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Hall Effect Transducer

Definition: The hall effect element is a type of
transducer used for measuring the magnetic
field by converting it into an emf. The direct
measurement of the magnetic field is not
possible. Thus the Hall Effect Transducer is
used. The transducer converts the magnetic
field into an electric quantity which is easily
measured by the analogue and digital meters.



Principle of Hall Effect Transducer

The principle of hall effect transducer is that if
the current carrying strip of the conductor is
placed in a transverse magnetic field, then the
EMF develops on the edge of the conductor.
The magnitude of the develop voltage depends
on the density of flux, and this property of a
conductor is called the Hall effect. The Hall
effect element is mainly used for magnetic
measurement and for sensing the current.

The metal and the semiconductor has the
property of hall effect which depends on the
densities and the mobility of the electrons.

Consider the hall effect element shown in the
figure below. The current supply through the
lead 1 and 2 and the output is obtained from
the strip 3 and 4. The lead 3 and 4 are at same
potential when no field is applied across the
strip.
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densities and the mobility of the electrons.

Consider the hall effect element shown in the
figure below. The current supply through the
lead 1 and 2 and the output is obtained from
the strip 3 and 4. The lead 3 and 4 are at same
potential when no field is applied across the

V7 |

3 Hall Strip T

strip.

/ 1 L_@_{

Transverse / + =

Magnetic Field | l | | V r f ‘
Hall Effect Element

When the magnetic field is applied to the strip,

the output voltage develops across the output

leads 3 and 4. The develops voltage is directly
proportional to the strength of the material.

The output voltage is,

EH = KHIB/t

where,

K.. — Hall ef fect coef ficient -
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Hall Effect Element

When the magnetic field is applied to the strip,
the output voltage develops across the output
leads 3 and 4. The develops voltage is directly
proportional to the strength of the material.

The output voltage is,

EH = KHIB/t

where,
V—m
A—Wbm™2

Ky — Hall ef fect coef ficient ;

t — thickness of Strip;m

The | is the current in ampere and the B is the
flux densities in Wb/m?

The current and magnetic field strength both
can be measured with the help of the output
voltages. The hall effect EMF is very small in
conductors because of which it is difficult to
measure. But semiconductors like germanium
produces large EMF which is easily measured
by the moving coil instrument.

Applications of Hall Effect Transducer
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t — thickness of Strip ;m

The | is the current in ampere and the B is the
flux densities in Wb/m?

The current and magnetic field strength both
can be measured with the help of the output
voltages. The hall effect EMF is very small in
conductors because of which it is difficult to
measure. But semiconductors like germanium
produces large EMF which is easily measured
by the moving coil instrument.

Applications of Hall Effect Transducer

The following are the application of the Hall
effect Transducers.



1. Magnetic to Electric Transducer — The Hall
effect element is used for converting the
magnetic flux into an electric transducer. The
magnetic fields are measured by placing the
semiconductor material in the measurand
magnetic field. The voltage develops at the end
of the semiconductor strips, and this voltage is
directly proportional to the magnetic field
density.

The Hall Effect transducer requires small space
and also gives the continuous signal
concerning the magnetic field strength. The
only disadvantage of the transducer is that it is
highly sensitive to temperature and thus
calibration requires in each case.

2. Measurement of Displacement — The Hall
effect element measures the displacement of
the structural element. For example — Consider
the ferromagnetic structure which has a
permanent magnet.
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2. Measurement of Displacement — The Hall
effect element measures the displacement of
the structural element. For example — Consider
the ferromagnetic structure which has a
permanent magnet.
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Measurement of Displacement Using Hall Efect Transducer

The hall effect transducer placed between the
poles of the permanent magnet. The magnetic
fleld strength across the hall effect element
changes by changing the position of the
ferromagnetic field.

3. Measurement of Current — The hall effect
transducer is also used for measuring the
current without any physical connection
between the conductor circuit and meter.

The AC or DC is applied across the conductor
for developing the magnetic field. The strength
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poles of the permanent magnet. The magnetic

fleld strength across the hall effect element
changes by changing the position of the
ferromagnetic field.

3. Measurement of Current — The hall effect
transducer is also used for measuring the
current without any physical connection
between the conductor circuit and meter.

The AC or DC is applied across the conductor
for developing the magnetic field. The strength
of the magnetic field is directly proportional to
the applied current. The magnetic field
develops the emf across the strips. And this
EMF depends on the strength of the conductor.

4. Measurement of Power — The hall effect
transducer is used for measuring the power of
the conductor. The current is applied across the
conductor, which develops the magnetic field.
The intensity of the field depends on the
current. The magnetic field induces the voltage
across the strip. The output voltage of the
multiplier is proportional to the power of the
transducer.
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Cathode Ray Oscilloscope
(CRO)

Definition: The cathode ray oscilloscope (CRO)
is a type of electrical instrument which is used
for showing the measurement and analysis of
waveforms and others electronic and electrical
phenomenon. It is a very fast X-Y plotter shows
the input signal versus another signal or versus
time. The CROs are used to analyse the
waveforms, transient, phenomena, and other
time-varying quantities from a very low-
frequency range to the radio frequencies.



The CRO is mainly operated on voltages. Thus,
the other physical quantity like current, strain,
acceleration, pressure, are converted into the
voltage with the help of the transducer and thus
represent on a CRO. It is also used for knowing
the waveforms, transient phenomenon, and
other time-varying quantity from a very low-
frequency range to the radio frequencies.

The CRO has Stylus (i.e., a luminous spot)
which move over the display area in response to
an input voltage. This luminous spot is
produced by a beam of electrons striking on a
fluorescent screen. The normal form of the CRO
uses a horizontal input voltage which is an
internally generated ramp voltage called “time
base”.

The horizontal voltage moves the luminous
spot periodically in a horizontal direction from
left to right over the display area or screen. The
vertical voltage is the voltage under
investigation. The vertical voltage moves the
luminous spot up and down on the screen.
When the input voltage moves very fast on the
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internally generated ramp voltage called “time
base”.

The horizontal voltage moves the luminous
spot periodically in a horizontal direction from
left to right over the display area or screen. The
vertical voltage is the voltage under
investigation. The vertical voltage moves the
luminous spot up and down on the screen.
When the input voltage moves very fast on the
screen, the display on the screen appears
stationary. Thus, CRO provides a means of the
visualising time-varying voltage.

Construction of Cathode Ray
Oscilloscope

The main parts of the cathode ray oscilloscope
are as follows.

1. Cathode Ray Tube

2. Electronic Gun Assembly

3. Deflecting Plate

4. Fluorescent Screen For CRT

5. Glass Envelop

Thair narte ara avnlainad halnwr in Aataile
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3. Deflecting Plate

4. Fluorescent Screen For CRT

5. Glass Envelop

Their parts are explained below in details.

1. Cathode Ray Tube

The cathode ray tube is the vacuum tube which
converts the electrical signal into the visual
signal. The cathode ray tube mainly consists
the electron gun and the electrostatic deflection
plates (vertical and horizontal).The electron gun
produces a focused beam of the electron which
is accelerated to high frequency.

The vertical deflection plate moves the beams
up and down and the horizontal beam moved
the electrons beams left to right. These
movements are independent to each other and
hence the beam may be positioned anywhere
on the screen.

2. Electronic Gun Assembly

The electron gun emits the electrons and forms



17wl R B0 # €
the electrons beams left to right. These
movements are independent to each other and
hence the beam may be positioned anywhere
on the screen.

2. Electronic Gun Assembly

The electron gun emits the electrons and forms
them into a beam. The electron gun mainly
consists a heater, cathode, a grid, a pre-
accelerating anode, a focusing anode and an
accelerating anode. For gaining the high
emission of electrons at the moderate
temperature, the layers of barium and strontium
is deposited on the end of the cathode.

After the emission of an electron from the
cathode grid, it passes through the control grid.
The control grid is usually a nickel cylinder with
a centrally located co-axial with the CRT axis. It
controls the intensity of the emitted electron
from the cathode.



The electron while passing through the control
grid is accelerated by a high positive potential
which is applied to the pre-accelerating or
accelerating nodes.

The electron beam is focused on focusing
electrodes and then passes through the vertical
and horizontal deflection plates and then goes
on to the fluorescent lamp. The pre-accelerating
and accelerating anode are connected to 1500y,
and the focusing electrode is connected to 500
v. There are two methods of focusing on the
electron beam. These methods are

v Electrostatic focusing

v Electromagnetic focusing.

The CRO uses an electrostatic focusing tube.

3. Deflecting Plate

The electron beam after leaving the electron
gun passes through the two pairs of the
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Ine CRU uses an electrostatiC tocusing tupe.

3. Deflecting Plate

The electron beam after leaving the electron
gun passes through the two pairs of the
deflecting plate. The pair of plate producing the
vertical deflection is called a vertical deflecting
plate or Y plates, and the pair of the plate which
is used for horizontal deflection is called
horizontal deflection plate or X plates.

4. Fluorescent Screen for CRT

The front of the CRT is called the face plate. It
is flat for screen sized up to about
100mmx100mm. The screen of the CRT is
slightly curved for larger displays. The face
plate is formed by pressing the molten glass
into a mould and then annealing it.

The inside surface of the faceplate is coated
with phosphor crystal. The phosphor converts
electrical energy into light energy. When an
electronics beam strike phosphor crystal, it
raises their energy level and hence light is
emitted during phosphorous crystallisation.
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The inside surface of the faceplate is coated
with phosphor crystal. The phosphor converts
electrical energy into light energy. When an
electronics beam strike phosphor crystal, it
raises their energy level and hence light is
emitted during phosphorous crystallisation.
This phenomenon is called fluorescence.

5. Glass Envelope

It is a highly evacuated conical shape structure.
The inner surface of the CRT between the neck
and the screen is coated with the aquadag. The
aquadag is a conducting material and act as a
high-voltage electrode. The coating surface is
electrically connected to the accelerating anode
and hence help the electron to be the focus.

Working of Cathode Ray Oscilloscope

When the electron is injected through the
electron gun, it passes through the control grid.
The control grid controls the intensity of
electron in the vacuum tube. If the control grid
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Working of Cathode Ray Oscilloscope

When the electron is injected through the
electron gun, it passes through the control grid.
The control grid controls the intensity of
electron in the vacuum tube. If the control grid
has high negative potential, then it allows only a
few electrons to pass through it. Thus, the dim
spot is produced on the lightning screen. If the
negative potential on the control grid is low,
then the bright spot is produced. Hence the
intensity of light depends on the negative
potential of the control grid.
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After moving the control grid the electron beam
passing through the focusing and accelerating
anodes. The accelerating anodes are at a high
positive potential and hence they converge the
beam at a point on the screen.



negative potential on the control grid is low,
then the bright spot is produced. Hence the
intensity of light depends on the negative
potential of the control grid.

Input

Signal[ vertical | Delay o :
0 ' Amplifier - Line orizonta Screen

Deflection Plat
IElectron Gun ey LT I
To CRT Al
'd Y
I - ¥ Electron Beam
HV supply m mim&7 E‘E“I

LV supply e g el R T LLI[P
Voo 7 " N\
Toall Circuit yaoter Focusing Vertical Luminous

Anode Deflection platg Spot

Trigger Time Base Horizontal
Circuit Generator Amplifier

After moving the control grid the electron beam
passing through the focusing and accelerating
anodes. The accelerating anodes are at a high
positive potential and hence they converge the
beam at a point on the screen.

After moving from the accelerating anode, the
beam comes under the effect of the deflecting
plates. When the deflecting plate is at zero
potential, the beam produces a spot at the
centre.lIf the voltage is applied to the vertical
deflecting plate, the electron beam focuses at
the upward and when the voltage is applied
horizontally the spot of light will be deflected
horizontally.



