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1. INTRODUCTION

| Alternating current (a.c.) is widely used 1n control systems as signals from input transducers to
';' a source of energy to drive final control elements. A knowledge of a.c. is required to
understand control systems as well knowing how to correctly uses test equipment such as
Cathode Ray Osailloscopes.

Use of 2 CRO and Function Generator

g The Cathode Ray Oscilloscope {CRO) is one of the most versatile mstruments
available and is used extensively in examining waveforms. It can be used to measure
the height (in volts) of a waveform ie Vmax or Vp-p, the time period of the waveform
and also shows the shape of the waveform.

= Associated with the CRO are a number of controls which permit the mstrument to be
adjusted for satisfactory operation.

- General CRO controls :
. On/Off Control - Connects the supply (240v) to the CRO.

. Focus Control - A potentiometer control which is used to adjust the sharpness of the
trace.

- Intensity Control - A potentiometer control which is used to adjust the brightness of
the pattern.

. Horizontal Shift Control - A potentiometer control which is used to adjust the
honzontal position of the trace.

Vertical Shift Control - A potentiometer control which is used to adjust the vertical
position of the trace.

Horizonta! or Amplitude Control - A potentiometer control used to adjust the width of
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Vertical or Amplitude Control - A potentiometer E:orrtrol which provides a fine
adjustment of the height of the pattern. (Normally placed in the "CAL" position.)

Vertical or Attenuator - A multi-position rotary switch which provides a course
adjustment of the height of the pattern.

Horizontal or Input Selector - A switch which 1s used to select the source of the
horizontal deflecting voltage.

Sweep Range Selector - A multi-position rotary switch which 1s used to select the
required frequency range of the mternal sweep generator.

Sweep Time Adjust - A potentiometer control which provides a fine adjustment of the
sweep time (frequency). (Normally placed in the "CAL" position.)

Synchromising Selector - A switch which selects the source of the signal which
synchronises, triggers or locks-in the trace.

Synchromising Adjust - A potentiometer control which adjusts the amplitude of the
synchronising signal.
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S. SKILL PRACTICE : USE OF A CRO
Aim: To correctly use a CRO to measure voltage and frequency.
Objectives: During this practical segment each student will be expected to :-
L To measure the period and frequency of a waveform using the CRO.
B To measure the peak to peak voltages of an A.C. waveform using the CRO.
= To measure the value and polarity of a D.C. voltage using the CRO.
= To measure the phase difference between two sine waves D.C.ng the CRO
Equipment:

D.C Power Supply 0-30 volts, 0-2 amperes
Function Generator

Digital Multimeter

Dual Trace Cathode Ray Oscilloscope (CRO)
Resistor - 10 kQ, 1 W

Capacitor - 0.001 pF Polyester

Single Pole Switch

Connection Leads - 4 mm Banana Leads

Method 1: Oscilloscope familiarisation

In this part of the practical, you'll learn how to obtain a display on the oscilloscope screen and
how to use the various controls.Remember!! If in doubt ask your teacher.

A: Obtaining a Waveform

(a) Pluginthe CRO

(b)  Connect a CRO probe to the channel A (or 1) input.

(c) Select this channel with the MODE switch

(d)  Turm on the CRO at the power switch

(¢)  Check that the TRIGGER SELECT switch is on AUTOMATIC
(f)  Ifthe probe has a selector switch, set it to x 1

(g)  Set the DC-GND-AC switch to AC

actcrous, wpd js.97. Sydney Institute of Technology 12
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(h)  Set the TRIGGER SOURCE switch to INTERNAL

(i)  Adjust the X and Y shift controls to obtain a horizontal line across the centre of the
screen. If you cannot get a trace, check the trigger select. Also, make sure the
brightness control is not set to its minimum.

l: () If necessary, adjust the brightness and focus controls. The brightness should be
7 comfortable without being too bright.

(k) Connect the probe to the CALIBRATE output on the CRO
= ()  Adjust the VOLTS/DIV selector to obtain a waveform one division high.

(m) Operate the SWEEP TIME/DIV control to give a display of around three or four
cycles.

(n)  Ifthe trace is drifting across the screen, adjust the TRIGGER LEVEL control until the
trace 1s locked in position.

By now you should have a waveform consisting of three or four cycles of a square wave
on the screen. If not, check each of the procedures above, otherwise ask the teacher.

B: Learning the Controls

(a)  Adjust each of the following controls in turn, first fully clockwise then fully anti-
clockwise and observe and record their effect on the waveform.

Table 1
AL Control , Effect

| Vertical position
£ (Y shuft)

Horizontal position
(X shift)

4 - e s | —

g | [ntensity

Focus |

: ——— B
_J > Volts/Div switch

Sweep Time/Div
Switch
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Most oscilloscopes have a control, called a vernier control, associated with the
VOLTS/DIV and SWEEP TIME/DIV switches. These controls can be used to 'size' the

waveform - try them now....

However, if these controls are moved from their OFF position, the calibrations for the
switches no longer apply. When taking measurements, make sure these controls are OFF.

(b)  Now repeat the procedures for the other channel (Y or 2).

(c)  When you are reasonably confident with using the controls, continue with the next part
of the assignment.

¢ A Frequency and Voltage Measurement - Sine Wave

In this part of the practical, you'll learn how to measure the frequency and voltage of a sine
wave using an oscilloscope. Remember!! If in doubt ask your teacher.

A: Obtaining a waveform

(a)  Connect the output terminals of a function generator to channel 1 of the CRO. The
earth of the generator must go o the earth of the CRO. Also, if fitted, make sure the

CRO probe switch is set to its X 1 position.

(b) Set the TRIGGER control of the CRO to AUTOMATIC and the INPUT MODE to
AC.

(c)  Set the controls of the function generator SO the output level is about midway and the
frequency is about 5 kHz.

(d)  Have the teacher check your set-up and complete the progress table before
proceeding.

Progress Table 1
Second Attempt

e it et

(¢)  Switch on the CRO and the function generator then adjust the CRO to obtain at least
one whole cycle across the screen. You'll need to adjust the following controls:

- Both the X and Y shift controls to position the waveform centrally
® The TRIGGER control to 'lock' the waveform
® The VOLTS/DIV switch to obtain a trace that fits vertically in the screen
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® The SWEEP TIME/DIV switch to obtain around one whole cycle on the

SCIreemn.

Make sure the vernier controls for the VOLTS/DIV and SWEEP TIME/DIV switches

are OFF.

B: Taking Measurements

Once the waveform is correctly displayed, its
peak to peak voltage and its period can be
determined. Fig 1 shows a sinewave and the
measurement points required.

Fig.2 shows an example of how to determine the

peak to peak voltage, the period and the
frequency of a sinewave. The procedure is:

L To measure the voltage, count the
number of divisions and fractions of a
division from the top of the waveform to
the bottom. Multiply this by the
VOLTS/DIV setting.

<—— Period—

Fig.1: Voltage and time
values for a sine wave

1. To measure the period, count the number of divisions (and fractions of a division) from
the left most zero crossing to the next zero crossing. Multiply this by the SWEEP
TIME/DIV setting. (Note, you can also use any two similar points of the wave, such as

the two peaks of the waveform)

1. To determine the frequency, divide the period into one (reciprocal of period.)

Fig.2: Measuring voltage and
period using a CRO

Example

If VOLTS/DIV setting is 2V:
Volts pk-pk = 4 1/2 divisions x 2V

Vp-p = 9V

If SWEEP TIME/DIV setting is 50us:
period (T) = 5 1/2 divisions x 50us

period (T) = 275usecs
Therefore, because frequency = .}F

frequency = _ 1 = 3.64kHz
| 275us
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Function generator

earth

CRO

Connecting a CRO to a function generator

(a) For the waveform vou now have on the CRO, determine the peak to peak voltage. the
penod and the frequency. Enter these values in Table 2. Also enter the VOLTS/DIV

setting and the SWEEP TIME/DIV settings. The first line of the table has been
completed as an example.

L~

Table 2
Frequency Width of Measured Calculaied Heignt of Measured
indicated Sweep | Wavelorm peniod (T) frequency VoltsDnv waveform. voltage
oa scale of Tune/Drv Number of of settinz of Number of of
signal setling of Waveform wawveform CRO | dmvisions waveform :
detector on CRO | divisions (1D (Vo) I
1kHz 100usec | 99 990usec | 1100Hz | S5V/idiv | 1.4 | 7Vp-p
SkHz |
10kHz
e ! .
100kHz e B il S

(b)  Increase the signal generator frequency to around 10kHz and reduce the output level
- to one quarter of full output.

() Adjust the CRO to display around one full cycle of the waveform and measure the
' peak to peak voltage and the period of the waveform. Enter these results, (with the
S CRO settings in Table 2.
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- (d)  Increase the signal generator frequency to around 100kHz and increase the output
level to its maximum.

(e)  Adjust the CRO to display around one full cycle of the waveform and measure the
peak to peak voltage and the period of the waveform. Enter these results, (with the

i CRO settings in Table 2.
|
I 3] Have the teacher check your results and complete the progress table before
,.' proceeding.
f n Progress Table 2
2 | “ 1l
| First Attempt Second Attempt Teacher Assist ]
| !
|.
i
F 3. Measuring Voltage and Frequency of a Square Wave. \

(a)  Leave the function generator set to 100
kHz, maximum output, but select square A
wave output.

i

- —— =
< —— - ——-»
Y

one full cycle on the screen.

Time

}
! (b) Adjust the CRO to obtain approximately
Ilh
ﬁ

;
:

(c) Using the same procedures described for
the sine wave, measure the frequency Y
and the peak to peak output voltage of Figure 3: Voltage and Time Values for a Square Wa
the square wave. Figure 3 shows how

these measurements apply to a square
wave. Record the readings and CRO settings in Table 3.

Table 3
-
Width of Measured Calculated Volts/Div Height of Measured
Waveform Period (T) of | Frequency Setting of Waveform Voltage of
Number of Waveform of CRO | Number of Waveform
Divisions Waveform | Divisions Vp-p)
(UT)

— -
—_— —_—

Set the function generator to frequency of around 2kHz and adjust the output to
approximately half of the output.

Measure the frequency and the peak to peak voltage then record these values in Table

! 2ccrous wpd js.97. Sydney Institute of Technology 17
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Have the teacher check your result
) o =5 s and complete the progress table before
Progress Table 3

-

First Attempt Second Attempt Teacher Assist

4. Measurement of DC with an Oscilloscope

In this part of the practical, you'll learn how to measure a DC voltage using an oscill
Remember!! If in doubt ask your teacher. 5 A AU R

Measuring DC with a CRO

A DC voltage has no 'shape’ - it is simply a straight line when viewed on a CRO. However,
the voltage value will cause the trace to move either up the screen (for positive values) or
down the screen (for negative values.) The distance the trace moves is a measurement of the

DC voltage. To measure DC voltages, use the following procedure:

(1) Select GND input on the MODE select switch
(i)  Obtain a trace on the CRO screen positioned over a horizontal graticule line.

(ii) Connect the probe to the DC source

(iv)  Set the VOLTS/DIV switchto a suitable value

(v)  Select DC on the MODE select switch

(vi)  Note the distance moved by the trace. If it moves off screen, select a higher

VOLTS/DIV setting, but repeat steps (1) and (ii)

The DC voltage is determined by multiplying the VOLTS/DIV setting by the number of

divisions moved by the trace.

A. Measuring a Positive DC Volitage

(a)  Disconnect the function generator, then connect the CRO prot_re (set to 1ts ?:_1
position) to a variable DC power supply. Connect the Probe tip to the positive
terminal and the earth of the CRO to the negative terminal.

IMPORTANT

Make sure the power supply terminals are not linked to earth

(b)  Select the GND position for the CRO input (MODE switch) and 5V/division on the

VOLTS/DIV switch.

(¢)  Position the trace so that it aligns with the bottom line of the graticule.

Sydney Insutute of Technalogy
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AL

) Adjust the power supply to approximately 15V.

(e) Switch the MODE switch to DC and observe the number

From this determine the value of the DC input voltage whOf divisions the trace moves,

ere:
DC volts = number of divisions trace moves x VOLTS/DIV setting

+ ve DC voltage = A%

®) Vary the output v@tage of the power supply and note how the trace responds.

(g)  Select AC input on the MODE switch and note the effect on the trace. Also note the
effect when the power supply voltage is varied while the MODE switch is set to AC.

()  Have the teacher check your results and complete the progress table before

proceeding.
_ Progress Table 4
[ First Attempt Second Attempt | Teacher Assist

=
E—

- B. Measuring a Negative DC Voltage

(2) - Select GND on the input MODE switch and position the trace over a horizontal line at
the top of the CRO screen.

(b)  Select the 5V/div setting on the VOLTS/DIV switch

(c)  Reconnect the CRO probe so that the probe tip connects to the‘qegative Ferminal of
the power supply and the earth of the CRO connects to the positive terminal of the

power supply. _
W
%wpd,}‘gﬂ  Sydney Institute of Technology 19
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-ve DC voltage = \%
(e) Have thf: teacher check your results and complete the progress table before
proceeding. -
Progress Table 5 |
Fust Attempt 1 Second Attempt Teacher Assist ﬂ

5. Phase Measurement with an Oscilloscope

In this part of the practical, you'll learn how to measure phase difference using an oscilloscope.
Remember! If in doubt ask your teacher.

Introduction

Phase difference refers to the "distance" in electrical degrees between two waveforms. Phase
dr IS an important quantity and can be measured with a CRO providing the CRO is
able to display two waveforms. This type of CRO is known as a "dual trace" CRO.

Eg#showsthetypeofdisphythaudﬂocanwhentwosinewav&emamomofphaseare
displayedonadualn'aceCRD-Toﬁndthephasediﬂ'erenoe:

(¥ determuine the length - in divisions - of one complete cycle (T)
(i)  determine the distance (d) between the two wavefor:ns
(i)  use the equation: phase difference (¢) = (d/T) x 360

The example of Fig 4 illustrates this method. Notice that both waveforms are positioned
“entrally around the middle line of the graticule.




@ = d x360°

-.-.I

= 0.75div x 360°
5.5div

= 0.136 x 360°

= 49 1°

F1g.4: Measuring phase
difference with a dual trace CRO

In this practical, a resistor and a capacitor are used to produce two waveforms that have 2
phase difference.

(@)  Connect the circuit of Fig.5. Make sure the earth of the CRO and the function
generator connect together and to the bottom of the 10k resistor.

CH.1

DK

CH.2

function generator

Fig.5: Measuring phase difference

—— e ———EEeE——=EE 21
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(b) Set the output of the function generator to a frequency of 10 kHz. (smmewave) and the
amplitude to 2Vp-p. Note that channel 1 of the CRO will show this signal and that the

mput MODE is A.C. for both channels.

(©) Select "DUAL TRACE" on the CRO and adjust both channels to obtain a display
similar to that grven in the example of Fig 4.

(d) Determine the distance "d" between the two waveforms.

d = divisions

() Determine the penod (7).

T - drvisions

() Cd@ate the phase difference (¢) between the two waveforms.

o =d x360° = x 360° = degrees
]

(2) Have the teacher check your results and complete the progress table before

proceeding.
Progress Table 6

First Attempt Second Attempt Teacher Assist

(h)  Switch off the power supply, disconnect the circuit and return the equipment to its

usual place.
IR et s L= P S
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Determine the following from the display shown in Fig.1:

(a) Peak to peak voltage for both waveforms if the volts /division switch is set to:
i) 5V/div
i) '200mV/div
iii) 40V/div

(b) Calculate the phase difference between the two waveforms and indicate which is lagging.

Fig.1
&
For the circ:.!it of Fig.2, calculate the values of V1 R1
and V2, 120k
Vo =
S : 25V
R2
Fig.2 e 220k

Calculate the voltagé gain of an amplifier if a 10kHz input signal of 200mVp-p produces an
Outputof 2.4Vp-p. . W

/

o -

)

st the effect an increase in temperature will have on the base current and the collector current
ot asilicon transistor. |

/) M B

An amplifier with an output resistance of 1k produces an output signal of 20Vp-p when it is not

“ONnected to a load. Calculate the output voltage If the amplifier is connected to a load of:
(@) 1k,

(b) 100 ohms

Us"‘g the data sheet on the pl;evious page, determine the most suitable replacement for a

8C107 ransistor from a choice of transistor types BC108, 80109, BC157, B_C.'I‘??. BC327,
Page. 1

"C337 ang BCs 47 |
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1. INTRODUCTION

1.1 A Cathode Ray Ompellloscope, more generally known ae an oscilloscope or C.0,0,,

provides a means of 'aeeing' eleotrical variations by the deflectlion of a
glowing spot of 1ight on a seresn, The ares of the soreen touched by the spot
continues to glow after the apot has moved on, angd thus presenta a pleture or graph
of the voltage variutions in the form of a gloving trace on the soresn,

1.2 The trace on the ORI, sereen s voed for:

s  EXAMINING WAVEQHAFES, 'The nlterationa to sigoal vaveshapea produced by
amplifiers and other equipment cun be examined, and the information used
to evalustethe performance of the clreult, or to trace fault eondd tions.

o  MEASURING THE AMPLITUDE AND THE RELATIVE TIME BETWEEN PARTS OF A WAVEFORM,

Mont modern oscilloscopes have an internal standard for acourately
determining which seales to apply to the C.R.T. graph, Buch an osellioscops
i cnlled s calibrated osollloncope and d# an moourate mespuring lostrument
with many applications in telecommunioation measurements.

1.9  Thie paper dntroduees the clreult elements and controls which must be undersnond
to effectively une & basie calibrated osellloscope for Lesting Purpones.

' BT 12/0703
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CATHODE RAY OSCILLOSCOPE PRINCIPLES

2 GENERAL.
L - 21 The essential parts of an oscilloscope are:
. & cathode ray tude.
|, Circuits vhich control the spot produced by the cathode ray tube.
: A Power supplies.

- Fig. 1 shows & block diagram of &n oscilloscope and the interconnection of these

‘parts. When power is connected to the cathode ray tube it produces an area of light
on the screen. This gloving sres will remain stationary unless circuits are provided
10 move it in accordance with the voltage pattern being observed. The functions of
these circuits are developed in subsequent sections of this paper.

—
CIRCUITS TO
INPUT € CONTROL THE cﬂi?TﬁFE
CRT BEAM
-

POWER SUPPLY

FIG. 1. BASIC OSCILLOSCOPFE.
3. CATHODE RAY TUBES. (C.R.T))

3.1 Meny yeere ago e Poysicist discovered thet certain substances, called phosphors,

emitted light when bombarded by electrons in e vacuum, Tne greater the force of
the electrons the grester the light emitted from the phosphor. In cathode ray tubes
& bes= of electrons is directed st & phosphor coated screen to obtain a bright

glowing ares on ihe phosphor.

It wec alsc discovered that the electron beam could be deflected (or bent) by an
elestroststic or electromagnetic field. A simple cethods ray tube wes created by
Soating the imper surface of & glass envelope with phospher, providing & source of
electrons within the envelope, end evacusting the asir by vacuum pumps. The glowing
trace was vieved through the gless from the other side of the coated glass faceplate.

A moderpn, practicel C.R.T. consistes of four parts (Fig. 2). These are:

s« 4An eleciron source which produces an electron beam,

® & screen costed witk & phosphor to convert the energy of the electron beam
L0 & trece visible through the glass of the screen,

* X systex of focusing the beam to & fine spot on the screen. The focusing
g#rias comvined with the electron source are celled the electron gunm.

® £ mesns of deflecting the beer horizontelly end vertically by veliage signals.

CATHODE RAY OSCILLOSCOPE PRINCIPLES

|
I PHOSPHO

I
HORIZONTAL PLATES
VERTICAL PLATES Al

—— — e E— e — S — — — —

I
|
|
|
|
St;‘:HEEH
|
|
|
|
|
I

T T
| |
ELECTRON | BEAM | BEAM
SOURCE 'FOCUSSING | DEFLECTING
| . E i I:
ELECTRON GUN I
| | DISPLAY

FIG. 2. FOUR MAIN SECTIONS OF A CATHODE RAY TUEBE.

3.2 THERMIONIC EMISSION. The forcee within the atoms of & conductor undergo

changes when the conductor is heated. Some of the electrons in the outer shell
of the atom collect sufficient energy to overcome the forces holding them within the
atom and thus leave the surface of the conductor. Under normal atocmspheric
conditions, these electrons quickly lose their excess energy by collisions with
molecules of air and are attracted back by the positive charge on the atom (which
exhibite & positive charge when electrons are removed from it)!. When the conductor
is heated in a vacuum, howevery electrons leave the surface apd are attracted tovards
the most positive potential acting on them. The electrons are said to be 'emitted'
by the heated material, which is called the emitter or cathode. Electrons removed
from the emitter are replaced from the power supply.

In a C.R.T. the phosphor is meintained at & high positive potentisl, relative to the
electron emitter, therefore, the electrons leaving the emitter are attracted to the
phosphor. The velocity of the electrons towards the phosphor is determined by the
potential difference between the emitter and the phosphor. The greater the velocity
of the electron, the greater the amount of light released by the phosphor at the
point of impact. The emitter and power supply potentisls can therefore be considered
as 8 pump which accelerates 8 beam of electrons towards the screen. Surplus
electrons drain back to the power supply to become part of the beam again.

3.3 THE ELECTRON GUN.

. The cathode which emits electrons.

This section of s C.R.T. includes:

. The control grid to control the intensity of the electron beam.

: ] . AP =N, S N s
. A number of additional sccelerating electrodes, at & positive potenctial

with respect to the cathode, to accelerate the electrons awsy from the
cathode at a high velocity.

The actual number of accelerating electrodes varies with different types of tubes and
and there may be any number from two to five. Fig. 3 represents an elef':trr:rn gun with
thfee accele;."a.'ting electrodes - G2, G3 and the anode. (The screen is shown but
deflection arrangements are omitted).

™ ‘-_'IE‘

- Loy &

v

: - < . . - 2 te. Howev
The accelerating electrodes are sometimes called anoaes ALy A2 8 i

: 1T = @] ar :' :.. i Sﬁu‘-
standard term for an electrode with one or more Openings 1o P‘3+E‘—t1 h:p&j‘f‘;
electrons or ions is & 'grid'. The term for an electrode which collects ;;1:1

[~ = - - t
ions is an 'anode'. In the case of the C.R.T., the electrons pass through the

i
' i ' Tet to the anode. Ipn some cas
accelerating grid to strike the screen and then return Uc oy

iﬂ.

Y -

et I

T‘.

L
B
m
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e
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the screen itself includes & 'metallised' backing vhich is connected to, ]
part of the final anode.
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FIG. 3. TYPICAL ELECTRON GUN - BASIC ARRARGEMERT AND CONNECTION.
The csibhode is ususlly indirectly heated and the emitiing surface is confined to the
disc sheped end edjacent to grid 1.

The grids take the form of discs with holes, or cylinders of verious diameters engd
¥ery oIten &re & combination of both cy_ii-nﬂers end discs.

Grid 1 is the control grid, intensity grid, or modulator grid end is generally
pegative with respsct to the cathode. In oscilloscopes the potentiel of G1 is
edjustet 10 give 2 petterr of ihe desired brightress or intensity on the screep. A
VEIying signal is spplied to this grid only wher 4ne bear is reguired to be
interrupted or the brightness veried, such as Tor the bieck, grey and white elements
©I & Teievision picture. The remsining grids are all positive with respect to the
C3tBode =nd the enode is connected to the most positive potential. C.R.T.s. with
AETEE screenc reguire very high velues of voltage oz the final anode. Values up to
20 ¥V ere guite commorn, zlthough most oscilloscopes ere cetered for with en E.E.T.
(g:ﬁra bBigk tensior) of under 10 kV. As +the current arein of the E.B.T. is in the
=icroasp renge the problen of the energy supply is not es great as the problems of

imsulefion. The fingl sneode is geperaliy a conductive coating inside the flared

poriicn of the envelope.

34 FOCUSING. mnis i: Zener=lly achieved electirossesicelly and is the second
fwaction of the eleciror gun. Ths shape of the zrics and their position and

Dosexiiz)l ip reistior Ic eazcn other sre arrenged 1o forz an eleciron lens system

wiick focuses the eleciron deam in = manmer englegoyus tc that of optical lenses

focucing £ beem of light Ir fact, the phenomenz hes long been investigated under

=

the neme of "Electron Optic

The elecirens =xnitted from the cathode tend
& +C form £ civerging beam becsuse their like
- charges ceuse them to repel eaen other.
-C e, 24 C.E.T's. have Tvc eleciron lenses; the
- - \\ =+rst it fpmed by the cethode and. grid 1
i CROSSOVER The electric Ffield between tnem (indicated
by dotted lines ) czuses the begm 1o converge
2nG Cross over at £ point somewhere
between grids . end 2, es represented in
FiG. 5. TIRST ELECTRON LENS. Fig. &

"—'! e e —

CATHODE RAY OSCILLOSCOPE PRINCIPLES

The first electron lens thus provides & point source et the crossover point which
the second electron lens can focus on the screen,

The second electron lens is generally formed by the last twe grids. (G2 and G3).
The shape, spacing, and potential between these provide an electric field after the
Denner represented in Fig. 5. On leaving the crossover point the diverging electron
pathe are egain bent and converge gradually on the distent screen es a small spot.
The 'sharpness' of the spot (or trace when deflected) is adjusted by adjusting the

potential onthe focusing grid (usually the second last grid) which is G2 for the
type of gun represented ip Fig. 5

L should be appreciated that this description is only & broed outline as the theory

of focusing is rather complicatad and of importance 1o the designers of C.R.T's.
rather than the users.

~=——FIRST LENS— <+————SECOND LENS——— - \
f
-
GRID 1
CATHODE __||«iiiZin i o
|
JN : '————J‘W - \fl-f o e T, .
INTENSITY

.Tj

IG. 5. SECORD ELECTRON LENS.

N

The end of the tube remote from the gun is coated internmally
Some

3.5 THE SCREEN. :
with a- phosphor, which emits light under the impact of the elec:r?F beam.
phosphors continue to emit light after the beam is removed anéhthis radiat
termed phosphorescence, or afterglow, to distinguish it from fluorescence
only while the beam is acting on the spot. The combination of fluorescent and

phosphorescence 1= celled lumipnescence.

=

Many different compounds, or mixtures of compounds, are LElal for e thA NS 7
g variety of colour and persistence. Fersistence is the time tPE F?aspnores?
meintains & visible trace after the beam is removed. Some E??llfahlﬂﬁs S
persistence screens while other applications require medium, +an? DTFTE?¥
persistence screens. Where the repetition rate of the sweep is low las ic
iong persistance screens of up toc & second Or mOre &ar

nf'ten used.

m i

Most genergl purpose tubes have & medium persistence phﬂ;pncr_wglLﬂh

trace. Wnere the pattern is to be photographed, & phosphor giving b.
" - - " iy - - : i = - b a

most suitable. White 115}]"5. emitting, medium persistiance ]JI‘]C‘Sphl:l S

for television tubes.
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CATHODE RAY OSCILLOSCOPE PRINCIPLES

44 So far we have only considered the effect of & voltage applied to one set of
plates at sny instant. In practice, voltsges are usually applied to both the
horizontal snd vertical plates st the same time. The beam, therefore, has two forces
acting on it; one slong the horizontal axis and the other slong the vertical axis.
The resultant spot deflection depends on the resultant of these two forces, as shown
"in Pig. 10.
Pig. 10s shows thet the beam is deflected towards the top left cormer of the screen
wher the 1aft hand X plate (X1) and the upper Y plate (Y1) are both positive.

Reversing the potentials on the Y plates (making Y2 positive) moves the beam towards
the bottom left corner of the screen (Fig. 10b).

Fig. 10c shows that the beam moves towards the top right corner of the screen when Y1

ané XZ are made positive.

Reversing the polarity on the Y plates, to make Y2 positive, causes the beam to be
geflected towards the bottom right corpmer of the screen (Fig. 104).

The beem car, therefore, be moved to any peint on the screen by connecting suitable
potentiais on the vertical and horizontal plates.

FORCES ON THE
FORCES ON THE BEAM
BEAM

H FORCE

V FORCE

%

f?
VERTICAL
FORCE Vv

HORIZONTAL
FORCEH

(e] X1 and Y1 positive () X1 and Y2 positive

FORCES ON THE
FQACES ON THE BEAM

H FORCE

vV Ionce
V FORCE

(c) X2 end ¥1 positive (d) %2 and Y2 positive

FIG. 10. SIMULTAREOUE ¥ AND Y DEFLECTIOR.

s
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b. GENERATING A WAVEFORM DISPLAY

5.1 GENERAL The most common use of an oscilloscope is to present the applied

instantaneous volteges (applied waveform) as a graph, with the component
voltages bearing the seame time relationship a5 in the originel signal. The voltages
which are to be examiped are usually applied to the vertical plates.

The C.R.T. pattern produced by epplying & sine wave signal to the vertical plates,
without & signal being applied to be horizontal deflecting plates, is shown in

Fig. 11v., BSince the sine wave alternatively makes each ¥ plate positive, snd no
voltage exists on the X plates to produce horizontal deflection, the spot moves up
and down in & straight vertical line. This pattern is useful for determining the
peak voltages of the sine wave but does not permit the wave shape tc be exsmined. 1In
addition, any other waveshape with the seme peak voltage would produce the same
display on the C.R.T.

-

T e ThRar i
. UAI5DIEY Wilu

no Horizontel Signs

Bk e e i el e

FIG. 11. VERT

=i

CAL. DEFLECTION WITH NO HORIZONTAL DEFLECTIOK,

Y

5.2 A more useful display is obtasined by ceusing the beam Lo mOvVe 2L E CODSLADT rate
scross the sereen, from left to right, st the same time as the voliege
varige+ione to be examined are spplied to the vertical plates. By this means, toe
horizontal position of the spot depends on the time which hes elapsed since 1T
: = i ® - .
started moving from the left side 0 The screen and the vertical ;ﬂ::?1:§ :"tre
spot depends on the instantaneous voltage of the waveshape Deling examiped. 4nc
cbmbin&:iaL of forces on the beam causes it te trece out a DETLETN :f:-"men:f:.':e
voltage veriations related 1o time Pig. 12 shows & typical paiiern produced by 8
csine wave &.c. signal applied to the vertical pletes of 2 ?.S.T. while a suiseble
ceignal is epplied to the horizontel plates TC produce & steady movement (O FTE“E
across the screen The signal applied to the horizonial DLASES 1S5 gsuslly callied
the horizontal sweep Signal
FIG. 1z STNE WAVE C.R.T. PATTERK
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5.3 MHORIZONTAL SWEEP SIGNAL. Tnis signal is applied to the horizontal plates and
" cpuses the beas tc move from the lef: gside of the screen to the right side at a
constaent rate and then return as rapidly as possible to the left side, ready to start
the next sweep. Tne fast return of the peam is called the sweep retrace. The
i 3 3 R.T. pat i jucee with no voltage epplied
horizontal sveep voltage, and the C.R.T. pattern ii produces with no VOLEARE BFPAS VERTICAL

to the vertical plates, ie shown in Fig. 13. DEFLECTION
VOLTAGE

+10 —

+8 %c ’\ E

mn
—

CRAT.TRACE

+G

I
I
|
|
|
I
0 — =
CR.T. SCAEEN "_‘l =L 2 :
|
—4 I
| 6 |
DIRECTION OF BEAM . |
MOVEMENT | -& I
HORIZONTAL SWEEF ] ] 1 | l I
3 VOLTAGE ’ I . —10 Ll i
‘ . > B : 0O 2 4 6 B 1012 14 1618 20 |
> | 5 a . ' s : — TIME MILLI-SECONDS | : :
z ‘ ! ]
o | /EN / | 1 | | I
w o b LS b . ' : '
< {TIME JE : | : ;
5 I3 i t r :
s | 1 I 1 J
c [ = < 1 1 1 I Iu' 1
1 1 ! l
= ' |
\ ’ | i !
= HORIZONTAL , | I g ) | x
- DEFLECTION - ' |1 b
X | r‘ VOLTAGE —2 Inr | 2 =1
{ 1 {-=1 =9 NG S | I
; —& | | h 1 t
I —5 i L ) | I | |
. _ ' ' || || b
FIG. 13. HORIZONTAL SWEEF. | B 51 %
i —Tﬂ J_ } | ! 1 1 1
| 0 2 & 6 8 1012 1416 18 XA

in order to move the spot to the left side of the screep, X1 must be positive with
respect to X2 and thiz condition i: produced when the sweep voltage is at point 'a'
ip Fig. 13. pBteedily decreesing this ial to zero ('a' to 'b') brings the spot
te the centre of the gcresn. Driving the votentiel of X1 negetive with respect to ¥Z
coptinues the movement of the spotl towarde the right side of the screep ('b' to 'c').

—&= TIME MILLI-SECONDS

- { T R = oM W mITre y BORTZONTAL DEFLECTING ‘,TLI_T_Q-:-ES_
The repid change of voltage during the retrace pericd causes the beam to return | FIG. 14. CONSTRUCTION OF A TRACE FROM VERTICAL AND HORTZONERL HESLEESS
guilckly from point 'c' to point '&' resdy for the start of the next forward sweep. : _ oL, e i SNV e SESeRY ainnal 35 wero and the
Frovided the horizontel movement of the beam iz fast enough, the sweep appears &8s & At the starting time (point '&° 31D ¥1E. 14 ] Lnfniut-;?u+ ~~Er F*‘;;;*i ate the Beex
: = = : - . vl 10 volt positiv 0 X2 ese potenclels 1OC3oS el
continucus line bEcause of the &flﬁ:’ﬂlﬁh‘ of the sereep costing [phﬂﬂﬂhﬂri The I]I’,‘:Tllﬂﬂtﬂl Signal makes X1 1l volt pOS1TAVE 0 A ::;l‘- Elx_ ST t}:‘ﬁ
: . i : : 8 e of 3 Ay ee ‘he © ine. ter 1 illz-seconds tAE
d=ngth of time this sftergiow persicsts after the spol bas moved varies with different at the left side of the screen On tOC entre ﬁlrcﬂ?ﬂh_ T E#E L R
= : - i e e AL | ; L 9 L gl =" . Vv o volt positive L0 ic- ine U2as Lo Ubllbbub il
cCoBTa s i 13 ' o { 3 b ge ") e . -0 = : vertical deflectlion VOSLBES makes 11 C - - -
R SO R Borger Sperelstencettas. expielned n para. 3.0 'E1bl= 3 fﬁ' jeians sien: gt this time, the horizontal deflection yolteEge NAE
UpWETAS 3 G1V1sS10Do. < SNy g EE o L == 1P 34 s o
B 3 i Y AP - gt :Ei‘__e:t“?c :O-F.? D-:."..E-‘.'-:I.:lE
Because the waveshape in Fig. 13 resembies the teeth of & sav it is generaelly called decressed the potentiel of X1 to OV positive. *“Efieai_ls = S ChE W it
- ) 2 T L) - . % - 3 ¢ for LOCAT - =%
& 'sewtootn' wevelornm. BSawtooth sigpoals are produced by & special oscillator called left of the centre and the resuitant 0% lue L#Gdﬂe+ ec;;?ﬁrﬂﬁ atter 5 milli-seconds
a » - - - s e x Sy ‘o P\ E i Led e a™ O -
g sweep generstor. The output of this generator 1= generslly spplied to the point 'b’ Ip & similar way the beam 1S iocaied &% I : through zero and the spot
| - E 3 ety . = - g - Ty . N & 4 - | = =i 1_.‘_"_‘\-:_ =T L e -3 o
ﬁﬂrlmnt.a’l Plgteg, ons men}: EE*‘.‘illOEf;ﬂpE’E provige racilit'ieﬁ .o connect other -::iErnp'ir pfter 10 mllLl-E‘ﬁcUnGS BOTh ﬂEflEtulng "hrﬂll:d-.EE? E;J;E pE‘:S}‘EEml‘"-} --u,-,:u-""ur."-l-'-' +he vertical
to these plates, if resuired. Lk is located in the centre of the screen (point 'd /- A:+;H A T
= - $ 3 N : = N 1 1E 1 Y e i
deflection voltage is again zero but the horizontal VOlITage Oh 4= 2 =]
' ‘ . et ' the ) oi b b +e mext instant the voltage on A-
24 A slineyeve signa’ counected to the verticel plates at the same time as the negative and the beam is located at point & - T“E1:Et” stive with respect to X2
. x L kY i - g i 1 . . "~ re= ) 3 = D 103 XL & o bl ¥ riull I'eosws e
sSavtooth wevelorn 15 appli=d to the horizoptal plates causes the electron team changes rapidly from 10 volt negative bd?k.JL *L.VF. E zh' centre to 5 divisions
20 follow the sinewave patiern., Fig. 1L shows how the resultant movement of the Thus the beam returns rapidly from 5 divisions TlEﬂ~r% tbz ;p;;‘:vllu # vertical
! E ; = X - = & i ) = = ¥ L - 3R - e
Deem 15 developed. 11 is essumed that the sawtooth waveform sterts at the instant left to the centre and is ready to repeat the trace 1L AT
tne sinewave if passing througr zero and going positive (point 'z'). The dureticn deflection signal,

- - " . X . -
©F DOSH the vertical and the horlzontel waveform is the seme (20m/sec. per cycle)

BnG Iip £BCh cese, & ¢ Volt deflecting slgne!l ceuses the veam tc move one division

10 »/ J 1

in thoe scale.
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5.5 PRACTICAL WA\’EFU_FIM [‘}ISPL{.Y. The Ttrace shown in Fig. 14 displays the full 5.7 MULTIPLE CYCLE DISPLAY. The sweep voltage duratior is varisble and by
cycle of the 8.2 signal E?Plleﬁ_tf the vertical plates, This would only be andjusting the time duretion of the sweep the number ;f‘:ycleg-which are
possible if the FELTAce OCCurs inessntancously. In practice, the retrace occupies s displayed on the C.R.T. is varied. Por example if the horizemtal deflection voltage
short period af.tme and, as & result, some of the voltage applied to the vertical takes 60 milli-seconds to sweep mcrose the screen and the verticel deflection signal
pletes 1s not displayed on the screen. For example, in Fig. 15 the retrace oceupies completes one cycle each 20 milli-seconds, three ecycles are displsyed on the C.R.T.
2 milli-seconis, vhich leaves only 18 milli-seconds for the horizontal SWeep. and the cycle in the centre is complete, with no time lost in r;atr‘.e.:'e gae shown in
Therefore, only 10 milli-seconds of the 20 milli-seconds sinewave cycle is displayed Fig. 17. 17 § 1
on the screen, Some of the trace is lost because of the time taken for the bearn to i
be retirped from the right hand to the left hand side of the screen. At sudio
freguencies the retrsce time is negligible and has little effect on the display, but
at Bigh freguencies it may sccount for a significant portion of the time for one
cycie,

50 Hz
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58 VERTICAL AMPLIFIER. The vertical amplifier in Pig, 18 must not introduce any

noticeable distortion to the applied wvaveshapes. The galn must be made variable
o permit different levels of signal to develop a large enough trace on the screen.
Becguas it i much easier to design e distortionless variable ettenuator than &
distortionless variable gaip amplifier, most oscilloscopes use & fixed gain amplifier
in conjunction with & variable sattenuator. The sttenuator adjuste the level of the
input signel 50 that the fixed gaic amplifier produces the required output voltage
for application te the vertical plates. Some higher quality instruments have &
oumber of fixed gain samplifier stages which cep be switched ip or out of circuit to
provide agditional control of deflection sensitivity. Another funetion of the
vertical amplifier is to provide isclation of the deflection plate capacitence from
the signel source. This is necessary because this capacitance would alter the shape
of the voltage waveshape and the C.R.T. display would not be a faithful reproduction
of the scurce voliage wvaveshape,

.10 Toe most commoniy used type of vertical emplifier is biassed so that positive

and negatlive signals are amplified by the same amount. The amplified signel is
sppiied 160° out of phase to each deflection plate. Tous, s one plate is made more
positive and atiracts ibe beam, the other is made more negative and repels the beas.
This ection is referred toc s push-pull deflection and produces more linear
geflsction for deflecting voltage changes then ic obteined by earthing one plate and
varying the potentisl oo the other.

.11 THE HORIZONTAL AMPLIFIER. The most common applications of C.R.0.s reguire
voltsge variations to be plotted against Time on the C.B.T. and to obtein this
displaey & sawvtooth voltage is spplied to the horizontal plates. The horizontel
Smplifier amplifies the output of the sawtooth generestor to a suiteble deflection
voltage for the borizoptsl deflection plates. Some oscilloscopes are designed to
nave ifentical amplifiers in the vertical and horizontsl deflection systems, but for
Stneral purposes, the horizontsl emplifisr dces pot reguire the same careful desige
B5 the wertical amplifier. The horizontal emplifier is usually vrovided with & gain
EODLFOL ¢ thet the volitege ocutput cen be esdjusted to control the length of the
borizontal trece, thus &llowing it 20 be adjusted to fit & calibreted scale.
Frovision is sooetimes mede to discomnect the sweep generstor from the horizontal
smplifier to permit ep externel signal to consrol the horizontel deflection.,

F1G. 1. C,R.9. WITE DEFLECTION AMPLIFIERS.

14

9

3

CATHODE RAY OSCILLOSCOPE PRINCIPLES

6. TRIGGERING THE TRACE.

6.1 GENERAL. At lowv sweep rates the electron beam is able to transfer sufficlent
energy to the phosphor to produce m clear, bright trace on the sere=epn. Howvever,
a8 the sgweep rate ie increased the trace becomes legs bright until 1t can only be
vieved in & darkened room or under a hood. BSome special phosphors are avallable
which produce a trace at very high sweep rates but they are easily damsged, or
destroyed, by & combination of high beam intensity and slow deflection rates.
General purpose oscilloscopes generally use & more robust phosphor which haas & lower
light output for e given beam force.

The intensity of the trace cen be increased by making the beam sweep over the same
path several times.

A satisfectory trace is produced by building up the brightness in this way provided
the following conditions apply:

. Tne waveform must consist of many didentical patterns; that iz, 4t must pe
& repetitive waveform.

- The time bese must start and finish at exactly toe zame spot on eash
waveform to be displaeyed. It must, therefore, run for exactly the same
time as the waveform to be viewed.

All circuits must be free of level variations such es nolse or him voltages
because these would produce a broad and fuzzy display,

6.2 There are two ways in which the time base can be made to run for the same time
epan as the verticel signal. These are:

. SYRCHROHISING. 1Ino this method the time bese generator is free running,
that is, it continuously produces sawtooth (sweep) waveshapes at the
frequency to wnich it is set. The frequency is zdjusted tc produce & waveform
of & slightly longer durstior than the waveshape %o be viewed. A voltage level
on the input signel is selected toc.stop the sweep. Wnen thie voltage level is

reached the sweep is stopped and retrece begins before the end of the normel
generator. Tnus the sweep waveshape is forced to run at the
the vertical signel end the time base generator is sald to De

sweep time of the
same frequency &g
synchronised by the vertical signil.

. TRIGGERING. In this method the time base generator does not produce any
sveep voltage until the vertical signal reacnes & predetermined level.

Wnep this level is reached it starts or 'triggers' tne sweep. The sweep rups
for its selecied time then retraces to avait the verticael signal once agalo

reeching tne triggering level.

!

Some oacilloscopes nave an additional refinement which provides 8 LflsgﬁT;“E
1 & thAat the horizontel

signal in the absence of & verticel signal. This ensure At The. .
sweep produces a horizontel trace on the sereen When no Verticel signal i&
applied to the input.

6.3 Most modern oscilloscopes use & triggered time pase ratner LDaen E
ircuit is included to ensure that the horizooi
sweep at & selected psint on the weveform o UE

One Bng & tTrigger
gterts each horizontal

Fig. 19 shows the type of trace produced by iriggering the time ﬂf?f;“”efﬁff_ 4
reaches +1 volt and is rising towards & more positive “Ultagﬁ '?D“f:f?eri;:'ﬁ Sk
The trigger level of +1 volt is used merely as an example. Eaf“ Ubfl:ij:;
provide & chojce of trigger levels and &lso a cholce of whetner & posill

negative going signal is used to trigger the trace.
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VERTICAL SIGNAL

HORIZONTAL
TIME BASE

CR.T. TRACE

C.A.T. DISPLAY

¥IG. 19. HORIZONTAL SWEEP TRIGGERED BY .VERTICAL SIGNAL.

6.5 The time base can also be made stable at any sub-multiple of the vertical signal
freguency. For example in Fig. 20 the time base runs at about 1/3 of the
=reguency of the vertical signel To produce = multiple cycle
peregraphd 5.7. It should be noted that the signel reesches the triggering level

during the sweep time, but once the time base is running the signel voltage hes nc
effest Oon the time base. The triggering level must be received wher the Time DeSE is
wWeliling to be triggered otherwise it has no effect.

trace &z explained i:

ey f"\ /"\ /'\ 7\
VERTICAL SIGNAL ’/

N S A

CRT. DISPLAY

———ili

TIME OF SWEEP INCREASED.
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6.6 TRIGGER SOURCES. The trigger vhich starts the horizontal svweep is geperally

derived from the vertical signal but there are scae circumstances whnich make it
advantageous to derive the triggering signal from other sources. The srigger circuit
is usually provided with & trigger input selector switch which gives a choice of:

. LNTERRAL TRIGGERING from the signal voltege on the verticel amplifier.

. EXTERNAL TRI

Yerticel

GERIRG from some signal volt tage other

than that on the
amplifier.

6.7 TRIGGERING. The external facility is p
glgnels round & circuit can be determined
understand why external

that the relative phase cf
rom the C.R.T. display. Tc
Signsl
We sawv in BAEIC

morn emitter amplifisr are

trigegering is necessary, essume that a SqQuare wave
" .

:Fig‘ =lb ) is 'E'”L"q—"-';-'i'd 0 & camnon emitter E..:TET"".'F;
AMPLTFTERS (1) that the output

1) ths voltage sigpnals of
inverted, compared to the input )

signal (Fig. 2i¢)

(@) clrculT
- R2
B
'__.’
=
| !
-+ .y
(b) INPUT SIGNAL o
TIME
i | i
I \ \
I
+ | 5
|
|
[€) OUuUTPUT SICGNAL 0 - =
TIME
+: oy .
FIG. 21. COMMON BMIPTER AMPLIFIER WITH SQUARE WAVE INPUT
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CATHODE RAY OSCILLOSCOPE PRINCIPLES ﬂ\ D

§ MANUAL OPERATION.

831 GENERAL Associated wvith an oscil

o is modl he
oetrols usue-ly inpciuded in an oscilloscope. The purpose of the controls and he
e Tectt obtaired by sdjusting them sre explsined in the Tollowing parsagraphs. The
icention of the comtrols of = typical calibrsted C.R.0. are sbowvn 1o ibe photogran

\IVERTICAL POSITIONS

VERTICAL DRIVE

~__
l T
®
[
POWER o
CENSRATR ] SUPD LY

| INTERNAL | I
TRICS 1

— - i ;N___imaae; sweee | o | woORE,
TRICGER NT/ExT, | CIRCUT  TEICENSRATOR AMPL IFIER

= e = _H}: _] . \BRE ] T .
» N BEUT \ ) cain
NTRIGCSR
s Y ) LEYE] |

| 2O51TION

d

MR-

LY

SLD=E § 39 TinE e - 3
SwTC= BTG !l

— Y- e T e b . e 5 s B ™
: X 1 CEE By =11 (=it i Yo IR
YA\ E)e ALIERS IS Voo d Ut

—— = - S — O — g — = —
=g L= F L= -— i { i 1 =
- ok Y W - - i e s — b i | s | i

E2 VERTICAL INPUT CONNECTIONS. The uscilioscope shown in the DDOTOEreph It
Figp, 55 mec thres input ter=insls, situated 1o toe left hend corner The reesCor
$or the tkree zormipels is Thet Ihis OsSCcil OSTTPE IS Fi+<pd with twe simiisr vertited
2

ingen ohsnnels, gEnd Yviin 3= oD JOpOl ELLEIIELSS enc &=piifier. Une input ChECnEl
fe somneccTad, betweer the ¥ terminel anc LhE CON=0T farEinsl ard the other impuc
shswmsl it CcOnDneCTEd Deswess the - Termizel =nd Loe o= terminedl
For mos=t testing porposes Tae veriiesl Gellection signsl is sppiiel either CETVEED
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termirel & mot commeones firestly to she oscillsTOr ChoASSIS i+ ma=t De connecied 1IC
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0 9 CATHODE RAY OSCILLOSCOPE PRINCIPLES
some oscilloscopes are provided with another &adjustment which affects the focus. This o '
ig the ‘Astigmatiam control'. Astigmatism in & C.R.T. is caused by differences ir 5 :EleTICﬂILI-.?ﬂ’IIFTEONTHOL T{“E Brovifes oo b o
the electrostatic fields acting on the beam and produces an pval spot instemd of e required éj;il;:ﬂ?r“ EH g LE Saos ua?r She Ay A R
round cpe. The astigmatism control is adjusted vith the undeflected beam defocused 1:1.7'15';' 2F Gh'&z;-v;;??e-we E?E*Dr t:?-,.t?mloj“ e R P =
B o v . W lo orrabnty-n durgs dtmuster spot o ol abeny E;a-hp;‘i;;h; N tical shift control is alsc used to line up the trace with the
gratic ben measurements are being made on the C.H.T.

The astigmatism controal is varied until the spot is as close to & circle as poeeible.
The bean is then refocused to & small diameter by the focus control.

8.4 INTENSITY CONTROL. The intensity control provides the operator with & meanc
of varying the intensity or brightness of the trace by controlling the number of
gelectrons whict bambard The Screen. Fig. 27 shows & typicel trace with three
different &djustments of the intensity grid. The intensity control is adjusted tc
give & sharp clear trece io the particular viewing situstion. For example, & C.R.U.
peing uwsed in & brightly lit room would need 8 brighter trace than & C.R.OU. being

used in & dimly 1it room.

I 0 ‘ : ) , TRACE RAISED TRACE CENTRED HORIZONTALLY TRACE LOWERED
friotner factor which affects the intensity of the trace is the rate of movement ol 1 A
+he norizontsl sweep. The faster the movement of the sWeep, the lighter the trace | -
vecomes. Tnerefore, the intensity must be edjusted to provide comfortable viewing ai - |
+he sveep fregusncy used. ‘ ®- ERATICAL SHIFT
I _ - .,  CONTROL
| l‘f 1 |
L . [ = J
Excessive brightness, particularly when & statie trace is being displayed, is likely
to csuse permanent deamage 10O the phosphor. This damsage ig called phosphor burn and
shovs as aress of phosphor which doc not fluoresce when acted upon by the beam. For
ipdis resason the beam intensity should be «urpned down when the instrument 1is no in 3‘_" . koo = b, L e
use. = '} - - yENLILVRL OOLY & GV EGSdw
B.6 HORIZONTAL SHIFT CONTROL. This provides centrol over ihe horizontal
position of the trece and allows the siert of the trace to be iocated 8t &m
reguired position scross 1he sSCreen, as shown in Fig. 29. The borizontel shift (er
position) control als allows the trace tc be lined up w2th the gradustions oo TDE
graticule To simplify measursments Elong tne horizontal scale of the greticule.
BEAM FAINT excessiVe
INTENSITY
i i
- |
|
|
|
| |
|
k TRACE MOVED LEFT TRACE CENTRED VERTICALLY TRACE  MOVED RIGHT
A
INTENSITY CONTROL ' 'l |
| |
- P1G. 27. VARYING THE INTENSITI CONTROL. M Y 5
e —— — e — ___‘ ._
HORIZONTAL SHIFT CONTROL
%
-
o v3 =TT P N B =T BT o -1._"'.1
FI1G 20, HORIZONIAL oddd WUILSAE

4 9 2
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a7 VERTICAL ATTENUATOR SWITCH volt/ce

means Of edjusting the vertical deflectior s
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CATHODE RAY OSCILLOSCOPE PRINCIPLES

g14 TRIGGER LEVEL/AUTOSWITCH. Wnhen the knob is turned fully anticlockwise the
oscilloscope is switched to the suto position. In this position the time base
is started wher the vertical signsl reaches m predetermined level. For example, in
the B.W.D. 502 oscilloscope the time base is trigegered when the input signal has
' sufficient voltage to produce a trace of 0.5 cm. on the screen. Also, when the switch
ig in the sutoc position, and no signel is applied to the vertical input, the time F
DASe generator becomes self triggering {‘.I."_ree running) to produce & horizontal linpe on
the screen. - ;- :
When the knob is switched out of the suté position it moves to the wariable level
position. In this position the trace can be triggered by the various amplitudes of

vertical trace, depepding cn the position of the switch (between 1 cm and -3 cms for '
the B.W.D. 502). e

When the knob is turned to the extreme clockwise varisble position the preset level
is reached. Ir the B.W.D. 502 this level is set at 1 em to trigger the trace.

9. PROBES

8.1 CR.O. INPUT. & flexivle lead is generslly used to connect the signal source
under test 10 the input of the C.R.0. There sre two main effects on the input
Vhich must be considered when using a C.R.0. %o make messurements. These are:

« STRAY MGHM.E which are induced into the connecting 1emi and introduce
noise into the signal being meesured. This ncise msy broeden,ihe, trace,. 9.3

FIG. 35. TYPICAL PROBE.

G T - - - oS v e i, "ot Mgy 1x PHO - Thi i j_mi} tyt} Enil - 3
distort the hﬂéfﬁr produce errstic triggering of the i:r;q.c;, The voltage : A5 sl lest._ = Df-PTD-?e St e E“tfﬂ' the dnput
: P S s e e el : impedance of the C.R.0. It provides facilities %o chenge the tip of the probe
induced into & etor by & moving field incresses as the freguency of the. to a spike, spring hook or spring clip, to simplify connection to the test point
field veria eases. In low ﬁaquﬁbﬁ@&gﬁtaﬁ " voltages induced by. - - Z - = - > - wie == LS .

This probe is usually designated 1X to indicate that the input resistance is

_. - 2 o A o ATEFY w o SR o
low and cause little trouble. - Howeves 5% miltiplied by 1, (unsltered).

freguency circuit elements present, it is mecessary tﬁ%s “screes
reduce Loe veltege induced into the connecting lead. o-axial ecable is Q g
extensively used as & flexible connecting lesd with the outer screening layer ca
brought out to & spring clip which must be copnected to the same eerth as the
circuit under test.

. cmmfmm. This is the effect that the input resistance and
capecitance of the C.R.0. hes on the circuit under test. In extreme cases resistor is decreased to —th of the R A e - . |
| . . = s 5 - - - l‘.'!t d L= .l .
the loasding (shunting) effect of the C.R.0. input completely elters the original 10" nnected To the iip of the probe. The
gircuit conditions and the resultent trace bears little resemblsnce to the probe, therefore, has an attenuation factor of 10 because it attemustes the signal to
waveshape mresent in the circunit vhen the C.R.0. is not connected.

A typicel C.R.0. has an input resistance of 1 Megohm shunted by = capecitence of

it also indicates that the attenuation is unﬂ.ltared,

10X PROBE. Basically, this probe conteins & resictor which is connected in
series with the input resistance of the C.R.0. to form =& voltage diwvider, as
shown in Fig. 36a. The designation 10X indicates that the totsl input resistence of
the C.R.0. is increased by ten times snd that the input voltage ecross the 1 Megonm

1 1 . ~
ﬁth of its original value. This errangement is only suiteble for low freguency

35 picofersd. At low freguencies the cepacitance has 1ittle effect and the
input izpedance of the C.R.0. is equsl to the input resistance of 1 Megohm.
However, at high freguencies the capacitive reazctance is significent and the
ioput Impedence decreases to & velue considerebly less than 1 Megohm., For
example, et 5 Megehertz the input impedance drops to about 900 onms.

of the signal under test. If the input impedance of the C.EK.O0O. is not

considerably greater thau that of tne circuit under test, the circuit conditions

Bre sltered and distortion occurs to the signal.
In geners} the lpading effect of the iopput resistence of the C.R.0. is more

imporvant iz sudio freguency testing, but the capacitive loeding of the input is

more ismportant during high fregusncy testing, or when pulses with shery
irangistions are being exemined.

8.2 PROBES. & edding suitsble circuit components on the C.R.0. input lead the
ipput resistence and czpecitence of the C.R.0. mey be slteref to suit circuit
eopditions. The extre components are generelly located at thne end of the flexible

The input
izpedence of a C.K.D. must therefore be considered in reletion to the impedance

testing where the capacitance is insignificant. Frequencies st which the input
capacitance becames significant require the use of the compenssted 10X probe shown ino
Fig. 36b. This probe conteins a varisble capacitor which can be adjusted to make it
effective at all frequencies in the frequency range for which it is designed. A
typical compenseted 10X probe reduces the input cepacitance tc 7.5 pF and increases
the lpput resistance to 10 Megohm.

The correct setting for the probe capacitor is obtained by connecting the probe to &
square wave signel and ead justing the veriable capacitor until the trece on the screesn
shows & sguaere wave with minimum distortion to its shape. The best results ars
obtained when the reactance of C2 is in the same ratic to Cl ms resistamce R2 is to
resistance R1l.

9.5 When & probe is used for meking measurements it is necessary %o multiply the
volt/em. reading by the attenuation factor of the probe. qu_&xa.mple, g reading
of 3 em. on the sereen with & 10X probe and & volt/em. switch setting of 0.5 volt/cam.

ieed, farthest from the oscilloscope, in & housing celled & 'probe'. There are many
aifferent types of probe eveilabtle to provide & vide veriety of input resisteance and
capecitence loasdiug conditions. A photograph of & typical probe is shown in Fig. 35.

indicates ao applied veltage of 3 x 0.5 x 10 or 15 volt.
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' | GsciLLoscore 11:-5;:1!.1_05::0#5
PROBE QRSN _PROBE__ _aDMSTABLE | INPUT CIRCUR
3 wecoun | cl /X COMPENSATING |
4 \  FLENMBLE | TO VEATICAL / \ CAPACITOR ' i
I _‘_ = \ 'L-E__!-g > AUBLIFIER : W 5 | O VERTICAL
o s * A TrEslE | +—= AMPLIFIER
o Il x 9 MECON®M , LEAD x
g asaf =S | S e A5pF
1‘3 —]— P . S —— Czu
= | =
V= = : -

{a) Basic Resistive 10X Probe (b) Compensated 10X Probe

FIG. 36. 10X C.R.0. FROEE.

95 CURRENTPROBES. A current probe is often used when messuring alternating

surrents with 2 C.R.0. This type of probe merely clips around the vire carrying
the current to be measured, without meking electrical contact with the wirs. The
alternating current in the wire induces a voltage into a probe, which is then applied
to the C.R.0. ioput. A probe of this type gives very iow source lpoading, and is
generally used for specialised testing and measuring.

9.7 OTHER PROBES. Probes are available which permit the oscilloscope to be used

to make measurements in high voltage circuits. The 1000X probe is an example of
a high voltage probe and mekes measurements possible up To 40 kV.

Probes are =2lso available with diocdes within the probe to demodulate signals for some G i
special testing applicatioms.

i
et

10. C.R.O. DIFFERENTIAL AMPLIFIERS. - 22 . | j
= e - I S - - T, A - 15441 . oy ) 3 A,

10.1 The vertical input amplifiers in the C.R.0. shown in Figs. 24 and 25 are not
jsolasted from each other completely, but are both comnected to a common vertical

daflection system. The method of interconnection is such that a signal applied to

sither amplifier develops signals of opposite polarity on the deflection plates to

produce a more linear deflection. Fig. 37 shows a simplified igput amplifier of this

type without its bias srrangements. Assume that SC1 and SC2 are conducting and that

& sigpal is spplied between the + and commop terminals. A positive signal applied to
3C1 has the following effects:

g Bl

The resistance of SCl decreases caunsing the current through the transistor
£o incresase.

s« The collector potential of SCl becomes less positive.

e« The voltege drop across Rl increases making both emitters more positive
with respect to ground.

Transistor SC2 acts as & common base amplifier and the positive signal at

the emitter (the Bbase is at ground potential) increases the resistance of
the transistor. '

e The collector of S5C2 becomes more positive.

P e Deflection plate V1 has become more positive and plate V2 less positive

: ceusing the beam to be deflected upwards. !
This type of circuit is called a differential input emplifier and a change of ,
potential at the base of either trancistor affects the circuit in & similar manner by
causing the potential of one collector to rise and the potential of the other to fell.

3o ®1

¢

CATHODE RAY OSCILLOSCOPE PRINCIPLES

X2

4

I

VERTICAL
AMPLIFIER
INPUTS

== O-5ufF

COMMON
&

el

FIG- 37. DIFFERERTIAL AMPLIFIER.

10.2 An amplifier of the type shown in Fig. 37 can De used in several different ways
to suit particular testing situations. T

The two methods most commonly used for
vertical input connections are:

s UNBALANCED. A signal wvhich produces potentials with respect to earth is

applied between either the + or - amplifier input and the comson terminal,
as explained in para. 8.2.

N BALANCED OR DIFFERENTTAL. An a.c. sigpal which produces potentials Detween
two points which are at the same relative d.c. poteatial to esarth, is
applied between the + and - amplifier inputs.

10.3 The unbalanced connections (Figs. 38a and b) are used to examine and measure

signals such as those at the collector of a transistor in a cc=son emitter
configuration.

-

This is the most generally used method of connecting oscillgscopes. GSither ipput
can be used for this purpose but the - input (Fig. 38b) produces an inverted tracs
because a positive going signal drives the beerm downvards. Howvever, in all other
respects both chamnels are identical.

3
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CATHODE RAY OSCILLOSCOPE PRINCIPLES

*+ Vec

.

sCl

+ Vee

C.R. D.

aoo
| O+

aa
| v+

R2 RE

(a) + Input (B) = Input

FIG. 3B8. UNBALANCED C.R.0. INPUTS.

- 104 Balanced connections, between the + and - terminals, are used to measure

potential difference {n circuits such as that shown in Fig. 39. This shows =a
Push-pull ocutput stage and the unbalanced conpection could only be used to examine
the output of ome transistor at a time. The balanced connection shows the potential
WifYerencus doross Lhe Sransforper progary and Che resultant (nduced eurrents shoulc

 produce 8 corresponding weveform in the secondery of the transformer.

& d

_ m Common terminal is sometimes left disconnected, but, where a large unwanted

signsl such as A.C. ripple is common to both lnputs in may cause interference to the

A ;';;Wt. This common interference can be rejected to m large degree by connecting he

common termisal Lo the source of the ioterfering signal. Thus any ripple in the power

=

Supply in Fig. 39 is eliminated from the C.R.0. trace by cunnecting the common

C.R.O.

w1

:I—-?, .

10+

FIG, 39. BALANCED C.R.O. INPUT.
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CATHODE RAY OSCILLOSCOPE PRINCIPLES
11. TEST QUESTIONS.
i.  List the 4 basic parts of a modern catheds ray sude arnd ith fhe aid of 2
IWMpee dvawing ghow their relative -caition in “he C.5.T

da.

T
-

:] e L | . - e w i a - o # = 5 + -
=I"LejLlly expiLdain how the beam 2] elZortrana 18 defiected in a 2.R.7

=
-

why i8 a time bage generator included in a4 C.R.0? Show =
P 1 - 3 q s ¥
dygnal wnten i produced by a time ase generatsr mud rel
2f tne Zeam to thia uaveform,

driefly expiain the differerice between ’g;_;m}*mr:-w.i.sing’ oyl *-pn;ggem'ng' 25
7 j

Which type is most eommonly used?

Vhy is provision made for exzternal “riggering on 2 C.R.0. zime base

generatop?

spiefiy =xplain a testing aitugtion

- 5 " . - —— - Py -k
“h Wnion an 2xterral Trigger For the
o
= s T " | P . ] = - T T -y - LN ] 4
Yune oqae JeENeraior g 51"’9;‘:?2"‘*2555 =2 Lrne use LA e wvermal Trigoger
= 3 - -

A Y -

__."".'1_..1__,- ubu.

- E * - ¥ . oy L . of == 3 . " - -
vraw a dlock diagvam /i 4 Jasie caivorated gseilloseops ani label zaoh

somponent olock with its main finecion.
Describe now adjusting the intenasity zontrol causes *he or=gnineas of 2
CR.UIL frace o vary,

Wiy 18 1t advisable to reduce the orightnege witn the

2 L.i00. 18 not immediately in use?

dow would you know when the 'astigmazism' control in a £.5.0. regutred
adjuating?

What advantages are gained by using a 10X attenuatsop probe on she vertical
wiput to a C.2,0. whem measuring veliages?

Zzplain the functi

2
n gacn pogition of the swirten

Cl

-
]

-

3 Wl o T o BN | iy e e >
e AL/UL swiien and JLUe an SZamo e g use 2] O

|1 b - '3
J-?pJ. -
- ! o ' JE Y S r NPT TR e P e ST I - S i
SXDearn now q drryerentigl type verrtical input cireuit of 1 7.2.0. ip used
E |-- & - TE T--u- ;. - __1 . -1_._- - e o = 1.'.-'-.
~Q ALdpLau ILgrals jroim tna ‘giuﬁif'§ -=DOUL e CSNO LTI
’ T ] | ol | g - - ~ - i ——— - = L
al The argnal ac the pollector 5f a transistor reiacive o zarth
ootentiat.

(b} THe signai at the collecror of a transistor rslacive to =he
amiiter wnen this is aotove

=T T o v
..--:-LLu—- ..:-".--'_"---v'._a.--
- =

‘e) The signal across the primary of 2 push-pull smlifier sutzut
“ransrormer.

What ta dlanking and wiy ia it used?
A b kHz sguare vave signal i3 applied to the vertical irvur semirals of =
CoR.0. having a trace 10 cme long and ths time base set at 100 microsesonds
per centimerre. GSketeh the pattern displayed on the sevse




~ 4 NEI183, Amplifiers 2.

Quiz - Voltage Divider Bias of BJT's
|.  The advantage of the voltage divider biasing method for BJT's 1s,

a) it depends only on the supply voltage

b) only one bias supply 1s required to set the gain
the no-signal operating point is independent of hFE, (B)
d) set the /O impedances to the divider resistances

7. When using the voltage divider method for biasing BJT's it is required that,

a) the wattage of the voltage divider resistors is high for the heat dissipation
b) the voltage divider resistors draw greater than ten times 1B

¢) the Q point be moved towards the zero voltage rail

d) the value of Rcis increased

3. When using the voltage divider method for biasing BJT's it is true that,
a) the resistor RE gives the circuit a wider temperature range
the resistors R1 and R2 must be 1% tolerance

¢) circuit efficiency is increased
d) the output voltage swing is reduced

4.  For the diagram below. If Vec is 30V, Re =10 k,RE =220 R and hFE = 250.

Take Vbe as 0.7V

a)  State what the correct bias conditions are for this circuit, ie. value of VC..

ELECT CONTRUL & CUNINIUNIVAITIIUNO FIWInmim miseess
g

—— b)  Using the rule of X10, calculate the values of R1 and R2 for the correct biasing of the
circuit.State their nearest preferred 5% values.

c) Calc the value of Te .

th/G0O
Paoe 1




ADVANCED CERTIFICATE IN APPLIED INDUSTRIAL ELECTRONICS
YEAR 1 ELECTRONIC DEVICES 6016A
PRACTICAL ASSIGNMENT 4

e ——

TRANSISTOR BIASING
———_——————_ﬁ—*

AIM: To examine various types of transistor biasing circuits.

EQUIPMENT REQUIRED:

220; 1k; 2k7; 12k; 1M; values as calculated for Figs.2 and 3: 1/4W. 1 each:.
: BC547 or equivalent (3 off)

Digital multimeter

Analog breadboarding system; (Power supply if required). |

Resistors:
Semiconductors
Multimeters:
Other:

PROCEDURE 1:

SINGLE RESISTOR BIASING |

(a) Construct the circuit of Fig.1, which will be used e 1o eV |
to measure the DC current gain (8) of a number lBl T
of BC547 transistors. Set the DC supply voltage R l
to 10.6V. R & lc Vre
B 1k
(b) Measure the DC voltage across Rc (VRe). 1M l
(c) Calculate the B of the transistor where:
Q1
B = Vcc-06 = 10 = 10pA ....(1) BC547
RB 1M
lc = VRec = VRec  .ccovirnnnen (2)
Rc 1Kk —
IB Fig.1
. C B E
Rearranging (1) and (2) gives:
B = VRe = VRCx10?
1k . e, b
10uA B, transistor 1:
|
[ | B, transistor 2:
< I (1 B =VRcx100 ,|
& &6 l?}o" Lﬁ}.o c:_mt | B, transistor 3:
(d) Repeat steps (b) and (c) for several BC547 transistors and record the values obtained in

the space above. NOTE: It is important that the three selected transistors have B values
that all differ by at least 20%. This may require measuring the B of a number of transistors
Lo obtain three that meet this specifjcation.

(e)

/i [

List the transistors where transistor 1l‘ha:in the lowest B and transistor 3 the highest.
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ADVANCED CERTIFICATE IN APPLIED INDUSTRIAL ELECTRONICS oty s:;,,,; 3
A
YEAR 1 ELECTRONIC DEVICES 6016A ).;p
u 4
PRACTICAL ASSIGNMENT 4 e
B A ———
' aJON g
TRANSISTOR BIASING | oy - 7
——————————————————————————————————————EE————————— OJ p::
| : * . T Ao,
AIM: To examine various types of transistor biasing circuits. JO
n
> Ing
EQUIPMENT REQUIRED: :
Resistors: 220: 1k; 2k7; 12k; 1M, values as calculated for Figs.2 and 3; 1/4W. 1 each;.
Semiconductors : BC547 or equivalent (3 off) \
Multimeters: Digital multimeter \
Other: Analog breadboarding system; (Power supply if required).
PROCEDURE 1: SINGLE RESISTOR BIASING
- ""‘VCC = 10. -
(a) Construct the circuit of Fig.1, which will be used ok r
to measure the DC current gain (8) of a number lBl T <
of BC547 transistors. Set the DC supply voltage R l'
to 10.6V. Ry £ c VR
1k
(b) Measure the DC voltage across Rc (VRe). 1M l
(c) Calculate the B of the transistor where:
Q1
| B = Vec-06 = 10 = 10pA ....(1) BC547
Rs 1M
lc = VRc — R ¢ (2)
| Rc 1k =
| B = Ic ,
- IB Fig.1
'9 CBE
Rearranging (1) and (2) gives:
B = VRe = VRCXx10?®
- - B, tr istor 1:
10pA , transistor 1:

B, transistor 2:
—ry (1B =VRcx100

9”% 6‘” Lﬁ"-o C-.-"Cul-t B, transistor 3:

(d) Repeat steps (b) and (c) for several BC547 transistors and record the values obtained in
the space above. NOTE: It is important that the three selected transistors have B values
that all differ by at least 20%. This may require measuring the 8 of a number of transistors
to obtain three that meet this specifjcation. .

(€) List the ransistors where transistor 1 has the lowest B and transistor 3 the highest.

I e | : ¥ || I



(f)

(9)
(h)

(i)
(i)

For the circuit of Fig.2, calculate:

+Vee = 10V
= the value of the collector current to give a
collector voltage (Vc) of 5V g l l -
= the emitter voltage VE R R C
B 2k7
= the base voltage VB ?
= the base current IB required to give the o
calculated collector current. Q1
= the required value for the base bias resistor A BC547
RB.
——— VC
=  the nearest preferred value (NPV) for RB Vg " T
E
nter th values in Table 1.
Enter these o) Ve
where: l
v v
Ic = Vec-5V
Rc =
VE = IcxRE: VB = VE+06 Fig.2
IB = Ic  (using B of transistor 2 [middle value]
B as measured in previous steps)
RB = Vecc -VB

RB (NPV)
(ohms)

Construct the circuit of Fig.2 using the transistor with the middle value of B (transistor 2).

Using a digital voltmeter, measure the collector voltage and the emitter voltage of the

circuit (note that Vcc should be set to 10V). Enter these values in Table 2.

Replace the transistor with one having a lower B (transistor 1) and repeat step (h).

Replace the transistor with that having the highest B (transistor 3) and repeat step (h).

Transistor

Transistor 2
(middle B value)

Table 2
Vc VE
(volts) (volts)

Transistor 1
(lowest B value)

Transistor 3
(highest B value)
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PROCEDURE 2: POTENTIAL DIVIDER BIASING

Vce = 10V
(a) For the circuit of Fig.3, calculate the value of R1
required to give a collector voltage of 5V. To do
this, use the following steps: e Re
1
= calculate the required collector current Ic for . 2K7
a collector voltage of 5V: (Vcc - 5V)/Rc '
® calculate the resulting emitter voltage: IcRE
Q1
® calculate the resulting base voltage: VE + 0.6 -‘
: : BC547
®= use Ohm'’s law to determine the current in R2:
(VB/R2) R, R
E
® use Ohm'’s law to determine R1, that is: R2 = 12k
(Vec-VB)/IR1 where IR1 = IR2 220
= Select the nearest preferred value for R1 and
enter its value below. ) =
_ Fig.3

Rl =

(b) Construct the circuit of Fig.3 using transistor 2 (middle value of B).

(c) Using a digital voltmeter, measure the collector voltage and the emitter voltage of the
circuit (note that Vcc should be set to 10V). Enter these values in Table 3.

(d) Replace the transistor with one having a lower B (transistor 1) and repeat step (c).

(e) Replace the transistor with that having the highest B (transistor 3) and repeat step (c).

Table 3

Transistor

Transistor 2
(middle B value)

Transistor 1
(lowest B value)

. Transistor 3
| (highest B value)

QUESTIONS: Answer on a separate sheet of paper

(@) For the circuit of Fig.2, if the current gain of the transistor rises, identify whether the
| Collector voltage will rise or fall. Give a brief explanation for your answer.

(b) Qompare the effect on the collector voltage of replacing the transistor with one having
different values of current gain for both Figs.2 and 3. Briefly explain any differences in the
| performance of both circuits.

(€)  If the emitter resistor of Figs.2 and 3 where removed, identify the effect on the stability of
the two circuits. %

h

i
***t****t**tti*i**i***
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Name Date
Procedure  Measuring the DC Current Gain of a Transistor TABLE 2 4/0
1. If available, use a DVM with the facility to measure '

Transistor DC current
gain (B)

the DC current gain (B) of a transistor, (e.g., AWA
type). Measure and record the DC current gains
of each of the three transistors in Table 2.

A M/rﬁ
2 Construct the circuit of Fig.1,
which uses the BC547 +12V ~ O
transistor. _

tt
3. Connect a DVM across Rc and
another across RB, and set RV1

so that the wiper is at ground
potential (0V).

Rc 9

4. Apply power and adjust RV1 to
give a voltage across Rc of

around 1V. Measure and record RV 1 0
the voltage across RB and also BGS47 )
record the value of VRC in Table 10k [
3 on the next page.
Fig.1 = QXJC
5. Using the previously measured values of VRC and VRB calculate and record in Table 3 the )
values of Ic, I8 and the DC current gain (B) of the transistor where: ——7
- T O
lc = VAC TABLE 3 |
Rc
VRC IC VRB IB B
L 1.0V
RB '
B = lj 2-0V | |
| la 3.0V
4.0V
5.0V .
6.0V
7.0V
—1
8.0V .‘
SN | 9.0V
T i — -
10.0V




|

?133, 7794B, Amplifiers 2. Practical.

6. Repeat step 5 for voltages across Rc wup &a - 10V. Adjust RV1 to obtain these voltages.
| Note that they need only be approximate, providing the measured values of VRC are used
' to calculate Ic.

Q NOTE 1: All voltages are measured, currents are calculated.

NOTE 2: It will be noticed that the voltage across thg collector resistor is relatively unstable,
caused by the type of bias being applied.

ph of Results : VRC and IC, and B against IB
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