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Cathode Ray Oscilloscope
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Exercises and Problems. !

36.1. INTRODUCTION ‘ '
The cathode ray oscilloscope is an extremely useful and versatile laboratory instrument
and voltages as well as for meas.

used for studying wave shapes of alternating currents :
urement of voltage, current, power and frequency, in fact, almost any quantity that
involves amplitude and waveform. It allows the user to see the amplitude of electricat~

Egna S ns o Tunctismof-time onthe screen. It is widely used for trnuble_ shooting radio
and TV receivers as well as laboratory work invnlving_f research and desTgn._It can a.lsc.
be employed for studying the wave shape of a signal with respect t‘u amplitude distortion
and deviation from the normal. In true sense the cathode ray oscilloscope has_ he_en one
of the most important tools in the design and development of modern electronic circuits,
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36.2. BLOCK DIAGRAM

The instrument employs e[ VERToAL — woh
a cathode ray tube (usu- °SiGNAL |AMPLIFIER [TT7] LINE o Y

ally abbreviated as CRT), ELECTRON SPOT
which is the heart of the GLN e

‘ TOCRT
oscilloscope. 1t generates N é e
the electron beam, accel- | IV SUPRY — ELECTRON
erates the beam to a high T \\( BEAM
VERTICAL

velocity, deflects the beam TOALL CIRCUITS e e . —
to create the image, and PLATES DEFLECTION

contains a phosphor screen s TEBAsE |__[FomzonTaL
where the electron beam CIRCUIT [~ GENiﬁnTDR AMPLIFIER
eventually bec.?n!es_ V_lSlb‘le_ Block Diagram of a General Purpose CRO

For accomplishing these Fig. 36.1

tasks various electrical

signals and voltages are required, which are provided by the power supply circuit of the
oscilloscope. Low voltage supply is required for the heater of the electron gun for gen:
eration of electron beam and high voltage, of the order of few thousand volts, is required
for cathode ray tube to accelerate the beam. Normal voltage supply, say a few hundred
volts, is required for other control circuits of the oscilloscope.

Horizontal and vertical deflection plates are fitted between electron gun and screen
to deflect the beam according to input signal. Electron beam strikes the screengaifld
creates a visible spot. This spot is deflected On"thzig.imﬁ'ﬁri?@tﬂﬁﬁﬁﬁ@.(X'Ef"ﬁ}
with constant time dependent rafe. This is accomplished by a time base circuit p_ru_'l.rltif_lf_l
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4 ‘loscope. The signal to be vie i -

:;I:lg-l the v:a;'tinal amplifier, which rnTsﬁ li:uppniggfi;? otfh fh"e_rtical deflection plates

ot W 1 'rovl e L}Eable defiectmp of the electron beam. Now E'la ‘ftlput signal to a ;ev:el
irections, hﬂr:znntal on X-axis and vertical on Y-axis‘. A triggz{;i:;ﬂnc-bea{n deflects 10

for 8 nc:hrun.lzmg wo illypesvnf deflections so that horizontal deﬂectiungstlrc:m " l;xmﬂdEd
t of the input vertical signal each time it sweeps. A basic block diag:::-ms :;; :ezzi:i‘

poin . : e
co
¢ oscilloscope 15 shown in fig. 36.1. Cathode ray tube and its various components

pllﬂm s :
will be discussed in the following Arts.

$6.3-
Cathode ray tu
electronS focusing
olectron beam, horizon
an ovacuated glass envelope W
by a high velocity electron beam.
A cutaway view of an early C

in

CATHODE RAY TUBE

be ;Sﬁenﬂall}'_ consists of an electron gun for producing a stream of
an ﬂUCElel'Etlnlg anodes for producing a narrow and sharply focused
tal and \fartmnl deflection plates for controlling the beam path and
ith phosphorescent screen giving bright spot when struck

RT is shown in fig. 36.2.
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Fig. 36.2
assembly consists of an indirectly

mbly. The electron gun
de and an accel-

1. Electron . 4 surrounding the cathode, a focusing ano
ovide a focused

heated cathode s .
eratin —The =0 gmction © ) :
elea:;rugniizﬁ which 18 accelerated r screen. The cathode is a nickel
cylinder coated with an oxide coating an ans, 'when heajc - The
é’ﬁl‘WMthcde hould be as heoretically & point. Rate
of ernission of olectrons OF say the intensity of ‘elgctrnn beam cl_epfends on the cathode
current, which can be controlled bY the control grid in a manner similar to a conventional
vacuum tube, The control gré i c‘avered_at one gnd but with a small
hole in the cover. The B s kept at negative _potentlal (variable) with respect t0 cathode
and its function is to vary R nd so the brilliancy of the spot onl the
i pmvided to allow passage for electrons through
Electron beam cOMeS out

phosphor screen. The hole in
peam of electrons along

Gun Asse

d emi
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Wi ADEELERATING FOUMBING - AGOE Efag g h
o the  canteol  geid e ﬂﬁlﬂlﬂﬂiﬂ — "-"f- Aty iy
e T whip l
theowhh wmall hole e te | Y A ¢ T !
WAL entent i prosaevelorats 2= paeiC LLLELEL SRR PrerinnE e, |
g anode, whioh fa a lols === SR i i, [~
low exhinder in ahpe and e —
Wk potentind of thw — ‘
deedd volts move poattive than AW ..almﬁ,«, i AN L W,
the eathode so an to neeel: J_ FOONIE ";‘“1
erate the oleetron boam in Tm
g : "Wy I !.q.li
colevated beam would be g, S0,

scattered now beonuse of .

electron beam e toeused on the neroen by an oloatrostatio lona conslating of W gy

evlindeical anodog ealled the foensing anode and aecelerating anode aparl fron, o “;'I“

:f-.wlm'm.ilm' anode, The foonsing and aeeelorating anodos muy ho opon or ¢logg ni hnlfil

endg and i covored, holos muat bo provided in the anodo cover for the Pl g ;

eloctrong, The function of theso anodes in to concontrato and foecus the hoapy on ”1.’

sereen and algo to accelerate tho apesd of elootronas, :
An eloctrostatic focusing system in shown in fig 36.3. Eloctroatatic lona congiyy of

three anodes, with the middle anode at a lowor potontial than tho ethor two eloctrodg
In fig, 36,4 two anodos and its oloctroatatic lines -V '

and equipotential surfacos are shown, A pd ia kopt

betweon these two eloctrodes so that nn oloctric field

is generatod botween thom. Sproading of oloetric ficld

s eaused because of repulsion botwoen oloctrie lines.

I equipotential linos are drawn, as shown in fig, 86.4, —— S = = E—

they would bulge at the centre of the two anodes.  peld Dnes GURFACES
As wo know that electrons move in a direetion 1 36.4

opposite to that of electric field lines and oquipotential A

surfaces are perpendicular to tho olectric fiold lines so force on the electron is exerted

in the direction normal to the equipotontinl surface.
Electrons ontoving at the contre line of the two

fliﬂ

VN 4y . FOULPOTENTIAL

anodes experience no forco but clectrons displaced from B”HFﬁfE :
. the centre line experience a force normal to the diree- Uy
tion of equipotential surface and deflocts, ns shown in 2 —
"]H

fig. 36.5. In fig. 86.5 an equipotential surfnce is shown,
in which an electron with velocity v, and at an angle
B, to the normal of equipotential surface enters and
experiences a force in a direction normal to th
i : ¢ sfoqnti  Electron Ray
equipotential surface. Thus the velocity of the clec- I:::F ::: i:.:},;? f{:::”i;';" Surface
tron increases to vy, This force on the electron is i F?g..‘?ﬁ‘.,i
exerted in the direction normal to equipotential sur- |
face go only the normal co : - i i
o ) gu h e ¢ 11111?nnm11. of ele_ctmn velocity U,y increases to Uyn an
gential component of velocity v, remains the same,
From fig. 36.5 v,y = vy sin 0,
Ugp = U, sin 0,

d the
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but v,m=
so v, . E}T ” Uer‘.
1 — Uy SIn 92
i ;
or - = B_lnﬂl
Uy sin 0,

e above expression it i i
1s i
obvious that equipotential surface acts as a concave
lectrostatic

metrical optics. i i
geo ptics. That is why, this focusing system is named as an ¢

i we go back and ' i
refer figure 36.3, it can be seen that because of middle anode

potential, electron b ;
n beam coming from the cathode and passing through the first
the axis of CRT and when
en two anodes at different
atic lens can
Thus

gllS.
Now

at 4 lower 5
concave clectrostatic lens tends to become more aligned with
i

it enters at_:::h‘e ?econd concave electrostatic lens, formed betwe

! Ute?iii’dlbmv;}:ujsed at thelphnsphpr screen. Focal length of the electrost

| pead) ; gr ying potential of middle anode with respect to other two anodes.
the electron beam can be made to focus at the screen very precisely.

‘) .
2. Deflection Plate Assembly. Electron beam, after leaving the electron gurl, pagses

f deflection pates. One pair of deflection plates is mounted ver-
called the horizontal or

through the two pairs o

tically and deflects the beam in horizontal or X-direction and so

other pair is mounted horizontally and deflects the beam in vertical or
deflect the beam

cal or Y-plates. These plates are to

them. For example if a constant p
pward if the upper

ected downward.
i1l be deflecte

e left or right pl
11 be moved up an

X-plates and the
y-direction and called the verti
according 0 the voltage applied across
the set of Y-plates, the electron beam will be deflected u
In case the lower plate is + ve then the beam will be defl
constant pd 1s applied to the set of X-plates, the electron beam W
left or right of the tube axis according to the condition whether th

+ ve. When 2 sinusoidal voltage is applied to Y-plates, the beam wi
f plate potential. If the frequency of variation is more

~ down according to the variation 0
Hz the deflection will be a vertical line in th “In case the
. +ion is more than 16 Hz the

than 16 Hz the Cer==™
ginusoidal voltage 18 applied to X-plates and frequency 0
1 line. If potentials are applied to both sets of plates simul-
¢ deflection is in proportion

deflection will be a horizonta

taneously, the deflection will be an oblique line. The amount 0
to the voltage applied to the pair of plates. _ .
Deflection of Moving Electrons in CRO Tubes. We know that a force 18 experienced by

an electron when it 18 kept in @ uniform electric field. This principle is the basis for the

deflection of electron beam owing to d:eﬂe_ction plates.
Let us consider an electron having initial velocity ©

the space between the plates A and B,
each of length ] metres and separated by

a4 distance of @ m
the plates be of V volts. :
let us assume that the field 1s uniform +

o ends of 4

and does not extend bEY{md th 1 o R
the plates. . ° i —|

ron remains /

8 i

locity of glect

d is applied to
plate is + Ve
gimilarly if a
d to the
ate 18

s at point O in

f u m/s along X-axi

Axial ve A
unchanged and is equal to u 88 there 18
ijal fo ial .
no ax rce and, therefore, 1O ax Deflection of Cathode Ray Beant
Fig. 36.6

acceleration.
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