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Aviation Upon conpl eting this chapter, you should be able to:
Combat

Construction Describe the purpose of the CRT used in the oscilloscope.

Blﬁlfr:sgm'\;% Explain the operation of an oscilloscope.

Enaineerir gineering Describe the purpose of the controls and indicators found on an oscill oscope.

...Electronics New Describe the proper procedure for using a dual-trace oscilloscope.

Food and Cooking Describe the accessory probes available for use with a dual-trace oscilloscope.

New Explain the operation of the spectrum analyzer.

m Descri be the purpose of the controls and indicators found on
Medical

Nuclear One of the nost wi dely used pieces of electronic test equipnment it
Fundamentals oscilloscope is used to show the shape of a video pul se appearing
Photography test point. Although sone oscilloscopes are better than others in
Religion pul ses, all function in fundanentally the same way. If you learn |
USMC operates, you will be able to |earn others.

Products As you will learn in this chapter, there are nmany different types
Educational CD- varying in conplexity fromthe sinple to the conplex. Before we gt
ROM's the dual -trace oscilloscope, we will first present a general over\
Printed Manuals trace oscill oscope operation. Shortly, we will see how oscill oscoj

Downloadable Books TUBE (CRT) in which controlled el ectron beans are used to present
graphi cal data on a fluorescent screen.

Anot her piece of test equi pnent used is the SPECTRUM ANALYZER. Thi
to sweep over a band of frequencies to determ ne what frequencies
specific circuit under test, and then the anplitude of each freque
accurate interpretation of the display will allow you to determni ne
equi prent bei ng tested.
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CATHODE- RAY TUBES

A detail ed di scussion of CATHODE- RAY TUBES (CRTs) is presented in
El ectroni c Enission, Tubes, and Power Supplies. Before continuing
in this section, you may want to review chapter 2 of that nodul e.

Cat hode-ray tubes used in oscilloscopes consist of an ELECTRON GU
and a FLUORESCENT SCREEN. All of these elenents are enclosed in tt
the glass CRT. The el ectron gun generates el ectrons and focuses tt
The defl ection system noves the beam hori zontally and vertically ¢
screen is coated with a phosphorous material that gl ows when struc
Figure 6-1 shows the construction of a CRT.

Figure 6-1. - Construction of a CRIT.
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The ELECTRON GUN consists of a HEATER and a CATHODE to generate el
to control brightness by controlling electron flow, and two ANODE!
mai n purpose of the first (FOCUSI NG anode is to focus the el ectr«
the screen. The second (ACCELERATI NG anode accel erates the el ectt
control grid is cylindrical and has a snall opening in a baffle at
consist of two cylinders that contain baffles (or plates) with sm
centers.

Q 1 What el enent controls the nunber of electrons striking the sct

Q2 What elenent is controlled to focus the beanf
Cat hode and Control Gid

As in nost conventional electron tubes, the cathode is indirectly
of electrons. The control grid is a hollow netal tube placed over
opening is located in the center of a baffle at the end opposite t
grid is maintained at a negative potential with respect to the cat
el ectrons bunched toget her.

A high positive potential on the anodes pulls electrons through tt

http://www.infodotinc.com/neets/book16/71.htm 8/11/2004
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Because the grid is near the cathode, it can control the number of
emtted. As in an ordinary electron tube, the negative voltage of
either to control electron flow or stop it conpletely. The brightt
i mage on the fluorescent screen is determ ned by the nunmber of elz¢
screen. This is controlled by the voltage on the control grid.

El ectrostatic Lenses and Focusi ng

The el ectron beamis focused by two ELECTROSTATI C FI ELDS that exi¢
grid and first anode and between the first and second anodes.

Fi gure 6-2 shows you how el ectrons nove through the el ectron gun

areas are often referred to as LENSES because the fields bend el ec
manner that optical |enses bend light rays. The first el ectrostat
electrons to cross at the first focal point within the field. The
spreadi ng streans and return themto a new, second focal point at

Q 3 Wy are the electrostatic fields between the el ectron gun el et

Figure 6-2. - Formation of an el ectron beam
FIRST ELECTROSTATIC LENS SECOND ELECTRO-
STATIC LENS |
FIRST i
FOCAL i
FOINT

e m—T

1st ANDDE
(FOCUSING)

Znd ANODE
[ACCELERATIF

FOCUS
\\ CONTROL

Figure 6-2 also shows the relative voltage relationships on the e
cathode (K) is at a fixed positive voltage with respect to ground.
vari abl e negative voltage with respect to the cathode. A fixed pos
thousand volts is connected to the second (accel erating) anode. Tt
(focusing) anode is |less positive than the potential of the secont
can be varied to place the focal point of the electron beam on the
Control-grid potential is established at the proper level to allo
el ectrons through the gun for the desired inage intensity.

Answer

Q4 What is the function of the second anode?

http://www.infodotinc.com/neets/book16/71.htm 8/11/2004
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ELECTRON BEAM DEFLECTI ON SYSTEM

The el ectron beamis devel oped, focused, and accel erated by the el
appears on the screen of the CRT as a snall, bright dot. If the be
position, the electrons will soon burn away the illum nating coati
be of any use, the beam nust be able to nove. As you have studied,
can bend the path of a noving el ectron.

As you have seen in the previous illustrations, the beam of el ectt
el ectrostatic field between two plates. You should renenber that ¢
charged and that they will be deflected in the direction of the el

negative to positive). This deflection causes the electrons to fol
in the electrostatic field.

When the electrons | eave the electrostatic field, they will take ¢
screen at the angle at which they left the field. Because they wet
the electrons will be traveling toward the same spot. O course, t
exi st on the anodes to produce the electrostatic field. Changing t
the focal point of the beam and causes the el ectron beamto stri ke
poi nt .

Factors Influencing Deflection

The ANGLE OF DEFLECTI ON (the angl e the outgoing el ectron beam make
Iine axis between the plates) depends on the follow ng factors:

Length of the deflection field;

Spacing between the deflection plates;

The difference of potential between the plates; and
The accelerating voltage on the second anode.

LENGTH OF DEFLECTION FIELD. - As shown in figure 6-3, a long fielt
pl ates) has nore time to exert its deflecting forces on an el ectr«
shorter field (short deflection plates). Therefore, the |onger def
the beamto a greater deflection angle.

Figure 6-3. - Factors influencing I ength of field.
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Q5 What effect do |onger deflection plates have on the electron t
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Administration SPACI NG BETWEEN PLATES. - As shown in figure 6-4, the closer toget
Advancement effect the electric force has on the deflection angle of the elect

Aerographer
Automotive

Aviation
Combat
Construction

Diving New

+ 100V + 100V
Draftsman *
Engineering -
...Electronics New 0

Food and Cooking WIDE DEFLECTIDN 0 ——

New _I_ANGLE NARRCOW DE
Math B o
Medical - 0

l\N/lllj;IeCar CLOSE SPACING WWIDE SPACING
Fundamentals

Photography

Religion

UsSMC Q 6 What effect does closer spacing of plates have on the el ectrot

Figure 6-4. - Spacing between pl ates.

Products DI FFERENCE OF POTENTI ALThe potential on the plates (figure 6-5) ci
Educlatlonal CD- wi der or narrower deflection angle. The greater the potential, the
ROM's angl e.

Printed Manuals

Downloadable Books F; gure 6-5.

- Differences of potential.
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Q7 Is the deflection angle greater with higher or |ower potentia

BEAM ACCELERATION. - The faster the electrons are noving, the snal
angle will be, as shown in figure 6-6.

Figure 6-6. - Beam accel erati on.
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Q8 Is the deflection angle greater when the beamis noving faster
Vertical and Horizontal Plates

If two sets of deflection plates are placed at right angles to eac
(figure 6-7), the electron beamcan be controlled in any directior
potential of the vertical-deflection plates, you can make the spot

the tube nove vertically. The distance the beam noves will be proj
in potential difference between the plates. Changing the potentia
hori zontal -defl ection plates will cause the beamto nove a given

the other. Directions other than up-down and left-right are achie\
hori zontal and vertical novenent.

Figure 6-7. - Deflection plate arrangemnent.

http://www.infodotinc.com/neets/book16/71a.htm 8/11/2004
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As shown in figure 6-8, position X of the beamis in the center. |
position Y by going up 2 units and then right 2 units. Myvenent of
of the sinultaneous action of both sets of deflection plates. The
bet ween the vertical plates noves the electrons up an anount prop¢
the screen. As the beam passes between the horizontal plates, it 1
anount proportional to 2 units on the screen.

Fi gure 6-8. - Beam novenent on the CRT.
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I f the anpbunt of deflection fromthe Ieft and down occurred so th:
acted at the same time, the picture would be |ike the one in view
exanmple, if the vertical plates noved the beam downward (starting
rate of 3 units per second and the horizontal plates nmoved it to t
unit per second, both movenents woul d have been conpleted in 1 sec
result would be a straight l|ine.

Figure 6-9. - Deflection of the beam

http://www.infodotinc.com/neets/book16/71a.htm 8/11/2004
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(A) (B)

In view B, the potentials on the vertical and horizontal plates ct
In the sane tinme period, say 1 second, both plates nove the beam:
pl ates have conpleted their task at the end of 1 second, but the \
nmoved the beamonly one-third of the required distance. In this c:
B woul d appear on the screen.

Beam defl ection Plate Action

Recall fromyour study of chapter 2 of this nodule that waveforns
of anplitude versus tine. You have just seen how the novenent of t
both potential (anplitude) and tine.

Q 9 Waveforns are described in terns of what two functions? @
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Administration vertical -defl ection plates in signal anplitude neasurements. As tt
Advancement renenber that vertical -deflection plates are used to show anplit uc

Aerographer hori zont al -defl ection plates are used to show time and/or frequenc
Automotive

Aviation
Combat
Construction

Diving New AMPLITUDE-TIME GRAPH CRT-SCREEN PRES

Draftsman

Engineering
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Food and Cooking

New
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Photography
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UsMC

Figure 6-10. - Anplitude versus tine.
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FromTO to T1, the vertical plates nmaintain their static differ
the beam stays at 0 units; the TO to Tl change causes an increasit
in the horizontal plates, and the beam nobves 1 unit to the right.

2. At Tl, a positive potential difference change in the vertical j
causes the beamto nove up (instantaneously) 2 units.

This vertical (anplitude) beamlocation is nmaintained fromTl to -
nmovenent continues noving to the right as 3 units of tine pass.

http://www.infodotinc.com/neets/book16/71b.htm 8/11/2004
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3. At T4, an instantaneous negative change in potential of 4 units¢
and the beam noves from+2 to -2 units.

4, From T4 to T7, the beamrenmains at -2 units. During this tinme j
continues noving horizontally to the right, indicating the passage

5. At T7, a positive increase of anplitude occurs, and the beam m
to O units. From T7 to T8, no change occurs in vertical beam nover
novenent continues with tine.

The vertical -plate potential difference follows the voltage of the
hori zontal -plate potential follows the passage of tine. Together
(trace) produced on the screen by the noving beam

Q 10 The vertical -deflection plates are used to reproduce what ful

Q 11 The hori zontal -defl ection plates are used to produce what ful

HORI ZONTAL- DEFLECTI ON PLATES. - Now let's | ook at horizontal -defl¢
that the resistance of the potentionmeter shown in figure 6-11 is ¢
I ength. When the armof the potentioneter is at the middle positict
exi sts on each plate. Since there is zero potential difference bet
electrostatic field is not noved downward at a uniformrate; the
nore positive than the left (you are | ooking down through the top
el ectron beamwi |l nove to the right fromscreen point 0 through |
equal time intervals.

Figure 6-11. - Horizontal plates (top view.
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If the potentionmeter armis noved at the sanme rate in the oppositc¢
plate will decrease in positive potential until the beamreturns t
that point, the potential difference between the plates is again :
toward the other end of the resistance causes the left plate to be
the right, and the beam noves from screen points 0 through 4. If t
potentiometer armis at a uniform (linear) rate, the beam noves at

Notice that the ends of the deflection plates are bent outward to
deflection of the beam The vertical plates are bent up and down

Q 12 Wy are the ends of the deflection plates bent outmard?EEEEE

For ease of explanation, the nmanual nmovenment of the potentioneter

http://www.infodotinc.com/neets/book16/71b.htm 8/11/2004
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i ntroduce you to horizontal beam novenent. However, in the oscillc«
hori zontal deflection is acconplished. Beam novenent voltages are
faster by sawmtooth circuitry. You may want to review the sawm ooth
NEETS, Module 9, Introduction to Wave- Generati on and Wave- Shapi ng
continuing. Nearly all oscilloscopes with electrostatic defl ecti ot
voltage to the horizontal plates to produce horizontal deflection
figure 6-12.

Figure 6-12. - Sawtooth generator
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|
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RETRACE
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In the figure, the sawtooth generator replaces the potentioneter ¢
hori zontal plates of the CRT. At the reference line, the potentia
equal. Below the line, the left plate is nore positive and the ri
positive. This causes the beamto nove left. Above the line, the 1
positive than the left and the beam noves to the right. The wavef«
uni f orm movenent of the beam across the screen (called TRACE). RE
trailing edge of the waveform quickly deflects the beam back to t

CRT GRATI CULE

A CGRATI CULE was used in our previous discussion in figure 6-10 .
scale (made of clear plastic) of anplitude versus time that is ple
CRT.

The graticule can be used to determ ne the voltage of waveforns be
SENSITIVITY of a CRT is uniformthroughout the vertical plane of t
sensitivity states the nunber of inches, centinmeters, or mllinete
defl ected for each volt of potential difference applied to the def
directly proportional to the physical Iength of the deflection pl:
fromthe screen and inversely proportional to the distance betweet
second- anode voltage. Deflection sensitivity is a constant that it
construction of the tube.

Defl ection sensitivity for a given CRT mght typically be 0.2 m |
means the spot on the screen will be deflected 0.2 mllineters (al
difference of 1 volt exists between the plates. Sometines the rec
sensitivity (called DEFLECTI ON FACTOR) is given. The deflection fe
gi ven woul d be 125 volts per inch (1/0.008).

Q 13 What termis used to describe the reciprocal of deflection s¢

http://www.infodotinc.com/neets/book16/71b.htm 8/11/2004
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inch on the screen. This neans that the deflection caused by snall
not be observed. For this reason, the deflection plates are connec
magni fy the signals applied to the vertical input of the scope.

Assume, for exanple, that a peak-to-peak value of a known voltage
oscill oscope indicates that each inch nmarking on the graticule is
of the 10 subdivisions will, therefore, equal a value of 6 volts.
ATTENUATOR controls to decrease or GAIN controls to increase the ¢
before it is placed on the deflection plates. Attenuator and gain
di sturbed after the calibration has been made. For maxi mum accur ac
recalibrate the graticule each tine a voltage is to be neasured.

CRT DESI GNATI ONS

Cat hode-ray tubes are identified by a tube nunber, such as 2AP1, :
nunber identifies the dianeter of the tube face. Typical dianeters
and 7 inches. The first letter designates the order in which a tut
was registered. The letter-digit comnbination indicates the type of
material) used on the inside of the screen. Phosphor Pl, which is
osci |l | oscopes, produces a green |light at medi um PERSI STENCE. Pers
I ength of tine the phosphor glows after the electron beamis renp\
Iight and has a short persistence. If a letter appears at the end,
of the nodification after the original design.

OSCl LLOSCOPE CONTROL COMPONENTS

Al though the CRT is a highly versatile device, it cannot operate \
The type of control circuits required depends on the purpose of tt
CRT is used.

There are many different types of oscilloscopes. They vary fromre
instrunents to highly accurate | aboratory nodels. Although oscillc«
types of circuits, nost can be divided into the basic sections sh
CRT, (2) a group of control circuits that control the waveform f e«

8/11/2004



CRT Designation Page 2 of 6

supply, (4) sweep circuitry, and (5) deflection circuitry.

Figure 6-13. - Bl ock diagram of an oscill oscope.

Q 14 List the circuits that all oscilloscopes have in comon. L

Figure 6-14 is a drawing of the front panel of a dual-trace, genet
Gscill oscopes vary greatly in the nunber of controls and connect ot
controls and connectors, the nore versatile the instrunment. Regar(
oscill oscopes have similar controls and connectors. Once you |eart
operation of these common controls, you can nove with relative eat
oscill oscope to another. QOccasionally, controls that serve simlal
| abel ed differently fromone nodel to another. However, you will f
are logically grouped and that their nanes usually indicate their

Figure 6-14. - Dual -trace oscill oscope.

http://www.infodotinc.com/neets/book16/71c.htm 8/11/2004
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The oscilloscope in figure 6-14 is call ed DUAL- TRACE because it c:
vertical signal inputs at the sane tine - usually for conparison ¢
signal and a reference signal. This scope can al so accept just one¢
is used as a S| NGLE- TRACE OSCl LLOSCOPE. For the follow ng discuss
this to be a single-trace oscilloscope. The oscilloscope in the fi
the fleet. You are likely to use this one (nodel AN USM 425) or ot
Let's now | ook at the front panel controls.

COVPONENTS USED TO DI SPLAY THE WAVEFORM

The CRT DI SPLAY SCREEN is used to display the signal (figure 6-15
accurate neasurements using the vertical and horizontal graticul e¢

Figure 6-15. - CRT display and graticule.

http://www.infodotinc.com/neets/book16/71c.htm 8/11/2004
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COVPONENTS USED TO ADJUST CRT DI SPLAY QUALI TY

The controls in figure 6-16 allow you to adjust for a clear signa
all ow you to adjust the display position and magnify the horizontse
10 (X10). Keep in mnd that the controls may be | abeled different
anot her, depending on the nmanufacturer. Refer to figure 6-16 as y¢
descriptions in the next paragraphs.

Figure 6-16. - Quality adjustnment for CRT display.

http://www.infodotinc.com/neets/book16/71c.htm 8/11/2004
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I NTEN (I ntensity) Control

The INTEN (intensity) control (sonetines called BRI GHTNESS) adj ust
beam on the CRT. The control is rotated in a clockw se direction t
of the beam and should be adjusted to a m ni mum bri ghtness | evel t
Vi ewi ng.

FOCUS and ASTIG (Astignmatisnm Controls

The FOCUS control adjusts the beam size. The ASTIG (astigmatism ¢
shape. The FOCUS and ASTIG controls are adjusted together to prodt
defined circular dot. Wen displaying a |line trace, you will use t
produce a well -defined |ine.

Figure 6-17, view A, shows an out-of-focus beam dot. View B shows
C and D show out-of-focus and in-focus traces, respectively.

Figure 6-17. - Effects of FOCUS and ASTIG (astigmatism controls.

http://www.infodotinc.com/neets/book16/71c.htm 8/11/2004
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Information Categories TRACE ROTATI ON Cont r ol

The TRACE ROTATION control (figure 6-16) allows for mnor adjustm
portion of the trace so that you can align it with the horizontal

BEAM FI NDER Cont r ol

Cccasionally, the trace will actually be |ocated off the CRT (up ¢
right) because of the orientation of the deflection plates. Wen j
(figure 6-16) pulls the beamonto the screen so that you can use t
vertical POSITION controls to center the spot.

Hori zontal and Vertical POSITION Controls

The horizontal and vertical POSITION controls (figure 6-16 ) are 1
trace. Because the graticule is often drawn to represent a graph,
the positioning controls |labeled to correspond to the X and Y axes
axi s represents horizontal novenent; the Y axis represents the ver
6- 18 shows the effects of positioning controls on the trace.

Figure 6-18. - Effects of horizontal and vertical controls.

8/11/2004
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In view A, the horizontal control has been adjusted to nobve the tt
right; in view B, the trace has been noved too far to the left. I
PCSI TI ON control (discussed |later) has been adjusted to nove the t
top; in view D, the trace has been noved too close to the bottom
shows the trace properly positioned.

10X MAG (Magnifier) Switch

The 10X MAG (magnifier) switch (figure 6-16) allows you to magnif)
a factor of 10 in the horizontal direction. This ability is inport
expand the signal to evaluate it carefully.

COVPONENTS USED TO DETERM NE THE AMPLI TUDE OF A SI GNAL

We will now discuss the dual -trace conponents of the scope. You w
to determne the anplitude of a signal. Notice in figure 6-19 that
at the upper left of the scope | ooks just the sane as the section
scope. This reveals the dual -trace capability section of the scope
is the CH (channel) 1 input and is the sane as the CH 2 input at t
to both inputs at the sane tine will produce two i ndependent trace
dual -trace capability of the scope.

Fi gure 6-19. - Components that determ ne anplitude.
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For purposes of this introductory discussion, we will present onl)
shoul d realize that the information presented al so applies to CH:

Vertical PGCSI TI ON Contr ol

The vertical POSITION control allows you to nove the beam positi ot
di scussed earlier

I nput Connect or

The vertical input (or signal input) jack connects the signal to t
vertical -defl ection anplifier. Some oscilloscopes may have two inj
and the other | abeled DC. O her nodels nmay have a single input jac
switch, such as the AC GRD DC switch in figure 6-19. This switch
or dc connection. In the DC position, the signal is connected dire
deflection anplifier; in the AC position, the signal is first fed
Fi gure 6-20 shows the schematic of one arrangenent.

Fi gure 6-20. - Vertical input arrangenent.
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The VERTI CAL- DEFLECTI ON AMPLI FI ER i ncreases the anplitude of the i
required for the deflection of the CRT beam The deflection anplitf
other effect on the signal, such as changing the shape (called D¢
shows the results of distortion occurring in a deflection anplifice

Figure 6-21. - Deflection anplifier distortion.

[ Back | [ Home ] [ Up ] [ Next ]
Order thisinformation in Adobe PDF Printable Fol

Privacy Statement - Press Release - Copyright Information. - Contact Us -

http://www.infodotinc.com/neets/book16/71d.htm 8/11/2004



Attenuator Control Page 1 of 5
Order this information in Print Order this information on CD-ROM D
. Page Title: Attenuator Control
Click here to make tpub.com your Home Page Back | Up | Next
Back Up
Trace Rotation control Content Moved Col

Search

Web
www.tpub.com

Home
[ Back ] [ Home ] [ Up ]

Information Categories

[ Next ]

Administration At t enuat or Control

Advancement

Mg@m An anmplifier can handle only a linmted range of input anplitudes t
Automotive distort the signal. Signal distortion is prevented in oscill oscope
Aviation of circuitry that pernits adjustment of the input signal anplitude
Combat prevents distortion fromoccurring. This adjustnment is called the
w sone scopes (VOLTS/DIV and VAR in figure 6-19). This control extet
Diving New oscill oscope by enabling it to handle a wide range of signal anpli
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The vertical attenuator control (VOLTS/DIV in figure 6-19 ) provit
the input signal level to the anplifiers by steps. These steps arc¢
hi gh defl ection factors. The potentiometer control (VAR in figure
of fine, or variable, control between steps. This control may be 1
may be nounted on the attenuator control. Wen the control is nour
often marked as FINE GAIN or sinply GAIN. When mounted on the atte
usual |y marked VARI ABLE or VAR

The variable control adds attenuation to the step that is sel ectec
calibrating a potentioneter is difficult, the variable control is
the front panel is narked off in some convenient units, such as 1-
attenuator control, however, can be accurately calibrated. To do t
variable control to renmove it fromthe attenuator circuit. This pc
CAL (calibrate) on the panel, or an associated light indicates if
off. In figure 6-19, the light called UNCAL indicates the VAR cont
uncal i brated position

COVPONENTS USED TO SELECT THE VERTI CAL OPERATI NG MODE

As we discussed earlier, channel 1 is being used to discuss basic
the oscill oscope. Figure 6-23 shows how the vertical node of oper:
VERT MODE section contains push-button switches that enable you t«
channel 2, and several other vertical nobdes of operation. For the
only that CH 1 is selected by these switches.

Figure 6-23. - Vertical-deflection controls.
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COVPONENTS USED TO DETERM NE PERI OD Tl ME OF THE DI SPLAY

The TIME/ DIV (figure 6-24) controls on the scope determ ne the per
di spl ayed waveform As we discussed earlier, the sweep generator ¢
waveformthat is applied to the horizontal -deflection plates of tt
vol tage causes the beamto nove across the screen. This trace (sot
sets the frequency of the TIME BASE of the oscilloscope. The freqt
vari abl e, which enables the oscilloscope to accept a w de range of
Again, two controls are used (figure 6-24). One is a multipositiot
changes the frequency of the sweep generator in steps. The second
potentiometer (VAR) that varies the frequency between steps. Each
control is calibrated. The front panel has nmarkings that group the
m croseconds and mlliseconds.

Figure 6-24. - Period tinme of the waveform (TIME/ DV).
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The potentioneter is |abeled VAR, and the panel has an UNCAL i ndi (
the VAR control is in the variable position. Wen you desire to ac
tinme of one cycle of an input signal, turn the VAR control to the
the TIME/DIV switch to select an appropriate tine base. Suppose y«
m crosecond position to display two cycles of an input signal, as
One cycle occupies 3 centineters (snall divisions) along the hori:
a value of 10 m croseconds. Therefore, the tine for one cycle equ:
10). Recall that the frequency for a signal nay be found by using

Figure 6-25. - Time neasurement of a waveform (Tl ME/ Dl V)
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In selecting a tinme base, you should select one that is lower in f

signal. If the input signal requires 5 nmilliseconds to conplete ot
is set for 0.5 mlliseconds per centinmeter with a 10-centi meter-wi
approxi mately one cycle will be displayed. If the tinme base is set
centineter, approximately two cycles will be displayed. If the tit

frequency higher than the input frequency, only a portion of the
di spl ayed.

In the basic oscilloscope, the sweep generator runs continuously (
el aborate oscill oscopes, it is nornmally turned off. In the oscillc¢
exanpl e, the sweep generator can be triggered by the input signa
other source. (Triggering will be discussed later in this chapter
oscilloscope is called a triggered oscilloscope. The triggered os¢
accurate tinme neasurenents to be nade and provides a nore stable |
nontri ggered-type oscill oscope.

On sone oscilloscopes, you will find a 10 tinmes (10X) magnificati(
mentioned, this allows the displayed sweep to be nagnified by a f¢

Q 15 When you select the tine base to display a signal, should the

hi gher, or |lower than the input signal?
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SOURCE Contro

The SOURCE control allows you to select the appropriate source of
sel ect input signals fromchannel 1 or 2, the line (60 hertz), or

TRI GGER LEVEL/ SLOPE Control s

The LEVEL control allows you to select the anplitude point of the
the sweep is triggered. The SLOPE | ets you sel ect the negative or
trigger signal at which the sweep is triggered.

The TRI GGER LEVEL (nounted with the TRI GGER SLOPE on sone scopes)
| evel required to trigger the sweep. For exanmple, in the TRI GGER 1
obtai ned fromthe signal to be displayed. The setting of the LEVEI
anpl i tude point of the input waveformthat will be displayed at tt

Fi gure 6-27 shows sone of the displays for a channel that can be ¢
TRI GGER LEVEL and TRI GGER SLOPE settings. The level is zero and tt
view A; view B al so shows a zero |level but a negative slope sel ect
effects of a positive trigger level setting and positive trigger
di spl ays a negative trigger level setting with a positive trigger

and F have negative slope settings. The difference is that view E
| evel setting, whereas F has a negative trigger |evel setting.

Figure 6-27. - Effects of SLOPE and TRI GGER LEVEL control s.
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In nost scopes, an automatic function of the trigger circuitry al
wi thout a trigger signal. However, when a trigger signal is applic¢
to the triggered node of operation and the sweep is no | onger free
provides a trace when no signal is applied.

Synchroni zation is also used to cause a free-running condition wt
Synchroni zation is not the same as triggering. TRIGGERI NG refers t
event that initiates an operation. Wthout this event, the operat
the case of the triggered sweep, the sweep will not be started unt
Each succeedi ng sweep nust have a trigger before a sweep comence:
however, nmeans that an operation or event is brought into step wt

A sweep circuit that uses synchronization instead of triggering w
free-running sweep to be locked in step with the synchroni zing si¢
control setting can be increased until synchronization occurs; but
unstabl e pattern will appear on the CRT face.

COUPLI NG Secti on

The COUPLI NG section allows you to select fromfour positions: AC,
The AC position incorporates a coupling capacitor to block any dc
REJ positions reject |ow and high-frequency conponents, respecti\
provides direct coupling to the trigger circuits. This is useful 1
only the LF or HF conmponent of a signal

COVPONENTS USED TO SELECT SCOPE TRI GGERI NG

The TRI G MODE section in figure 6-28 allows for automatic trigger
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In AUTO (automatic), the triggering will be free-running in the at
trigger input or will trigger on the input signal at frequencies ¢
(normal ), the vertical channel input will trigger the sweep.

Fi gure 6-28. - Components to select triggering.

COVPONENTS USED TO SELECT HORI ZONTAL- DEFLECTI ON MODE

For the present, notice only that the HORI Z DI SPLAY (horizontal d
can be controlled by the TIMED V switch. Qther switches in this ¢
later in this chapter.

Fi gure 6-29. - Components to select node of horizontal deflection
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COVPONENTS USED TO CALI BRATE THE PROBE OF THE SCOPE

In figure 6-30, you can see the conponents used to calibrate the t
A 1-volt, 2-kilohertz square wave signal is provided for you to ac
accurate square wave and to check the vertical gain of the scope.
with a screwdriver, as shown in the figure.

Fi gure 6-30. - Conponents to calibrate probe.
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SI M LARI TI ES AMONG OSCI LLOSCOPES

The oscill oscope you use may differ in some respects fromthe one
and circuits may be identified by different names. Many of the cit
differently. However, all the functions will be fundanentally the
oscill oscope, you should carefully study the operator's nanual the

USI NG THE OSCI LLOSCOPE

An oscill oscope can be used for several different types of measurc¢
phase, frequency, and anplitude of observed waveforns. Earlier in
| earned that the oscilloscope is nost often used to study the shaj
performance of equi pnent is being checked. The patterns on the sc«
signals that should appear at test points (according to the techn
equi prent under test). You can then determine if the equipment is
peak performance standards.

Q 16 Oscill oscopes are used to measure what quantities?
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SOURCE Contro

The SOURCE control allows you to select the appropriate source of
sel ect input signals fromchannel 1 or 2, the line (60 hertz), or

TRI GGER LEVEL/ SLOPE Control s

The LEVEL control allows you to select the anplitude point of the
the sweep is triggered. The SLOPE | ets you sel ect the negative or
trigger signal at which the sweep is triggered.

The TRI GGER LEVEL (nounted with the TRI GGER SLOPE on sone scopes)
| evel required to trigger the sweep. For exanmple, in the TRI GGER 1
obtai ned fromthe signal to be displayed. The setting of the LEVEI
anpl i tude point of the input waveformthat will be displayed at tt

Fi gure 6-27 shows sone of the displays for a channel that can be ¢
TRI GGER LEVEL and TRI GGER SLOPE settings. The level is zero and tt
view A; view B al so shows a zero |level but a negative slope sel ect
effects of a positive trigger level setting and positive trigger
di spl ays a negative trigger level setting with a positive trigger

and F have negative slope settings. The difference is that view E
| evel setting, whereas F has a negative trigger |evel setting.

Figure 6-27. - Effects of SLOPE and TRI GGER LEVEL control s.
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In nost scopes, an automatic function of the trigger circuitry al
wi thout a trigger signal. However, when a trigger signal is applic¢
to the triggered node of operation and the sweep is no | onger free
provides a trace when no signal is applied.

Synchroni zation is also used to cause a free-running condition wt
Synchroni zation is not the same as triggering. TRIGGERI NG refers t
event that initiates an operation. Wthout this event, the operat
the case of the triggered sweep, the sweep will not be started unt
Each succeedi ng sweep nust have a trigger before a sweep comence:
however, nmeans that an operation or event is brought into step wt

A sweep circuit that uses synchronization instead of triggering w
free-running sweep to be locked in step with the synchroni zing si¢
control setting can be increased until synchronization occurs; but
unstabl e pattern will appear on the CRT face.

COUPLI NG Secti on

The COUPLI NG section allows you to select fromfour positions: AC,
The AC position incorporates a coupling capacitor to block any dc
REJ positions reject |ow and high-frequency conponents, respecti\
provides direct coupling to the trigger circuits. This is useful 1
only the LF or HF conmponent of a signal

COVPONENTS USED TO SELECT SCOPE TRI GGERI NG

The TRI G MODE section in figure 6-28 allows for automatic trigger
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In AUTO (automatic), the triggering will be free-running in the at
trigger input or will trigger on the input signal at frequencies ¢
(normal ), the vertical channel input will trigger the sweep.

Fi gure 6-28. - Components to select triggering.

COVPONENTS USED TO SELECT HORI ZONTAL- DEFLECTI ON MODE

For the present, notice only that the HORI Z DI SPLAY (horizontal d
can be controlled by the TIMED V switch. Qther switches in this ¢
later in this chapter.

Fi gure 6-29. - Components to select node of horizontal deflection
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COVPONENTS USED TO CALI BRATE THE PROBE OF THE SCOPE

In figure 6-30, you can see the conponents used to calibrate the t
A 1-volt, 2-kilohertz square wave signal is provided for you to ac
accurate square wave and to check the vertical gain of the scope.
with a screwdriver, as shown in the figure.

Fi gure 6-30. - Conponents to calibrate probe.
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SI M LARI TI ES AMONG OSCI LLOSCOPES

The oscill oscope you use may differ in some respects fromthe one
and circuits may be identified by different names. Many of the cit
differently. However, all the functions will be fundanentally the
oscill oscope, you should carefully study the operator's nanual the

USI NG THE OSCI LLOSCOPE

An oscill oscope can be used for several different types of measurc¢
phase, frequency, and anplitude of observed waveforns. Earlier in
| earned that the oscilloscope is nost often used to study the shaj
performance of equi pnent is being checked. The patterns on the sc«
signals that should appear at test points (according to the techn
equi prent under test). You can then determine if the equipment is
peak performance standards.

Q 16 Oscill oscopes are used to measure what quantities?
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__Electronics New Figure 6-31. - Components to energize scope.
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OBTAI NIl NG A PATTERN ON THE SCREEN

When adjusting a pattern onto the screen, adjust the INTEN (intens
for a bright, sharp line. If other control settings are such that
appears, turn down the intensity to prevent burning a hole in the
of the different speeds at which the beamtravels across the scree
sharpness will vary at various frequency settings. For this reasot
the I NTEN and FOCUS controls occasionally while taking readings.

NUMBER OF CYCLES ON THE SCREEN

Because distortion nmay exist at the beginning and end of a sweep,
two or three cycles of the waveformon the screen instead of just
6- 32.

Fi gure 6-32. - Proper signal presentation
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The center cycle of three cycles provides you with an undi storted
phase. The center of a two-cycle presentation will appear invert et
undi storted. To place waveforns on the CRT in this manner, you mnus
rel ati onshi p between horizontal and vertical frequencies. The rel:
frequenci es of the waveformon the vertical plates and the saw oot
pl ates determ nes the nunber of cycles on the screen, as shown in

Figure 6-33. - Vertical versus horizontal relationship
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Page 4 of 4

The horizontal sweep frequency of the scope shoul d al ways be kept
the waveform frequency; it should never be higher. If the sweep fi
only a portion of the waveform woul d be presented on the screen.

If, for exanple, three cycles of the waveformwere to be displ ayec
sweep frequency would be set to one-third the frequency of the inj
frequency were 12,000 hertz, the sweep frequency would be set at
cycl e scope presentation. For two cycles, the sweep frequency woul
If a single cycle were desired, the setting would be the same as t
12, 000 hertz.

DUAL- TRACE OPERATI ON

The information presented in the previous sections served as a get
single-trace oscill oscope operation using one channel and operatit
will be introduced to DUAL- TRACE operati on.

Dual -trace operation allows you to view two i ndependent signal sol
on a single CRT. This operation allows an accurate neans of makin(
di spl acenent, or frequency conpari sons and neasurenents between t\

A dual -trace oscilloscope should not be confused with a dual - beam
oscill oscopes produce two separate el ectron beanms on a single scoj
individually or jointly controlled. Dual-trace refers to a single
shared by two channel s.

Q 17 Scopes that produce two channels on a single CRT with a sing

as what types of scopes? [::::::]
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CH 1 AND CH 2. - These controls allow you to display signals appl
or channel 2, as discussed earlier

TRIGGER VIEW - The TRIG VIEWal | ows you to display the signal th:
trigger the display. (Triggering was di scussed earlier.)

ALT. - The ALT (alternate) node (figure 6-35) of obtaining a dua
techni ques of GATI NG bet ween sweeps. This control allows the sign
to be displayed in its entirety; then, channel 2 is displayed in
of display is continued alternately between the two channels. At ¢
begins to fade while the other channel is being gated. Consequent
used for slow sweep speeds. The CHOP node, shown in figure 6-36 (¢
produce a satisfactory dual sweep at high speeds. The ALT node is
Therefore, both are used on dual -trace oscill oscopes to conpl enent
scope a nore dynam c range of operation

Figure 6-35. - ALT (alternate) node.
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Fi gure 6-36. - CHOP node.

The out put dc voltage References on each of the anplifiers are inc
Therefore, the beamw || be deflected by different anpbunts on eact
reference is different at each anplifier output. The output voltag
applied to the deflection plates through the gate. The gate is act
switch. In this application, it is comonly referred to as a BEAM

Switching is controlled by a high-frequency nmultivibrator in the (
gate selects the output of one channel and then the other at a hi
kil ohertz in nost oscilloscopes). Because the switching time is ve
quality oscilloscope, the resultant display is two sets of horizot
shown in figure 6-37, view A

Fi gure 6-37. - Displaying CHOP node.
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Dashed line CH 1 is the output of one channel, while line CH 2 is
The trace noves fromleft to right because of the sawtooth wavefor
hori zontal plates. A nore detailed anal ysis shows that the beam m
while the gate is connected to the output from one channel. Then,
the output of the CH 2 during tine 3 to 4, the beamis at a differ
(This is assuming that CH 2 is at a different voltage reference.)
the sequence 5to 6, 7 to 8 9 to 10, and 11 to 12 through the res
sweep.

When t he chopping frequency is nmuch higher than the horizontal sw
of dashes will be very large. For exanple, if the chopping occurs

sweep frequency is 1 kilohertz, each horizontal |ine would then aj
cl osely spaced dots, as shown in figure 6-37 view B. As the sweep
conmpared to the chopping frequency, the display will show apparent

therefore, the CHOP node is used at | ow sweep rates.

When signals are applied to the channel amplifiers (view A of figt
are changed according to the triggering signal (view B). The resu
the screen provides a tine-base presentation of the signals of eac

Fi gure 6-38. - Dual -channel display in CHOP node.
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ADD. - The ADD switch (shown earlier in figure 6-34) algebraicall)
channel s 1 and 2 together for display.

O her Dual -Trace Gscill oscope Controls

Most dual -trace oscill oscopes have both an A and B tine base for |
Notice in the upper right corner on our exanple scope (figure 6-3:
LEVEL, and SLOPE controls. These serve the same function as did t}
A time-base section of the scope. The B tine base is selected usit
TIME/ DIV control (pullout outer knob).

The use of the B tine base is controlled by the HORI Z DI SPLAY sect
the A tine-base section. However, inexperienced technicians gener:
time bases together in the M XED, A INTEN (intensified), and B D I
These controls are fully explained in the applicable technical nat
not discuss the controls in this chapter. Figure 6-39 is a bl ock «
trace oscilloscope w thout the power supplies.

Figure 6-39. - Basic dual-trace oscill oscope bl ock diagram
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Advancement

Aﬂg@’hﬁ The basic dual -trace oscill oscope has one gun assenbly and two ver
Automotive there are nmany variations. The horizontal sweep channels vary som
W equi prent. Some have one tine-base circuit and others have two. Tt
Combat i nt erdependent in some oscill oscopes and others are independently
Construction

Diving N nmoder n gener al - purpose oscill oscopes are constructed of nodul es.
oving New vertical circuitry is contained in a renovable plug-in unit, and I

m circuitry is contained in another plug-in unit.

Engineering
...Electronics New ) ) )

Food and Cooking  The main frame of the oscilloscope is often adapted for many other

New the design of a variety of plug-in assenblies. This nodul ar featur
Math versatility than in a single-trace oscill oscope. For instance, to
Medical characteristics of a transistor, you can replace the dual-trace, |
Music seni conduct or curve-tracer plug-in nmodul e.

Nuclear

Fundamentals O her plug-in nodul es available with some oscill oscopes are high-¢
Photography anplifiers; differential anplifiers; spectrum analyzers; physiol o(
Religion speci alized units. Therefore, the dual -trace capability is a funct
UusMmC inunit that is used with sone oscill oscopes.

Products To get maxi num useful ness froman oscill oscope, you nust have a m
Educational CD- desired signal to the oscilloscope input. Aside from cable connect
ROM's equi prent out put and the oscilloscope input, a variety of probes ¢
Printed Manuals in nonitoring signals at alnost any point in a circuit. The nore ¢

Downloadable Books TO-1 PROBES, ATTENUATI ON PROBES, and CURRENT PROBES. Each of these
with several different tips to allow neasurenent of signals on any
Fi gure 6-40 shows some of the nore common probe tips.

Fi gure 6-40. - Comon probe tips.
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In choosing the probe to use for a particular measurenment, you nus
as circuit loading, signal anplitude, and scope sensitivity.

The 1-to-1 probe offers little or no attenuation of the signal unc
therefore, useful for measuring |ow1level signals. However, circu
1 probe nay be a problem The inpedance at the probe tip is the s
i npedance of the oscilloscope.

An attenuator probe has an internal high-value resistor in series
gi ves the probe a higher input inpedance than that of the oscill o
hi gher input inpedance, the probe can neasure hi gh-anplitude sign:
the vertical anplifier if connected directly to the oscill oscope.

schematic representation of a basic attenuation probe. The 9-negol
and the 1-nmegohminput resistor of the oscilloscope forma 10-to-:

Figure 6-41. - Basic attenuation probe.
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Since the probe resistor is in series, the oscilloscope input res
when the probe is used. Thus, using the attenuator probe with the
circuit loading than using a 1-to-1 probe.

Bef ore using an attenuator probe for neasurenent of high-frequenc)
rising wavefornms, you nust adjust the probe conpensating capacitor
instructions in the applicable technical manual. Sone probes will
EQUALI ZER in the end of the cable that attaches to the oscilloscoj
equal i zer, when adjusted according to nanufacturer's instructions,
i mpedance natching between the probe and oscill oscope. An inproper
equalizer will result in erroneous neasurenents, especially when )
frequencies or fast-rising signals.

More information on oscilloscope hook-ups can be found in Electrot
Mai nt enance Books (EI MB), Test Methods and Practices.

Speci al current probes have been designed to use the el ectromagnet
current as it travels through a conductor. This type of probe is ¢
conductor w thout disconnecting it fromthe circuit. The current |
i nsulated fromthe conductor, but the magnetic fields about the c«
potential in the current probe that is proportional to the current
Thus, the vertical deflection of the oscilloscope display will be
the current through the conductor

SPECTRUM ANALYZER

The spectrum anal yzer is used to exanine the frequency spectrum of
I ocal oscillators, test sets, and any other equi pnment operating wi
frequency range. Wth experience, you will be able to determ ne d¢
mal functi oni ng conponents within equipnent. Successful spectrum ar
proper operation of a spectrum analyzer and your ability to correc
di spl ayed frequenci es. Although there are many types of spectrum ¢
the Tektronix, Mdel 492 for our discussion.

The spectrum anal yzer accepts an electrical input signal and disp
anplitude of the signal on a CRT. On the vertical, or Y, axis, the
The frequency woul d then be found on the horizontal, or X, axis.

this display (figure 6-42) indicates the proportion of power prest
frequencies within the spectrum (fundanental frequency w th sideb:

Fi gure 6-42. - Spectrum anal yzer pattern.
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BASI C FUNCTI ONAL DESCRI PTI ON

The nmodel 492 anal yzer can be divided into six basic sections, as

Converter section;

Intermediate frequency (IF) section;
Display section;

Frequency control section;

Digital control section; and

Power and cooling section.

Converter Section

The converter section actually consists of three frequency convert
I ocal oscillator (LO, and required filters. Only one frequency c:
and pass through the filters to reach the next converter. The anal
however, be changed by altering the frequency of the LO and adj ust
control knob.

FI RST CONVERTER. - The first (front end) converter changes the inj
signal that will either be 829 MHz or 2072 MHiz. The IF signal to
on whi ch neasurenent band selection is currently being used. The ¢
sel ected for bands 2 through 4, while the 2072 MHz I F signal is s¢
t hrough 11.

Q 18 The first converter is also known by what other nane?
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these two converters in this section is ever operational, and selc¢
measur enent band currently being used. The sel ected converter wl|
received fromthe first converter to a usable (110 MHz) I|IF signal,
to the third converter.

THI RD CONVERTER. - This converter takes the 110 MHz I F signal, am
converts it to the final IF of 10 MHz. This signal, in turn, is tt
section.

I F Section

The I F section receives the final IF signal and uses it to establ

by using selective filtering. Systemresolution is sel ected under

anong five bandwidths (1 WMHz, 100 kHz, 10 kHz, 1 kHz, and 100 Hz).
are then leveled and logarithmcally anplified. This is done so tt
signal change on the CRT display remains equal in change to every
CRT. For exanple, in the 10-dB-per-division node, each division of
dB difference, regardl ess of whether the signal appears at the toj
The signal needed to produce the video output to the display sect

provi ded.

Di spl ay Section

The di splay section provides a representative display of the input
acconpl i shes this by perform ng the follow ng functions:

Recei ves the video signals fromthe |IF section and processes
the vertical drive of the CRT;

Recei ves the sweep voltages and processes these signals to pr
drive plate voltage;

Recei ves character data informati on and generates CRT plate ¢
al pha and nuneric characters on the CRT;

Recei ves control levels fromthe front panel beam controls ar
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signals to control display presence, brightness, and focus.

The vertical deflection of the beamis increased as the output of
i ncreases. The horizontal position is controlled by the frequency
the frequency anal yzed at that instant. The beam sweeps froml eft
frequencies during its analysis. During this analysis, any tine a
vertical deflection will show the strength of the signal at the hc
is the frequency. This results in a display of anplitude as a func

Frequency Control Section

The frequency control section acconplishes the tuning of the first
the converter section. The frequency inmedi ately being anal yzed i
current frequencies of the LCs. To anal yze another frequency, you
frequency to allow the new frequency to be converted to a 10 Mz ¢
section. Periodically, the unit sweeps and anal yzes a frequency r«
frequency set by the FREQUENCY knob. Adjusting the FREQUENCY knob
tuned to the new frequency. Only the LGs of the first two converte
vary the frequency being anal yzed.

Digital Control Section

Al'l the internal functions are controlled fromthe front panel tht
in mcroconputer. The mcroconmputer uses an internal bus to recei\
conmmruni cati on or control to any section of the anal yzer

Power and Cool i ng Section

The mai n power supply provides alnost all the regul ated voltages 1t
unit. The display section provides the high voltage necessary for

The cooling systemallows fresh cool air to be routed to all sect
proportion to the heat that is generated by each section

SPECTRUM ANALYZER FRONT PANEL CONTROLS, | NDI CATORS, AND CONNECTORS

This section will describe the function of the front panel contro
connectors. For a conplete description of each function, refer to
reviewing the front panel in figure 6-43. The nunbers located in «
equate to the same nunbers found on the front panel of figure 6-4:
operational functions of this spectrum anal yzer are m croprocessot
swi tch-sel ected rather than adjusted.

Fi gure 6-43. - Spectrum anal yzer front panel controls, indicators,
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- Description of Front Panel Controls, |ndicators, and

DESCRI PTI ON

This knob controls the brightness of
the CRT readout display. The focus
adj ust ed.

This push button switches the readot
off. Al spectrum anal yzer paraneter
except TIME/DIV. The brightness for
proportional to the trace brightness
readj usted on internal controls only
techni ci an.

This push button switches the gratic
of f.

Thi s push button, when activated, cl
intensity at the baseline.

This area all ows one of four trigger
sel ected by push buttons that illum
When any of these four are sel ected,
cancel ed.

When activated, the sweep is free-rt
to trigger signals.

Tabl e 6-1.

| TEM|FUNCTI ON

1 | NTENSI TY

2 READOUT

3 GRATI LLUM

4 BASEL| NE
CLIP

5 Triggering

5a |[FREE RUN

| I
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When activated, the sweep is trigger
the left edge of the display with ar
di visions of the graticule or nore.

5c

LI NE

When activated, a sanple of the ac g
used to trigger the sweep.

5d

When sel ected, the sweep is triggere
signal (applied through the back par
connector) between a m ni num and max
vol t peak.

S| NGLE SWEEP

This push button, plus a ready indic
provi des the single sweep operation.
Is selected, one sweep is initiated
circuit has been triggered. Pushing
cancel the other trigger nodes. Wer
first selected, the present sweep ic¢
sweep circuit is not yet arned. An ¢
required to initially armthe sweep.
pushed again to rearmthe sweep circ
sweep has run. To cancel single swee
one of the four trigger node sel ecti

READY

When single sweep is selected, this
while the sweep circuit is armed anc
signal. The indicator stays lit unti
conpl et e.

MANUAL SCAN

When the TIME/ DIV (No. 9c) selector
position, this control will manually
across the full horizontal axis of t

TI ME/ DI V

Is used to select sweep rates froméE
nsec/div. This switch al so selects AUTO, EX

9a

AUTO

In this position, the sweep rate is
m croconputer to nmaintain a calibrat
FREQ SPAN DI V, RESOLUTI ON, and VI DEC

9b

EXT

When sel ected, this control allows ¢
source to be used with the sweep rat

9c

IVNL

When sel ected, this control is used
No. 8 (see MANUAL SCAN, No. 8).

10

FREQUENCY

This control is manually turned to ¢
the center frequency.

11

FREQUENCY
RANGE ( band)

These two push buttons are used to ¢
frequency up or down. Frequency rang
di spl ayed on the CRT readout.

12

http://www.infodotinc.com/neets/book16/71j.htm

This control is used for neasuring t
di fference between signals. Wen se
readout goes to zero. It will thenr
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deviation fromthis reference to the
desired as the FREQUENCY knob is adj

Wen this is activated, the frequenc
calibrated to center the center frec
t he FREQUENCY control for the correc
acconpl i shed, you shoul d deactivate

When this button is pressed, current
oscillator systemis reduced to zerc
m nim ze magneti sm build-up around t
to enhance the center frequency di sy
accuracy. You should do this after €
frequency change and before cali brat
frequency.

13 ||CAL

14 ||DEGAUSS

15 | DENTI FY 500
kHz ONLY

The signal identify feature can becc
when the FREQ SPANNDIV is set to 50C
(button lit), true signals will char
every sweep. |nages and spurious res
shift horizontally or go conpletely
To ensure that the signal is changir
sweep, you shoul d decrease the sweeg
sweep can be anal yzed.

16 ||PHASE LOCK

When this control is activated (butt
reduce residual FM when narrow spans
narrow spans, the phase | ock can be
on by pressing the button. Switching
may cause the signal to shift positi
the signal could shift off the disp
usually return to its phase | ocked
nonments. The m croconputer automatic
LOCK for a span/division of 50 kHz ¢
through 3, 100 kHz or bel ow for banc
bands 5 and above.

This push button, when activated, w
sel ect the bandwi dth for FREQ SPAN [

17 AUTO VI DEO FILTER The internal m crocong
RESOLUTI ON bandwi dth to maintain a calibrated c
checked by changi ng the FREQ SPAN D
bandw dt h change on the display.
This is a continuous detent contro
18 FREQ frequency span/div. The span/div cur
SPAN DI V di spl ayed on the CRT. The range of t

selection is dependent on the freque

http://www.infodotinc.com/neets/book16/71j.htm

NARROW SPAN
EA:)’}‘D 10kHz/ Di v
° 50 kHz/ Di v
(071 6o 50 khz/ Di v
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(5. 4- 21GHz) 100 kHz/ Di v
6 200 kHz/ Di v
(18- 26 GHz) 500 kHz/ Di v
7-8 500 kHz/ Di v
(26-60 GHz)

9

(60-90 GHz)

10

(90- 140 GHz)

11

(140- 220 GHz)

Two addi ti onal
and 0 Hz span.
di spl ayed is the ful
time/div is read out

bands are provided: f
When max span is sele€
band. Wen zer
i nstead of spar

This is also a conti nuous detent cor
the resol uti on bandw dth. The bandw

19 RESOLUTI ON CRT di splay. The range of adj ustnent
BANDW DTH MHz in decade steps. Wen you change
bandwi dth with this control, it wll
RESOLUTI ON.
20 VERTI CAL These four push buttons select the c
DI SPLAY scal e factor can be seen on the CRT
When this is activated, the dynam c
20a ((10dB/ DI V is calibrated to 80 dB, with each ne
representing 10 dB.
20b |l2dB/ DI Vv When actlvatgd, thls.mnll i ncrease t
that each nmajor graticule divisionr
When activated, this selects a |linee
20c LI N zero volts (botFon1graF|cuIe Ilne)le
| evel (top graticule line) scaled ir
REFERENCE LEVEL, No. 23a).
When sel ected, this increases the fe
20d PULSE signals so that very narrow pul ses
STRETCHER )
di spl ay can be observed.
One of two (NARROWOR WDE) filters
reduce vi deo bandw dth and hi gh-frec
di spl ay noi se averagi ng. The narrow
21 |[VIDEO FI LTER |[japproxi mately 1/300th of the sel ecte
bandwi dth with the wde filter beinc
bandw dth. Activating either one wl
To disable, conpletely switch filter
DI G TAL Fi ve push buttons and ON control ope
22 STORAGE storage functions. Wth none of the
activated, the display will not be ¢
I
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When either or both of these push bt
the push button illum nates, and the
A and/or nenory B are displayed. Wt
data in a nenory is interlaced with

22b

B- SAVE A

When activated, the differential (ar
of data in B nenory and the saved de
di spl ayed. SAVE A node is activated
will be lit.

22cC

MAX HOLD

When activated, the digital storage
maxi mum si gnal anplitude at each ner
permts visual nonitoring of signa

anplitude at each nenory | ocation o\
period of tinme. This feature is usec

stability, and record peak anplitude

22d

PEAK/ AVERAGE

This control selects the anplitude ¢
di splay is either peak detected or ¢
signals above the level set by the ¢
hori zontal |ine or cursor) are peak
whi |l e video signals below the cursor
aver aged and stored.

23

M N RF ATTEN

This control is used to set the m ni
attenuation. Changing RF LEVEL wi ||
attenuation bel ow that set by the M

23a

REFERENCE
LEVEL

This is a continuous control that re
m croconputer to change the referenc
each detent. In the 10 dB/ DV vertic
steps are 1 dB or 0.25 dBif the FII
sel ect ed.

23b

M N RF ATTEN
DB

This selects the | owest value of att
Actual RF attenuation is set by the
according to the logarithm sel ected
DI STORTION (No. 27) button. |f RF at
i ncreased by changing M N RF ATTEN,

automatically changes IF gain to mnai
reference |evel.

24

UNCAL

This indicator |ights when the displ
| onger calibrated (selecting a sweeg
conpatible wwth the frequency span/c
bandwi dt h) .

25

LOG and AMPL
CAL

These adjustnents calibrate the dyne
di splay. The LOG calibrates any | oge
and the AMPL calibrates the referenc
graticule line at the top of the dis

26

FI NE

http://www.infodotinc.com/neets/book16/71j.htm

t he REFERENCE LEVEL
10 dB/Div di ¢

When acti vat ed,
in 1 dB increnents for
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for 2 dB/Div, and voltl dB for LIN c

27

M N
NO SE/ M N
DI STORTI ON

This selects one of two logarithns
attenuator and IF gain. MN NO SE (L
reduces the noise | evel by reducing
gain 10 dB. M N DI STORTION (button r
reduces distortion to its mninum T
changes, the RF attenuation displ aye
nmust be 10 dB higher than that set t
sel ector.

28

PONER

This is a pull switch that turns pov

29

RF | NPUT

This is a 50 ohm coaxi al
signals of 21 GHz or bel ow. The nmaxi
i nput signal |evel that can be appl
+13 dBmor 30 mW Signals above 10 c
conpr essi on.

i nput jack

30

PCSI Tl ON

These controls are used to position
hori zontal and vertical axes.

31

CAL OQJr

This is an output jack that has a ce
MHz signal, with frequency markers ¢
The calibrated 100 Mz marker is use
calibrating the reference |evel and
conmbi nation of 100 MHz markers i s us
frequency readout accuracy.

32

QUTPUT 1ST
AND 2ND LO

These jacks provide access to the ot
respective LOs. The jacks nust have
i nstall ed when not connected to an e

33

EXTERNAL
M XER

When the EXTERNAL M XER button is ac
provi ded out the EXTERNAL M XER port
wavegui de m xers. The | F output fror
is then applied through the EXTERNAL
second converter for use.

34

PEAKI NG

bi as f
This cor
anpl i tuc

This control varies the m xer
in the EXTERNAL M XER node.
adj usted for maxi num si gnal
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With power applied (power knob pulled out), the spectrum analyzer will automati
control) go into the following conditions.

If you do not find these indications, there is a probably a problem with the unit.
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Vertica display: 10 dB/div;
Freguency: 0.00 MHz;

REF level: +30 dB;

RF attenuation: 60 dB;

Freguency range: 0.0 to 1.8 GHz;
Auto resolution: 1 MHz;
Resolution bandwidth: 1 MHz;
Freq Span/Div: Max;

Triggering: Free run;

Readout: On;

Digital storage: View A/View B On;
All other indicators off or inactive.
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