X X X X X 1 1 1
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when “00001XXX”=> d<=“011”;

when “0001XXXX”=> d<=“100”;

when “001XXXXX”=>d<=“101”;

when “01XXXXXX”=> d<=“110”;

when “1XXXXXXX”=> d<= “111”;

when others=>d<=“XXX”;

end case;

end process;

end behavioural;
Test Bench codes: Student will write/modify test bench codes in Xilinx ISE.
Output: Student will check the output.

Discussion: Student will conclude here.



Experiment No.-9: Design Binary to Gray converter
Aim: Design of 4 Bit Binary to Grey code Converter on FPGA.
Apparatus: Xilinx ISE 14.2 software
Binary top gray converter:
The binary to grey converter is a combinational circuit that takes binary number as input and converts
it into grey code. Grey code differs from the preceding and succeeding number by a single bit.

VHDL Codes:

library IEEE;
use IEEE.STD_LOGIC_1164.ALL; use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity b2g is

port (b : in std_logic_vector (3 downto0);

g : out std_logic_vector (3downto0));

end b2g;

architecture behavioural of b2g is

begin

process (b)

begin

case b is

when “0000” => g<= “0000”;
when “0001” => g<= “0001”;

when “0010” => g<= “0011”;
when “0011” => g<= “0010”;
when “0100” => g<= “0110”;

when “0101” => g<= “0111”;
when “0110” => g<= “0101”;
when “0111” => g<= “0100”;
when “1000” => g<= “1100”;

when “1001” => g<= “1101”;
when “1010” => g<= “1111”;
when “1011” => g<= “1110”;
when “1100” => g<= “1010”;
when “1101” => g<= “1011”;
when “1110” => g<= “1001”;

when others => g<= “1000”;
end case;

end process;

end behavioural;

Data flow model for binary to grey code converter:

library IEEE;
use IEEE.STD_LOGIC_1164.ALL; use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity bin2grey_conv is

port (b : in std_logic_vector (3 downto0);
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g : out std_logic_vector (3downto));
end bin2grey_conv;
architecture dataflow of bin2grey_conv is
begin
g(3)<=b(3);
g(2)<=(b(3)) xor (b(2));
g(1)<=b(2) xor b(1);
g(0)<=b(1) xor b(0);

end dataflow;
Test Bench codes: Student will write/modify test bench codes in Xilinx ISE.
Output: Student will check the output.
Discussion: Student will conclude here.



Experiment No.-10: Design flip-flops
Aim: Study all Flip-flops using VHDL and implement on FPGA
Apparatus: Xilinx ISE 14.2 software

(1) S-R flip-flop:

S R Qn+1

0 0 Qn

0 1 0

1 0 1

1 1

VHDL Codes:
library IEEE;
use IEEE.STD_LOGIC_1164.ALL; use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL; entity flipflop_SR is
port (s, r, clk, rst : in std_logic; q : out std_logic);
end flipflop_SR;
architecture behavioural of flipflop_SR is
begin
process (s, r, clk, rst)
begin

if (clk= “1” and clk‟event) then if (rst= “1”) then
q<= “0”;
elsif (rst= “0”) then
q<= “1”;
elsif (s= “0” and r= “0” and rst= “0”) then
q<=q;
elsif (s= “0” and r= “1” and rst= “0”) then
q<= “0”;
elsif (s= “1” and r= “0” and rst= “0”) then
q<= “1”;
elsif (s= “1” and r= “1” and rst= “0”) then
q<= “U”;
end if;
end if;
end process;
end behavioural;



UNIVERSITY OF ENGINEERING & MANAGEMENT, JAIPUR
Lab Manual

(2) J-K flip-flop:

J K Qn+1

0 0 Qn

0 1 0

1 0 1

1 1 Not Qn

VHDL Codes:
library IEEE;
use IEEE.STD_LOGIC_1164.ALL; use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL; entity flipflop_JK is
port (j, k, clk, rst : in std_logic; q :inoutstd_logic);
end flipflop_JK;
architecture behavioural of flipflop_JK is
begin
process (j, k, clk, rst)
begin
if (clk= “1” and clk‟event) then if (rst= “1”) then

q<= “0”;
elsif (rst= “0”) then
q<= “1”;
elsif (j= “0” and k= “0” and rst= “0”) then
q<=q;
elsif (j= “0” and k= “1” and rst= “0”) then
q<= “0”;
elsif (j= “1” and k= “0” and rst= “0”) then

q<= “1”;

elsif (j= “1” and k= “1” and rst= “0”) then

q<= NOT q;

end if;

end if;

end process;

end behavioural;

(3) D flip-flop:

D Qn+1

0 0

1 1



VHDL Codes:
library IEEE;
use IEEE.STD_LOGIC_1164.ALL; use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL; entity flipflop_Dis
port (d,clk, rst : in std_logic; q :inoutstd_logic);
end flipflop_D;
architecture behaviouralofflipflop_Dis
begin
process (d,clk, rst)
begin
if (clk= “1” and clk‟event) then if (rst= “1”) then

q<= “0”;
else
q<=q;
end if;
end if;
end process;
end behavioural;

Test Bench codes: Student will write/modify test bench codes in Xilinx ISE.
Output: Student will check the output.
Discussion: Student will conclude here.
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Experiment No.-11 : Design Shift register
Aim: Design of 8-bit shift register using VHDL and implement on FPGA.
Apparatus: Xilinx ISE 14.2 software

Shift register

VHDL Codes:

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity eftshift is

port (a :inoutbit_vector (0 to 7);
r, l, rst, load, clk : in bit;
q : out bit_vector (0 to 7));

end leftshift;
architecture behavioural of leftshift is
begin
process (load, rst, a, clk)
begin
if (clk= “1” and clk‟event) then if (load= “1”) then

q<=a;
elsif(load= “0”) then if (rst= “1”) then q<= “00000000”;
else
if (l= “1”) then
q<=a slll;
end if;
if (r= “1”) then
q<= a srll;
end if;
end if;
end if;
end if;
end process;
end behavioural;
Test Bench codes: Student will write/modify test bench codes in Xilinx ISE.
Output: Student will check the output.
Discussion: Student will conclude here.



Experiment No. 12: Design ALU
Aim: Write VHDL program to perform Arithmetic Logic Unit (ALU) operation on FPGA.
Apparatus: Xilinx ISE 14.2 software
ALU:
An ALU performs arithmetic and logical operation. It receives data from register file and perform
operations on it given by control signals generated through control unit.

VHDL codes:
Entity ALU is
Port(x,y : in std_logic_vector(0 to 7);
sel : instd_logic_vector (0 to 2);
z : outstd_logic_vector (0 to 7));
end ALU;
architecture dataflow of ALU is
signal arith, logic : std_logic_vector (0 to 7);
begin

with sel (0 to 1) select
arith<= x when “00”; x+1 when “01”; y when “10”; x+ywhen others;
with sel (0 to 1) select
logic <= not x when “00”; x and y when “01”; x or y when “10”;
x xor y when others;
with sel (2) select
z <= arithwhen “0”; logic when others;
end dataflow;
Test Bench codes: Student will write/modify test bench codes in Xilinx ISE.
Output: Student will check the output.
Discussion: Student will conclude here.

Sel Unit Operation
000 z <= x
001

Arithmetic Unit
z <= x+1

010 z <= y
011 z <= x+y
100 z <= not x
101

Logic Unit
z <= x and y

110 z <= x or y
111 z <= x xor y
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