UNIT-I
CATHODE RAY OSCILLOSCOPE-I

Cathode Ray Oscilloscope:


The cathode Ray Oscilloscope or mostly called as CRO is an electronic device used for giving the visual indication of a signal waveform. It is an extremely useful and the most versatile instrument in the electronic industry.CRO is widely used for trouble shooting radio and television receivers as well as for laboratory research and design.
Using a CRO, the wave shapes of alternating currents and voltages can be studied. It can also be used for measuring voltage, current, power, frequency and phase shift.




Block Diagram of CRO (Cathode Ray Oscilloscope):
The figure below shows the block diagram of a general purpose CRO .


[image: ]


Fig 1.5 Block Diagram of CRO

As we can see from the above figure above, a CRO employs a cathode ray tube ( CRT) ,which acts as the heart of the oscilloscope.In an oscilloscope, the CRT generates the electron beam which are accelerated to a high velocity and brought to focus on a fluorescent screen. This screen produces a visible spot where the electron beam strikes it. By deflecting the beam over the screen in response to the electrical signal, the electrons can be made to act as an electrical pencil of light which produces a spot of light wherever it strikes.




For accomplishing these tasks various electrical signals and voltages are needed, which are provided by the power supply circuit of the oscilloscope.Low voltage supply is required for the heater of the electron gun to generate the electron beam and high voltage is required for the cathode ray tube to accelerate the beam. Normal voltage supply is required for other control units of the oscilloscope.

Horizontal and vertical deflection plates are fitted between the electron gun and the screen so that these can deflect the beam according to the input signal.To deflect the electron beam on the screen in horizontal direction i.e. X-axis with constant time dependent rate, a time base-generator is provided in the oscilloscope. The signal to be viewed is supplied to the vertical deflection plate through the vertical amplifier, so that it can amplify the signal to a level that will provide usable deflection of the electron beam.
As the electron beam is deflected in X-axis as well as Y-axis, a triggering circuit is provided for synchronizing these two types of deflections so that horizontal deflection starts at the same point of the input vertical signal each time it sweeps.Since CRT is the heart of the oscilloscope, we are going to discuss its various components in detail.

Cathode Ray Tube
The cathode ray tube or CRT is a vacuum tube of special geometrical shape which converts an electrical signal into a visual one.
A CRT makes available a large number of electrons which are accelerated to high velocity and are brought to focus on a fluorescent screen where it produces a spot when strikes it. The electron beam is deflected during its journey in response to the applied electrical signal. As a result, the electrical signal waveform is displayed visually.













The figure below shows various parts of a cathode ray tube (CRT) .
[image: ]

Fig 1.6 Cathode Ray Tube


Now we will discuss each part of the CRT in detail.
(i) Glass Envelope
It is a conical highly evacuated glass housing which maintains vacuum inside it and supports various electrodes.
The inner wall of CRT between the neck and screen are usually coated with a conducting material known as aquadag. This coating is electrically connected to the accelerating anode so that the electrons which accidentally strike the walls are returned to the anode. This prevents the walls from charging to a high negative potential.
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(ii) Electron Gun Assembly
The electron gun assembly consists of an indirectly heated cathode, a control grid, a focussing anode and an accelerating anode and it is used to produce a focused beam of electrons.
The control grid is held at negative potential w.r.t. cathode. However, the two anodes are held at high positive potential w.r.t. cathode.
The cathode consists of a nickel cylinder coated with oxide coating and provides a large number of electrons.
The control grid encloses the cathode and consists of a metal cylinder with a tiny circular opening to keep the electron beam small.
By controlling the positive potential on it, the focusing anode focuses the electron beam into a sharp pin point.
Due to the positive potential of about 10,000 V on the accelerating anode which is much larger than on the focusing diode, the electron beam is accelerated to a high velocity.
In this way, the electron gun assembly forms a narrow, accelerated electron beam which produces a spot of light when it strikes the screen.
(iii) Deflection Plate Assembly
It consists of two sets of deflecting plates within the tube beyond the accelerating anode and is used for the deflection of the beam.
One set is called as vertical deflection plates and the other set is called horizontal deflection plates.
The vertical deflection plates are mounted horizontally in the tube. On application of proper potential to these plates, the electron beam can be made to move up and down vertically on the screen.
The horizontal deflection plates are mounted vertically in the tube. On application of proper potential to these plates, the electron beam can be made to move right and left horizontally on the screen.
(iv) Screen
The screen is coated with some fluorescent materials such as zinc orthosilicate, zinc oxide etc and is the inside face of the tube.
When high velocity electron beam strikes the screen, a spot of light appears at the point of impact. The colour of the spot depends upon the nature of fluorescent material.
[bookmark: _GoBack]Working of Cathode Ray Tube:
As the cathode is heated, it produces a large number of electrons.
These electrons pass through the control grid on their way to the screen.
The control grid controls the amount of current flow as in standard vacuum tubes. If negative potential on the control grid is high, fewer electrons will pass through it. Hence the electron

beam will produce a dim spot of light on striking the screen. Reverse will happen when the negative potential on the control grid is reduced.
Therefore, the intensity of the light spot on the screen can be controlled by changing the negative potential on the control grid.
After leaving the control grid, the electron beam comes under the influence of focusing and accelerating anodes.
Since, the two anodes are at high positive potential, therefore, they produce a field which acts as electrostatic lens to converge the electron beam at a point on the screen.
After leaving the accelerating anode, the electron beam comes under the influence of vertical and horizontal deflection plates.
When no voltage is applied to these deflection plates, the electron beam produces a spot of light at the centre as shown by point O in fig below on the screen.
[image: ]
Fig 1.7 Movement of electron beam under deflection plates

If the voltage is applied to the vertical deflection plates only, the electron beam and so as the spot of light will be deflected upwards i.e. point O1. Ans if the potential on the plates is reversed, the spot of light will be deflected downwards i.e. point O2.
Similarly, the spot of light can be deflected horizontally by applying voltage across the horizontal deflection plates.

Electrostatic Focusing in Cathode Ray Oscilloscope(CRO):
Initially, this electron starts from an electron gun. These series of electrons  coming from electron gun will form a beam.

fig1 shows an electron at rest placed in an  electric field produced two parallel plates
· Force on the electron is,	
F = -eε N
Where
ε  =  electric field intensity	; V/m
e = charge of electron = 1.602 ×10⁻¹⁹ C
The minus sign indicates that the force acts in the opposite direction to that of the field. The above discussion is valid only if the electron is situated in a field of uniform intensity. In practice, however, the field is not uniform. The lateral repulsion of the electric field lines causes a spreading of space between the lines, resulting in curved field lines at the ends.
Thus the field intensity will be less at the ends. The figure below also shows equipotential surfaces, indicated by solid lines. Since the force is in a direction opposite the field and the equipotential surfaces are perpendicular to the field, the force on an electron is in a direction normal to the equipotential surfaces.
[image: https://2.bp.blogspot.com/-iqW8o90BcnI/VsRzbK3Dg2I/AAAAAAAAA9k/NMMYXmpFZow/s1600/Parallel-Plates.jpg]

[image: ]
Let us consider the region on the two sides of an equipotential surface S as  shown in the below figure.The potential on the left side of the surface is -V and on the right  side is +V.Let an electron moving in a direction AB enter the area to the left of S.This  electron experiences a force which is normal to the surface S and is thus accelerated.
· Since the force acts in a direction normal to the surface, it is the normal component of  velocity that is increased after refraction while the tangential component remains the  same.
· The tangential components are :
Vt1 = V1 SIN θi and Vt2 = V2 SIN θ  Now	
Vt1 = Vt2 or V1 SIN θi = V1 SIN θr
· ∴	Sin θi/Sin θr	=	V2/V1
· 
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The focusing anode and the accelerating anodes are co-axial with the pre-
accelerating anode.The pre-accelerating and accelerating anodes are connected to the same  potential while the focusing anode is connected to a lower potential.On account of the  difference of potential between focusing anode and the two accelerating anodes, a non-  uniform field exists on each of the two ends of the focusing anode.The equipotential  surfaces, thus, form a "double concave lens".
The electron beams entering the ﬁeld at angles other than the normal to the  equipotential surfaces will be deﬂected towards the normal and the beam is thus focused  towards the centre of the tube axis.By changing the voltage of the focusing anode, the  refractive index of the electron lens is changed and therefore the focal point of the beam  can be changed.The change in voltage is brought about by changing the setting of a  potentiometer.This control is brought to the front panel of CRO and is marked FOCUS.










Electrostatic Deflection
The general arrangement of the electrostatic deflection is shown in the figure below. The A and B are the two parallel plates between which the potential difference is applied. These deflection plates produce the uniform electrostatic field in the Y direction.
The electron enters between the plates experienced the force only in the Y direction, and the electron will move only in that direction. There is no force either in X direction or the Z direction. Hence, no acceleration of electrons occurs in that direction.
E0 = Voltage of pre-accelerating anode in volt.
e = charge of an electron in coulomb.
m = mass of electron in Kg.
VOX = velocity of the electron when entering into the deflecting plates in meter per second.
Ed = potential between deflecting plates in Volts.
d = distance between deflecting plate in the meter.
Ld = length of deflecting plate in meters.
L = Distance between screen and the mid of the deflecting plates.
D = deflection of the electron beam on the screen in the Y direction.
[image: ]
When the electron moves from the accelerating cathode to anode, they lose their potential energy. The formula gives the potential energy of the electron
[image: ]
The electrons gain the kinetic energy. And their energy is given by the equation
[image: ]
Equating the potential and kinetic energy we get the velocity of the electron when it enters in the deflecting plates.
[image: ]
The velocity of the electron in X direction remains same throughout the deflection plate because no force was acting in the X direction
[image: ]
The equation gives the electric field intensity in the Y direction
[image: https://circuitglobe.com/wp-content/uploads/2017/06/electrostatic-deflection-plate-equation-4.jpg]
The force acting on the electron in the Y direction. The term ay shows the acceleration of electrons in the y direction
[image: ]
The initial velocity of the electron enters into the deflection plate is equal to zero, and the equation gives the displacement of an electron in the Y direction at any time t
[image: ]
The velocity in the Y direction is constant, and the displacement in the Y direction is given as
[image: ]
Substituting the value of t in the displacement equation y gives
[image: ]
The above equation represents parabola.The slope at any point is given as
[image: ]
By substituting the x = ld, we get the value of tanθ
[image: ]
After passing through the deflection plate, the electrons move into the straight line.This straight line is the tangent to the parabola at x = ld and intersect the X-axis at point O’.The equation gives the location of the point
[image: ]
The deflection D on the screen is expressed as
[image: ]
By substituting the value of v2ox in the above equation we get
[image: ]
From the above equation, we can conclude that the deflection of the electron is directly proportional to the deflecting voltage.
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