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List of Experiments

Signature &

Description Remarks Date

To determine the horizontal components of the earth's
magnetic field by Helmholtz coil.

To determine the vertical component of the Earth’s
magnetic field at a given location using a dip needle
apparatus.

To draw a Hysteresis curve for a given ferromagnetic
material (Iron) and determine retentivity and coercivity
of given material

To determine the unknown high resistance by Neon
Flash Bulb Apparatus.

To compare the capacitance of two capacitors by using
ballistic galvanometer.

To study the frequency response and to find unknown
inductance of L-C-R series circuit and calculate the

quality factor and bandwidth from the obtained curve.

To study the frequency response and to find unknown
inductance of L-C-R parallel circuit and calculate the

quality factor and bandwidth from the obtained curve.
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EXPERIMENT # 01

OBJECT:
To determine the horizontal components of the earth’s magnetic field by Helmholtz

coil.

APPARATUS:

Helmholtz Coils 300 mm, DC Power Supply 0-20 V, 0-5A (230V, 50/60 Hz), DC Power 0
-20V, 0-5A (115V, 50/60Hz), Digital Multi-meter P1035, Inclination and Declination
Instrument, Rheostat 100 Q, set of 15 Safety Experiment Leads, 75 cm.

THEORY:

The earth is surrounded by a magnetic field generated by a so-called Geo-dynamo effect.
Close to the surface of the earth, this field resembles that of a magnetic dipole with field lines
emerging from the south pole of the planet and circling back towards the North Pole. The
angle between the actual magnetic field the actual magnetic field of the earth and the
horizontal at a given point on the surface is called the inclination. The horizontal component
of the Earth's field roughly follows a line running between geographical north and south.
Because the earth’s crust exhibits magnetism itself, there are localized differences which are
characterized by the term declination.

The experiment involves measuring the inclination and absolute magnitude of the Earth's
magnetic field along with the horizontal and vertical components of it at the point where the
measurement is made.

The following relationship applies:

a : InclinationB}, : Horizontal Component

B, : Vertical Component

B:

It is therefore sufficient to determine the values By, and «, since the other values can simply

calculate.
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The inclination «a is determined with the aid of dip needle. In order to obtain the horizontal
component By, the needle is aligned in horizontal plane in such a way that its needle points to
0° when parallel to the horizontal component 0°. An additional horizontal magnetic field
Byy, which is perpendicular to By, is generated by a pair of Helmholtz coils and this field
causes the compass needle to turn by an angle B. According to Fig. 1 the following is then

true:

In order to improve the accuracy, this measurement is carried out for a variety of angles p.

CALCULATIONS

From equation (3) the following can be deduced:

Byy =By X tanf
The horizontal component By, is therefore equivalent to the gradient of a line through points
plotted on a graph of By against tan . The magnetic field produced by Helmholtz coils at
the center Byy can be determined easily. Inside the pair of coils, it is highly uniform and is
proportional to the current / through either of the coils:

Byy =K x1

Where

to=4mx107 T.m/A

N = Number of turns per coil =124
R = Radius of coil = 150 mm

I= current flowing through the coil (in Ampere)
Byy = (7.433 x10™#) xI (in Tesla)
Now horizontal component of earth magnetic field is:

BHH

B, =
h tan

Relation between H and B is given by:
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Fig. 1: Diagram of components of the magnetic fields observed in the
experiment and definition of the torresponding angles

B/ ut
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tan o

Fig. 2: B,,, — tanc-graph to determine the horizontal component of the
earth’s magnetic field
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PRODEDURE:

Connect the circuit as shown in figure.

. Using leveling screw adjust dial of magnetometer, so that needle could not strike the dial.

. Adjust the needle of Helmholtz coil so that, the needle is perpendicular to the circular coil.
Set rheostat for minimum current (i-e Max resistance), turn on the circuit and give 10°,
15°, 20°, 25° and 30° clockwise deflection to magnetometer needle by increasing the
current with rheostat.

. Plot a graph between Bun and tan6, which will be a straight line of slope Bun /tanf.

. Knowing also N and r, Hy can be calculated.

OBSERVATIONS:

No. of turns in the coil = N =
Radius of the coil = R=

S.No.

01
02
03
04
05

CALCULATIONS

From Graph
1. BHH ==

2. tanB =

RESULT AND DISCUSSION:

The value of Byis found to be =

The value of Hyis found to be =
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PRECAUTIONS:

1.

2
3.
4

Connections should be tight.
Angle should be adjusted with care.
Dial of galvanometer should be leveled properly.

Keep Metallic Material away from magnetic dial.

PHOTOGRAPH OF THE APPARATUS

Workbook
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Post Experiment Questions

What is the object of your experiment?

What is the Helmholtz coil?

What is the function of rheostat in this experiment?

What is the geomagnetism?

What is the formula for finding the horizontal component of earth magnetic field?

10| Page
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EXPERIMENT # 02

OBJECT:
To determine the vertical component of the Earth’s magnetic field at a given location
using a dip needle apparatus.

APPARATUS:
Dip Circle or Dip Needle Apparatus, Spirit Level, Protractor or built-in angular scale,
Magnetic compass (for direction reference), Plumb line (optional)

THEORY:

The Earth's magnetic field B at any point has two components:

1. Horizontal component (Bn) in the horizontal plane
2. Vertical component (Bv) in the vertical plane

These are related to the angle of dip (0) (the angle made by the magnetic needle with the
vertical) by:

B, = Bsinf

Where:

B: Total intensity of Earth's magnetic field (measured or obtained from geographic data)
0: Angle of dip (measured using dip needle)

By: Vertical component of the Earth’s magnetic field

WORKING FORMULA:

B = BvSind

B= |B?+ B/}
1. Setup the Dip Needle:

Place the dip needle apparatus on a level surface. Ensure the vertical stand is
perpendicular to the base using a spirit level.

Alignment:

Rotate the entire setup until the magnetic needle swings freely in a vertical plane along
magnetic meridian (north-south direction).

Note the Zero Error:

Adjust to ensure the needle reads 0° when horizontal.

PROCEDURE:

11|Page
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4.

Measure the Dip Angle:

Allow the magnetic needle to settle and record the angle of dip 0 on the scale.

Repeat for Accuracy:

Rotate the apparatus 180° and again note the angle. Take the average of both readings to
eliminate parallax or zero errors.

Calculate Vertical Component:

Use the measured dip angle and known value of total magnetic field BBB to calculate
vertical component using the formula.

OBSERVATIONS:

Magnetic Vertical
field (B) component
(Tesla) (B,

PRECAUTIONS:

Ensure the needle is freely suspended and can rotate without obstruction.
Avoid any nearby metallic objects or magnetic fields.

Ensure the apparatus is perfectly vertical using a spirit level.

Take multiple readings to minimize errors.
Calibrate the needle to eliminate zero error before use.

RESULT:
The vertical component of the Earth's magnetic field at the given location
approximately
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DIAGRAM

“ompass needle
Horizontal

Magnetic needle

Horizontal plane—>H

Angle of dip

Magnetic axis

Angle of Dip

Workbook
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Post Experiment Questions

Q.1 What is the object of your experiment?

Q.2 Derive the relation used in your experiment between the measured quantity (e.g., dip
angle 0, coil field B coil) and By. Include assumptions made.

Q.3 Describe how the dip needle apparatus responds if placed at the magnetic equator vs.
at high latitudes. What would you expect the dip angle to be in each case?

Q.4 Identify at least five potential sources of systematic error in your setup. For each,
explain whether it causes the measured By to be too large or too small (if possible).

Q.5 Propagate uncertainties to estimate the uncertainty in By. Show the partial derivatives
and the combined standard uncertainty (use o notation).

14|Page




Electricity & Magnetism Workbook
EXPERIMENT # 03

OBJECT:
To draw a Hysteresis curve for a given ferromagnetic material (Iron) and determine

retentivity and coercivity of given material.

APPARATUS:

Two Coil 600 turns, U-shaped Iron core, Commutator switch, Power supply, Rheostat 10 Ohm, Hall
probe, tangent., port cap, Barrel base —PASS, Right angle clamp —PASS, Support rod, I = 150 mm,
Connecting cords red and blue = 750 mm, Cobra3 BASIC-UNIT, Cobra3 power supply.

THEORY:

A magnetic field is generated in a ring-shaped iron core by a continuous adjustable direct
current applied to two coils. The field strength H and the flux density B are measured and the
hysteresis recorded. The remanence and the coercive field strength of different iron cores can
be determined.

A great deal of information can be learned about the magnetic properties of a material by
studying its hysteresis loop. A hysteresis loop shows the relationship between the induced
magnetic flux density (B) and the magnetizing force (H). It is often referred to as the B-H
loop. An example hysteresis loop is shown below.

B Flux Densit
Y Saturation

Retentivity

N

Coercivity

N

-H H
Magnetizing Force Magnetizing Force
In Opposite Direction

Saturation ;
A Flux Densit
In Opposite Direction =B In DpposileyDireclion

The loop is generated by measuring the magnetic flux of a ferromagnetic material while the
magnetizing force is changed. A ferromagnetic material that has never been previously
magnetized or has been thoroughly demagnetized will follow the dashed line as H is increased.
As the line demonstrates, the greater the amount of current applied (H+), the stronger the
magnetic field in the component (B+). At point "a" almost all of the magnetic domains are
aligned and an additional increase in the magnetizing force will produce very little increase in
magnetic flux. The material has reached the point of magnetic saturation. When H is reduced
nan

to zero, the curve will move from point "a" to point "b." At this point, it can be seen that some
magnetic flux remains in the material even though the magnetizing force is zero. This is
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referred to as the point of retentivity on the graph and indicates the remanence or level of
residual magnetism in the material. (Some of the magnetic domains remain aligned but some
have lost their alignment.) As the magnetizing force is reversed, the curve moves to point "c",
where the flux has been reduced to zero. This is called the point of coercivity on the curve.
(The reversed magnetizing force has flipped enough of the domains so that the net flux within
the material is zero.) The force required to remove the residual magnetism from the material
is called the coercive force or coercivity of the material.

As the magnetizing force is increased in the negative direction, the material will again become
magnetically saturated but in the opposite direction (point "d"). Reducing H to zero brings the
curve to point "e." It will have a level of residual magnetism equal to that achieved in the other
direction. Increasing H back in the positive direction will return B to zero. Notice that the
curve did not return to the origin of the graph because some force is required to remove the
residual magnetism. The curve will take a different path from point "f" back to the saturation
point where it with complete the loop.

From the hysteresis loop, a number of primary magnetic properties of a material can be
determined.

1. Retentivity - A measure of the residual flux density corresponding to the saturation
induction of a magnetic material. In other words, it is a material's ability to retain a certain
amount of residual magnetic field when the magnetizing force is removed after achieving
saturation. (The value of B at point b on the hysteresis curve.)

2. Residual Magnetism or Residual Flux - the magnetic flux density that remains in a
material when the magnetizing force is zero. Note that residual magnetism and retentivity are
the same when the material has been magnetized to the saturation point. However, the level
of residual magnetism may be lower than the retentivity value when the magnetizing force did
not reach the saturation level.

3. Coercive Force - The amount of reverse magnetic field which must be applied to a
magnetic material to make the magnetic flux return to zero. (The value of H at point ¢ on the
hysteresis curve.)

4. Permeability, p- A property of a material that describes the ease with which a
magnetic flux is established in the component.

5. Reluctance - Is the opposition that a ferromagnetic material shows to the
establishment of a magnetic field. Reluctance is analogous to the resistance in an electrical
circuit.

EVALUATION:

Since the Cobra3 interface measures voltages, the current measurement is performed with the
aid of' a 10 Q rheostat. I = U/10 Q Furthermore, the field strength is calculated with the formula
H=1"-n/L

where H = field strength

n = number of turns in the coil (600 turns)

L = average field line length in the core. (solid core: L =232 mm)

The factor n/ L changes due to the different dimensions of the two iron cores as follows:
Solid iron core: n/ L =2586 in 1/m

The calculation of the field strength can be combined with a change of the x-axis in the
visualization.

Therefore, choose “channel modification” and set the parameters according to Fig. 5.

The factor in the mathematical “Operation” depends on the used iron core and is equal to n/
L.
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Now, the coercive field strength and the remanence can be extracted from the hysteresis.
Therefore, use the “zoom” function in the region of the intersection of the axes and then

choose

“survey” to obtain the points of intersection of the x and y-axis with aid of the cursor

lines, which can be freely moved and shifted.

A comparison of Figs. 6a and 6b shows that the remanence and coercive field strength are
substantially greater in a solid iron core than in a laminated one.

Typical values for this experimental set-up are:

iron core: massive laminated coercive field strength: 436 A/m, 80 A/m remanence: 143 mT,

41 mT.

PROCEDURE:

I.
2.

The experimental set-up is shown in Fig.1

Connect the cable of the Hall probe with the Force/Tesla Module and attach the Hall
probe under the yoke in such a manner that the sensor is located directly adjacent to
the borehole for the positioning pin.

The magnetic field of the coils should be reversed with the commutator switch only at
a voltage of 0 V as otherwise voltage spikes are generated which can affect data
transfer.

Set the rheostat to 10 ohms.

The flux density Bo, measured by the hall probe, and the current I through the coils are
recorded.

If residual magnetism is present in the iron core, demagnetize the core as follows:

Set the commutator switch in such a manner that an opposing field is generated.
Briefly increase the voltage far enough for the flux density to assume a zero value;
repeat a number of times.

Or

Apply A.C supply for 1 minute.

Therefore, set the measuring parameters in the software as follows:

Click on “Measure” Icon on desktop to open “Phywe Measure” window.

Open File and click on “New Measurement” cobra3-Force window will be opened and
set  SI: no module/sensor &  S2: Current (shunt) I

. Click on option button to open options window set the parameter as

Resistor: 10QQ
Y-Range: CurrentI 3000mA
Unit: Current] A

. Chose the icon “Continue”
. Click on “continue” button to open Cobra3-Mesuring to enter the graphical illustration

during the measurement.

. Set current limiter on the power supply to 5 A. After pressing the icon “Start

14.
15.
16.

17.

measurement”, increase the voltage slowly and uniformly from zero to ten volts and
decrease it to zero again. Simultaneously, record every value on key press, i.e. press
“Enter” or “space” after every change of the voltage.

Using the commutator switch reverse the polarity of the voltage.

Again, increase and then decrease the voltage slowly and uniformly.

Once again reverse the polarity of the voltage with the commutator switch and increase
the voltage.

Stop the measurement and press the “close” button.
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18. Reset the voltage to 0 V.

19. The recorded values are represented graphically as flux density as a function of
current. Right click on graph and select data table to open observation table
Here, the actual values of the flux density and the current are displayed.

20. Note down the displayed values in observation column and plot the graph b/w B vs.
H (H=I*2586).

21. Find the values of Coercivity and Retentivity from graph.

PHOTOGRAPH OF THE APPARATUS

{ ‘-"-ﬂnhhlll (Rt B M) e

e )




Electricity & Magnetism Workbook

OBSERVATIONS:

2
g

Flux density Field strength
B (mTesla) H (A/m)
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RESULT AND DISCUSSION:

The Hysteresis curve for the given specimen is shown in the graph.
Retentivity = mTesla
Coercivity =

19|Page
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PRECAUTIONS AND SOURCES OF ERROR:

1. Magnetometer should be placed with its arms along east — west and its pointer readings
should be (0,0).

2. Solenoids should be exactly similar otherwise the magnetic field produced by the
individual solenoid will be different.

3. Current should be varied step by step and always in a correct direction.

EXERCISE PROBLEM

Find the area of the plane bounded by the B-H curve and investigate the physical significance
of it.
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Post Experiment Questions
Q.1  What is the object of your experiment?

What Hysteresis curve shows?

What is retentivity?

What is coercive force?

What do you understand by paramagnetic, diamagnetic and ferromagnetic substances?

Define permeability of magnetic substance.

What is magnetic susceptibility?

What are the practical applications of this experiment?

Why do we prefer soft iron bar over steel?

21| Page
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EXPERIMENT # 04

OBJECT:

To determine the unknown high resistance by Neon Flash lamp Apparatus

APPARATUS:

Neon lamp, known and unknown high resistance, a capacitor of suitable value, stops watch
and power peck etc.

THEORY:

Flashing and quenching of a neon bulb. A neon bulb is placed in parallel with a capacitor and
connected to D.C. supply which can be continuously increased from 0 to 150 volt through a
high resistance of about 1MQ. The voltage is slowly increased to a value say V; when the lamp
flashes and begins to glow. As soon as the neon lamp flashes, it becomes conducting and the
capacitor begins to discharge through it. It continues to do so until the extinction (or
quenching) potential V, is reached when the neon lamp ceases to glow and stops conducting.
The capacitor then again begins to charge till the flashing potential V; is reached when again
the lamp flashes and begins to glow. The process is repeated; during the time the capacitor is
charging the neon lamp does not glow. In other words, the total time t between two
consecutive flashes is equal to the time taken by the voltage first to fall from the flashing
potential V; to quenching potential V, (discharge) and then to rise from V, to V; (charging).
This flashing and quenching time can be determined by noting the time taken by the lamp to
produce say 20 consecutive flashes and quenches.

If t; is the time taken by the capacitor voltage to fall from V; to V, and t, is the time taken
by the voltage to rise from V, to V;, then

V, = Ve ta/RC

t, = —CR]1 V2
And

Vy = Vi (1 — e R2/R%)
Va

t, = —CRlog.(1 — =)
Vi

V, V,
t = tl + tz = R[_Cloge__ Cloge(l - _)
Vi Vi

As C, V, and V; have constant fixed values, the function within brackets is a constant.,
Letitbe=k

~t = kC
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v%m Battery Voltage

PROCEDURE:

1.

2
3
4,
5

Make circuit connection as shown in circuit diagram.

Connect first known valued resistance (say 1 M Q) and switch on the circuit neon.

Note down time of 10 consecutive flashes.

Now increase the resistance R and again note down time for 10 flashes.

We will observe that the interval between two flashes increases with the increase of
resistance.

In this way note down the time taken for 10 flashes corresponding to different known
resistors and also for unknown resistance R and R; in the circuit.

Plot a graph b/w resistance R and corresponding time for 10 flashes when the unknown
resistance is in the circuit so from the graph read the value of resistance, which correspond

to the time for 10 flashes for the unknown resistance.
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OBSERVATIONS:

The capacitance of the capacitor =
Resistance Time for Ten flashes | Mean Time | Time for

S.No. R Seconds t one flash
M t 1 13 Seconds T=t/10(sec)

O 0| | N | K| W] N —

[S—
el

RESULT DISCUSSION:

From Graph:

The value of unknown resistance from the graph Ri-.................. MQ.
The value of unknown resistance from the graph Ro-.................. MQ.

PRECAUTIONS AND SOURCES OF ERROR:

. Don’t touch naked wires.
. The applied voltage must be uniform and must be kept constant throughout the experiment.
. Note the time for flashes carefully.
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CIRCUIT DIAGRAM:

Connecting
Probe
Diode

| Mean Lamp

PHOTOGRAPH OF THE APPARATUS

CIRCUIT BOX

EXECRCISE

Study the effect of capacitance on time of flashes for same values of R.
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Post Experiment Questions

What is the object of your experiment?

What is neon lamp?

On what principle this experiment based?

What is the time constant?

How the time constant vary with the resistance and capacitance?

Why it is not possible to determine the value of low resistance using this
experiment?

Q.7  What is the striking potential?

Q.8  What is quenching potential?

Q.9 Can you find out the capacitance of a capacitor?

Q.10 What causes the neon lamp to give flashes?
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EXPERIMENT # 5

OBJECT:
To compare the capacitance of two capacitors by using ballistic galvanometer

APPARATUS:
Two capacitors, a Morse key, a cell, a ballistic galvanometer, a two-way key, a tap key, ,
connecting wires, and a piece of sand paper.

THEORY:

If two capacitors of capacitance C; and C, are charged to the same potential V, then the
charges ql and g2 on the capacitors C; and C; respectively, are given by

q=CiVandqu=C, V

if the capacitors are allowed to discharge through a ballistic galvanometer one by one and 0
and 0, are the first throws produced by the two capacitors C; and Cs respectively then

Q@=CiV=koi(1+ 5

©=CoV=kb(1+ 5

c, o1

c, 02

If a lamp and a scale arrangement is used and d; and d» are the distances through which the
spot of light moves on the scale then,

C, 61 d;
c, 02 d,

PROCEDURE

1. Draw a diagram showing the scheme of connections as in Fig. 32.1. Mark the central

terminal connected to the lever of the Morse key as ¢, terminal making contact with the
knob on pressing as a and the third terminal as b.
Clean the end of the connecting wires. Connect the terminal ¢ of the Morse key through a
capacitor C; to the side terminal No. 1 of the two-way key and through another capacitor
C> to the second side terminal no. 2 of the two-way key. Connect the common terminal
No. 3 of the two ways key through the moving coil ballistic galvanometer to the terminal
b of the Morse key. Connect a tap key K across the ballistic galvanometer. Connect a cell
between the terminal No. 3 of the two-way key and the terminal a of the Morse key.
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3.

Place the ballistic galvanometer on a rigid support say a stone table and adjust the leveling
screws at the base so that the coil turns freely. Set the lamp and scale arrangement so that
a sharp image of the cross-line in the spot of lights is obtained nearly in the middle of the
scale placed at a distance of one meter from the mirror of the galvanometer.

Note. Earlier capacitor was denoted as a condenser and capacitance as capacity. Some
books may still use the older notation.

To test the connections put the plug between 1 and 3 in the two-way key. Press the Morse
key for an instant and release it. If the spot of light goes beyond the scale, use potential
dividing arrangement with the cell. Similarly, test by connecting the second capacitor in
the circuit.

Bring the spot of light to rest by pressing the tap key K just when the spot of light is at the
resting point on the scale. When the spot is completely at rest note the initial reading.
Release the key K and put the plug between 1 and 3 in the two-way. Press the Morse key,
release it and note the first throw. Bring the spot of light to rest and repeat three times.
Take out the plug from the terminals 1 and 3 and introduce between 2 an 3. Repeat the
observation with second capacitor. Take at least three different observation by changing
the potential applied to the capacitor.

Note. The coil of the ballistic galvanometer comes to rest on pressing the key K because
an induced current is set up in it on short circuiting it. According to Lenz's law the induced
current tends to stop the movement.

OBSERVATIONS

S.No Voltage First Throw Second Throw

PRECAUTIONS

1.
2.

A moving coil type ballistic galvanometer should be used.
The connecting wires should be short and straight. These should not touch the table.
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3. The bring the galvanometer to rest, the tap key placed across the galvanometer should
be pressed before taking each observation.

4. The Morse key should be pressed for the same duration for each observation, with
capacitors C; and C».
If with one cell the deflection of the ballistic galvanometer with any one of the
capacitors goes out of the scale, use a potential dividing arrangement to reduce the
charging potential.

CIRCUIT DIAGRAM

Ballistic Gahvanomter

Damping Key

= Mo Contact

Capacitor
Rheostate

Four Wav Key b —

|-
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Post Experiment Questions
Q1. What is ballistic Galvanometer?

Q2. What is the difference between moving coil galvanometer and moving coil ballistic
galvanometer?

Q3. Define sensitivity of the ballistic Galvanometer?
Q4. Define capacitance?

QS. What are the factors on which the capacitance of the parallel plate capacitor depends?

Q 6. Why we press the key for a very very short time?

Q 7. What is primary standard? And how it is use in order to calibrate the secondary
standard?
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EXPERIMENT # 06

OBJECT:
To study the frequency response and to find unknown inductance of L-C-R series and

calculate the quality factor and bandwidth from the obtained curve.

APPARATUS:

Resistance, capacitors, inductor, a frequency generator/oscillator, an Oscilloscope, connecting
wires, A.C. supply

Introduction

Acceptor Circuit: When the resistor R, inductor L and capacitor C are connected in series
with a source of emf E, the circuit is known as the RLC-series or series resonant or series
tuned circuit as shown in figure. The total opposition offered by the RLC circuit in flow of
current is called impedance Z. it depends on frequency of AC signal applied and given by

In A.C. circuits the voltage and the current are usually out of phase. Across the inductor, the
current lags behind the voltage by 90°, whereas across the capacitor, the current leads the
voltage by 90° . But across the resistor the voltage and current both are in phase. Under certain
conditions, the voltage and current are in phase, even though the circuit consists of L, C and
R and the circuit behaves as a pure resistor. This phenomenon is called resonance. This occurs
at a single frequency known as resonant frequency. At this frequency the capacitive reactance
( Xc = 1/®wC) and the inductive reactance (XL = wL) are equal and opposite in direction. So
they get cancelled each other and only resistance acts. The impedance of the circuit is given

by
Z =R+ j(wL — 1/wC)

At resonance the reactive term disappears

L 1
@ wC

The impedance is minimum 1i.e.

The current is maximum
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At this frequency the current is maximum and this frequency fo is called resonant frequency.
The circuit has selective properties. To compare selectivity or sharpness of resonance, a band

of frequencies is chosen at which the current falls to % times (half power points) of its

maximum value. The frequency difference (f> — f1) between the half power points is called the
bandwidth.

WORKING FORMULA:
Inductance is given as =L = 1/4m2f?C
Band width =(f2 — f1)
Quality factor = f,/(f; — f1) = 2nf,L/R

PRODEDURE:

1. Make the circuit connections as shown in circuit diagrams i.e. take a resistor, an inductor
and a capacitor of suitable values connect them with each other in series and connect
them across a frequency generator and cathode ray oscilloscope (CRO).

Apply a signal of certain voltage by the oscillator at a certain frequency say 10 kHz and
note down the amplitude of output signal from CRO.

Now start increasing frequency of input signal (keeping the voltage constant) step by step,
each time note down the amplitude of the output signal. We will see that amplitude of the
output signal will first increase steadily, reaches a maximum value and then start

decreasing.

Plot a graph b/w frequency (f) on x-axis and the corresponding amplitude of the signal on
y-axis for each set of observation on one graph paper.

From graph calculate resonant frequencies for capacitor at which amplitude of signal is
maximum.

Calculate the inductance with the help of resonant frequencies obtained through graph.
From graph the frequencies fi and f2 corresponding to half power points is noted and from
it the bandwidth, (fi — f>) is noted.

From the values of fo, f1 and 13, the quality factor, Q is calculated.

OBSERVATIONS:

Capacitance of capacitor C =

Resistance of resistor=
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CALCULATIONS:

Value of resonant frequency f =

Band width= (f, — f,)

Quality factor= f,,/(f; — f1) = 2nf,L/R

RESULT AND DISCUSSION:

1. The value of inductance is found L = ---------------- henry.

2. The value of Band width=
3. The value of quality factor=

EXERCISE PROBLEM

Repeat the above procedures with a resistance of slightly high and low values.
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Post Experiment Questions

Q.1
Q.2
Q.3
Q4
Q5
Q.6
Q.7
QS8
Q.9
Q.10
Q.11
Q.12
Q.13
Q.14
Q.15
Q.16

Q.17.

Q.18

Q.19

Q.20

What is the object of your experiment?

What is an acceptor circuit?

What are the applications of a acceptor circuit.

What is resonant frequency?

How the resonant frequency varies with capacitance and inductance.
What is inductive reactance?

What is capacitive reactance?

What is impedance?

What is the phase angle?

What is the phase difference between voltage and current at resonance?
What are the units of inductance or self-inductance?

What is the energy stored in the magnetic field of the inductor?
What is the energy stored in the electric field of a capacitor?

What is the natural frequency of an accepter or a rejecter circuit?
What is the equivalent of self- inductance in mechanics?

What is non-inductive winding of a wire resistor?

What is self -induction?

How the inductance of a coil can be changed without changing its dimension or
number of turns?

What do mean by inductance of 1.0 Henry of a coil?

What are the uses of an inductor?
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EXPERIMENT # 07

OBJECT:
To study the frequency response and to find unknown inductance of L-C-R parallel
circuit and calculate the quality factor and bandwidth from the obtained curve.

APPARATUS:

Resistance, capacitors, inductor, a frequency generator/oscillator, an Oscilloscope,
connecting wires, A.C. supply

THEORY:

Parallel resonant circuit is one in which one branch consists of an inductor L with associated
resistor R and the other branch consists of a capacitor C. This is a rejector circuit that means
it rejects the current or allows minimum current to flow through it, at a particular resonant
frequency and it allows more current at all other frequencies. The impedance of the circuit is

given by

At resonance the impedance is maximum The impedance at resonance

Resonance frequency

WORKING FORMULA:

Inductance is given as =L = 1/4m?f?*C
Band width =(f2 — f1)
Quality factor = f,/(f; — f1) =2nf,L/R

PRODEDURE:

1) Make the circuit connections as shown in circuit diagram i.e. connect an inductor, a
capacitor and a resistor of suitable values in parallel to each other, then connect an
oscillator and a CRO (cathode ray oscilloscope) across this combination of LRC

2) Apply a certain voltage by the oscillator at a certain frequency and note down the
amplitude of the output signal

3) Increase the frequency of the applied voltage (the voltage is kept constant) step by step
each time note down the amplitude of the output signal. Take a number of
observations. We will see that at first the amplitude of the signal decreases as the
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frequency increases, it finally attains its’ minimum value and then again rises. At the
resonant frequency the amplitude is minimum.

Plot a graph between frequency ‘f” and the corresponding amplitude ‘A’ of the output
signal.

Calculate the inductance with the help of resonate frequency obtained through graph.
From graph the frequencies f1 and f2 corresponding to half power points is noted and
from it the bandwidth, (f1 — £2) is noted.

From the values of fo, f1 and 13, the quality factor, Q is calculated.
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OBSERVATIONS:

Capacitance of capacitor C =
Resistance of resistor=

S. No. Frequency Amplitude of
Hz Signal division
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CALCULATIONS:

Value of resonant frequency f =

Band width= (f, — f,)

Quality factor= f,,/(f; — f1) = 2nf,L/R

RESULT AND DISCUSSION:

1. The value of inductance is found L = ---------------- henry.

2. The value of Band width=
3. The value of quality factor=

EXERCISE PROBLEM

Repeat the above procedures with a resistance of slightly high and low values.
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Post Experiment Questions

Q.1 What is the object of your experiment?

Q.2. What is a rejecter circuit?

Q.3 What are the applications of a rejecter circuit.

Q.4 What is resonant frequency?

Q.5 How the resonant frequency varies with capacitance and inductance.
Q.6 What is inductive reactance?

Q.7 What is capacitive reactance?

Q.8 What is impedance?

Q.9 What is the phase angle?

Q.10 What is the phase difference between voltage and current at resonance?
Q.11 What are the units of inductance or self-inductance?

Q.12 What is the energy stored in the magnetic field of the inductor?

Q.13 What is the energy stored in the electric field of a capacitor?

Q.14. What is the natural frequency of an accepter or a rejecter circuit?

Q.15 What is the equivalent of self -inductance in mechanics?

Q.16 What is non-inductive winding of a wire resistor?

Q.17 What is self -induction?

Q.18 How the inductance of a coil can be changed without changing its dimension or
number of turns?

Q.19 What do mean by inductance of 1.0 Henry of a coil?

Q.20 What are the uses of an inductor?
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