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Welcome to Applied Sciences Laboratory 
 

The Department of Basic Sciences and Engineering is an interdisciplinary department in which 

institute offer the subject “Applied Sciences” which is an interdisciplinary subject consist of 

Physics, Material Science, Nanoscience and Nanotechnology and recent trend in Engineering and 

Technology. The goal of Applied Sciences theory class is to increase the knowledge of a subject. 

Whereas, the purpose of Applied Sciences Laboratory is to verify or appreciate the knowledge 

that you gain in the class room by performing different type of experiments. Students should be 

able to use the knowledge gain in the class room to device solution, often technological to specific 

problems for betterment of our lives. 

Experience in the Laboratory forms an important part of any undergraduate degree, providing 

training in soft skills such as record maintains, communication, teamwork and problem solving, 

in addition to learning about measurements and instrumentation.  

Applied Sciences Laboratory is about unraveling the complexity of the phenomenon of effects to 

discover how and why it works. The contributions of basic sciences subject such as Physics, 

Materials Science, Mathematics, Nanoscience and Nanotechnology  to solving global problems 

such as energy production, environmental protection, global warming and public health are 

essential and have an enormous impact on our society. These are an exciting and challenging 

field to study, requiring an adventurous and inquiring mind, and good mathematical abilities. 

Richard Feynman says “The test of all knowledge is experiment. Experiment is the sole judge of 

scientific "truth." But what is the source of knowledge? Where do the laws that are to be tested 

come from? Experiment, itself, helps to produce these laws, in the sense that it gives us hints. 

But also needed is imagination to create from these hints the great generalizations-to guess at 

the wonderful, simple, but very strange patterns beneath them all and then to experiment to 

check again whether we have made the right guess” 
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List of the Experiments setup 
 

1. Photo Vacuum Tube Set up 

2. Photocell Setup 

3. Hall Effect Setup  

4. Four Probe Setup 

5. Newton’s Ring Setup  

6. Spectrometer Setup 

7. Solar cell Setup 

8. Dielectric Setup 

9. Task to appreciate Nanoscience and Nanotechnology 

10. Nanotechnology Software and Introductory Nano Kit  
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   1. Photo Vacuum Tube Set up 
 

Objective:  

Determination of Planck’s constant using photo vacuum tube setup. 

Introduction/Principle: 

One  of  the  most  important  experiments  from  the  early  20th  century  was  the  photoelectric 
effect experiment. In this experiment, shining light upon a metal surface may cause electrons to  
be  emitted  from  the  metal.  In  1905,  Albert  Einstein  working  in  a  Swiss  patent  office 
published a paper in which he explained the photoelectric effect. He argued that light was not a 
wave – it is particulate – and it travels in little energy bundles (or packets) called photons. The  
energy  of  one  of  these  photons  is hν,  where h is  the  fundamental  constant  of  nature  as 
proposed by Max Planck to explain blackbody radiation, and νis the frequency of the photon. This 
novel interpretation of light turned out to be very significant and secured a Nobel Prize for Albert 
Einstein. Robert Millikan, co-founder of the California Institute of Technology and fellow  Nobel  
Prize  Winner,  performed  the  careful  experimental  verification  of  Einstein’s predictions. 

Experiment Outcomes:  

Students will able to describe below points and evaluate Planck’s constant 
1. The phenomena of photon, its energy, its frequency etc. 
2. How to determine the Planck’s constant using photo vacuum tube. 
3. The photo electric effect which has many practical applications such as the photocell, 

photoconductive devices and solar cells. 
4. The principle of imaging technology, including (older) television camera tubes or image 

intensifiers. 
5. The various nuclear processes and how electrons in atoms transition between different 

energy states. 
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  2. Photocell Setup 
 

Objectives:  

1. To study the current-voltage characteristic of a CdS photo-resistor at constant irradiance 
2. To measure the photo current as a function of the irradiance at a constant voltage. 

Introduction/ Principles: 

A photoresistor (or light-dependent resistor, LDR, or photocell) is a light-controlled variable 
resistor. The resistance of a photoresistor decreases with increasing incident light intensity. The 
conduction depends upon the intensity of the light. This property can be used to make it work 
like a photo resistor. 

Experiment Outcomes:  

Students will be able to discuss the theory and demonstrate the experiment. 

1. How the Photocells are useful in automatic night lights and in street lamps that turn 
themselves on at night. 

2. Common applications of photo cell used in ‘light guard’ security & safety devices. 
3. The application of CdS (Cadmium sulphide) as a light dependant resistor mainly used in 

alarm locks, street lights, light intensity meters, burglar alarm circuits. 
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3. Hall Effect Setup 
 

Objectives:  

1. To calibrate an Electromagnet. 
2. To study dependence of Hall Voltage on magnetic field and current. 
3. To calculate charge carrier concentration (density) of given sample. 
4. To calculate the Hall coefficient of given semiconductor material using Hall Effect setup 

Introduction/ Principles: 

Hall Effect is the phenomenon that occurs when a conductor or semiconductor is placed in the 
magnetic field and a voltage is applied through the material perpendicular to the magnetic field 
while this voltage induces current flow along the electric field direction the charge carriers also 
experience a magnetic deflection from their path due to the Lorentz force q(v × B). Where q is 
the charge, v is the velocity and B is the magnetic field induction. This results a separation of 
positive and negative carriers thus the generation of an electric field perpendicular to the 
direction of current flow.  

Experiment Outcomes:  

Students will be capable to   

1. Calibrate the electromagnet  
2. Recognize the type of charge carrier in the semiconductor materials. (Whether the 

semiconductor is P-type OR n-type). 
3. Calculate Charge carrier density in in the semiconductor materials. 
4. Estimate Charge carrier mobility in the semiconductor materials. 
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4. Four Probe Setup 
 

Objectives:  

Determination of Resistivity and Band Gap of Semiconductors by Four Probe Method at different 
temperatures 

Introduction/ Principles: 

Four  Probe  method  is  one  of  the  standard  &  most  commonly  used  method  for  the accurate 
measurement of resistivity.  It overcomes the problem of contact resistance and also offer several 
other advantages. Accurate resistivity measurement in samples having a variety of  shapes  is  
possible  by  this  method.  The  pressure contacts  provided  in  the  Four  Point Arrangement are 
especially useful for quick measurement. This setup can measure samples of reasonably wide 
resistivity range (micro ohm to mega ohm). 

Experiment Outcomes:  

Students will be able to describe theory of Four Probe and calculate the desired parameters.  

1. The concept of Semiconductor and band gap  
2. The band gap is the useful predictor of wavelength of light that will absorbed by material 

and this relationship is inverse. 
3. Determination of Resistivity and Band Gap of Semiconductors by Four Probe Method  
4. From their calculated energy gaps they will be able to determine the properties of 

unknown materials. 
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5. Newton’s Ring Setup 
 
Objectives:  
To determine the Wavelength of sodium light by measuring the diameters of Newton’s Rings 

Introduction/ Principles: 

Newton’s ring is a phenomenon in which an interference pattern is created by the reflection of 
light between two surfaces a spherical surface and an adjacent touching flat surface. When view 
with monochromatic light , Newton’s rings appear as a series of concentric, alternating bright 
and dark rings centered at the point of contact between the two surfaces. With the help of this 
experiment, we can calculate the radius of planoconvex lens if wavelength of the light source is 
given and vice versa.  

Experiment Outcomes:  

Students will be able to describe the theory of light and optics and capable to  

1. Use of Newton’s rings to test optical lenses. 
2. Use the interference technique of Newton's Rings for the quality control of optical 

surfaces. 
3. Estimate the wavelength of light, radius of Planoconvex Lens and refractive index of the 

liquid/glass using the setup 
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6. Spectrometer Setup 
 

Objectives:  
Determination of the wavelength of main spectral line of mercury light source using plane 
transmission grating and spectrometer  

Introduction/ Principles: 

Diffraction grating is a thin film of clear glass or plastic that has a large number of lines per (mm) 
drawn on it. When light from a bright and small source passes through a diffraction grating, it 
generates a large number of sources at the grating. The very thin space between every two 
adjacent lines of the grating becomes an independent source. These sources are coherent 
sources meaning that they emit in phase waves with the same wavelength. These sources act 
independently such that each sources ends out waves in all directions. On a screen a distance D 
away, points can be found whose distance differences from these sources are different multiples 
of λ causing bright fringes. One difference between the interference of many slits (diffraction 
grating) and double slit experiment is that a diffraction grating makes a number of principle 
maxima along with lower intensity maxima in between. The principal maxima occur on both sides 
of the central maximum for which a formula similar to double slit interference holds true which 
is given by  

𝜆 =
𝑒 sin 𝜃

𝑛
 

Where,  e – Grating element = 1/ number of lines per mm. 

Based on above equation, if the light source has different colors (different wavelengths), shorter 
wavelength color will have smaller diffraction angle compared to longer wavelength for the same 
order of principle maximum. Thus we will see a spectrum in such case. The angular spacing for 
different colors will increase for higher order maxima. 

Experiment Outcomes:  

Students will be able to discuss and evaluate below tasks.  

1. How to find various parameters like refractive index, wavelength. 
2. How one can make use of light source to learn about atomic and molecular structure. 
3. By examining and measuring the light sources that is absorbed or emitted by a substance, 

certain physical properties of substance are revealed. 
4. The use in identifying the elements present in unknown samples, such as the atmospheres 

of distant stars. 
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7. Solar cell Setup 
 
Objectives:  
To study the characteristics of a Solar Cell device  

Introduction/ Principles: 

Solar cell is a Photovoltaic device which is  used to convert sunlight into electricity. Solar cell are 
made of semiconductors. The most common type of semiconductor currently in use is made of 
silicon crystal. Silicon crystals are laminated into n-type and p-type layers, stacked on top of each 
other. Light striking the crystals induces the “photovoltaic effect,” which generates electricity. 
The electricity produced is called direct current (DC) and can be used immediately or stored in a 
battery. For systems installed on homes served by a utility grid, a device called an inverter 
changes the electricity into alternating current (AC), the standard power used in residential 
homes When sunlight shines on the cell, photons (light particles) bombard the upper surface. 
The photons (yellow blobs) carry their energy down through the cell. The photons give up their 
energy to electrons (green blobs) in the lower, p-type layer. 

Experiment Outcomes:  
Students will be able to describe the theory of Solar cell and learn the below facts.  

1. How the Solar cells harness the energy from the sun and transform this into usable 
electricity.  

2. Calculate the efficiency of solar cell and study I-V characteristic of Solar cell 
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8. Dielectric Setup 
 
Objectives:  
To study of Dielectric constant and Curie temperature measurement of Ferroelectric ceramic 

Introduction/ Principles: 

The use of a dielectric in a capacitor presents several advantages. The simplest of these is that 
the conducting plates can be placed very close to one another without risk of contact. Also, if 
subjected to a very high electric field, any substance will ionize and become a conductor. 
Dielectrics are more resistant to ionization than air, so a capacitor containing a dielectric can be 
subjected to a higher voltage. Also, dielectrics increase the capacitance of the capacitor. An 
electric field polarizes the molecules of the dielectric) producing concentrations of charge on its 
surfaces that create an electric field opposed (antiparallel) to that of the capacitor. Thus, a given 
amount of charge produces a weaker field between the plates than it would without the 
dielectric, which reduces the electric potential. Considered in reverse, this argument means that, 
with a dielectric, a given electric potential causes the capacitor to accumulate a larger charge. 

The dielectric constant of a dielectric material can be defined as the ratio of the capacitance using 
that material as the dielectric in a capacitor to the capacitance using a vacuum as the dielectric. 

Experiment Outcomes: 

Students will be able to learn and demonstrate the experiment. 

1. How to calculate the dielectric constant of the dielectric media are introduced between 
the plates of capacitor 

2. Dependences of amount of charge deposited on the capacitor plates with the dielectric 
material. 

3. The use of dielectrics is in fabricating capacitors as energy storage device 
4. The capacitance of a set of charged parallel plates is increased by the insertion of a 

dielectric material. 
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9. Task to appreciate Nanoscience and Nanotechnology 
 
Objectives:  
To do literature survey on any one application which is based on of Nanoscience and 
Nanotechnology in day to day life. Write report and give presentation.   

Introduction/ Principles: 

 Students can choose application from any one of the field given below. 

 

 Energy 

 Defense and Security  

 Metallurgy and Materials 

 Electronics 

 Optical Engineering and 

Communication 

 Biomedical and drug delivery 

 Agriculture and Food 

 Cosmetic and Paints 

 Biotechnology 

 Textile 

 etc.  (Not limited to above 

list) 

Experiment Outcomes: 

1. Students will be able to discuss the Introduction, Construction and Working principle 
with diagram of the application. 

2. Students will be able to describe the development and Current status of the application 
in Society. 

3. Task will help the students to improve soft skills like report writing and presentation 
skills.  
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10. Nanotechnology Software and Introductory Nano Kit 
 
Objectives:  

1. To understand the concept of scaling in Nanotechnology 
2. To demonstrate arrangements of atoms in material using diffraction pattern 
3. To demonstrate the concept of Scanning Probe Microscope using magnetic strip 
4. To demonstrate change in atomic arrangement in Shape Memory Alloy.   

Introduction/ Principles: 

Introductory Nano Kit is a basic kit to understand what is Nanotechnology? By this kit students 
can realize how big is the world of Nanotechnology?  

Nanotechnology refers broadly to a field of applied sciences and technology whose unifying 
theme is the control of matter on the atomic and molecular scale, normally 1 to 100 nm and the 
fabrication of devices with critical dimension that lie within that size range. 

It is highly multi-disciplinary field, drawing from fields such as Applied Physics, Materials Science, 
Interface and Colloidal Science, Device Physics, Molecular chemistry, self-replicating machines 
and Robotics, Chemical Engineering, Mechanical Engineering, Biological Engineering and 
Electrical Engineering.   

Experiment Outcomes: 

1. Students will be able to describe the Nanoscience and Nanotechnology and its 
applications. 

2. Students will be able to demonstrate the NanoKit. 
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Contact us/ Visit us: 
 

Faculty / Laboratory In-charge 

Dr. Aatish Daryapurkar 

Applied Sciences Laboratory, 

Department of Basic Sciences and Engineering , 

Indian Institute of Information Technology, Nagpur  

BSNL - Regional Telecom Training Centre (RTTC),  

Near Balaji temple Seminary Hills, Nagpur,  

Maharashtra 440006 

E-mail – asdaryapurkar@bs.iiitn.ac.in , asdaryapurkar@gmail.com  

Contact No. - +91 9867245331 


