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Assembling and Using your
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Solid-State Oscilloscope

Model 251

QUALITY EQUIPMENT BUILT ON A HALF CENTURY OF SERVICE IN ELECTRONICS



Dear (Customer

Mo matter what vour experience has been with equipment. there's a new and even greater satisfaction
gwaiting you in this COMAR product.

CONAR is a division of the National Radio Institute  a pioneer of more thin 50 years in the Electronics
field. True. age alone 15 seldom a compliment, Yet there is no substitute for the priceless ingredient of
expericnce. Intelligent design and engineering. clearcut instructions written for the user, lop-grade
components are your assurance you have made o wise choice o sound dollar investment.

The purpose of this book is to tell you how to get maximum value [rom this CONAR product, Please
read these instructions carefully and follow them faithfully. Then vou can rely on the dependable
service of CONAR quality,

We reserve the right 1o make changes in design or improvement when such changes or improvements
represent an equal or greater value [o our customerns.

WARRANTY

All CONAR products are guaranteed against factory defects 3 -

for OME FULL YEAR. Any purt or component that becomes
defectuve and suchdefect is not the result of sceidental damage,

improper use or wiring erroms, will be neplaced when retumed
1o CONAHR.

There are Tour conditvons under which you may have o write us aboul this CONAR product:

(1) It arrives damaged. First, examine the package to determine the method by which it was shipped
te you. Then, follow the instructions on the form packed with this instrument advising proper pro-
cedures in case of damage.

(2) Parts are missing. |7 anything is missing. and yvou find no substitute or other instructions after
carefully examining the packing for small items, write us 3 letter explaining.

(3) A part has a defect, DEFECTIVE MATERIALS MUST BE RETURNED BEFORE A REPLACE -
MENT CAN BE MADE. TWO THINGS MUST BE WITH EVERY PACKAGE YOU RETURN TO US:
(1) Your name and address, (2) Your reason for returning it You may enclose o letter in the package, if
vou mark the package “Tirst class letter enclosed.” Such a package requires a4 stamp in addition (o the
regular parcel post charge. Unless examination shows an obviows defect, write first, and tell us why
yvou think the part is defective. Some other part may be causing the trouble.

(4) You lose or damage parts. Use the paris order form packed with this instrument. Be sure to
enclose yvour remiltance as ordened pares are not sent C.0.D. or on account.

COMR IN STRUHENTS DN ISIDN DF NATIONAL AADHO INSTITUTE, WASHINGTON_ D.C. 20018

COPYRIGHT 1980 BY NATIONAL RADIO INSTITUTE, WASHINGTON, DuC. 20016
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Introduction

The Model 251 oscilloscope you are going 1o
bBuild has many desiruble features, including de to 5
MHz frequency response, automatic triggenng, and
pll solid-state circaitry, The Model 251 is a high-
periomance, general-purpose oscilloscope, and is
ideally suited to many servicing or laboratory needs.

In short, the Model 251 oscilloscope is an
instrument of which you can be very proud. Just
remember, the more vou know about your scope,
the better you can use it and the more valuable a
tool it will be in your daily work.

CAUTION

The cathode-ray tube supplied in this kit
is highly evacuated. Breaking the tube could
resitlt in serious injury from flying glass, Do
not open the box in which the tube s packed
until you are told to do so. When handling the
tube, be careful not to strike it against
anything. Do not use excessive force when
installing it.

PREPARING FOR THE ASSEMBLY

Most of the purts in this kit are packed in
plastic bags. The bags have identifying labels on
them =0 that you can collect the bag or bags that
vou will nead for a particular assembly slage.

For example, the first bag that you will need
has o label that reads in part, 3A-41T. Thiz bag is
divided into separate compariments, The parts in
each compartment are used in the assembly of the
power sapply circuit board, Do not remove the
parts from the individual compartments antil they
are called for in the instruclions,

The parts list with cach of the assembly stages
gives the part number, quantity, description, and
price of each of the parts. You should refer to the
parts lists il you ever have to order a replacement
part for your instrument,

It is not necessary for you 1o check all of the
parts of this kit at one time. Instead, gather and
check the parts called for in cach of the assembly

steps. I you find that a part is missing or damaged,
go nhead with your assembly and write to us for a
replacement.

The larger paris such as chassis pieces, lrans
farmers, ete., are packed separately because of
their bulk and for extra protection. Examine ¢ach
parl separately for damage. [f any part wos
damaged in shipment, write to us A replacement
will be zent to you,

You may find an occasional substitution, such
as a 600 volt capacitor for a 400 volt capacitor, a
400 volt capacitor for a 200 volt capacitor, or a §
percent resistor instead of a 10 percent resistor.
These changes are minor and will not affect the
operation of your instrument, If any other changes
are made, a special notice will be enclosed with your
training kit. Be sure to read all enclosures before
vou start the assembly and your expeniments.

ASSEMBLY HINTS

There is no satisfaction like that of building a
kit and having it work perfectly the first time you
try it. Here are some suggestions that will help you
reach that goal,

It's a pood idea to read over the entire
assembly section before beginning actual construc-
tion, This way vou pet an overall picture of what is
to be done and how each stage of the assembly
relates to the others. When you are ready to begin
construction, read each step carefully and make
sure you clearly understand what must be done
before proceeding. After you perform each step,
check it off in the space { ) provided and proceed
to the next step.

Follow the Instructions. Perform cach step in
the exact order given. Don't try shortcuts such as
omitting steps or assembling the kit from the
schematic diagram. Our experience has shown that
even veteran kit builders make wiring errors when
they fail to follow directions. Tracking down and
correcting wiring errors in completed kits can be a
tedious and time-consuming process. By far, the
guickest shorteut is to follow the assembly instruc-
tions 1o the legter.
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Do a Good Soldering Job, Poor soldering is the
greatest single cause of problems in completed
units. A large part of the soldering in this kit will
be done on printed circuit boards. This makes it
easy o do a professional-looking construction job.
To do the soldering in this kit vou will need a
small pencil-type soldering iron, A 25 to 50 watt
irom is satisfactory.

To mount components on the circuit boards,
unleéss you are told to do otherwise, first bend the
leads to fit the holes in the board using yvour
longnose pliers, Next, pass the leads through the
holes and pres the component down until it rests
squarely on the surface of the board. You may
bend the leads on the other side of the board
slightly outward so the component stays put when
you turn the bodard over for soldering.

To solder the component leads to (he foil pads,
apply the tip of your iron so that it touches both
the lead and the foil, At the same time, feed the
end of the solder to the lead and the foil until a
small mound of molten solder surrounds the lead
and covers the pad. When this happens, withdraw
the solder, then the iron.

After the solder has solidified, clip off the lead
close to the solder mound with your diagonal
cutters. When soldering components on the circuit
boards, watch out for solder bridges that cause
short circuits. Each time you solder a connection,
mike sure that the solder mound covers enly that
connection and does not ran over (o 4 nearby pad
ar foil path.

When vou connect wires and components to
terminal lugs, controls, and other parts of the
chassis, be sure the mechanical connection of the
wire or lead to the terminal lug is secure before
you solder. Do this by hooking the wire or lead
through or around the terminal lug, and then coimp
it with your longnose pliers,

Each chassis wiring step will include a notation
such as (NS), (813, (82), or (53). These notations
tell you whether to solder the connection made in
that step and, if o, the total number of wires to be
conmected at that point. Each time vou make a
solder connection, check to see that you have the
correct number of wires connected to the terminal
lug. The notation (NS) indicates that a connection
should not vet be soldered because other wires will
be added. When you instzll the last wire, you will
solder the terminal. This will be indicated by the
letter S followed by a number, as explained
previously. This number tells you how many leads

F-d

are supposed to be connected to the terminal
before it is soldered. For example, il a step says,
“Connect a wire to lug 6 (53)." there should be
three leads connected to this terminal before it is
soldered. In cases where a wire or component lead
passes through a terminal or lug and connects to
another terminal or lug, it counts as two leads, one
entering and one leaving the terminal or lug.

As we stated before, poor soldering is the
greatest single cause of problems in equipment
returned to us for repair. You can greatly reduce
the possibility of poorly soldered connections in
yaur receiver if you clean the leads on resistors and
capacitors before installing them. Do this by
scraping the leads lightly with a knife, or twisting
them between two pieces of fine sandpaper,

You can further puard against poor soldering
by using a clean, hot iron at all times. Be sure that
enough heat is applicd to the solder connection to
avoid rosin joints, This is of the utmost impor-
tance! Another important point to remember is to
avoid using too much solder. Use only enough to
lightly cover the leads and terminal you aore
soldering, Let any excess solder flow onto the tip
of your iron and wipe it off with a rag. Big blobs of
solder on terminals or circuit board pads are almost
certain to result in trouble,

Finally, use only the solder supplied in this kit.
If you buy more solder locally, make sure the
container is marked “rosin-core solder.” DO NOT
USE ACID-CORE SOLDER OR SOLDER PASTE
FLUX. If you use either of these, you will ruin
vour oscilloscope. We canmat service an) eqeip-
ment an widel aofd-core salder or solder pasre flux
My heen nsed,

Use the Figures. Pictorial diagrams throughout
this manual show the placement of parts and the
details of construction steps. In some cases a part
may fit into position in more than one way, only
one of which is correct, Study the figures carefully
and make sure that you know exactly how a part is
to be mounted before proceeding. In some cases
the ilustrations may be slightly distorted to show
certain details. In most instances the illustrations in
this manual show all parts in proper perspective.

You gre now ready fo begin an exciting
project. The oscilloscope you aré going to build is a
valuable test mstrument that will give you many
veurs of service.

Far this reason, we urge you (o take your time
and do careful work. Some students get impatient
to finish the oscilloscope quickly without reading

Scanned by W2RIK




all of the instructions. However, it is best to
exercise care during assembly and perform all of
the <teps as they are presented. By doing this you
will be assured of obtaining a quality, well-built,
reliable piece of equipment.

You will be assembling vour oscilloscope in
several stages. Be sure to check your work carefully
alter ecach stage to ensure that all steps were
completed comectly. You will now begin building
wvour oscilloscope.
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Circuit Board Assemblies

FOWER SUPPLY MODULE ASSEMBLY Fart Prisce
Na, {Juaam, Deseripitlon Exch
You will begin building your oscilloscope by ECILE 1 Powes uapply circuit board 275
assembling the power supply module. The power
supply module contains most of the components From bag 3A-41T:
and circuitry for the three voltage sources (5, +9, HASOS e S i _—
and - & volis). It also contains the components and 006 = A s i

circuitry for the final vertical deflection amplifier.
Gather the following parts:

Reler to Fig.1 and begin the module sssembly
by mounting and soldering the circuit board
receptacles. The details shown with Fig.] show
how the receptacles are installed.

We have supplied an extra receptacle in case
you lose or damage one, When vou have completed
installing the receptacles, check your work and
proceed to the next step.

Remove the following parts from bag 3A-41T:

Pari Price
No. Quan.  Dhscription Each
CHI61 x | uF tamtabum R
CN201 1 360 pk, 300 V silver nibea H
CHITD 1 L1 gF tamialam Al
RE1 2 -] 330 ohans, 55 o
RE153 | 1.5k, 5% b
REMNZ | 4.7k, 5% . ]
REIT 2 W, 10 wait 61
Fm“ 1. Detail A, HEED I Sk, 5 wati LA

SOLDEA
BOTH TaABS

INSERT FROM
COMPONENT SIDE

T

Figure 1. Detadl B.
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CIRCUIT B0ARD

RECEFTACLES
SEE DETAIL & AND B
r— i \
g oe g 0 T AN =
oo 0 oo0-0 0r0snosi
+——
ﬁﬂﬁul o
RS T R |
+ L
ME 195
— a
e
:_
E §§ & 4
= oa | 3
ﬁ =E I
o EE

—4Th—

2
LY
g -
"

2 ] -
CIRCUIT BOARD
RECEFTACLES
EEE DETAIL & AND B

Figure 1. Installing the clreuit board recepiacles on the power supply modale.
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Refer to Fig.2 and continue with the module Remowe the following parts from bag 3A-41T:
assembly. Be sure vou correctly identify the
positive lead of each tantalum capacitor and install
it with the correct polarity on the circuit board.
Except when you are told to do otherwise, mount
all parts flush against the surface of the circuit

Farl 1Hice
M, LLTTTOR [hescripliom Earchi

: 1638 1 THOS vol tor, 5 valts 2.50
board. Solder all parts carefully and clip off the IGaE 1 Tﬂm;mlf;ﬁuw.'gmu L0
excess lead lengths. :Z'-ﬂ'!il 1 TUMOE valusge regulator, <8 volts 250
: sk RI7 1 IN4001 silicon diodes, 1 A, 50 PIV .21

Us:_ black hookup wire for 1|ll of Ithe clrcuit SRo4 3 A0 iSiass s, 1 4 LRG0 FEV 58
board jumpers. When bare wire is specified, strip T4 2 [M40K1 oc MPSLL0 transistors 75
off the required amount of insulation. whoow 2 Flack howskug wire 121,25

m il
1id"
Figure 2. Detail A.
&
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1 [
| UF TANTALLIM
DESEAVE POLARITY

¥ LR )
0.1 uF TANTALLUN
O8SERVE POLARITY

R e e e e TN =
oooo00DO0ODOO
+
2 (] 8 ¥
B.k/ 5 WATTS e g - O Ay, = 1 P TANTALLM
SEE DETAIL A 5 W ﬁ“ﬂ gJ]ﬂ OBSERVE POLARITY
T =
| +
3 i1 i = a [
1ki10 WATTS 230 OHM
SEE DETAIL A 1 Wiy a ORN DRAN-BAN
- ==§
§§ & ul
4 (R | g O"\\ 10 [ 4
3K/ WATTS H; e =1 3650 pF
SEE DETAIL A . Eﬁ SILVER MICA
et
& i1 I [~ i1 i1
330 OHM L] 1.5k
BRAN-CRN-BAMN 4 _lF BRN-GAN-AED
_"_— +
—— —— —M—
"
B i : \ 12 i
&Gk G WATTS ""/ E ﬂ oogoo A0 I] ] 1] 4Tk
SEE DETAIL A Q O m w0 TN N~ YELVIO-RED

Figure 2. Installing the resistors and capacitors on the power supply module.
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Refer to Fig.3 and continue with the module
assembly. Be sure yvou identify the cathode lead of
eiach diode and observe the correct polanty when
installing the diodes on your circuit board. Re-
member, the cathode s the marked or banded lead,
Alko, when installing the transistors and voltoge
regulators, be sure that the leads are positioned
properly as you inmsert them in the circuit board.
Figure 3, Detail A shows the lead identification for
the transistors used in this kit. For proper heat
dissipation, the transisiors and regulators should be

TS 7
L3
A by E
b g

FMTART
ZNE6138 124 TS
TE22 TE43

Figure 3

mounted so that their bodies are about 316" o
1/4” above the surface of the circuit board.

When you are asked to install a jumper, cut the
length specified from the black hookup wire. Then,
remove | /4" of insulation from each end of the wire.
Finally, install the jumper on the circuit board.

After vou complete the power supply module,
garefully check the board to be sure that cach con-
nection s secure, that there are no solder bridges
on the Tl side, and that each component is installed
correcily. Set the completed circuit board aside.

7
FRE
1G9 3
- e
TRLCA
1258
. Detail A, r
|
|
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i £
FCRES (PCTHE]
SEE DETAIL A

7 ¥
G323 (IC7R05)
SEE DETAIL A

2 £
IGEEE (ICFHLOE)
SEE DETAIL A

B i1
T534
SEE DETAIL A

3 L b
SRIT (INd001)
OEZERVE POLARITY

T34
SEE DETAIL A

i i
ST [IN42001)
ORSERYVE POLARITY

10 {1
SALT (INADGT}
OESEAVE POLAFITY

B i1
SR24 | IN40071
OBEERAVE POLARITY

mn [ ¥
BRTT (INAODTE

5} { i
SRI4 (IN4DDT)
O8SERVE POLARITY

DBSERVE FOLARITY
12 i
153"

INSULATED JUMFPFER

Figure 3, Installing the remaining components on the power supply module,
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SWEEP/TRIGGER MODULE ASSEMBLY

You are now going to build the sweep/trigger
circuit board module. Follow the <ame pgeneral
procedures vou used in building the power supply
madile,

Gather the lollowing parts:

Par Priee
P, Chian, [hesoription tach
ECil4 1 Sweep Trig cirouil board .75

Feosm hag 48417
G I Carcail board receplacles a5

Refer to Fig4 and begin the module assembly
by mounting and soldering the circuit board
receptacles, After you have installed the recep-
tacles, wvou will install the resistors,

Remove the following parts from bag 4B-41T:

Part Peser
b8 (.. Uirserigiionm Each
HF10 | LDk, 5% 2
RE73 2 1ML 3% = L
RE74 | 1M, 55 .-
RET (2 1 k., 5% -
REL X 1 330 obm, 3% 24

EOLDER

BOTH TABS

Fart
s, Fuam. Deseription
HEL45 1 12k, 10
REL5Y I 180 whm, 5%
RE1&0 I 1.8k, 5%

RE161 I 470 shm, 5%
RE1&4 2 Ik, 5%

RE1&) i ATk, 5%

HELTY 2 ATk, 35

KE L0 4 24, 5%

RE1B86 ) T 120 ohm, 5%
RBE1E9 1 620 oham , 5%
K55 1 106, 1 walt, 10%

13

Figure 4. Detail A,

INSERT FROM
COMPOMENT SIDE

t

Figure 4, Deradl B.
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| fl
CIRCUIT B0ARD
RECEPTACLES 1100
SEE DETAIL A AND R

CIRCIAT BOARD
RECEPTACLES (8
BEE DETAIL A AND B

Figure 4. Installing the circuit board receptacles on the sweep/trigger module.
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Refer to Fig.5 and continue with the modulbe Part Price
assembly. After you have installed the resistors vou Na, Quam,  Dreseription Fach
will install the capacitors, IC sockets, and tran- CN253 2 2.2 uF, tantalurm 75
sislors, N300 1 140 F, tantahsm .50

, P2 1 3k, trim pod A5

Remaove the following parts from bag 4B-417T: Fib 22 i 13, triem pot A3
Part Priee S064 2 L4-pin IE sockets T5
Na. Ouam, s riprlion Each SOE6 1 16pin IC socket 75

TS0 a 2N5457 m-channel ] FETs 1.4
Ex34 1 0001 ¥, dise 13 T322 1 INS1H transhston A0
CxI02 1 0.01 pF, dise AD T3l 1 DENT, D40V T, or MPEL LD transistor .75
CNL4 1 0,1 uF, dise 40 341 4 2N4124 transistiors A0

L

Figure 5. Detail A,
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1
T2k
RED-HED-ORAN

2
Ak
TEL-VID-DRN

|
1k
BRN-BLE-RED

12
]
RED- RED-OHM

i

10k, 1 WATT
BRMBLEORN
SEE DETAIL A

G20 OHM
BLU-RED-BAN

5
10k
GiRAM-BLE-DRN

&
b
BAN-RED-ORN

F
2.7k
HAED-VIO-RED

B
F30 OHM
ORN.ORN-aRN

{r L
120 OHM
BRMN-RED-BRN

4
1k
BRMN-ELE-RED

i1

16
dk
ORMN-BLE-RED

14
470 OHM
YELAED-BRAN

i

=,

17
LY
BFRMBLKAGRN

1

@
100K
BRM-EBLK-YEL

18
Tk
AED-RED-OAN

k-l

Al AR TR

o
1B OHM
BAN-GHABRN

11
1Bk
HAM-GRA-RED

|

L=

DETAIL &

20/
1155
BRN-BLE-GAN

[

Fi |
22k
AED-AEDORN

22
i | 3
AECVID-HED

Figure 5. Installing the resistors on the sweep/trigger module,
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Befer 1o Fig.6 and continwe with the module
assembly. You will now install the ICs in their
sockels

Remove the following parts from bag 4B-41T:

Pari Price
N, (hean, Deseriplion Facy
1G37 1 Thl ecmparaior 10 5,50
(LS 1 THI32 paanl Zingd WANT Schmint
trigger TTL IS 125
K 1 TE123 dwal retriggenable one-shat 1C .85
i4
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1 [
S086 16-PIN IC
SOCKET
1 i1
TE34
3 MPELI0 QR D4ON1
TE20
2454857 12 i}
0007 uF DISC
3
PO 13 i)
Bk TRIM POT SOBS 14:-PIN 1S
SOCEET
Py EEE DETAIL C
5084 14-PIN IC
EOCKET 14 [}
SEE DETAILC 2.2 pF TANTALUM
OQBSERVE POLARITY
5 i
10 uF TANTALLIM 16 (b
i OBSERVE POLARITY P22
1M TRIM POT
[}
TH43 16 i
AM4129 TEAT
T4T2E
7
T543 i7 i
i D ] 01 pF DEs
8 1B I}
BARE 1" JUMPER TE20
2MEEET
14
T52T 19 i1
i [ 0.01 uF DIsC
:_:u o] L
it 2.7 uF TANTALLIM
OBSERYE POLARITY

Figure &, Installing the remaining components on the sweep/trigger module.

15 Scanned by W2RIK




J—

Refer to Fig7 and install the integrated cir-
cuits, Be sure to comectly locate pin 1 of each
integrated circuit.

Whea you have finished assembling this
module, carefully check vour board to be sure that
all of the components are installed correctly and
that there are no solder bridpes or poor solder
connections. Set the board aside and continue with
the next assembly stage,

1o
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1
IGEF EPED
SEE DETAIL A

¥
HEET (FCTA 13
SEE DETAIL A

3
1G4 (FCTA132)
SEE DETAIL &

Figare 7, Installing the integrted circuits on the sweep/irigger module.
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VERTICAL/HORIZONTAL AMPLIFICATION Refer to Fig.8 and begin the module assembly

MODULE ASSEMBLY by mounting and soldering the circuit board
receptacles.

You will now build the wvertical/horizontal Gather the following parts from bag 5C41T:
amplifier circuit board. Follow the same procedure A
you used in building the other two boards, Ko ki Description Each

Gather the following paris:

HE3 1 100 whm, 5% T
Part Price RETS 2 1M, 3% B
Mo Qusn. Uhrsc rigatinam Faeh RET4 1 10k, 5% 5]
RE15T 1 56 ohim, 105 A5
ECILS 1 Vert /Hor anaplifier cinosit board 275 REI6 3 470 obm, 5% ")
RE164 | 1k, 55 24
From hag SC-41T: RELTS z G nhan, 5% 24
REITE 1 40 5% -
5096 15 Circuld board recepiacio 05 RE206 1 910 obm, 5% Rl

Figure 8 Detall A,

SOLDER
BOTEH TABS

INBERT FROMW
COMPOMENT SIDE

Figure 8. Detail B.
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1 i}
CIRCUIT BOARD
RECEFTACLES i%
BEE DETAIL A AND B

CIRCUIT BOARD -
RECEPTACLES {6l
SEE DETAIL & AND A

Figure 8. Installing the circuit board receptacies on the vertical/horizontal amplification module,
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Refer to Fig® and continue with the modiile

REIG]
REGE
HEITS
RELTH
EEL &S

(kian.

= e S

Dhesc e b

470 ok, 15 vt
1k, 35 :

ﬁ’m“h| W |="I
ih, 5% =t
6210 aham, 55 24

assembly .

Gather the following parts from bag 5C-41T:
Part Price
N, (hiam, lhescripibon Fach
RE3 | b b, 5% -4
RE10 1 100, 5% 2

|
1.5]

BAN-BLE-GRN

Fs
N0 CYHM
ERN-BLE- BRN

3
B8 QMM
GRMN-BLLU-BLE

L |
el ]
BAN-BLE-ORMN

B
A0 OHM
YELAVIOBAN

B
A4 IHM

YELWVIO-BAN

¥
I
HAN-BLEK-GRMN

B [
1k
BRMN-BLK-RED

8 LI
G0 OHM
ELLU-GHABRAN

(L (8
470 HAM
YEL-VID-BAN

i i
2.2k
RED-RED-RED

12 [

GED QHM
BLUGRA-BAMN

13 [
ik
BRRN-BLE-RED

14 1
a1 -
WHT-BRN-BRMN

Figure 9. Installing the resistors on the vertical horizontal amplification module, Pare 1
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RBefer to Fig 10 and continwee with the module

peaal
POLod
Mo

LT

I3 15 = fg = -

Irscrigtion

&R0 pF, B0 dise
M p F, s
I %4 4 dinades

SiM0 olun trim pols
Ik Arim pasls
Sk i s

assembly.

Crather the following parts from bag 3C-41T:
Pt Trice
Py, LLTETN Ehescription Earh
(R i L0 LF, disc g
CNI i 0.1 gF, disc N

1

1k
HAN-BLK-RED
2

56 CIHM

GRAN-BLUBLEK

3
470 OHM
YEL-WIO-BRMN

4
1k
BRMNELEHED

B
e
BAN-BLE-YEL

G
100 QM
BEAN.-BLE-BAN

[k

7
G0 OHM

BLU-GAA-BAN

B
23w
RED-RED-RED

#
BED Crie ek
BLU-GRA-BRN

1
1k
BRN-BLE-RED

Figure 10, Installing the resistors on the verticalhorizontal amplification module, Part 2.

Scanned by W2RIK



assembly.
Gather the following parts from bag 5C-41T:

Part
LT

T30
TS2Z
T34
TE

1
8l pF DISC

i
0.01 W DG

X
PO1E
&k TRIM POT

& i)
1NS14 DIDDE
DBSEAVE POLARITY

Quan,

4
2
2
12

Refer to Fig.11 and continue with the modale

Prien
Dvseripthon Each
INBAST mchasmnel JFETs ]
ANSIER pap transistors i}
Depin g, D40V 1, or MPELLO tansistons .
INA1 24 npn tramsistors ]

5 { )
NS4 DIODE
OBEERVE POLARITY

B
PO104
1k TRIM POT

i [h
0.01 LF DISC

| ]

8 i}
0,01 pf DESG

8
600 oF DISC

10

POIOH
Ik TRIM POT

11

PO02
BO0 TRIM POT

12
PO103
500 TRIM POT

LES
PO 21

B THIM POT

14
0.1 uF DISC

Figure 11, Installing the capacitors, diodes, and polentiomeizers on the vertical /hordzontal amplification moduale.

it
L=
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Refer to Fig. 12 and continue with the module sssembly.

1
TE43
M 124

TE43
Al

T34l
i 1

1 (N
TEI2
B8

12 Wl
TE2Z
JE1I

T543
a4

TEH)
2NEET

TE43
INET2

13 { }
TEad
DAdm 1 OR MESU10

14 (]
TS24
D408 1 DR MPELITO

L} ')
T520
Fag |-

T4
2MA1734

TEH
ZNB457

TE43
ZNa134

18 [ b
T5a3
2Ha124

17 L
TE43
ENG1IY

8 L
T30
2NBAE T

o
T4
2N4124

i\ il
T34T
4124

20 A8
TE43
a1

Figure 2. Installing the transistors on the vertizcal horizontal amplification module,
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Fefer to Figl3 and complete the module
assembly by installing the jumpers shown.

This completes the assembly of your vertical/
horizontal amplifier module. Check your work
carefully to be sure that all components are
installed correctly and that there are no solder
bridges or poor connections Set your finished
board aside. You are now ready to begin the
chassis assembly.
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1 4 {1
BARE 1*° BARE 344

JUMPER JUMPER

4 8 [
BARE 374" INFLULATED 158
JUMPER JUMPER

E <} A |
INSULATED 1-1/87 INSULATED 1-8/E"
JUMPER JUMPER

Figure 13. Installing the jumpers on the verticalhorizontal amplification module.
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Chassis Assembly

FRONT PANEL ASSEMBLY Fart Price

No. Quam,  Description Each

feont r il TR JAS 2 Mack banana facks with nsis 25

The ron panel o your oscilloscope wi I be N F 53T mls 12s.a5

assembled in two stages, First, you will mount all NULS a Comtrol nwls .25

of the potentiometers, switches, and jacks. Then PO0 1 S Imtensity control 275

you will mount the other components and some af ﬁ:ﬂ Ii E‘:Dl:“ ::E:'. e 11::

AP ; . m combrols .

the wiring that E-:lnn:::l 1o those purts, P01 34 " i bacifonl gl el o

Crather the Tollowing paris: P34 i 23k sweep speed control 1.50
Part Brire 2007 G 632 X 38 black Philligs-head

Na, LLTTE Deserigition Each naschiine serows 625

L 1 Vertival altemiaior swibeh 110

(RT3 i Froni pand 4.50 iR 1 Sweep range swibch 1.15

EWEl 1 Threspositicn slide switch &5

From bag 2-41T; EWal I Twn-positbon ide switches 28

WAl B Control Tt washers 12415

HADG k| Controd groisnd higs N i) WALS i Mo lnekwashers 13015

JAR 3 Bl hamana jacks with mits 25 WAZS 5 Control bockwashess 6lL15

i
:l
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1
P14
SEE DETAIL A

F

PO AND
GROWND LUG
SEE DETAIL A

a
W8 SEE
DETAILS A AND H

4
POI4R AND

GROUND LUG
SEE DETAIL A

]
POLZE
SEE DETAIL A

T {h
ek ]
SEE DETAIL &

8 i
PO
BEE DETAIL A

2 i1
SINED
SEE DETAIL C

10 (]
EWET
SEE DETAILC

i ]
7 BANANA JACKE
SEEDETAIL E

iz il
SWES
SEE DETAIL C

13 11
J BANANA JACKS
SEE DETAILC

&

W] AND
GROUND LLG
SEE DETAIL A

Figure 14. Installing the potentiometers, switches, and jacks on the front panel.
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Refer to Fig. 14 and Fig. 14, Details A and B for
mstalling the contrels and jacks on the front panel.
Note that in three steps, you will install 2 control
ground [ug instead of a lockwasher. Be sure to
position the lug as shown before you tighten the
control. Position each control as shown and tighten
the nut securely after vou have done so.

In Step 3 you will first need to break off the
locating tab as shown in Fig 14, Detail B. Also,

CONTROL LOCEWASHER
QR GROUND LLMG)

before tightening the nut, rotate the shaft fully
counterclockwise with vour plies while holding
the body of the switch. Then align the “flai™ on
the shaflt as shown in Fig. 14, Detail B,

When you have finished this sssembly stage,
check to be sure that all parts are installed in the
proper position and that they areé positioned
carrectly, Then continue with the next assembly
Stige.

CONTHROL NUT

FLATWASHER

Figure 14. Detail A,
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ROTATE FULLY
I DOUNTERCLOCKWISE

BREAK OFF TAB

I,,.-—'—'_I-IGHIICHT#L_—-\.‘J
O
AANGE SWEEP SPEED
LOwW % b
vow’ ""Hrﬁu_.‘,u

POSITION FLAT ON
SHAFT PERPEMDICULAR
O "LOW MARE

L

Figure 14, Detail B.

BANANA JACK

Figure 14, Detail C.
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PREWIRING THE FRONT PANEL

In this section vou will perform the initial
wiring on the front panel, You will need the
following parts:

From wins hag:

Pari Price
Na, Chean, Descriptiog Each
CA910 'S Mimiature coaxial eatdp R
From bag 2F-417T;

G 02 I 000 (F, ilser, 106 <0
CH I 1 01 pF, dise A
CH151 1 S pF, dise A0
Chasm 1 BHIpF, de J0
CN261 | 1 UF, tanialum L
CMDHE 1 10 gF, tanialwm Tl
Cx3zn 1 (L] pF, nialam -1
CNASE 1 B-50 pF trininer 1.50
REID 1 1Mk, 5% . ]
RETS 1 1M, 5% |
RET4 1 1ok, 5% B
HEL&S I O, 5% .
HEI &0 I 620 ohoa, 55 24

In the following steps you will prewire the
range switch, vertical position control, and vertical
dftenuation switch. Then position sll components
4% shown in Fig. | 5.

(1} Connect o 0.01uF capacitor from lug 1 (51)
of the range switch to the ground lug on the sweep
gpeed controd (NS) ... i e )

30

(2) Connect the positive lead of 2 0.1pF capacitor
to fug 2 (51} of the range switch. Connect the
other lead to the ground lug on the sweep speed
et (PESY 0L 0 e e

{3) Connect the positive lead of o 1pF capacitor
to lug 3 (51) of the range switch. Connect the
other lead to the ground lug on the sweep speed
control (NS) ... ...

(4) Connect the positive lead of o 10 ¢F capacitor
to lug 4 (51} of the range switch. ‘Connect the
other lead (o the ground lug on the sweep speed
e ] f o e o {14
(5) Connect a 0.1 gF capacitor from lug 3 of the
vertical position control {(N5) 1o the ground lug on
the horizontal position control (N8) ........( )

(6] Connect a 620 ohm resistor from e 3 of the
vertical position control (52) to the ground lug on
the horizontal position control (82) . ........ ()

(T) Connect a 210k resistor to the 850 pF
trimmer capacitor as shown in Fig.15, Details A
and B. Be careful not to bend the capacitor
terminal identiffed in Detail A, or it may break off,
Solder both terminals of the capacitor ......( )
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001 =F )
o

SWEER
SPEED
CONTROL ;1":,?_‘

HORIZONTAL
VERTICAL POSITION
POSITHON o CONTROL
CONTROL

VERTICAL
WVERTICAL
ATTEM
EWITCH

A
FOCUS INTENSITY
Figure 15, Prewiring the front pane,
o0 NOT
D THIS
ﬁ :qur:lL EDLDER
Figure 15. Detail A. Figure 15. Detail B.
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(8) Connect the resistor/trimmer you just as
sembled from lug 4 (N5) to lug 3 (NS) of the
verticul attenuator switch. The resistor leads must
be as short as possible and the resistor/trimmer
combination must b positioned as shown in
Fig:15, Details © and D, with its open end facing
toward the top of the front panel RRTRTICTRSL (.

(9) Connect a 100k redstor 1o a 56 pF capacitor
as shown in Fig. 15, Detail E MPPERRRN r )

(10} Connect the [100k/56 pF combination from
ug 3 (52) to lug 2 (N5) of the vertical attenuitor
switch, Again, keep the leads as short as possible

and position this combination perpendicular to the
fromt panel as shown in Fig 15, Detail C .. ... ()

(11 Connect a 10K resistor to an 820 pF capaci-
tor as shown in Fig15 Dewmil E ... ....... |

(12) Connect the 10k/820 pF combination from
lug 2 {82) to the ground lug (NS) mounted under
the vertical attenuztor switch

(13) Connect a 1M resistor from lug | (51) of the
focus control to lug 1 (51) of the intensily control
Position this resistor as shown in Fig.15 and keep
the lends as short as possible . ........ ... [}

10&

100k p50pF

Figure 15, Daetadl C.

Bl

e
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Figure 15, Deetail I,

SOLDER

Figure 15, Detmil E.
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In the next steps you will prepare and install
two shielded cibles. One end of each cable will be
left free for later connection to other pards of the
escilloscope. Refer 1o Fig 16,

() Cut a 4-1/2° length of single-conductar
shielded cable and prepare it as shown in Fig 16,
Detail A. Lightly tin both the center conductor
el the shield lead with your soldering iron ... ( )

t15) At the end of the 4-1/2" shicided cable with
the shield lead intact, connect the center conductor
to lug 4 (52) of the vertical attenuator switch, and
the shield lead to the ground lug (NS) under the
attenuator switch, Position the cable o= shown ()

L6} Cut a 9° length of single-conductor shielded
cable and prepare it as shown in Fig 16, Detail B.
Tim all leads lighily . Ly

(1T Conneet the center conductor (efther end) of
the 9% shielded cable to lug 5 (S1) of the vertical
sttenuator switch, and connect the shield lead to
the ground leg ($3) under the attenuator switch ()

This completes the prewiring of the Tront
panel. Check vour work carefully to be sure all of
the components are mounted in the proper pos-
tion and are connected to the right lues, Be sure all
of the lugs that have components or leads con-
nected (o them have been soldered. Set the front
panel acide for now.

e
WERTICAL
ATTER SWITCH
Q o
W .f*ti'..

Figure 16. Installing the coaxial cables on the front panel.

34
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e = e

CUIT SHIELD

OFF THIS END
Figure 16, Detail A,
el
Figure 16. Detail B.
2 L] 5 ?
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BACK PANEL ASSEMBLY

You will now nstall the fuseholder and line
cord on the back panel of your oscilloscope. You
will need the following paris:

Part Prace
K, (tan, Drscefption Farh
PAGD | Hatk pamel 4,100
From hag 2E-41T;

Fua ] 1 A& slow Wow fuss s
GH1N 1 Lime cord strain relief A5
%2l 1 Firseholder with moumting handware L]
1 1 Power cord D

Refer to Fig17 and Figl7, Detil A, and
complete the following steps,

(1) Locate the fuseholder assembly (IN21) and
fuse (FUSY Install the fuse in the fuseholder.

A

PLACE SBEND
IN WIRE HERE

PAINTED RIDE

SOUEEZE THE TwD
SECTIONS TOGETHER

Remove the cap of the fuseholder by pushing it
inward toward the body of the fuscholder, while at
the same time retatling the cap counterclockwise,
Insert the fuse into the end ol the cap. Reinstall
the cap on the body of the fuscholder by pushing
inward on the cip and rotating it clockwise ., { )

(2} Install the fuscholder on the back panel as
shown in Fig.17, Position the fuseholder with the
side terminal facing the closest edge of the panel,
Tighten thenut securely ....000eceecon.,. {)

(3) Locate the power cord and the line cord strain
relief, Insert the end of the power cord throush the
hole in the back panel from the painted side. Insert
the cord until the ends of the wires extend about
2-1/2" inside the panel. Refer 1o Fig 17, Detail A,
and secure the power cord with the struin relief as
SR o T B S R

B

INSERT INTO HOLE FROM
FAINTED SIDE OF BACK PANEL

—

Figure 17. Detail A.
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RUBBER WASHET

Figure 17. Mounting the components an the back panel,
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MAIN CHASSIS PARTS ASSEMELY

In the next steps vou will connect the Tront
and back panels te the main and support chassis
sections. You will need the front and back panel
assemblies and the following parts:

lari Prace
Mk Duan. Dheserigitinm Fails
108 | Mllaim chasais 4,50
1105 | Smppor] chassis 2.
From hag 3FA1T:
LB | 13 32 sz 12035
s018 B 632 X N8 serews 12795
Lk 5 632 % 38" black Phillips-head

CEF TS [T
ST2R 1 Wlug termimsld strip {meousithing foo

o el ugh A5
ET41 1 Sdag verminal skrip (moumnting

Fizeed o Bt Qugh A5
5Tz 1 Selung teraniinal sbrip (moumting

fnl an cvnler lnig) 15
WAlIS 13 i dh bochwashiers 13518

38

In some of the assembly steps we will refer to
the use of No.6 hardware, which consists of g
6-32 ¥ 38 screw, a No.6 lockwasher, and a 6-32
nut. Where other than a 632 % 3/'8" screw is
used, we will state the screw tvpe. For example:
“Use No.6 hardware with a black Phillips-head
sorew.”

Refer to Figs 18 and 19and theiraccompanying
details to complete the following steps.

(1) Locate the front panel assembly and the main
chassis. Position the two sections as shown in
Fig.18. Fasten the two sections together as shown
using No.d hardware with black  Phillips-head
sorews. Tighten the nots securely ... ... ... 0

(1) Locate the back panel assembly. Position the
back panel as shown and fasten it to the chassis
using No.6 hardware. Tighten the nuts securely
[ |
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BLACK
617 SCREWS
Figure 15, Mounting the frant and back pangl assemblies to the main chasss,
an Scanned by W2RIK
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(3) Refer to Fig.19. Locate the support chassis, No.6 hardware. Mount a S-ug terminal strip
Position it on the main chassis as shown. Fasten (5T41) on the wiring side of the chassis in the
the support chassizs to the main chassis at positions posi tion shown O ST p—— (]
[, 2, and 4 only. using No.6 hardware .. ... .. £}

(3) Refer to Fig 19, Detaill A snd secure the
(#4) Refer to Fig. 19, Detail A (located on a fold- chassis sections together at point 5. Use No.b
out at the end of the manualy and secure the hardware and mount a 5-lug terminal strip (ST42)
support chassis and main chassis at point 3 using in the positionshown . . ... ... ... [0

8-32 X 3/B" SCAEWS,
NUTE, AND LOCKWASHERS

SLACK
SCREWS

Figure 19, Mounting the support chassis,
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(6) Refer to Fig 19 Detaill B. and secure the
support chassis o the front panel ot positions &
and 7 wsing Mo hardware with black screws
Install a 4-lug terminal strip (ST 28) at hole 7 in the
posltlon slOWn: uai e s e s e e s e L)

This completes the assembly of the panels and
chissis sections.

Figure 19, Deradl B
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At this fime yvou will mount some paris on
the main chassis section. Now turn the chassis
sssembly over so that the boittom of the chassis
(wiring side).is Tacing upward and the front panel i
on vour right. Refer to Fig, 20 (located on a foldout
at the end of the manual) for the following steps.

You will need the following parts from bag
IF-41T:

Part Frice
X, Eian. Iescription Fach
CL56 a Wodge-lock cable chisips M5
HABS L] Cremli bosrd stanadodis 6f.25
HALDE i Al ve-haebed moanis i)
LUTO 4 o ground legs 12038
XU 7 6 32 ks 135,25
FL1Z 4 10-pin M0 conmectom B85
Fl18 2 fi-pim PEm-H:aul.nn 1]
2063 T 632 X 15 screws 12525
T3 1 g terminal sirip Al
ST4E 1 Sug terminal strip 15
5Td6 | trlug ierminal airip 15
WALS | S boe hwashers 13515

To make it caster to mnstall the circwi hoard
siandolfs (HAZ6) and 1o prevent them from
breaking, place them im a bowl of warm-to-hot
water for i few minutes before vou install !;Ilem.

(1} Locate the four 10-pin PC board connectors
and install one at each of the four larpe slots as
shown in Fig 20, Detail A, Be sure you install these
connectors from the bottom (side facing upward
toward you) as shown, Otherwise, the pins will not
protrude above the chassis high enough to properly
connect with. the sockets on the PC boards. The
“hump™ of the connector should be on the circait
board side of the chassis as shown in Fig 20, Detail
T S N e S {)

e

:;E ;E %E;E ;FUE
WIRING SIDE

QOF BOTTOM
OF CHASSIS

Flgure 20, Detail A.

CIACLAT BOARD BIDE
&

(M Locate the two G-pin PC boand connectorns and
repeat the procedure you used in Step 1 ..... Er)

{3) Refer to Fig.20 (located on a foldout ot the
end -of the manval) and install 3 ground lug at
positions 2, 3, 4, and 6. Use No.6 hardware with o
1/4" serew. Be sure that the end of the screw is on
the circuit board (top) side of the chassis. The nut
should be on the same side a5 the pround lug
Oricnt the lugs as shown and tighten them securely
........................... |

{41 Locate the 3-lug terminal strip and install it at
position 1 using No.6 hardware with o 147 strew ()

(51 Locate the 6-lug terminal strip and install it ot
position § using No.6 hardware with a 14" screw.
Be sure that the nut is on the same side of the
chassis as the terminal strip and that the strip is
positioned as shown . . ... ... .. S i |

(6) Loczte the 2lug terminal sicip and install it at
position 7 using No.6 hardware with a 1/47 screw.
Position the terminal sirip as shown . . . .. [}

(7) Peel the paper from the back of the three
adhesive-backed mounts and install one in each of
the three locations shown . . . ... .. IR (5

(8} Take the three wedpe lock cable clamps and
install one in each of the mounts as shown in Fig.
20, Detadl C. Adjust the clamp for a loop of about
D R . L R e e e A g [}

Figure 20, Detadl C,

WIRING SIDE

Figure 20, Detail B,
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{9 Turn the chassis over so that the circuit board
side is Tacig upward, Locate the nine circuit board
standofTs and mount one in cach of the positions

-l B G S {)
= g
o ol
o ° o (U
o . ”
--.I {. ....... IJ |:'_.. i g il 'L} l.-_l' r n .:}
Yo LY [} J:‘ﬂ B e QOE
2l
o
g g~ @8 ~ O O
i =S e
1 ™ 0 g

Figure 21. Mounting the circuit board standolfs an the cirauit boaird side of the chassis.

43
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You will now install the filter capacitor and
power transformer on the main chassis. Refer 1o
Fig.22 and Fig22, Detail A 1o complete the
following steps. You will need the following puirts;

Fari Price
o, (hnan, Diescriplinn Faszh
LM T 1 Filler capseilor, two-setibon

300 UF/300 pF, 250 valis .00
TRaZix1 1 Pavwer franslmer 14,50
From hag 3F41T:
FLASD 1 Filier capacitor motinling plale A5
LLS 1 Mo B govmid bug 1285
XN > 632 puts L e L]
NU3 ' B3%nab 14s.25
ECiD 2 632 X 3R serews 19735
SC85 i B32 X 112 sereun 1235
ST13 1 L aig Bermimsl siri A
a4z 1 Slug terminal sicip f i
WAS i %o 8 Hatwashsers 12515
WALS 2 N I kwashers 13515
WAl L A dl loekwadiers 1215

Postion your chassis assembly with the wiring
(bottom) side facing upward and the front panel
on your right,

(1) Refer o Fig22 and Fig22. Detail A, and
install the filter capacitor mounting plate so that
the plate is positioned on the clreuit board side of
the chassis. Mount » 5-lug terminal strip at hole |
on the wiring side of the chassis, as shown in
Fig. 22 Detall A, and then secure both the plate and
the terminal strip wsing No6 hardware. Position
the terminal strip as shown . . . EET

44

(2) Mount a 2lug terminal strip at hole 2 on the
wiring side of the chassis and secure the plate and

strip using No.6 hardware. Position the terminal
strapagshomm - o L e 15 |

{3} Locate the power transformer and identify the
two groups of wires coming from it. Mount the
trunsformer on the circuit bourd side of the chassis
as shown. Route the group of wires containing the
eray wire through the hole in the chassis nearest
the front panel. Route the group of wires con-
taining the two brown wires through the hole
nearest the back panel. Secure the transformer at
holes 4, 5, and 6 using 832 % 127 screws, No. &
Matwashers, No.8 lockwashers, and 832 nuis.
Before tightening this hardware, push the trans:
former as far forward as possible

(4) At hole 3, use a No.8 ground lug, as shown,
and the same hardware you used in Step 3. Tighten
T T T R T e b e R |

(5) Locate the filter capacitor and insert the four
mounting tabs into the holes on the mounting
plate from the component side. Position the
capacilor lerminals as shown, Then, while holding
the capacitor flush against the mounting plate,
twist each of the four mounting lugs about 45° to
secune the capacitor firmly tothe plate . . . (1)

This completes the mounting of the parts on
the main chassis. Check vour work to be sure that
all parts are mounted properly and all nuts are
tightened lirmly.
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FLATWAEHEHR

WIRE GROWP
WITH GRAY WIRE

Figure 22. Installing the (ilter capacitor and power trandormer,

Zrh =]

-

== 'E_. i = :__:'.J\ {
\-AE GROUP e -\ :
bt IRE GROUP

WITH GRAY
WIRES WIRE

Figure 22. Detail A.
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POWER TRANSFORMER WIRING

In this section you will connect the power
tranformer wires. You will necd the following wire
from the wire bag:

Pasi Price
N, LLTETN hestriplinn Fach
Wighs 4 ek hookip wire 127723
wiole 3 ISack it twisted pair 12

Befer to Fig.23 and route each wire is glowi:

(1) Connect the red/green power transformer wire
teterminal 310451y .. .. ... . ..... (%)

(2) Connect the red power translormer wire 1o

terminal 309 (81) T TR
t3) Connect the green/yellow power transformer
wire to terminal 306 (NS) . ... ....... )

(4) Connect the red/yellow power transformer
wire to terminal 306 (NS) . . ... ... ... )
(5) Connect the grecn power transformer wire (o
terminal 305 (51}

(6) Connect the vellow power transformer wire (o

{T) Connect the gray power transformer wire o

TS54-1 (NS) sevn s L0)

(8) Connect the black power transformer wire to
T53-1 (M5} [}

(%) Connect the black/green power transformier
wire to TS53-2 (NS} T A R

{10) Connect the Mack/vellow power transformer
wite to TS3-0[NEB) . ... ooy i)

(1) Connect the black/red power transformes
wire 10 TRESAMKY ey aia €0

(12) Cut either of the brown power transformer
wires to a length of 7°. Save the leftover piece of
brown wire for use in the next step. Now connect
the 77 brown transformer wire to TS1-1 (NS} . { )

(13) Connect one end of the brown wire you cui
off in Step 12 to TS1-1 (NS). Route the other end
of this brown wire through the chassis hole ss
shown in Fig.23

(14) Rowte the other brown power transformer

termimal 304051 . .. .. ... (o wire through the chassis hole asshown . ... [}
P 2t ) 2 3 4 5 B
Lo gl | | I I |

46
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HE AN

- o

Figure 23. Connecting the power transformes wires.
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Refer to Fig24 and complete the following
steps:

(1) Separate the two conductors of the line cord
and connect one wire to FI-2(81) .. .... )
(2) Connect the other line cord wire to TS3-5
) R R I S R R e ()
{3) Prepare a 19" length of the black-und-white
twisted pair wire by uniwisting both ends two or
three tums and stripping 1/4" of insulation from
the ends of both wires at each end. Connect the
black wire ta F1-1 (513 and the white wire o
AR IR oo i mitoss s g W (i
(4) Route the pair as shown in Fig.24 and then
connect the black wire, at the other end, to pin 1
of the ON/OFF switch (51} Connect the white
wire to pin 2 of the ON/OFF switch (81)..... )

WIRING CONNECTIONS FOR
115 VAC OPERATION

Your oscilloscope can be wired to operate from
gither 115 volts or 230 volis ge. The scope will
operate on either 50 or 60 He when connected for
115 V or 230 V operation, The following steps
explain how to wire vour oscilloscope for 115 V
operation because this is the standard line voltage
in the LS. To wire vour oscilloscope for 230 ¥
operation, see the instructions gven at the end of
this manual,

(1) Refer to Fig24. Remove all of the insulation
from a 3/4" piece of black hookup wire and
connect the wire between TS31 (832) and TS3-2
LEE) e R A e e e S S e ()
(2) Remowe all the insulation from another 3/4°
piece of hookup wire and connect this wire from
TS83-4 (52} ta TS3-5 (83) )

45
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TET ;
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; i
F3Ef:s v | ="
Cd® =
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i EER DAY
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BLACK-ANDLUWHITE

TWISTED PAIR
o

= -

mrl = - i -

mi] = [t i =

il - e z

E . R + h -

Wik | — -

ar = -

- | - -

r oy _
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Figure 24. Wiring connections for 115 Y operation.
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POWER SUPPLY PARTS
INSTALLATION

Remove the following parts from bag 2G-41T:

Tary Frice
N LLTETR I b rip i Fach
CNL4T ] 0,05 g, e 3000 vale a5
CX149 1 50 u2F, 250 volt A5
CNR4T 2 1040} 4iF, 25 volt L
(R 3" Epaghett] tabing {small) Al
REST [ o0, 10% 15
8R15 1 iigh-vollagr rectifiens 1.35

For the following steps, refer to Fig.25,
(1} Pass one lead of a 0.05 yuF capacitor through
TS82-1 (52) and connect it 1o T52-3 (N5). Connect
the other lead of this capacitor to TSI=1 (NS) . )

(2} Conmect another 0.05 pF capacitor from
T52-3 (52) to T51-3 (NS) ()

(3) Connect one lead of the remaining 0.05 pF

{6) Connect the positive (+) lead of the 50 uF
glectrolvtic capacitor to terminal 320 (51). Posi-
tion the capacitor us shown and connect the other
lead to the ground lug (S1) attached to the
transforimer mounting serew . .. . .. 0w v ()
(T Connect the positive (+) lead of a 1000 xF
capacitor to terminal 302 (51). Connect the other
lead to ground lug 1 {NS) asshown ... ... ... %)

(%) Locate the spoghetti tubing and cut a 3/4°
fength from it. Slip this section of tubing over the
negative lead of the other 1000 pF capacitor, and
then connect this lead 1o terminal 307 (S1)
Connect the positive lead to ground lug 1 {(NS) &

(9 Connect a 220k resistor (red-red-yel) from
TS1-1 (NS to TS1-3 (53) {19

This completes installation of the power supply
components.

To install the remaining chassis-mounied com-
ponenis, remove the following pans from bag

5 x

capacitor to TS2-5 (NS). Connect the other lead (o ;:I"'#]T‘ -
J ol B oty R e P e T A el ol eaz %) Ka, Duam, [hescriplion Each
(4} On the high-voltage diode, SR15, the cathode N34 1 0.001 “i:"ﬁ'" - ::
end is identified by a stripe or by @ “+#" mark.  euss 1 0.1 b 600 it i s
Connect  the cathode lead of an SE15 diode HELO 1 160k, 5% .ﬁ
through T52-4 (52) to TS2-5 (NS) Connect the REZ3 1 3.3, 5% .

- RESD i A0 ohm, 55 L
other end of the diode through TS51-4 (52) to RET \ 1M, 5% x4
] B ) S R e L Nl T R HELGY 1 1008 odym, 55 .2

1= | 106 ohm, 1 wantr, 105 i
{5} Connect the cathode lead of the other SRS RE026 2 18k, 2 watl, 10% 3
diode to TS1-5 (51). Connect the other end of the You will also need the leftover piece of
diode ta TS5 (83) . o« vv v v 4 () spaghetti tubing.
o 1 7 3 a B i
b b u I
L1 1
0
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Figure 235. Installing the chassis-mounted power supply components.
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For the following steps, refer to Fig. 26:

(1' Connect an 18k, 2 walt resistor {(bro-gra-orn)
from terminal 210 (NS) 1o TS5-1(N8) .... ™

(2] Connect one end of the other 18k, 2 wail
resisior (bro-gra-orn) 1o terminal 209 (N5) and

connect the other end 1o TS5 (N5) .. ... .. B)
(3} Connect a 6.8k (blu-gra-red) resistor from
TSS-3(NSYtoTSS-4(NS) . .. ..o ivuun ()

{4} Connect a 1k (brn-blk-red) resistor from T35-4
(NS 1O TR0 (MDY s v s vw e e a i n e ()
{5) Connect a 0001 ¢F capacitor from terminal
105 (NB) o TSG-4(NS) . ... .........
(6F Connect a 0.033 uF copacitor from termina
105(32) o TS6-5(M8) ... ......0un
{7} Connect a 100k resistor (brm-bik-veld from
T57-1 {N5) to pin 2 (51) of the intensity control
()

ad

{8 Connect a 100 ohm, 1 wall resistor
(bro-blk-brn) from TS6-3 (NS) to pin 5 (31) of the
ON/OFF switch (3

(9 Connect a 3.3M resistor (om-orn-grn) from
TS7-2 (S1) to pin 3 (S1) of the focus control. Be
sure that the resistor lead does not touch the back
of the control ()

rrrrrrrrrrrrrrrrrr

{10y Connect 3 1M resistor (brn-blk-zm) from the
red horftrig input jack (N5) to the black ground
jack [N5) located just below the hor/trig input jack
{1

{11) Shorten both leads of the 0.1 pF capacitor to
3/4", Then conneet the 0.1 pF capacitor from the
ac input jack (S13 to the de input jack (NS) . ()

This completes the installation of the chassis-
mounted componenis,
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] Figure 26, Installing the remaining chassis-mounted components.
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CHASSIS WIRING

Remove the following wire from the wire bag:

Part Price
Na, (hsam, Dhesctiption Fach
WR01 & Fes] horkeinp ire 12728
wWRetz 9 Green hookup wire 12 /.25
WEDIE 3 iloe hookap wire 12/.25
WROM 1 White hackup wiee 12 /.25
WRON5 3 Hevwii hoskap wize 12125
whoot 4 Crange hookup wire 1a'ras
whoay % Yellow haokup wire 12/
WRoos 2 Vialel hookup wire 1Z/.25
WHOLL 4 3060 ohm twin lead 10
WRS2L 2 Flue strandrd wire 1240
wioos 2 Red stranded wire 12140
WHYZT - Vellow stranded wire B a0
Who2 2 Gieven dranded whee 1240
wioze 1 Hookp wire, srange with Ilack

iraver 1L
W3 2 Houkup wire, white with back

tracer 12125
WRO4D 7 Houkep wiee, yellaw with black

tracar 1225
WEDH] o Bk wine, green with lack .

e [2fas
WHOS] 3 White red strip) strasded winn 1240

You will also need the leftover picces of black
amd black/white twisted hookup wire and shiglded
cable.

In this section you will begin the main chassis
wiring. Refer to Fig. 27 {located on a foldout at the
end of the manual) and complete the following
steps. Be sure to route all wires as shown., Route
the wires beneath any components the wires may
puss. Remove required lengths of insulstion from
the black hookup wire when bare wires are called
for,

(1) Conmnect o 1-1/47 length of black hookup wire
from T51-5 (52} to the Olter capacitor mounting
lug as shown (51) ()

{2) Connect 2 17 length of bare hookup wire from
terminal 306 (83) to ground lug 2(S1) . ... &

r

(3) Connect a 1-1/2% length of bare hookup wire
from terminal 311 (51) to ground lug 1 (53) .. ( }

{4) Connect a 1-1/4" length of bare hookup wire
from terminal 202 (NS) to ground lug 3 (51) N

“ (%) Connect a 2 length of black hookup wire

54

from terminal 212 (NS) to TSS5-6 (51) [ )

{6} Connect a 2-1/4" length of black hookup wire
from terminal 108 (S1) to TS6-3 (NS) - &)

length of black hookup wirne
™

(8) Connect n 4" length of black hookup wine
from the black horftrig input ground terminal (82)
to TS6-3 (53) G

(7) Connect 3 27
from terminal 113 (S1) to solder lug 4 (NS} .

{9y Connect a 3-1/4" length of black hookup wire
from pin 4 of the hor/trig switch (51) to ground
logd{NS) . .--copnsmnv s seanns
{10} Connect a 3" length of black hookup wire
from the black verticul input ground jack (51) to
pround lugd (83) ... oo sty

(11} Connect a 151/2° length of red stranded
wire from TS1-1 {53) to pin 3 (51) of the intensaty
control on the front panel i1

(121 Connect a 5" length of red hookup wire from
pin | (81) of the filter copacitor to terminal 303
(N5} B

(13) Connect a 13-1/2" length of red hookup wire
from terminal 308 (52) to pin 6 (S1) of the
ON/OFF switch

lllllllllllllllll

{14) Connect a 7° length of red hookup wire from
pin 2 (S1) of the filter capacitor to terminal 319
(-2 & RNV UL Lo S C)
(15) Connect a 4-1/2" kength of red hookup wire
from terminal 320 (52) to TS5-1 (NS} (1
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(16) Connect a 3/4" length of bare wire from

TS51 (St TS5-2(NS) ... .vvvnnns )
(17) Connect a &" length of red hookup wire from
TS5-2(53) to terminal 110(81) . ...... ™

(18 Connect 2 4-1/2" length of blue hookup wire :

from terminal 318 (51) to terminal 216 (N8). . [ }

(19 Connect a 167 length of blue hookup wire
from terminal 216 (N5) to terminal 100 (51). . &

(200 Connect o 5% length of bluz hookup wire
from terminal 216 (83) to terminal 114 (81) ., ~J

™ =
=
—

(21) Connect a 77 length of vellow hookup wire
from terminal 312 (51) to terminal 115 (NS). . N

(22) Connect a 4-1/2" length of yellow hookup
wire from terminal 115 (52) to terminaf 104 (N5)

R R e R R D e s ket ™~

(23) Connect a 3-1/2" lemgth of green hookup
wire from terminal 383 (51) 1o terminal 215 (N5]
..................................... {1
{24) Connect a 2° length of green hookup wire
from terminal 215 (NS)to TS5-4 (83) .......( ]

55
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In this section vou will continue the main
chassis wiring. For these steps, refer to Fig 28:

(1) Connect an 11-1/2° length of brown hookup
wire from terminal 301 (51) to pin 5 (81) of the
trigzource switch . . ., .. ..........
(2) Connect a 17" length of orange hookup wire
from terminal 317 (81) to pin 8 (S1) of the trig
SOUTOR-EWHEENY o e e (]
(3) Connect a 10-1/2° length of violet hookup
wire from terminal 116 (S1) to pin 2 (NS) of the
Ingsourceswitoh & ool L s e
(4) Connect a 1" Iength of bare wire from pin 7
(51) through pin & (52) to pin 2 (52) of the irig
SOUTEE BWIREN e i e e e ()
(5) Connect a 1-3/4" length of white hookup wire
From pin 3 (S1) of the trig source switch to the red
hor/trig input jack (N8} . . .. .- n [}
{6) Connect another 1-3/4" length of white hook-
up wire from the hor/trig input jack {53) to pin 1
(S1)of the horftrigswiteh . ., ... .........( )

{7} Connect a 3-1/2" length of yvellow with hlack
trucer hookup wire from terminal 102 (S1) to pin
Jofthe horftrigswitch ...........c0vuaa )

* (8) Connect a 4 length of green with black tracer

hookup wire from terminal 103 (NS) to pin §
(51} of the horftngswitch ... oo e iae,
(" Prepare a 61/2" length of black-and-white
twisted pair by uniwisting one end two tums amd
the other end about six or seven turns. Connect the
black wire (short end) to terminal 208 (51) and the
white wire {short end) to terminal 207 (S51], Route
the pair as shown in Fig.28 (under the two 1000
@F copecitors), and conmect the black wire to
terminal 303 (51). Then connect the white wire to
terminal 3I6 (81} .. . o s e e
{10y Prepare a 7" shielded cable as shown in
Fig.28, Detaill A. Lightly tin all wires, Connect
the center conductor of either énd 1o terminal 21 1
(51) and the ground shield to terminal 212 (82).
Route the cable as shown in Fig.28 and connect
the center conducior to pin 2 (51) of the hor/trig
switch, Finally, connect the ground shield 1o pin 4
(52)of the horfirigswitch .........ccccaua (-]

”"'"“"'1*"" 14

—#

T

Figure 28. Detail A.

b
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Figure 28, Chassis wiring, stage 2.
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CHASSIS/FRONT PANEL WIRING

In the following steps you will connect wires
from the main chassis to the front panel controls,
This wiring will be done in two stages. First, one
end of each wire will be connected to the main
chassiz and then routed through 2 hole to the front
panel. Once this is complete, you will then connect
the wires to the front panel controbs. You will need
the wire left over [rom prior assembly steps. Be
sure to route all wires as shown. Refer to Fig29
and complete the following steps:

(1) Connect a 12-1/2" [ength of green hookup
wire from terminal 215 (S3) through hole A .. ( )

(2} Connect a 12° length of violet hookup wire
from terminal 214 (51) through hole A

(3) Connect a 12-1f2" length of binck hookup
wire from terminal 213 (S1) through hole A .. ( )

(4) Conmect an 11-1/2" length of orange with
black tracer hookup wire from T55-3 (52) through
hole A ....... R R

(5) Connect a 13" length of white with black
tracer hookup wire from T55-5 (52) through hole
[

(6) Connect an 8" length of white hookup wire

(7T) Connect & 5" length of brown hookup wire
from terminal 112 (51) through hole A . ..... Ty

(8) Connect a 12-1/2° length of green with black
tracer hookup wire from terminal 206 (S1)
through hale B

{9 Connect a 7" lenpth of red hookup wire from
T56-5 (82) through hole B ()

(I0) Connect an 8 length of blue hookup wire
from TS6-4 (52} through hole B I %)

(11) Connect o 9° length of ormnge hookup wire
from terminal 103 (52) through hole B

(12) Conmect a 9=1/27 length of vellow with black
tracer- hookup wire from terminzl 106 (51)

throigh BolE' B v v s v s s N

(13} Conneet a 9° length of yellow hookup wire
from terminal 104 (S82) through hole B ... .. g

(14) Prepare twoe shielded cables as shown in
Fig.29, Detail A, Conneet the center conductor of
ane cable to terminal 204 (51). Connect the center
conductor of the other cable to terminal 203 (81).
Finallv, conneet both ground shields to terminal
202 (NS). Route the free ends of each cable

from terminal 111 (81) through hole & ... ... ) theough Wale B s e Pons
L+ P ;
14" s
-»rl-l-m" F.M"—-I_‘-|4—
Figure 29, Detail A.
o H 2 3 & 1]

25
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Figure ¥, Wiring the main chassis to front pamel.
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In the following steps you will connect wires to
the front panel controls, For this stage, refer to
Fig.30. Be sure 1o position the wires as shown.

(1) Connect the brown wire 1o pin 1 (51} on the
vertical attenciator switch . cov i v v vinn s -!\J

{2} Connect the orange with black tracer wire (o
pin 1 {51} on the vertical position control ... ( }

(3) Connect the green wire to pin 3 (51) of the
sweep speed control

(4) Remove 1/2° of insulation from the end of the
white wire. Then connect the white wire through
o

pin 2(52) to pin 1 (51) on the sweep speed control

(3) Connect the violet wire to pin 3 (51) on the

(6) Connect the black wire to pin 2 (S1) on the

horizontal position control . .. ... ... ..... { =}

(7)) Conmect the white with black tracer wire 1o
pin 1051} on the horzontal position contral . ( )

(8) Remowve 1/2" of insulation from the end of the
red wire, Then connect the red wire through pin 8
(52} to pin 9 (81) on the range switch . ...... i

(9 Remove 1/2° of insulation from the end of the

blue wire. Then connect the blue wine through pin
6 (52) to pin 7(51) on the range switch .. ... ()

(10} Connect the vellow with black tracer wire to
pint 10(S4) on the range switch ............ %)

(11) Connect the orange wire to pin 5 (81) on the
range switch 1 e e g o )

(12} Connect the vellow wire 1o TSE-1 (517 . Ny

(13) Conmect the preen with black trscer wire to

ceee N

horizontal position control ... ........,.... (. pin 2 of the vertical position coniral (51)
o 1 i 3 4 5 &
] % H
L 1 1

fill
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Figare 30. Front panel wiring.
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In the following steps vou will comnect the
fromt pamel LED circuit, the gain control cables,
and position the vertical attenuator shielded cables.
For these steps, refer to Fig 31,

Gather the following parts from bag 3H-41T:

Past Price
Mo, LLITTR [Rescriplion Eadh
LFLT 1 el light-emittimg diode ol
ME06 1 Bed LED lens cap L
RE1&] 1 AT hmm, 55 o

(1) Install the red LED lens cap by pushing the
cap into the hole in the top of the front panel
Insert the cap from the front side of the panel )

(2} Install the red LED into the lens cop by
puthing the LED into the lens cap rom the back
of the front panel. Be careful to position the fat
edee of the LED it the bottom as shown in Fig.3 1,
R o P e o b a R A e ()

(3) Connect the upper LED lead to the bottom
hole of TSB-1 (81} as shown in Fig.31, Detail A { )

(4} Connect the lower LED lead to the bottom
hole of TS8-2 (S1) as shown in Fig.31, Detail A, Be

RAED LED

LT

sire that the leads of the LED do not touch each
R e e e e s ()

(5] Connect the 470 ohm resistor from TS8-2 (517
to TS84 (51) SV RIS 1

(6) Connect the center conductor of the shiclded
cable from terminal 203 to pin 3 (51} of the
vertical gain contrel. Connect the shield of this
cable to pin 1 (N8) of the same conteol . .....0 )

(7} Conpect the center conductor of the shieldad
ciable from terminzl 204 to pin 2 (51) of the
vertical gain control, Connect the shield to pin |
(52) of the same control. Be sure that none of the
cable leads connected to this comtral touch adja-
Cet Teads o PR, . o s s et Y e e s [

(31 Route cach of the two shicided cables from
the wvertical attenuator control through hole A,
Turn the chassis over and connect the center
conductor of the shorter cable to the de vertical
input jack (52} Next connect the center conductar
of the longer cable to terminal 201 (51) and the
shield to terminal 202 (54) AN
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Figure 31. Final front panel wiring.
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Final Assembly

[n the lollowing steps yvou will complete the
main chassis wiring. You will need the wire left
over Trom previous seclions. Reler to Fig 32 as you
install each wire.

(1) Connect ome end of a 23" length of blue
stranded wire to pin 2 (51) of the Tocus control,
Route the other end through the ert nccess hole s
=shown e mi e )

=y

(2} Connect one end of a length of vellow
stranded wire to TS7-1 (52). Route the other end
through the crt access hole a5 shown i}

(3) Connect one end of 8 207 length-of green
stranded wire to terminal 109 (51). Route the
other end through the ert access hole as shown

(4) Connect one end aof a 217 length of white with
red stripe stranded wire to terminal 107 (51)
Route the other end through the ert access hole as
shown Fadaas etk

{5) Prepare a 207 length of twin lead as shown in
Fig.32, Detail A. Lightly tin each lead. To identify
the leads cut a small noich in each end of the twin
leads as shown. When making the notches, lay the
twin Tead out Aat to be sure the long side of each
natch s ol the top as shownin Fig 32, Detall A, Con-
mect the lead closest 1o the 'nolth to terminal 270
(52) and the other lead to terminal 209(52), Route
this cable through the crt access hole as shown . { )

(6) Prepure another 207 length of twin lead os
shown in Fig.32, Detal A, LIBI“IE gn cach lead.
Connect the lead elosest 1o the lo lermimal
315 (51) and the other femd to terminal 314 (1),
Route his cable through the crt access hole as

..................................... { 1T | [ B et N L I ol Pt [ |
(- 2o -
1]"4_{ l—— —'~| "7!:‘4"
22 3y =
NTEn kil o
Figure 32, Dieiail A,
- B 2 a 4 5 E
o i I I I I I

o4
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Figure 32, Main chassis ¢rt socket wiring.
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CRT SOCKET WIRING

You will need the leftover length of spaghetti
tubing and the following parts from bag 3H-41T:

Part Price
M, {hzam, [lescriplion Fach
M43 1 Ll pF, 3RV, disc a0
HET3 1 1M, 35 - |
ST 1 CHT socket a

To wire the ert sockel, firsi position the crt
socket on the main chassis (pins up) as shown in
Fig.33. As vou wire this socket, arrange cach wire
and componeni a5 showr

(10 Cut two 1/2° sections of spaghefti tubing
(IMN201) and place one section over ecach lead of a
IM (bro-blk-gm) resistor, Connect one fead of this
resistor to pin 12 (NS) and connect the other tead
to pin 2 (NE) of the socket ...nvricvvarnin
(2) Shorien the leads of a2 0001 pF, 3KV ca-
pacitor to 3/4". Then cut two more /2" sections
of spaghetti ubing (IN901) and place ane section
over each lead of the capacitor, Connect one lewd
of this capacitor to pin 2 (82) and the other lead o
pin 5 (NS) of the socket ()

()

(3} Connect either brown wire to pin 12 {52)

(4) Connéct the other brown wire topin 1 {S51) ( )

6

{5) Connect the yellow wire topin 3(S1) ... ()

{6) Connect the blue wire to pin 4 (511 ..... £}
(7} Connect the white with red stripe wire to pin 5
Lo b R RS S S |

(B) Connect the green wire to pin 8 (51) o By

In the next four steps you will connect the
twin lead cables of the ert socket. Be sure you
identify the proper twin lead before you make the
connections to the socket. If the twin lead cables
gre not correctly installed, the horrontal, vertical,
or both honzontal and vertical deflections will be
backwards, Continue to refer to Fig 33,

{1) Identify the twin lead coming from terminals
210 und 209, Connect the lead closest to the sedc
fopm PLSL) .. u gt [ |

(2} Conmect the otither conductor from this lwin
lead to pin DO OSE) <o s iv e vusm v % i |
(3) For the other twin lead, connect the lead
losest to th topin B 51) «vvovvnnnes ()
c . l{_ﬁf’l P i

(4} Connect the other conductor from this. twin
lead to pin 7(S1) )

Scanned by W2RIK




—

_.:ﬂ

b— %

Scanned by W2RIK



cbln

CRT INSTALLATION Past Price
N, Chuan, Duﬂ?:lml i;l}um
f-32 marhine il
You will now instafl the crt brackets and the ﬂ ’[ 0 X 1 il i
ert, Locate the Tollowing parts: BrEd i #32 ¥ 58 machine screws 1235
WAlLS i %06 lockwashem 12515
Part Price WALG i o8 lockwashers 12/.15
Mo Chuan. [kescription Fach
ERg1 i CRT sugport bracket 1.ﬂ£ (1) Install the four BRIO6 crt brackets to the
ﬂﬂf 1 E';;rﬂm!::ﬂ-, " e fromt panel using four 8-32 ¥ 5/8" machine screws.
Cl59 1 CRT elamp (fromi) 100 lockwashers, and nuts as shown in Fig34 and
HAM 18 Foamstich laps 54t Fig.34, Detail A. These nuts should be only “linger
Ms4aE 1 Ceratieule 275 < aan y
NEMEL i oo B g ] T T A 1T P P R { ]
ME49 1 B Ty 0 : : .
(TO067 & 5 favdaceent (QCA4STAA ) 5206)  (2) In this step you will attach the foamstick tape
Catleer (rom hag 3H-41T: e to the inside of the front ert clamp (CL39). Refer
ML 5 632 X 1/47 hecagonal nuts 12/.95 to Fig.34, Detall B. Remove the protective tape
N2 1 B33 A 1.r-l- bevagamal nuts 1205 ick. Next, x i
W 1 IRGIESSE WS Bom e e e sl o e
NUL6 4 B-32 nylan cap nats, black 315 SR M g PRIY P
BO63 " GA2 X 1" neschine serews 124,95 to secure the foamstick in place ..o ovv i )
[ ™)

Figure 34, Detail A.

M3

WG

Figure 34, Detail B.
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{3) Position the crt clamp (CL59) so that it rests
inside the flange of the ert front panel brackets.
Use a 6-32 ¥ 1" machine serew, lockwasher, and
nut to secure the CL39. Position the screw as
shown in Fig.35. Do not tighten the screw al this
o R P R D g ()

69
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(4) Install the cri clamp (CL16) on the ert support
bracket (BR91) using the hardware shown in
Fig.36. Da nat tighten the nut on SC29 at this time,
You will tighten this nut after you install thecert . ( )

(5) Install BR?1 on the main chassis using two
6-32 ¥ 1/4° machine scrows, lockwiashers, and

nuts as shown in Fig.37. Do not tighten this
hardwarc at this time ... ... . eivrvenceccl )

hut

sCH

CAUTION

The cathode-ray tube is donperous (o handle.
Be wvery careful with it and especially avoid
geratehing its glass surface or strking i
tagainst any hard objects. The crt is highly
iE#HtIJH!Ed and if it should be accidentally
[ bmkqn_.'ynu cnultﬂg_ig_i_grid by flving glass,

| I

Figure 36. Installing the cri clamp (back ).

10
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{6) Carcfully remove the crt from its carton and
slide it into the large opening at the front of the
scope, Make sure the front and back crt clamps are
loose as you install the crt, The back crt clamp
must surmound the plistic base of the ert. Position
the locating key on the crt base toward the top of
the oscilloscope. The face of the crt shoold be
ush I‘plr.ith the front panel [}

(T) Tighten the front and rear ert clamps and the
hardware holding BR91 until the ert is held
securely in place g by

(8) Gently push the crt socket onto the base of
the tube. Becausé of the locating key, the socket
will fit only one way (1

1111111111111111

ACCESS
HOLE

(9) Tighten the four nuts on the screws holding
the front crt clamp in place. Then place the green
filter over the crt face so that the long dimension is

from left to right, centered between the four 832
SCrews

{10} Place the graticule over the crt and filter with
the smonth side facing vou. You will find the four
B-32 screws will pass through the holes in the grati-
cule {1

(11) Mow place the bezel over the four screws
protruding through the fromt panel. Fasten the
bexel in place with the four nylon capnuts ... ( )

Tl

e
=

L=
: :i "
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INSTALLING KNORES Turn all controls Tully clock wise,

Gather the following parts from bag 31417
EF B (1} Install the front pancl knobs as shown in

Part Price : ;
Mo Quan, Fhescripiiion Ench Fig.38. Postion the knob marks as shown, Secure
KN4G 4 Largs knoka A the knobs on the shalts by tightening the set screw
KN5l 4 Small knols ] with a small-bladed screwdriver ......00.0us { )
3 i} i {1
LAAGE ENDBE LARGE ENDB
1 i1
EMALL ENOR

B i1
SMALL KNDE
2 [
SMALL KNO& & i1
SMALL KRDBE
a b 7 i

LARGE KNDB ; LARGE KNOE

Figure 38, Installing the knobs.
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TESTING THE POWER SUPPLY

(1) Install the power supply module as shown in
Fig.39. The circuit module stand-offs are arranged
such that each module can only be installed in one
position on the chassis, I these stand-offs are
broken or removed, a module could be incorrectly
installed and damaged. Note, for these tests vou
should have only the power module installed . . ( )

{2} Before applying power, check the resistance
between terminals 312, 313, 318, 319, 320, and
ground, You should read higher than zero ohms at
each terminal. A measurement of zero ohms
indicates a short to ground. Do not operate the
scope il this condition exists, as you could damage

the power supply parts. Check your operating
manual for troubleshooting assistance .. .....( )

(3) Assuming you do not read zero ohms in the
above step, swilch your meter from ohms to de,
and plug in the oscilloscope line ¢ord. Then move
the power switch to the ON position and measure
the voltage (to ground) at terminal 312 (4 to 6
volts), terminal 313 (8 to 10 volis), terminal 318
(-7 to -9 volts), terminal 319 (200 to 300 volts),
and terminal 320 (200 te 300 volts). If you do
not get the proper veltages, um ofT the power and
check the operating manual for troubleshooting
assistance ()

(4) Turn off the oscilloscope and unplug the line
g g ) E e el T ()

1
i

n/
|

oo orreeeer B SETTRR c{.p
e |
s O U L=
_:.'. = LJ
i v A
ffiusy o]
INSTALL PCAWER

SUPRLY MODLILE MERE

Figure 39. Installing the power supply module.
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INSTALLING THE CRT SHIELD

Gather the following parts:
Part
M, Cheam, Deseription
SH45 1 Crt shield
From bag 3-41T:
CL36 1 Wedge Ik cable clamp

Frice

Esch

165

(1} Wrap the crt shicld material around the neck
of thecrtasshownin Figd0 .._._......... {.])

{2} Secure the ert shield in plice with a wedge
lock cable clamp as shown in Fig 40, Ditail A. The
cable clamp should be just tight enough 1o hold the
shield firmly in place against the neck of the crt ()

WRAP SHIELD HERE

Figure 40, Installing the cri shield.

Figure 40. Detail A.
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INSTALLATION OF THE HOR/VERT
MODULE AND THE SWEEP MODULE

You will need the following part from bag

3-41T:
Part Price
Na, Thaam, Descripiion Each
NGO 4 Shrinkable tuling. large 11 AEMM
(1) Install the horfvert module as shown in Fig.d1
...................... P e e |
(2} Install the sweep module as shown in Figd4]
....................... Fria e P R ATl ek, |
-‘-"1.‘_ ------------ i
!
‘..‘_‘__,.- ———————————— R

SWEEF HORMYERT
MODULE HERE MODULE HERE

Figure 41. Installing the horizontal frertical amplification and sweep/trigger modules.

T3
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(3) Cut five 1/2" lengths of shrinkable tubing
{IN903). Refer to Fig.42 and place one of these
1/2" sleeves over each of the following collector
tabs: Q301, Q302, Q219, Q220, and Q01 ... ( }

Figure 42, Installing heat-shrinkable tubing on transistor tabs,
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#1

4

ALIGNMENT ! (100 Adjust the VERT POS trimmer to give the

same voltage at the base of Q204 as vou measured

You will now make the alignment adjustments | instep 9 at terminal 206 (noted in margin) ... {9
that will place your scope in optimum operating .

condition. (1) Set vour voltmeter to read a maximum

voltage of 300 volts dc. Adiust the VERT 100 V
(1) Set all trimmers on both the HOR/VERT ADJ trimmer to obtain a collector voleape at Q301

module and the SWEEP/TRIG module to the mid  _ of about 100velts ......... .f?'ﬂ #alZs ()
POSILION ... ....crrrne e nnnsnes . o %5‘ o
(12} At this pomnt you should have a dot on the
(2) Center the Vertical and Horizontal position screen (you may need to adjust the front panel
controls on the front panel .. ............. { + / INTENSITY and FOCUS controk), Use the front
panel vertical and honzontal position controls to
(3) Place the HOR/TRIG input control in the EXT cemterthe dot ......cceiiieninnnnnsns [}
position and the BRANGE switch in the LOW .~
DAY, o ceccocnw e e e W T { i 13) Now switch the fromt panel HOR/TRIG

switch to the INT position. You should now have a
(4) Place the ATTEN control in the X 10 positioni | short horizontal line. The line may appear to

“flash™ or move. This i due to the slow sweep
(3) Move the POWER switch 1o the ON position speed being used. Now, use the SWEEP BAL
and again check the do supply voltages: terminal trimmer {on the SWEEP/TRIG) to center this line
312 (4 to 6 volis), terminal 313 (8 to 10 volis), horzontally .. .. ... v i |
terminal 318 (-7 to -9 wolis), terminal 319
(approximately 150 to 200 volts), and terminal (14} With the RANGE switch to the low (fully

320 (approximately 200volts) ............ { counterclockwise) position, Adjust the HOR GAIN

trimmer (on the HOR/VERT module) so that the
(6) Set your voltmeter to measure o maximum volt- horizontal line expands to the full graticule (vou
age of about 300 volts dc. Assuming your voltages may need to slightly adjust the SWEEP BAL
are within normal limits of Step § above, adjust trimmer to keep the trace centered) ..., ... (1

the HOR BAL trimmer to obtain equal collector
voltages at Q219 and Q220, As you adjust the HOR i 15) Switch the front panel ATTEN switch to the
BAL trimmer, the collector voltage at either Q219 or _CAL position and advance the front pinel GAIN
220 will increase. As this happens, the collector / control to the fully clockwise position. You should
voltage at the other transistor will decrease ... ( ) now see i rectangular wave on the screen, Adjust
the SWEEP SPEED control for about three or four
{7} After adjusting the HOR BAL trimmer, adjust cvcles of the CAL rectangular wave. While
the HOR 100 V ADJ trimmer to obtain a collector watching this display adjust the ASTIG trimmer on

voltage at Q219 af about 100volts ......... (9 the SWEEP/TRIG module for best focus . . ... [}
{8) Set your volimeter to read 3 maximum voltage (161 If yvour display is tilted, tum off the power
of 1 wvolt de. Then set the front panel GAIN and loosen the two nuts on the crt clamps slightly
control to the mid position and adjust the VERT until you can rotate the crt easily. Turn the power

BAL trimmer for zero volts at terminal 204 .. ( } —  on and grasp the wide front part o the ert with

vour hand. Rotate it until the digplay is level. Then
(9) Measure the voltage at terminal 206 and note | turn off the power and retighten the nuts on the
this voltage in themargin ... .......vun... (3 * | clampsuntil the crt is held securely ........ 8 g
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CABINET ASSEMBLY

Gather the following parts:
Part
N, LUTETTS [hescripibon
FHA ] 2 Calldnet aligmneent beackets
CH33 ] Caliinet halves
[WELES 2 Trim shiips
HUAE] I [Lamille assemhily
Remove the inllowiing paris from bag 21-41T:
HAD3 4 Seli-wibeking plastic leei
N3 4 8-12 hex nuis
NLna 2 Tmnsrpam suts
SCAS5 4 832 X 1727 machine scrows
595 12 B32 X B blsck Phillips

head srews

WAlLG 4 Noll lockwashers

{11 Apply the four self-sticking plastic [eel 1o one

of the top/bottom panels as shown in Fig.44. The
plastic feet supplied in your kit may be molded

Price together into a block. To separate them, simply
Each pull them apart with your fingers. To apply them
= to the bottom of the panel, remove the paper
893 backing, and press the feet into place. This metal
£5 picce will now be known as the bottom cabinet.
M7 The remaining half will be used as the top of the
O O RONTIB . oy i e A [
ke scilloscope )
12415
4515
12435
4123 {2) Now carefully lift the oscilloscope and lower it
12015 Ingide the cabinet bottom ... .. . i nois i)
= - @
Z
@ P =
= @

Figure 43. Installing plastic feer.
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(3} Locate the two cabinel alignmenl brackels
(BR105) and mount €x Tinnerman nuts on the
brackets over the six holes a2 shown in Fig.d4. The
raised portion of the Tinnerman nut goes on the
inside of the U-shaped brackerts ()

{4) Next locate thres of the 832 black Phillips-
head screws. Put the screws through the three

NL1E

holes on one side of the black trim strip, and
through the holes in the cabinet half on which you
mounted the feet. Then screw them into the
Tinnerman nuts on the cabinet aligning brackets as
shown in Fig.d45. Do not tighten the screws. Be
sure the alignment brackets are on the inside of the
front and back panecls, Do the same thing with the
second cabinet trim strip and alignment bracket on
the other side of the cabinet bottom

Figare 44. The alignmient bracket with six Tinnerman nufs in place.

o BACE FANEL

CARINET

TARIM ETRIP

ALIGNMENT BRACKET

FRONT PANEL

Figore 45 Mounting the irim strips and the alignment brackets on the cabinet bottom,
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(5) Refer to Fig.46 and attach the handle as-
sembly to the top panel and to the chassis with
four 8-32 ¥ 1/2" machine screws, four No.8 lock-
washers, and four 8-32 hex nuts. After all four
sorews are in place, tighten them and the two
screws installed in the previous step. Finally snap
the two chrome covers into place over the handle
R L T e e e o s e ey ()

{6) Now take the top cabinet hall and place it over
the top of the oscilloscape, aligning the holes with
the holes in the black tnm strips. Secure it o the

lower cabinet assembly with six 8-32 black Phillips-
it V1 g 1L N N w2

CHAOME CAP \"
RE TAlﬂEH""@
i

TOF OF
CARINET

WO B LOCKWASHERE iﬁ?

% B37 HEX NUTE

(7 Tmhlcn all six of the black I"I'Lil]lps-hcﬂ.d SCTOWS
i R AL i

This completes the assembly of your oscil-
loscope. Be sure to read the operating manual
before you begin to use your scope. The operating
manuil explains in detail how your scope operates,
how it can be used to observe varous different
waveforms, and how to troubleshoot your scope
should you ever need to. You will now assemble

the test leads used to connect varous inputs (o
your scope,

Figure 46, Installing the handle.

A
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TEST LEAD ASSEMBLY

Remove the following parts from bag 2J-41T:

Fart Price
Bo. Chusn. Phescription Each
CLAG 3 Mimlature alligator dips A5
IN3g 2 Red olip insulators .10
1540 1 Black clip imstilatid .10
3 1 filsck banana plug 25
L4 | Hed hanana plug a5
WHRI18 i Mack test brad wire 12740
WR943 2 Hed test lead wire 12440

(1) Remove 1/2° insulation from one end of the
black test lead wire and 1/4” from the other end.
Lightly tin each end. At the end with the 1/2°
insulation removed, attach the black banana plug
gahosm i FIEAT . i e aa ()}

TEST LEAD

SOLDER

{2} At the other end of the black test lead wire,
solder one of the miniature alligator clips. A simple
lap joint is sufficient: it is not necesaary Lo crimp
the clipontothe wireé ... ccccvveripansnns | I

{3) Slip the larpge end of the black clip insulator
aver the end of the alligator elip attached to the
black test lead wire, The slits in the narow end of
the insulator should line up with the edges of the
clpiaws ...viverriciirraiaaaar s ()

{4) Use the remaining parts to assemble two red
test leads following the procedures shown for the
black teat Bsad vl S b i ()

This completes assembly of the oscilloscope,

Refer to vour operating manual for instructions on
how to use your oscilloscope.

BAMNANA PLUG

e

CLIP INSULATOR

Figure 47. Assembling the test leads.
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Appendix 1

230 VOLT WIRING
Refer to Fig.48.
(1) Solder TRIV (B wviiviveiviirniam (.
{2} Strip all the insulation from a 1-1/2" piece of

hookup wire and connect this wire from TS§3-2
(32)toTS34(82) ......ovnvvnnnnnnananal )

Figare 48, Indalling 230 ¥ wiring.
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RESISTOR AND CAPACITOR COLOR CODES

temperature coefficients or characteristics

JAN and EIA stand for the two common color codes (Jolnt Army-Navy and Electronics Indus-
tries Assoclation). The two codes are the same except as indicated. We have not indicated
of capacitors, because they are not NECEssary

Double width band for 1st sig. figure Indicates wire-

wound,

CAPACITORS — CAPACITY GIVEM IN MMF

for identifying your parts. —
I| TOLERANCE 1 —
SIG, EER&.ME CAPACITORS MICA CAPACITORS |PAPER o
OR LESS 10 MMF Whi.-l:hﬂ‘i"er is l;EII"EB.I"J =
Black 0 1 +20MMF | +2 £ 3 2 o
" Brown | 1 | 10 ! T 1,0 MMF | £ 1§, ti% " N
Red 2 | 100 _ L3
Orange |3 | 1000 % 2. 3 E =
ellow 4 10,000 e -
Green B 100,000 + 0.6 MMF + B + 6% (EIA) 5%
Blue 6 | 1,000,000 "
Violet | 7 10,000,00 ol
| Gray | B + 0.25 MMF
White | § + 1.0 MMF | & 10% 10 ==
Gold 1 Fy A 5%, [AN) 5% |~ _
Silver 01 | + 109 105 1%
No color | + 20% 2 &=
RESISTORS — RESISTANCE GIVEN IN OHMS —_—
2ND SIGNIFICANT FIGURE —=
MULTIPLIER  Black body = composition, non-insulated. -
A SRR ANT ! —ToLERance Colored bedy =  composition, insulated.
=] |
(=]

CERAMIC z _MICA
| PSS, BUTTON,0R FEED-THRY) STAND-OFF CLASS OR CHARACTERISTIC REFERS TO G FACTOR, TEMPER-
bt iy END 56, FIG MULTIPLIER |ATURE COEFFICIENT, AND PRODUCTION TEST REQUIREMENTS
| ’ - [
| FRUNE itk = FLAT MOLDED BUTTON SILVER
® 5 & s/ |WHITE(EIA)_ — ISTSKFIG e
I - BLACH [aN] [WHEN 3 ARE
| ZMND 523 FilD
NEEDED}
TEMP COEF TOLERANCE TEME |
[IF PRESENT] [IF PRESENT) COER TOLER&NCE L CLAZS N
_TUBULAR-AXIAL LEADS 5 m}n g F:u =]
ZND SIONIFICANT FIGURE —— MULTIPLIER €La33 On - MULTIPLIER | TOLERANCE | | yor oo ma
I 5T SUINIFICANT FIGURE — | TOLERANCE MULTIPLIE [Of 28D T
TEMP COEF, —— | [ S PAPER
TUBULAR

2D SIGMFICANT FIGURE —

MILTIPLIER

JUIM J0 SHLONIT ONIMASYAN H04 HA'10¥ AANVH SIHL dsn

—OR— IST SIGNIFICANT FIGURE = | r — 'mmn:! Mg o=
2MD SIONEFICANT FIGURE - MUETIPUIER m £ e
I 1—| | roLenance INDIGATE5 OUTER FOIL _ﬂ]]]]:l_ THa ¥ 2 rERos "y
WAY BE AT EITHER END OR
MAY BE LABELED OR IRCATED —
WHITE -1 BY A BLACK STRIPE
(7O ST IMGLISH FROW RESISTOR) = AT e
TUBULAR-PIGTAIL LEADS ElA CODE JAN CODE ¥
END SIGNIFICANT Fid, - — —— MULTIPLIER BLACK OR BROWN o oee I5T SiB. Fid, - Frre—
ST SIGRIMCANT Fin——— | | 1 TOLERANCE BooYy — | SILVER — | ‘_“ﬁg .
i nnuu P g
hal o o & @ 0
25 S
TEMPERATURE VOLTAGE (0PTIgNAL) | '5T 810 FIG~ L CHAR. TIPLIER Ot
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