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Cathode Ray Oscilloscope (CRO):

In studying the various electronic, electrical networks and systems, signals which are functions of
time, are often encountered. Such signals may be periodic or non-periodic in nature. The device which
allows, the amplitude of periodic or non-periodic electrical signals, to be displayed primarily as a function of
time, is called Cathode Ray Oscilloscope, commonly known as CRO. A cathode ray oscilloscope contains a
cathode ray tube and necessary power equipment to make it operate.

The CRO gives the visual representation of the time varying signals. In an oscilloscope, the electrons
are emitted from a cathode accelerated to a high velocity and brought to focus on a fluorescent screen. The
screen produces a visible spot where the electron beam strikes. By deflecting the electron 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. As electrons have negligible mass, therefore, they respond
almost instantaneously when acted upon by an electrical signal and can trace almost any electrical variation
no matter how rapid. The electron beam can be deflected in two directions: the horizontal or x-direction and
the vertical or y-direction. Thus an electron beam producing a spot can be used to produce two dimensional
displays. Thus CRO can be regarded as a Fast x-y plotter. The x-axis and y-axis can be used to study the
variation of one voltage as a function of another. Typically the x-axis of the oscilloscope represents the time
while the y-axis represents variation of the input voltage signal. Thus if the input voltage signal applied to
the y-axis of CRO is sinusoidally varying and if x-axis represents the time axis, then the spot moves
sinusoidally and the familiar sinusoidal waveform can be seen on the screen of the oscilloscope. The
oscilloscope is so fast device that it can display the periodic signals whose time period is as small as
microseconds and even nanoseconds. The CRO basically operates on voltage, but it is possible to convert
current, pressure, strain, acceleration and other physical quantities into the voltage using transducers and
obtain their visual representations on the CRO.

The oscilloscope has become an universal instrument and is probably most versatile tool for the
development of electronic circuits and systems. It is an integral part of electronic laboratories. It is widely
used for trouble shooting radio and television receivers as well as for laboratory work involving research and
design. With an oscilloscope, the wave shape of a signal can be studied with respect to amplitude distortion
and deviation from the normal. In addition, the oscilloscope can also be used for measuring voltage,
frequency and phase shift.

Block diagram of a CRO:

A simpte oscilloscope consist of a cathod ray tube, a vertical amplifier, a timebase, a horizontal
amplifier and a power supply. A basic block diagram of a general purpose oscilloscope is shown in
Fig.13.24
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Fig.13.24. Block diagram of a CRO.
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5.2 Cathode Ray Tube (CRT)
The cathode ray tube (CRT) is the heart of the C.RO. The CRT generateg the
deflects the beam and also has a screen Wher

electron beam, accelerates the beam,
RT are : .

beam becomes visible as a spot. The main parts of the C
i) Electron gun ii) Deflection system: iii) Fluorescent screen
iv) Glass tube or envelope v) Base
A schematic diagram of CRT, showing its structure and main components ;

shown in the Fig. 5.1.
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Electron Gun ig. 5.1 Cathode ray tube
e ;I“he Electron. gun section of the cathode ray tube provides a sharply focused
ctron beam directed towards the fluorescent-coated screen This ti tarts from
thermally heated cathode, emitting the electro . s siven ne
potential with respect to cathode. This grid c
beam, going to the screen.

ative voltage results i
hence decreased brightness of the be;zgm Spot i o electrons in the ben "

Si'nce the elec;ron.b(-.zam consists of many electrons, the beam tends to diverge.
This is because the similar (negative) charges on the electron repel each other. To
COm‘pensa’ce for‘suc.h repulsion forces, an adjustable electrostatic field is created
petween two cylindrical anodes, called the focusing anodes

Key Point: The U“"“?bl‘-’ positive voltage on the second anode is used to adjust the focus
or sharpness of the bright beam spot.

The 'hlgh positive .potential is also given to the preaccelerating anodes and
accelerating anodes, which results into the required acceleration of the electrons.
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Both focusing and accelerating anodes are cylindrical in shape having small
openings located in the centre of each electrode, co-axial with the tube axis. The
p1-eaCCelerating and accelerating” anodes are connected to a common positive high
voltage which varies between 2 kV to 10 kV. The focusing anode is connected to a
lower positive voltage of about 400 V to 500 V.

5.2,2 Deflection System

When the electron beam is accelerated it passes through the deflection system,
with which beam can be positioned anywhere on the screen.

The deflection system of the cathode-ray-tube consists of two pairs of parallel
plates, referred to as the vertical and horizontal deflection plates. One of the plates in
each set is connected to ground (0V). To the other plate of each set, the external
deflection voltage is applied through an internal adjustable gain amplifier stage. To
apply the deflection voltage externally, an external terminal, called the Y input or the
X input, is available.

As shown in the Fig. 5.1, the electron beam passes through these plates. A positive
voltage applied to the Y input terminal (Vy) causes the beam to deflect vertically

upward due to the attraction forces, while a negative voltage applied to the Y input
terminal will cause the electron beam to deflect vertically downward, due to the

repulsion forces.

Similarly, a positive voltage applied to X-input terminal (V) will cause the
electron beam to deflect horizontally towards the right; while a negative voltage
applied to the X-input terminal will cause the electron beam to deflect horizontally
towards the left of the screen. The amount of vertical or horizontal deflection is

directly proportional to the correspondingly applied voltage.

When the voltages are applied simultaneously to vertical and horizontal deflecting
Plates, the electron beam is deflected due to the resultant of these two voltages.

The face of the screen can be considered as an x-y plane. The (x,y) position of the
beam spot is thus directly influenced by the horizontal and the vertical voltages

applied to the deflection plates Vs and Vy, respectively.

| deflection (X) produced will be proportional to i€ NOrizong,
. 4 e 3
The horizon‘a Yo applied to X-input.

deflecting voltage,
x o Vi

X = vax

where K, is constant of proportionality.

The deflection produced is usually measured in cm oOr as number. of divisions, on

_the scale, in the horizontal direction.

where Ky expressed as cm/volt or division/volt, is calleg

Then Ky =

X
horizontal sensitivity of the oscilloscope.
Similarly, the vertical deflection (y) produced will be proportional to the vertical
deflecting voltage, Vy, applied to the y-input.
y «< Vy

y= KV,

Ky = y/V, and Ky, the vertical sensitivity, will be expressed as cm/volt, or
division/volt.
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Vertical The wvalues of vertical and

depf::tc;ison vy horizontal sensitivities are selectable
Herioontal and ‘ adjustable through

deflection multipositional switches on the

plates front panel that controls the gain of

y the corresponding internal amplifier‘\

x stage. The bright spot of the:
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) Bright spot the two v - .
(electron bi,zm) Oltagcs, Vi and Vy.
= " The schematic arrangement of
Fig. 5, € vertical and the horizorltﬁ‘1
g 2 Arrangement of Dlat . plates . . f
€s in CRT » controlling the position 0
the spot on the screen is shown if
the Fig. 5.2

Fluorescent Screen

The light produced by the screen does not disappear immediately when
pombardment by electrons ceases, i.e., when the signal becomes zero. The time period
for which the trace remains on the screen after the signal becomes zero is known as
npersistence or fluorescence”. The persistence may be as short as a few microsecond,
or as long as tens of seconds or even minutes.

The screen is coated with a fluorescent material called phosphor which emits light
when bombarded by electrons. There are various phosphors available which differ in
colour, persistence, and efficiency.

One of the common phosphor is Willemite, which is zinc, orthosilicate,
7n0 + Si0,, with traces of manganese. This produces the familiar greenish trace. Other
useful screen materials include compounds of zinc, cadmium, magnesium and silicon.

The kinetic energy of the electron beam is
converted into both light and heat energy when it
hits the screen. The heat so produced gives rise to
“phosphor burn” which is damaging and
sometimes destructive.. This degrades the light
output of phosphor and sometimes may cause
complete phosphor destruction. Thus the phosphor
' must have high burn resistance to avoid accidental
Fig. 5.3 Aluminizing damage.

Aluminium
layer

is provided with an aluminium layer called

Similarly the phosphor screen
s is shown in the Fig. 5.3.

aluminizing the cathode ray tube. Thi
Such a layer serves three functions :
1) To avoid build up of charges on the phosphor w
the electrons and limits the brightness.
2) It serves as a light scatter. When the beam strikes the phosphor with
aluminized layer, the light emitted back into the tube is reflected back
towards the viewer which increases the brightness.

hich tend to slow down

3) The aluminium layer acts as a heat sink for the phosphor and thus reduces

the chances of the phosphor burning.

Key Point: The light output of a fluorescent screen is proportional to the number of
bombarding electrons, i.e. to the beam current.
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Glass Tube

All the components of a CRT are enclosed in an evacuated glass tube called
envelope. This allows the emitted electrons to move about freely from one end of the
tube to the other end.

Base

The base is provided to the CRT through which the connections are made to the
various parts.

Deflection Sensitivity: e defiet s of an elecrona
i« deflection sensitivity. The de ecrrmj; se ‘ i
_ rhﬁ:;c:;;s:;;;; defined as the amount of spot deflection on the screen in mm per voly

deflection ca

tential difference applied between the deflecting plates. It is expressed in mm per volt.
polen

i i deflection plates t
h must be applied across the p o
eak to peak ac voltage whic . . ‘ |
duI:{; i;o?rdgﬂection of 1 mm on the screen is called deflection factor. 1118 expressed in volts
ro .. . - 3 0 :
ger mm. Thus deflection sensitivity 1s reciprocal of deflection factor

To calculate the expression for electrostatic deflection sensitivity let :

Length of each deflection plate =/
Distance between the plates =d
Distance between end of plates and screen = D
Y2 T
d,
_l..
1
A T ) e ===
¥ : d,
Vi gl L8 RS S £
LA :
vl : .
_ l 1 - i L=m-=mmmmmmmmm= -
- Lp ------ e LU D-============= >
Screen —
Fig. 10.5

If ¥V, is the final accelerating anode voltage, and v the velocity of an electron on just entering
the deflection plates, then

lz-mv2 — eVa

where e is the charge and m the mass of the electron.

v o= 22y, ()
m

If ¥, is the voltage applied between the plates, then
Force acting on the electron towards the upper (positive) plate is given by

eV
F = -
If a is the resulting acceleration of the electron, then
- BNy
a m d

Time taken by the electron to traverse through the l'éhgth of deflection plates
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Hence upward velocity of the electron on emerging out of the deflection plates

eV, |
v = 0 + - ___.._d — a
¥ A= o d . (i)

The electron enters the deflecting system at 4 and leaves at B. The path of the electron between
and B is curved. '
Vertical upward displacement d, during the time interval ¢ is given by
1 2 2
2 2md vt 2mvid
After emerging from the plates, the electron beam moves in a straight path making an angle o
with the original direction and meets the screen at Y,

I

Now tan o

| d, = K '
* 2 v vmdv mid e (V)

Total deflection OY, = O, +1\Y,=d, +d,
eV, eviD eVI[l
d2 -.|-. dz — ;’ i + D
2mvd  mvd mv'd

If L is the distance of the screen from the centre of the deflection plates then L = %+ D

oo
Substituting 2 + D = L in relation (v), we have

eV,iL
mv’d
Substituting the value of v* from (i) in (vi), we get
eVJiL m _ILV,
md 2Ve 2dV,
~ Total deflection
Voltage between the plates

= -’Eﬁ-l—= L m/ volt

2d V,V, 2V,
500 /L
F av,
. lﬁn;&? relation (vii), we find that electrostatic deflection sensitivity is directly P;Uﬁomc'"a' to
is invme]_ﬁf the deflectmg plates. and to the distance of the sereen from the centre of the plates. It
Y proportional to the distance between the deflecting plates and final anode voltage.

" Total spot deflection = Deflection sensitivity x Applied voltage between the plates

Thus we see that the deflection sensitivity can be increased by reducing the anode voltage but

Ihj . -
aﬁ: rf"d“Ces the brightness of the spat. This disadvantage can be overcome by accelerating the beam

Erog thas passed through the deflection system. This process is known as post acceleration and is
ght abou by using an extra electrode called the intensifier anode.

Total deflection = e (Vi)

Total deflection =

Hence deflection sensitivity S

mm/volt L (Vi)
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(ii) Magnetic deflection sensitivity. The deflection sensitivity of a magnetic deﬂ"-’ch'on
cathode ray tube is defined as the amount of spot deflection on the screen per unit magneyi; Sy

density produced by the magnetic deflection coils.
The electron beam can be deflected by applying a magnetic field perpendicular to the bean

over a short distance along its path. The magnetic field will exert a force on the electrong in g
direction at right angles to both; the direction of motion of the electrons and the directjon of
magnetic field. As a result the electron beam emerging from the magnetic field makes an angle With
its original direction. This type of deflection is known as magnetic deflection.

To calculate the expression for magnetic deflection sensitivity consider an electron beap, AB
coming from the electron gun acted upon by a uniform magnetic field of flux density B over a length
/ of its path. The magnetic field is applied perpendicular to the direction of flow of electrons sg ypy
the beam describes an arc BC of a circle. The path of the elctrons ramains circular within the
magnetic field and after leaving the magnetic field the electrons move in a direction CD tangentjp
to the circular arc at C. Let » be the radius of the circular arc BC.

If I/ is the accelerating potential and v the velocity attained by the electrons, then

I,
Emv = eVa
2eV,
or v =
- ()
If B is the magnetic flux density, then Lorentz force acting on thé moving electron
= Bev . (i)
This force acts at right angles to the direction of motion of the electron, so that the electron
2
... (iif)

moves in a circular path of radius » and is acted upon by a centripetal force

Fig. 10.6 -

These two forces given by relation ( if) and (iii) balance each other

2
my
Bev =
7
my
r e ——
Be

of
Substimting the value of v from eq. (/), we get

_m [2eV, 1 [2mV,
" e\ m S BV . (V)
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On Jeaving the magnetic fie_:ld at the point C the electron beam moves along the straight line
D and hits the screen at the point D, The straight line CD is tangential to the circular path BC at

Now, total deflection d = ED=EM+ MD = d, +d, ()
If O is the centre of the circular arc, 8 the angle subtended by the arc at O and r its radius, then
d = EM=BN=0B-ON=r—-rcos®=r(l-cos0).. ()

Also ZDCM = £DPE =0,
dl
tan 0 = 5
or d, = Dtan 0 = D0 when 8 is small
Also when 0 is small 0 = sinb= L
- r
! .
d, = D- wr (Vi)
¥
! 2 2
_  eim? 5:--1‘2:1_1-_-1_1
and cos B = (1 —sin" 0) 1 25m 0 > 55
- 'rl ’;2 IZ
~ From Eq. (vi), d = r(l-cosB)= »"(1 -1+ 2r2J=?‘5r—2=5
_ P oIl
Hence total deflection d=d+d=75" + D: =';[5+ D]

But %+ D = L, the distance of the screen from the mid point of the field.

IL.
r
Substituting the value of r from Eq. (iv), we have

= Total deflection d =

e
d=1LB |50y

g - ; . (viii
*+ Magnetic deflection sensitivity S, = 5 = IL 2mV, o (Vi)

PP y : itivity Is
Importance of magnetic deflection sensitivity. The magnetic deflection sensitivity 1

i ; ; itivity is i sely proportional
mv&rse]y proportional to fV, , where as electrostatic deflection sensitivity is inversely prop

oy T ; : itivi idly with increasing anode voltage
X ecreases more rapidly .
o herefore, electric deflection sensitivity d b is smaler as ¥, is increase p

% magnetic deflection sensitivity. As the loss of magnctic' sensitivity is Al B ein and Radar
‘urlgfeater spot brightness, it is customary to use magnetic deflection in 1. y

; ICator, where high spot brightness is required.

The electric deflection suffers larger deffection defr:-cu.s-.s.-'ng:rdi.g., airs].th:e 2::55 (IJf de:ﬂectiqn is
increased the spot on the screcn tends to be dts.toncd alaq cnqla‘rg:- ’1u1, L Illsoliable de;SS In the cag,
of magnetic deflection even for large deflection angles. ’.I.1f,dg,‘rrt]3¢‘.'n i:.r a A cction angje
decreases the tube length fora given diameter. Hence magnetic deflection n cathode ray

i vision.
mbeslﬁ:}i:?atiz of electric deflection sensitivity. The electrostatic dc_ﬂczlifon rcquirc:s little powe,
for deflection while large power is consumed in the clcclromagr?cts required for magnetic deflectig,
Hence electrostatic deflection is used in common purposc oscilloscopes.

Electrostatic deflection can be conveniently used for high frequencies.
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Time Base

nlg?e. ;l;)hi voltage so generated is often called ‘‘saw-tooth voltage”’
(Fig. -4). The voltage during each cycle increases linearly with t?me

upto 7; and then falls to zero in a shorter time I called the flyback or
retrace time. '

AR S U TH R e

T Flyback period =~ "
] ]

: — e

o0

= 1 1

o | 3

= 1 1 A ]
r 1 1 4 1
] ] I ]
{} } ] _ 1
1 | 1 !

-« I —Pe—> Time —>
1 !f N .

Fig. 50.4

. ' is applied across
Necessity. of tlme-basq voltage.'Ifaa lfc;:{zgsi;?gfine oﬁ'pthe screen.
X-plates, the spot of light will move 1 Y-deflection plates, the spot
Similarly, if an a.c. voltage ik Lot s e dd in a stra’ight line.
of light v:/ill move on the screen vertically up an ?w;]l applied voltage
This i however, does not reveal th(? nature 0 the pgt . i
eEOr, ¢ the actual waveform, it is necessary thar. IL 7P lied to
wavetorm. T oy as an axis. Hence, 2 time base voltage 15 zﬁ)pacross
ll)l:ou;d la%a;ng; gnllleO Under this voltage, the spot sweeps linearty *-.
e X-plate .R.O.

Kly to the s
the screen from left to 1g

ht and then flies back quic Y e appears o
position for the next sweep-

This horizontal sweep, ho

e on the screen due o [?crsislc;:?c of visi'on. When Ver

y produced by the a.c. Vo :l‘gc applied on Y-p atclcill

he horizontal sweep produced by X-plates, the S ig

voltage is traced on .lhc. screen, T dctug)

arrangement are shown in Fig. 50.5. Ay, CXailtrzui(;
n

I
ool ()

2 stationary 1t
motion of the .sp([
supcrinlpusmll on c |
of the a.c.

aveform
il uch an

cnnncclinns for s

I
Time Base
Voltage

Fig. 50.5 - -

stationary trace of the applied a.c. voltage waveform is obtained on the
screen when the frequency of time base equals the frequency of the applied
sinusoidal voltage. The process of matching the frequencies of the time
base voltage and the applied voltage is called synchronization.
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Applications of the CRO | '
. Measurfzment of voltage. The deﬂec"ii'o'n';s'*é;isz"tivity of a CRO is
defined as thg displacement of the spot on the screen for a potential of
one volt applied to the deflecting plates. This deflection sensitivity is
usually expressed as the ratio of the. input voltage to the length of the
;rél;;c:c?n the screen. If the deflection on the ‘screen is. multiplied by the
_ lon sensitivity we get the magni ooli This i
in the case of a dc g gmtudg of thg gPpl;gd voltag_e;. .
applied Oacr;loeasme the alternating voltage of sinusoidal wave form, it 15
onne ¥ fpl";‘]".es- A straight line trade will be obtained on]th°
; this trace is mea i o« multiplied
by the deflection sensitivity w sured. I this, length I¢ f the a¢
voltage. Half th;q value oj Y we get the peak to peak value of the °
value by V2 ye get th gives the peak value of the dc. Dividing the P

from the deflection on the sc

vV

reen. The
by the relation 7/ =E~ |

corresponding current is calculated

| 3.'Study of waveforms, The
studied is applied to the y plates. A
plates. The frequency of the time b

submultiple of the frequency of ¢} .
1€ apphed a.c. volt; ill a st
the actual : , .C. age ull a steady pattern
of waveform is obtained on the screen. Then the ratio of

freqliencyhof a.C. voltage to the frequency of time base voltage will be
equal to the number of complete a.c. voltage waves.

- 4 Measurement of frequency. When two sinusoidal voltages are
applied .sxmultfmeously to the two sets of deflecting plates, a Lissajous
pattern 1s obtained on the screen.

ac- voltage whose waveform is to be
linear time base is applied to the X
ase 18 then adjusted to some exact
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) plat:;t v, and v, be the two mstantaneous voltages applied to the X and

v,=Vsinw,t : - (1)

. and v, =V, sin (@, 1+0) (2)

Here V,and V, are the voltage amphtudes (x) and(o are the angular
frequencies of the voltages and ¢ is the phase angle for voltage v

By adjusting the values. of ®,, (o, V. Vy and ¢, various Lissajous

figure patterns are obtained on the screen. o gl
Case 1. When 0, =0, and 0=0, ie, the sngnals ha‘v‘e ‘the same

frequency and are m the same phase From Eqs (1) and (2)

V

=i e

._,V,ys—v vy
t line passing through- the origin and

This is the equatlon of a stralgh

—YX W1th the honzontal [Fig. 50. 6 (a)].}

making an angle of tan”

pe Y.
Y ‘y F 3
3 r ,
‘/
/
o "
tan Vx e X
X 74
,.
/
% ey
w and §=7 0, = By ¢__——u
w = =9 ‘ :
w = and $=0 x= 7 ©
s )
(a)
Fig. 50.6
_ T Th
Case 2. Let 0, =, and ¢ =75 en,
2 2 ‘
Vi My
Vz"'vz_l (@)
X

This is the equation of an ellipse [Fig. 50.6 (&)].
o (IJ=-er and V, =V, = V. Then,

=V (5

Case 3. Let 0, = ®©

v+v

This is the equatlon of a circle [Fig. 50.6 (c)].

To measure the unknown frequency of a sinusoidal ac voltage, it is
applied to the Y- plates. To the X plates is applied the sinusoidal voltage
obtained from a standard variable frequency oscillator. The frequency of
standard osciliator is now varied until a single loop stationary pattern is
obtained. The frequency of the signal is then the same as that of the
oscillator, which may be noted from the cahbrated d1al of the oscillator. .
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5. Measurement of phase difference. Lissajous figures can be used
to measure the relative phase angle of two alternating voltages of equal
amplitude and same frequency. They are applied vk
to the X and Y-plates of a CRO. Usually an ellipse
is obtained on the screen, the orientation of which S %
with respect to cpordinate axes depends: upon the = 7 —>
phase difference between the two voltages. The (.
maximum vertical deflection Y and the intercept y - e
on the Y-axis are measured (Fig. 50.7). Then if ¢

- is the phase differece between the two voltages, it Fig. 50.7
can be shown that | ; :

sin¢=% | ' b HID)!

-
The phase difference is also given by

sin¢ = -;Z . (g)
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