; MELBOURNE__TEGHNICL COLLEGL

R.DIO SCHOOL

C..THODE R.Y OSCILLOGR.PHS

OPERATION ..ND PROCEDURE FOR USE

: Tiayout and controls are very similsr in all osaillo-
soopes, therefore, operation snd procedure that you will use on
- oselllosdopes, here will apply generally to alli

GENER,J, L.YOUT OF CIRCUIT BELOW:-

il C.R. TUBE
V. INPUT V. MNP. _
He JNPUT <—] ——M k
H. AMP
-
e SHEEP POHER
GENERATOR SUPPLIES
PETATLED CIRCUIT DT.GRMS GIVEN ON FOLLOWING L P..GidS:-

'iGirouit 1s Cathode raymtube and power supply No. 1.

o 2. V and H shifts controls, and Power supply No. 2
added. -
* Y 3¢ V and H amplifiers, and sweep generator added.
o " 4. Coupleted circuit with extras added.,

&

. E RY OF GONTRO_:LS,:}".

. nlthough coutrols may be mariked differently on some
’sqopes they do just the same Jjobe General ones used are tabu—
lated below:-



Cathods Ray Osclllegrapis.

——Intensity Gont*ol Ri -

Focus R2 -

V position S R3 ~ Shi

H position " (RU4) -

V Gain " (R5 -
H gain control {R6

Hor. .mps Bwiteh  (S2) -

Coarse Freqguecncy
Control (8l -t
Fine Frequency Con,{R7) ~

i

oY

"~
‘

Sync. Swibtech (t

Synchron. Contrel (R8) -

Mains Switch® (84) o
(Operates in miri-
mum posa- of R1).

NOTE 2 - Numbefs in braeckets 1
following pagess

2a

Brilliance of spot on soreen,
Bharptieses of lmage.
£ts image or spot vertically
Ofl 8CIraeli,;
Shifts image or spot horizontally
on solrean,
Varies aeight of inagse on sereeng
Vaiies width of image or line on
SCTeYlle
Bweep positisn —~ applies sweep

Gage o hqvlzonual platese - {INpa
ion - r2cds exbternal voltage on
sernii ulu to hor. plates.

Varles sweu) generator freq, in stepsq

Veriecs swesp generator fregs to £i11
renge betweon each position of Coarse
P cont

Exta P031?*c1 « Synchronization is
anpolicd from cxlbernal source between
terminal marked "IXT." and a "G ter«

minal, :

Intemnal. Position - Synchronization

Le applicd to sweep gencrator intern-
i m voltage applied to V plates,

amcurs of synciaronization ap-

plleG Lo sWoup genszratore

JtLs 0o supply to scopc,

efer only to cifocuits on

HhEg. gl PROCIDURE OB OPER/IION =

1e Make: all neeessary conueshi

ing oxg s

2 Bring all cont“ols‘to'boro

3¢ sdjuss “W endT sogsiticn™ o
appear ol scroils

ions to V zad H inputs before switeh-

G R, P S [
oy Srt' podition.

ontirole to about 60 so that spot will

4s Plug scope inbo mains supply.

"

S5e Bwitch on scope by turning “"Intensity™ soutpol 3lockwise until

cl'tp'l ila hoan: o 1

6e Wait 15 sccse ror tubes to

=

)

)



Cathode Ray Oscillograph. e DL - e

7. Inercasc "intcnsity" control untll spnot appours on SCI'CCle
If spot doos not appcar, adjust "V and H position" controls
slightly.

NOTB:~ Do not focus beam on a spote JLlways obtain a line,
by apolying swecp generator to H platcs as follows

8¢« Turn "HOR." switch to swecp position,
9, Incroase " gain" control to about 70. :

40, Turn "Coarsc Frequency" control to 60 position.

FOCUSING:~

11, Increasc "focus" control, and at same time decrcase "intensity"

control until a sharp clecar line is obtained.

12, Ldjust "W znd H position" controls until line is ccntral on
BCIrech.

,1’3. \djust "H gain" control datid 1480 comes to within a ;;" of

eithcr edge of the 5Creche

FEEDING SIGN.L TO V _PL.TES 'To VIDW W.VE_FORMS:~

1L Turn “Sync.“ switeh to internal positione

15. Increasc "sync." control to LO approximatcly.

16, Incrcase "V gain" control . until image amplituac is approx-
* *istatoly half h01ght of the sc“ccn._ _

17« Swing "Goarsc ?runucncy" control over all pocit‘on until -
the nesrcst to corrcet number of ceycles or paticrn is ob-—
tained, . ; . -

18+ Obtain’ corroct pattern by adjusting “flnc frcqpcnpy“ oontrol.

E&LJﬂg OR __FREQUENCY MEhSURLLuNTS (GR NY: TLST Ru UIPING»
SIGN.L™ FED INTO YV _ND_ H. INPUTS : FROMIDBH&_._B_OEQ@Q‘—

Follow above proccdurc to 12e Thon--:}ﬂ.”

et

19, Incrcasc "V guin control uﬂull d081rcd amplitudc ‘is Ob,:il
taxnod. Lo

Sery

20, Turn "HOR," switeh to ", MP" p031t10n.

24e .djust "H gain“ control until desircd amplitudc is obtaincd.



Gathode Ray Oscillographs, e Lo %
“ NOTAS:~
1a Do not be afraid to shift controls as:

24 Only daniage thot can be donc to seopec is to burn

e .tho_flourcseent scrcen by too bright an imagc or
spot.

"35. Y1ith phase moasurgmonts note the bottom terminal of
"V and H inputs" are carthed cnd comions

| 'IXPERIMENTS ON  USE OF OSCILLQSGOPE -
BXPi . 14
VIEWING VW.VE FORMS

THIORY

By plaecing 2 lincar swodp voltage on to the horizontal plates
of o scopey and a vorinble amplitude voltage on the verticol plates,
the shape of the variable voltrge may be obscrved on the screcn,
From shape of wave -amount of distortion, or harmoric dontcnt may
be noticed, : : :

)

| all— ey

f To choqk.- ,I B e i ' :
(a) the dlstortian Tnd ﬁmplltadu output of &, BaFeOs ‘
(b) the . quc shape of a multi-vibrhtar._

| _

' MuTHOD;-
i Mdke - donncetions toISC6pc a5 per diugrnm Fig.,?._ L TaE

Using B.F.08- Switch on-scope and BT 0, LAjust scopt’ nltﬂ
BeF,0e sct, to 50~3," éind réproducc 3 oveles on the serccine” With
. BeF.Pe 80t to 500, 2000, 10,000~u,'1ﬂd again reproducc 3 cyelcs
' at e“ch frcquency. .

i Vibrator dial to 25 and adjust scopc to rcproducc, 3 cyclecs on the
SCIrCChe Reset M.‘Vlbrﬂtor to 10, ond 4 and agein reoroduce 3
oycles at cneh sctting. B )

X - b
B.E.0

Efae 1

|

[

| L _ 2R =

' . Using e ViBPHEORI- ‘Switeh on seepe dHA M. Vibritor, . 86% u.

s




Cathodc Roy Oscillographs, --Be

BLSULTS $ =~

B.F. O“"'

Note wvariation in amplitudc, any distortion in wave

at ceeh freguency,
. /; 4

M, VIBR..TOR:~—
Make drawing bciow of wave shapc at cach freoguenoys

\

Ailfrprrs = aggy e N <o
A ! -
[

ool
VoV Y L

P o | 1Ququrias S

_ | LXPURTHENT _2,
Wave shopc of Thyratron Swecp Gencrators
o |

To vicw the effcet on the saw tooth output of o Thyratron
gencrator, by changing oortain wvelucs of componcnts,.

CIRGUIT;-




‘Cathodo Ray Oscillographs Ge
METHOD :—

Conncet gencrator to scopc ap is Fig, 2.
Switch on swcop geonerantor and sconcCa
fdjust scopc to reproduec 6 eycles of the saw
tooth on thc serccn.

Onc by onec -
Increase bhias

Decrease cnpacity of Ce.1s I p!
Deercasc pesistancce of Rede SYEEP BGEN.

Deercasc HeTe supply - and E

Notc changec in - Fio. 2. |
L_ It
smplitude, SHEEP
Frequeney,

Linesrity,

Notc:-  Rcturn cach control to originol position beforc altering
next onc, to obtain corrcet rcsults,

RESULTS s -
Tabulate results in ehart below,
CONTROL APLITUDE | FROQUENGY | LING.RITY

|

Increcasing Bias |
Deercasing C.1,.

b Rel, ‘

i H-T. |

With chonge in 1inoarity it isronly neeessary to noto
~whether wave rgmains lincar or beeomos distortcd,

EXPERIMENT _3,
PH. .81 ME/SURIMINTS

THIORY 3 ~

Yo measurc the phasc anglc hetween two voltages with a
scopc, make eonncetions to scope as in Fige 3¢ I and D4 are
the two voltagese Currcnts crnnot bc appliod
to oscillograph plates, so in order to mcasurc -
the phase diffcrenee between voltage ond current - E rd Iﬁj
in cny doviec (ce.ge - inductincc, condenser trens— | ==
former, motor), we will have to develop a volt- = !
agc which will rcproscnt the currcnt. Fige 4 Floe 3. Log —J
shows how this is donce Voltoge across deviee is applicd to vert-
ical plates, i the voltage across the resistance revprescnts the
currcnt throught the deviec,. '



i Cathode Ray Osecillograph, 7 .

; i
| l ) P , X « device producing
: = e X ‘
/ t of phase cou=
e N o
| i

ponent.
Differcnt phase differences of voltages and/or currcents
give patterns on scrcen as shown bcolow,

-

N

AAAS AR

—YWVY

Fic. 4.

-0° e°~ 90° 90° 90°- 180° 180°

Nobo:~ The axis through an elipse must be at an
angle of 45° to the horizontal plane, irrespcetive of the phase
difference, This can bec adjusted by the "V and H gain" controls,

ALN: -

le To measurc the phasc differcnce of E and I in a
condenser, .

+ 2. To note thc change in phase of E and I in a load of varying
ratiQo of Xg and R,



Cathodc Ray Oscilllograph, i it

LIETHOD : =

Connect B.F.0, to both scus platos -
on scope as in Figure 5, If voltages on t I
either set of plates are cqual a stroight line ( /i
will result at an angle of 45,  This linc Bt Fij g,
represents 0° phase difference and all '?“ ‘ ST:
other phasc measurements orc taken n refen-
encc to that linc, Switeh cff scope and BeifU. Fige 5.

le Now make ccnnections to scope as in Pigs 6
Switeh on scope and B.I'.0O. Yot B,F.0, to 300~ R %0 2 0O 25
Adjust scope to produce onc of pabticrns
in Fig. 6 which should bc a eircle. - Fig. 6. ¢ g |

. P f' -‘\ 2
It may be an clipsc in a vertlcal  {~v) c 1 bA

or horizontal plane, mhis can bc adjusted to N
a circle by "V and H gain control, 1

i

Chanze B.Pe0. to 1000, 5000~, and note any change in

phasc differenc: by change in shape of patitern, 1f any.
= & i :

5. Alter connections to scopc 190 suit Pig

Wwith B, F.0. = 300~, R = 5008, adjust AT
scopc. to producc an clipsc at the eorreed i $
angle to the horizontal planc, (This [ g
is done¢ with "V and H gain" controls). e Be 0
T R
i
By theory notes diazram [lg. 2%, SEECURES

calculatc approximatc phase dirfepence represented by clipsc on
screen, Change R to 2000, 5000 regd st scope ¢nG agein cal~
culate the phasc diffcronce,

/ith R = 2000R change B.F.O. +o 1000, 5000~ and again
calculate phase difference &5 apPove.
RESULTS s = Tabuliate results below in tebles provided.

r ! g

i
i

= :
:

| e
L]
1
]
i




Cathode Ray Oscillographs, 9,

Give rcasons for results of phase diffcrcnce obtained
in both 1 and £ above,

/ EXPERIMENT 5,

FREQUENCY INEASUREMENT

THEORY s =
'_B By applying two different fregucncies to cach sct
0 of deflecting plates, certain pattcrns known as Lissajou figurchk
" arc produced, BExamples below:=

I'rom the first pattern it will be scen that there are
two peaks along the top of the pattern, and one peak down the side
of thc¢ pattern,

i Comparing this with thc fact that the frequency on the
4 V platcs cguals twicc the froquency of that on the H Plates, we
| arrive at the formnmla:-

£y Mo, of pecaks along top of pattern,
T No, of pcalkes aosun side of pattern

P i

e

BCC Fig"é. Comparing ratios of peaks and frequencies of the other
two patterns above will prove this formula,

T

S ———————



Cathode Ray Nscillcpveph, 10,

Fige 8.

#prom tizc above working, knowing onc frequency we can
deterndne an uainown frequency from the pattern obtained on scope

gserc.a by the gbove formala,

v

9 calibrate the dial of a B.,#.0,.

KETHOD : - :
| omre
b

Hake ccnnections to scope
as ghown in ¥ig: 9. Switch on scope
and is,%,0, ° By calculavion from the ‘
Jomwla when thr frequeney of B.F,0. = . ‘

‘RE0~, We will cotain a pattern with onc Aok Bl
L1l cotai patter i

pes on the top 2nd fovr peaks on the side, Adjust B, J.,0, until this

pattern is obtained, This fregucncy is approximately 8 on the y

dial, When paiicern is obtained note dial reading,  Repeat same pro-

cedure for following frequeneics:-~. 500, 75C, 1000, 1500, 28500,

4000, 6000, 1l000C~, roviag éiel reading in each case,

RESULTE ¢ =~

e R s S et o T = N r ‘-
Tabulase cesults in the tablie below:—

rr

i

FREQ. b RET1O ' DIAL | FRDQ. | ~ RATIO DIAL |
¥ PZAKS/H PIAKS EREADING | |V PEAKS/H PEAKY READING
- T M= S ” ; :

E i




Dumont Type 164 Oscillograph No. 1

The Melbourne Technical College
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Dumont Type 164 Oscillograph No. 2

The Melbourde Technical College
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Dumont Type 164 0Oscillograph No. 4

The Melbourne Technical College
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I l

o 2 < & & » 2 " 6 ® 20 22 24
USE OF THE CHART

First choose the chart predicted for the given year and month = say, Mareh 1952,

Choose the araph line corresponding to the measured distance belwesn the transmitter and receiver - say Melb-
ourne and Perth = 1700 miles - Top graph.

Choose the time of transmission at Melbourne, Calculate the time in Perth. Take the mcan of the two times.
Felbourne - Q700 Hours. Perth - (0500 Hours mean time, where reflection will take place - 0600 Hours.
Run a Bine up the 6a.m. (ine till it strikes the 1860 mile graph, and read the maximum usable frequency -

21 megacycles on the right scale.

Choose a frequency 155 less than this as given on the left scale to quard against lonosphers variations -

17 megacycles.

Qoo

I a lower frequency is chosen, down to 503, the signal may still arrive ot its destination, but it will be
greatly weakened. |t will peak at Adelaide snd then die away rapidly. |f a higher freyuency than tne max-
irun is used it will pass through the fonized layers and will not be reflected.

The 1860 nile graph shows that at 4a.m. mean time the working frequency to use for Perth is its
lowest being 13mes., while at midday it is its nighest being 25mes. If 2 25mes. frequency was used at
4a.r. the signals would be lost through the layer. If the 13mcs. was used at midday the signals strike the
earth about 800 miles away from Melbourne as indicated by reading the 930 and 620 nile graphs. The clearest
picture is given by taking the graphs and their calculated best working fraguencies and noting the values for
dawn (6a.m,) and midday.

DISTANCE 0600 Hours 1200 Hours
Mes. Meters Mes,  Metars
Local (below) 3 100 (above) 6 50
310 Miles 4 15 8.5 35
620 *® 55 B 125 2
g3p © 7 40 16 19
1240 ] 38 19 16
1550 * 12,5 ol 22 13.5
1860 * 18 16.5 26 1

i TN
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The Melbourne Technical Gollege. g ‘, 1CNOSPHERE 1

(F2)

Appletan region \

(F)

Fig. 2 = Changes in the fonfzed layers
in terss of time of day.

Suamer Conditions
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I v
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- | 1 et |
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Lecal Time

Fig. 3 - Hourly fonized layer changes

“ennelly-Heavisidd
' for summer conditions.

r'egmn

(E) E ¥inter Coijitions
@ ffso § TH T
8 = il ] i
: gl Kl
Lowest aurora £ e i 500
‘D) measured e = 5 £ 40 1
Rl . 4] 1 ¥ = 300 L 4
O e oo [ A o & 2 poE =S H
' S e f
= = 100 1
¢ [l
® %7 v s a0 RN B D2
55 Locs] Time
eropiane height record e — - 7i - = {10 Fig. 4 - Hourly fonfzed layer changes for
MELRE T e O winter conditions. Fy and F practically
-Bianc Nhnbcr‘\’cuﬂh‘f
.|| Eerge into one.

Fig. 1 = Elevation showing the fonized
E,Fq and the Fp fonfzed layers together
with scales and reference heights.

Earth

Fig. 6 - Reflection from the Heaviside
laver.  (Day).

EAR{EIR

?Z'_, Jﬁ(

Fig. 5 = Behaviour of an electro magnetic ray or
radio wave when entering an fonized layer of gas such
as would be encountered when a wave is transmitted '

froa the earth and travels upwards into the Heaviside Fig. 7 = Reflection from the Appleton or F layer

or Appleton layers. The greater the fonization the ~atnight.  This zan be two thin layers almost

more the ray bends. 1t may even bo reversed in touching. (Note the long skip distance.)
direction,



The Melbourne Technical College.

&~ Weak refiection

| ONOSPHERE. %

Fig. 8 = Bending of waves as they strike the Fig. 9 - Effect of relatively long waves on striking
varjous layers fncluding the most heavily an fonized layer.

The wave is absorbed in the layer

fout o and only & fraction returned to esrth, The amount
bl returned cannot help transaission.

Fig. 10 = Effect of increasing frequency of

transmission. A the frequency is rafsed a crit-
ical frequency is reached beyond which the waves
are lost due to passing threugh the layer.

v

2 / 7/ . \
/ A Long skip . X
{ =" long skip e\ -
5 EE Noe—X
""‘;"""Jl‘lpd'sfgm...\:
\
.

Fig9. 14 = Transaissfon during daylight hours. The E
layer returns its signal to ground quickly and fang
distance transmission fs accomplished by the higher Fy
and Fp layer. Fig. 118 14 are not drawn to the
sape scale,
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BAD 7,
e A0ipg

“LocaL”
RECEPTION

OISTARCE
RANEMITTER{— DEPENOS
O WAVELERGTH

§TRONG

ARD CONETANT,
LA

Fig. 15 = Typical interference plan shoving the
zones for good and bad reception for broadcast
or wediua frequencies.

-

Fig. 11 = Transmiseian of ground and sky waves at
night fros the single F layer. The skip distance fs
great and the ground wave traverses a considerable
distance so that at the first return point of the sky

waves, tiwo waves are received

Fre
A

Shy wave,

2

. ~,
87 i\,

Y
N,

%,

e ==
Forth M

Fige 12 = Reception for ground and sky waves.

Fig. 13 « Reason for fading. The direct and in-
direct waves may reach the receiver out of phase,
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Fig. 16 - Frequency chart for choosing best frequency
to communicate between any two points for anv given

hour of the day.

Note: (New charts are requirad
nonth by month and year by year.)
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SUNSPOT MINIMUM

The leonosphere and Radio Transmission.

SUNSPOT MAXIMUM

MAXIMUM USABLE FREQUENCY IN Mc/s
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The lonosphere and Radio Transmission.
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The lonosphere and Radio Transmission.
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