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CERTIFICATION

Valhalla Scientific Inc. certifies that this instrument was
thoroughly tested and inspected and found to meet its
published specifications when it was shipped from the
factory. Valhalla Scientific Inc. further certifies that its
calibration measurements are traceable to the National
Bureau of Standards to the extent allowed by NBS’s
calibration facility.

WARRANTY

Valhalla Scientific Inc. warrants this instrument against
defects in materials and workmanship for one year from
date of shipment. We will repair or replace the instrument
during the warranty period provided it is returned to
Valhalla Scientific Inc. No other warranty is expressed of
implied. We are not liable for consequential damages.
Permission must be obtained directly from factory for
warranty repair returns. No liability will be accepted if
returned without such permission. All instruments being
returned to Valhalla Scientific Inc. must be shipped freight
prepaid. Units repaired under warranty will be returned at
no cost to the buyer, freight prepaid.

% REPRESENTED BY

DUNCAN INSTRUMENTS LTD
122 Miliwick Drive Unit 3
Weston, Cntario  MSL Y8
Tel: (416) 742-4448

| Valhalla Scientificinc. -
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DC VOLTS

Ranges:
Accuracy

Resolution:
Zin:

NMR:
CMR:

TC:

‘Max Input:

AC VOLTS

MODEL 4500

HIGH VOLTAGE DIGITAL MULTIMETER -

SPECIFICATIONS

200mvVv, 2, 20, 200V, 2KV, 10KV
+ .05% of rdg + .025% of rng
‘additional + lppml v on KV ranges
10iv on 200mV range, 0.005% rng
1000MSQ2 on 200mV and 2V

100MQ2 on 2KV and 10KV

10MQon 20V and 200V

50DB at 50 or 60 Hz

60DB AC powered, near infinity battery powered
+0.002%/°C

Measures to +15KVDC max

+ 300VDC max on lower ranges

AVERAGING CONVERTER (Standard)

Ranges:
Accuracy:

Max Input:

200mVv, 2, 20, 200V, 2KV, 10KV

0.25% of rdg + 0.25% of rng, 50Hz to 20KHz
0.25% of rdg + ¥ 0.75%,6f rng, 20KHz to 50KHz
additional + 1ppm/v on KV ranges

15KV peak on 2KV, 10KV _
300V peak all other ranges

TRUE RMS CONVERTER (Optional) (From 5% of range to F.S.)

Ranges:
Accuracy:

Zin:

Crest Factor:
Max Input:

RESISTANCE
Ranges:
Test Current:
Accuracy:

" Resolution:
Max Input:

200mV, 2, 20, 200V, 2KV, 10KV

0.5% of rdg + 0.25% of rng, 50 Hz to 20KHz
1% of rdg + 0.5% of rng, 20KHz to 50KHz
additional lppm/ V on KV ranges

1000MQ2 on 200MV and 2V

100MQ on 20KV and 10KV

10MQon 20, 200V

3:1 not to exceed 150% of range

15KV peak on 2 KV and 10KV

300V peak all other ranges

200KQ
.0lmA

2MQ
100na

20KQ
.0lmA

2009
ImA

2KQ
1lmA

. #0.1% of rdg + 0.05% of rng thru 2MQ .

¥ 0.5% of rdg+ + 0,1% rng on 20MS range
10 milliochms on 20082 range, 0.005% of rng
+250VDC or Peak AC

20MQ
100na

e e
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SECTION 1

GENERAL INFORMATION . .-, * ~ "'

1-1 DESCRIPTION " " s o o

L ! E R N R I PR 18 [« JEUR S i S04
1-2 The Valhalla Scientific Model 4500 is a 4-1/2 digit multimeter which
provides three measurement furictions:’ DC Voltage, AC Voltage aiid-Resig=*
tance. It is especially useful for servicing computer terminals, TV monitors
and.other types of CRT display equipment; since it includes a high-voltage input
that permits voltage measurements to'+ 15KV DC and 10KV-AC. It incorporates
overload protection on all Input ranges and functions when operated within apec-
ified limits. Although it normally operates from 115/280 VAC, an option (45B)
permits operation from an internal battery supply. which-is rechargeable. ‘

1-4  The Valhalla Scientific Model 4500 is shipped with an instruction manual,
a power cord and any options specified. . B T

RSSO .
[ R A RS SN

1-6 This option consists of a 6-volt battery and a DC/DC converter. It
permits up to six hours of-continuous operation without recharging.. -The battery
is on charge whenever the AC line cord is connected to the line, whether the power
switch [s QONor OFF, .. .. . .. - . .: IRV N

R PP . P P R Y
1-7 TRUE RMS/AC CONVERTER o
1-8 This option permits accurate méa‘su‘z'ié‘n;étitél of Aé‘io'lfagéé,‘:\éheihef sin-
usoidal or non-sinusoidal. .. ... == ., .. e aan S

.. A <

1-9  INPUT CABLE - OPTION C

1-10 This option is a shielded two-conductor cable which mates with the Model '
4500 V-Q input jacks and terminates in alligator clips.

-

1-11 HIGH VOLTAGE TEST PROBE - OPTION HVL

1-12 This option (or equivalent) is required for measu‘.rementa on the 2KV and .
10KV ranges. It consists of a gpecial high-voltage cable and probe with an insul-
ation rating compatible with the voltage rating of the instrument.

1-13  HIGH VOLTAGE PROBE - OPTION HV-2

1-14 This probe has a built-in attenuator that permits measurements to +40KVDC
or 28KV AC RMS.




1-15 TEMPERATURE PROBE - OPTION TEMP

1-16 This option contains a temperature sensor and ci i i
rcuitry to provid
proportional input to the Model 4500 (100.00MV = 100. 00°C). ¥ %o provide =

1-17 1-2-4-8 DATA OUTPUTS - OPTION BCD
1-18 This option provides data outputs for drivin i

g a digital printer or a com-
parator such as the Valhalla Scientific Model 124 - - '
ool e 8 Hi-Lo, Go No-Go, Dual Limit

- . e

1-19 MULTI-RANGE CURRENT SHUNT - OPTION MI

1-20 This option provides six current ran
ges from 2001 to 20A. It
the Model 4500 to a direct-reading digital ammeter. converts

1-21 20AMP CURRENT SHUNT - OPTION I

1-22 This option permits single-range current R
amperes. g readings from 00. 000 to 19. 999

1-23 19-INCH RACKMOUNT ADAPTOR - OPTION 45R

1-24 This option accepts the Model 4500 and ada ing i i
8 it for mount -
equipment rack. (3.5 Hx 18 W x 10 D) o unting fn ® 19-inch

1-25 TRMS-AVG/AC CONVERTERS

1-26 This option allows operator to choose either True RMS i
or Averaging A
Converter via a rear panel selector switch. glng AC

1-2

SECTION II
INSTALLATION

2-1 INTRODUCTION

2-2 This section describes Lnitial ingpection and installation of the Model
4500 Digital Multimeter.

2-3 INITIA L INSPECTION

2-4 Ingpect the shipping container for signs of damage before accepting the
shipment.™ Notify the carrier immediately if any damage is noted,. either be--
fore or after unpacking the instrument. )

2-5 Unpack the instrument. Retain all packing material until you have thor-
oughly inspected the instrument for possible shipping damage.

2-6 POWER REQUIREMENTS

2-7 The Model 4500 Digital Multimeter operates from 115/230 volt 50-80 Hz
power. If Option 45B is included it will also operate from an internal 6-volt
battery. In battery mode, the load is absorbed by the AC line when connected

to AC power and the Power switch is ON. The battery charges any time the AC
line is connected, whether the Power switch is ON or OFF. -

2-8  INSTALLATION

2-9 The Model 4500 dissipates little power and generates negligible heat. It
may be used anywhere that the environment meets its specifications.

2-1




SECTION III

OPERATING INSTRUCTIONS

3-1 INTRODUCTION

3-2 This section provides complete operating instructions for the Model
4500. It also includes functional descriptions of the front-panel controls.

3-3 FRONT PANEL

3-4 The Power switch is an ON-OFF pushbutton located at the extreme right-
hand side of the panel.

3-5 The Function switch comprises three interlocking pushbuttons located at
the panel left-center. Volts DC, Volts AC, or K Ohms is selected by pushing
the corresponding button.

3-6 The Range switch comprises six interlocking pushbuttons located at panel
right-center. The desired range is selected by pushing the corresponding button.

3-17 DC VOLTAGE MEASUREMENTS

3-8 Low-voltage measurements are made via the V-Q and Common jacks and
are limited to 200 volts; voltages exceeding 200 are measured via the High Vol-
tage and Common jacks and are limited to +15KVDC or 10KV AC RMS. DC vol-
tages which may exceed 200 should be measured on the 2 KV range; Lf the actual
voltage is less, the measurement may be repeated on the 200V range for maximum
resolution.

3-9 HIGH VOLTAGE MEASUREMENTS

o . WARNING -~ - .

Always use a high voltage probe with proper
insulation. Avoid contact with either the Model
4500 or the high voltage source. Never touch
any part of either with both hands at once. Con-
tact with high voltage may cause injury or death.

3-10 Measure voltages expected to exceed 200 volts, via the High Voltage

jack. Always use the Valhalla Scientific Option HVL (or equivalent). If the in-
put exceeds +15KVDC, use the Valhalla Scientific Option HV-2 40KV Probe and

3-1

3-10 _ (Continued) .
measure it via the V-Q jack and common,

CAUTION

The maximum safe input at the Model 4500
High Voltage jack is + 15KV, DC or peak AC.

3-11  Always perform the following steps in exact sequence.

1.
2.

8.

Disconnect the line power cord from the 4500, if battery operated.
Disconnect the line power cord from the high voltage source.

Set the Model 4500 Function to DC.

Set the Model 4500 Range to 10KV,

Connect the HVL Test Probe to the Model 4500 High Voltage jack
and the Common jack.

Connect the probe clip to high voltage common.

Connect the high voltage source to the AC-line and turn the power
on.

WARNING
If the test clip should pull loose after power is

applied to the high voltage source do not touch
it before disconnecting the line cord. .

Allow time for the high volthge source to reach full output, then
touch the HVL probe tip to the high voltage terminal. If the read-
ing is less than 2KV remove the probe, select the 2 KV range
and repeat the measurement for maximum resolution.

3-12 ~LOW VOLTAGE MEASUREMENTS T e

3-13_ Use the V-Q and common jacks to measure 200 volts or less. Use Option
C Shielded Input Cable (or equivalent) for all low voltage and resistance measure-

ments to prevent errors due to nolse pickup.

3-14 The maximum safe input on all low voltage ranges is 300 volts. To make

low voltage measurements:

1. Select the DC Function and the 200V range.

2.

Connect the input cable to the unknown voltage source.

3. If the reading is less than 20 volts select the range that will give

greatest resolution. -

3-2




8-15 AC VOLTAGE MEASUREMENTS

3-16 Inputs less than 200 VAC rms are measured via the V-Q and Common
jacks; maximum safe input is 300 volts peak.

3-17 High voltages are measured via the High Voltage and Common jacks
and are limited to 10KV rms. Maximum safe input is a volt-Hz product not
to exceed 10°, or 15KV peak, whichever is less. Measure voltages which
may exceed 200 volts rms at the High Voltage jack. I the input is less than
200 volts repeat the measurement on the 200V range for greatest resolution.

3-18 HIGH VOLTAGE MEASUREMENTS
WARNING

Always use a high voltage probe (Valhalla
HVL or equal). Avoid contact with either
the Model 4500 or the high voltage source.
Never touch any part of either with both
hands at once. Contact with high voltage
may cause injury or death.

8-19 Perform the following steps in exact sequence to measure high voltaé;. -

1. Disconnect the line power cord from the 4500, if battery operated.

2. Disconnect the high voltage source from the AC power line.

3. Set the Model 4500 Function switch to AC and the Range to 10KV.

4. Connect the HVL test probe to the Model 4500 High Voltage and
Common jacks.

5., Connect the HVL test probe clip to the common side of the high
voltage source.

WARNING

If the test probe clip should pull loose after
power is applied to the high voltage source
do not touch it before disconnecting the line
cord of the source.

6. Connect the high voltage source to the AC line and allow time
for it to reach full output.

7. Touch the HVL probe tip to the high voltage terminal and note
the reading. If it is less than 2KV remove the high voltage
probe tip from the high voltage terminal, select the 2KV range
and repeat the measurement for maximum resolution.

3-3

3-21 LOW VOLTAGE MEASUREMENTS

3-22 Inputs of less than 200 volts rms are measured via the V-Q and
Common jacks. Use the Valhalla Scientific Shielded Input Cable (Option
C). Maximum safe input voltage 300 volts peak.

3-23 To measure low voltages:

1. Select the AC Function and the 200V Range.

2. Connect the input cable to the unknown voltage.

3. Observe the reading and select the range that will yield great-
est resolution.

3-24¢ RESISTANCE MEASUREMENTS

3-25 The maximum safe input voltage is 250 VDC or peak AC. To measure
resistance:

1. _Select the Q Function and the 20M Range.

2. Connect the unknown resistance between the V-Q and common
jacks via the shielded input cable (Option C) to prevent inac-
curate readings due to noise pickup.

3. Observe the reading and select the range that will yleld greatest
resolution. :

NOTE
An over-range condition is indicated by
blanking all but the most significant digit.

Up range until a valid indication is ob-
tained.

3-4




SECTION IV
THEORY OF OPERATION
4-1 INTRODUCTION

4-2 The Valhalla Scientific Model 4500 Digital Multimeter is basically
an A/D Converter that measures and displays DC voltages. It also includes
AC/DC and OHMS/DC Converters which produce DC voltage outputs propor-
tiomal to their inputs. These outputs are measured and displayed by the A/D
Converter.

4-3 Model 4500 circuitry is totally solid state, uaing CMOS IC's exten-~
gively to minimize power consumption. e .

4-4 FUNCTIONAL DESCRIPTION

4-5 The following functional description is based on Figures 4-1, 4-2 and
the Model 4500 schematic, Drawing Number 4500-070.

4-6 A/D CONVERTER

4-7 The Model 4500 A/D Converter incorporates a three-step integrator
which provides automatic zero correction, high impedance differential inputs
and automatic polarity.

4-8 The major components of the A/D Converter are a precision timer

IC1l, an ahalog processor IC12, a digital processor IC13 and a precision -voltage
reference supply ICM. The analog processor contains the zero-correction cir-
cuitry, an integrator, a zero-crossing detector and the switches required to
implement the integration process.

4-9 The digital processor contains an oscillator, a counter, a buffer re-
gister, an output decoder and circuitry to control the analog processor.

4-10 The three-step integration process consists of (1) sensing and storing
in Cl4 any error voltage present in the analog circuits due to offset, noise or
drift; (2) charging integrator capacitor C17 from the unknown input voltage for
a fixed time; and (3) applying the reference voltage to C17 in the opposite pol-

arity to the unknown input voltage for whatever time it takes to discharge Cl17
back to zero.

4-11 The greater the charge on C17 the longer it will take to discharge it to
zero, and the time is measured by counting the output of the oscillator in the
digital processor. The oscillator frequency and the maximum integration time
are chosen to produce a count exactly equal to full-range input. If the unknown

Display
Drivers

Figure 4-1, Model 4500 Functions! ®lock Diagram.
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4-11  (Continued)
voltage is less than full-range input the integration tiiie' will beé shorter and”
the count will be proportionately less.

4-12 The count is stored in the buffer register of the digital processor, and
after the reference has been integrated it is shifted into the display, where it
remains until the next reference integration has been completed. At that time
the display is updated to again indicate the unknown input voltage.

-4-13 INTEGRATOR OPERATION AND CONTROL

4-14  Time periods A and B of Figure 4-2 show two complete integration
-eycles; the former is for a positive input, the latter.for a negative input. During

the first step of Period A both IC12-8 and -9 are set LOW by the digital processor,

IC13. Analog inputs IC12-1 and -2 are internally disconnected from the integrator,
and its input is grounded. Zero Sense capacitor Cl4 is charging to the value of
any error voltage present in the analog circuits, and Reference capacitor C20

is charging from precision reference supply IC14 via IC12-4.

4-15 After a fixed time IC13 forces both IC12-8 and -9 HIGH and the second in-
tegration step begins. Cl4 and ICI2-1 and -2 are connected to the integrator. The
Cl4 charge corrects for offset while C17 charges toward the value of the unknown
input voltage at a rate proportional to its amplitude. During this time the Zero-
Crossing Detector output at IC12-10 goes HIGH and sets the polarity bit in the
digital processor.

4-16 At the end of the fixed integration period IC13 forces IC12-8 LOW and the
reference integration begins. C20 is connected to the integrator with its charge
opposing the polarity of the charge on C17. The counter in IC13 is simultaneously
.gated ON and as C17 discharges back toward zero it counts the oscillator output
in BGD format and stores it in the Buffer Register. - -~ - -
4-17 ~ When the charge on C17 is reduced to zero IC12-10 drops out of its HIGH
state, telling IC13 to gaté tlie counter OFF. IC13 then forces IC12-9 LOW, re-
turning the analog processor to the Zero Sense state. The accumulated count

and the polarity are then displayed on the LED indicators until the néxt measure -
ment is completed, when the display is updated. .

4-18 ' Period B of Figure 4-2 shows tiniing for a negative voltage measurement.
With ICI2-8 and -9 LOW, Cl4 and C20 are charged. When ICI3 forces IC12-8
and -9 HIGH the negative input is applied to the integrator input, charging C17
negative until IC13 forces IC12-9 LOW, During this time IC12-10 sets the polarity

L
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4-18 (Continued)

bit LOW, C20 discharges C17 back toward zero, and the oscillator output is
counted. When C17 is discharged 1C12-10 leaves the LOW state, the counter i
is gated OFF and IC12-8 is set LOW, returning IC12 to the Zero Sense state.
The new count and polarity are now displayed. l

200 and 2K ranges
Closed on 200, 2K,
20K and 200K
ranges

Closed on

(

4-19 LED DISPLAY

4-20 The display is produced by a scanning process, with each LED indi-
cator being switched on and off at a 1 KHz rate. While no two indicators are
turned on simultaneously, the 1 KHz switching rate makes them all appear to
be on continuously. ’

R47
R48
R49

4-21 The 1 KHz pulse train used to switch the indicators is derived by divi-
ding the 200 KHz oscillator output, set by the precision timer input applied to
IC13-17. The switching outputs are applied to indicator drivers Q2-Q6 via
-IC18-2 to -6, as shown in Figure 4-3.

CR| Anode

" R14
VWW/

4-22 The BCD count corresponding to the least significant digit is shifted
out of the buffer register, decoded into seven-gegment format, and appears .
-at IC13-7 to -14 at the time IC13-2 enables Q4, causing the LED indicator to
display the count. This shifting and decoding process is repeated for the 102.
103, 10% and finally the most significant digit as @3, Q2, Q5 and Q6 are seq-
uentially enabled. The result is a display that appears continuous to the
human eye.

To 1C3-2

Constant
Current
Generator

4-23 INPUT ATTENUATOR

4-24 When either the 200MV or 2V range is selected the unknown input volt- ,
‘age is not attenuated. Instead, it is applied via the Function- and Range
switches directly to the A/D Converter input IC12-1 and -2. If the 200MV
range is selected, however, it applies +8 volts to IC7-12 and -13. This sets
the A/D Converter gain to maximum and reduces the reference ‘voltage by

a factor of 10. (Since IC7-1 and -2 are effectively open and IC7-3 and -4 are
effectively closed the reference voltage is applied to IC12-4 from the arm of
R19.) : : ) . .

4~25 When the 2V range is selected the +8 volts is removed from IC7-12 }
and -13 and applied to IC7-5 instead. Consequently the A/D Converter gain
is reduced by a factor of 10 and the reference voltage is increased by the same

Common -

Rx

j

described in Subsection 4-35). -

‘Figurs 43. Ohms/DC Converter Block Disgram.
ﬂanp;deqmmnltunmrnﬂomdomd

factor, since it is now to IC12-4 from the arm of R21 instead of R19.

Precision
REF
IC14




4-26 When either the 20V or 200V range is selected the input voltage is
applied to a divider consisting of R47, 48 and 49. The output of the divider

is the junction of R47 and R49, and the unknown input is attenuated by a factor
of 100:1. On the 20V range IC7 sets the A/D Converter high; on the 200V range
it is reduced as it was on the 2V range. On the 2KV or 100KV range the atten-
uator comprises R47-52, providing 10, 000;] attenuation. The A/D Converter
gain is again selected by IC7, as it was on the lower range pairs.

4-27 AC/DC CONVERTER

4-28 The Model 4500 is available with the standard "averaging' AC Converter,
a true RMS AC Converter (Option TRMS) or both. Consequently the Model-4500
can be used to accurately measure either sinusoidal or non-sinusoidal AC volt-
ages..

4-29 The standard AC Converter consists of IC8, IC9, IC10, CR8 and CR9
and assocliated components.

The AC input is coupled from the attenuator through C18 to IC8-3. On the 200MV,
20V and 2KV ranges R23 is grounded via IC7-8 and -9 for maximum gain; on all
other ranges R23 is ungrounded and IC8 gain is reduced by 10:1.

4-30 The output at IC8-6 is coupled through C9 and R32 to IC9. CRS8 and CR9
provide feedback around IC9 via R33 and R34, and the rectified output is coupled
from CR9 and filtered by R35 and C10. The DC output at IC10-6 is proportional
to the ACrms input (for sinusoidal voltages only) and is coupled via the AC Fun-
ction switch to the A/D Converter input at IC12-1.

4-31 The Option TRMS AC Converter comprises IC4 and associated compo-
nents;.itsinput at IC4-1 is coupled from IC8-6 via C9, R7 (gain trimmer) and

C6. IC4 internal circuitry consists of a voltage-to-current converter, a squarer/
divider, a current averager and a source follower that produces the output at
IC4-6. C4 and C5 set the current averaging period and also determine the ripple
level and sgettling time of the converter. C3 filters the current output at IC4-8
before it is applied to the output buffer at input terminal IC4-7. R69 is the zero
offset adjustment.

4-32 The AC voltage input at IC4-1 is converted to a proportional AC current
which is squared, averaged and divided to provide an RMS current output at
IC4-8. This output drives the buffer input at IC4-7 to produce a DC voltage
equivalent to the true RMS AC input. The voltage is ‘coupled via the AC Fuiiction
switch to the A/D Converter Input IC12-1 and -2 for measurement.

4-33 INPUT ATTENUATOR

4-34  On the AC Function the range attenuator switching is identical to
that on the DC Function (described in Sub-section 4-23) with one exception;
on AC the DC reference voltage and A /D Converter gain are held constant
for all ranges by IC7-12 and IC7-5 via the AC Function switch. The AC.
Converter gain, however, is alternately set high and low via the Range
Selector switches. . . .

4-35 OHMS/DC CONVERTER

4-36 The.Ohms/DC Converter-is a constant-current generator which is
connected to the unknown resistance Rx. The voltage drop across Rx is
proportional to its resistance, and Erx is measured by the A/D Converter
and displayed as the value of Rx.

4-37 The constant-current generator consists of ICL," IC2; 'ICS, Ql, CR1
and associated components. Its lnput is derived from the precision reference
IC14 via the arm of R19 and applied at IC1-3. The.output at IC1-6 is applied "
to floating differential amplifier input IC2-3. IC2-6 drives IC3, which is'the -
first section of the constant-current output stage. The output at IC2-8 is
accurately controlled by feedback resistors R3 and R13. Network R5-C2
provides high-frequency stabilization. S B :

4-38 The constant current originates at the anode of CRI. The amount of ~ °
current through Rx is determined by the range selected. On the 200 or 2K
range the feedback from the junction of R47 and Rx sets the current to 1 ma;
selecting the 20K or 200K range connects R48 in series with R47 and reduces
the current to 102, On the 2M or 20M range R47,.R48 and R49 are connected
in series and the current through Rx is reduced to 100 na.

4-39 When the 200, 20K or 2M range is selected +8 volts is applied to IC7-12
and -13 via the AC Function switch contacts. This sets the A/D Converter gain
high and reduces the reference voltage applied at IC12-4. When the 2K, 200K or
10M range is selected the +8 volts is removed from 1C7-1 and ~13 and applied

to IC7-5. The A/D Converter gain is reduced and the reference voltage is in-
creased, each by a factor of 10, - . -

4-40 ELECTRICAL OUTPUTS

4-41 The Model 4500 provides electrical outputs in BCD format that are di-
rectly compatible with the Valhalla Scientific Model 1248 Digital Comparator.



4-41 (Contimxed)

These' outputa areideveloped’ by decoding the 7 segment outputs of ICI3 and
: applylng them to the lnputs of a seven segment to BCD connector.

4-42 The BCB butputs and the outputs from Q2-Q5 appear at an Amphenol

§7-40500 connector at the rear of the Model 4500.

in Figure 4-4. When the Model 4500 and the Model 1248 are interconnected

the BCD outputs are connected in parallel to the 1's, 10's, 100's and 1000's

e Model 1248, The inputs from Q2-Q6 sequentially enable each
decade, clocking the correapondmg BCD data into the comparison circuits

- of the Model 1248. )

decades of

-

Amphenol
—> 15 Outputs Output pins
&—> 16 —0 11 20——p 4, 9, 14, 19
1613 b—> V7 rSen 02
#9048 10 2 —p 3,8, 13,1
"Outouu . :?_' ; BCD Decoder 13,18
“Sogrment » —0 } O—P
12—y 3 8 2 2,712, 17
1P¥e—p 4 07 °0—» 1,6 11,16
“esp 5
Ensbls Out .
.Outputs - -0 1's Enable
Qs
: O 10’s Enable
03
. © 100°s Ensble
—6 , Q2
—=0  1000's Enadble
@ i

0 C

4-6

Figure 44, Electrical Output Connections of Mode) 4500

Connections are shown

3
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SECTION V
MAINTENANCE

§-1* INTRODUCTION

5-2 This section contains maintenance Information for the Valhalla Scien-
tific Model 4500 Digital Multimeter. Included are a teat equipment list and
calibration procedures.

5-3 REQUIRED TEST EQUIPMENT

5-4 EQUIPMENT PERFORMA NCE SPECIFICATIONS
+0.003% accuracy, 0.1 to 200V;
+0.01% accuracy, 200 to 1 KV,
+0.02% accuracy, 0.1lto 100Vrms
at 1 KHz.

+0, 005%, 1 K ohm. . o
50mVDC/CM sensitivity.

+0.01%, 10 Hz-1 MHz.

DC Voltage Standard
AC Voltage Calibrator

Precision Resistor
Oscilloscope
Frequency Counter

5-5 CALIBRATION PROCEDURE

5-6 The Model 4500 should be calibrated periodically to insure continuing
accuracy; it should also be calibrated if an accuracy-determining component
is repaired or replaced.

Turn on the instrument at least five minutes before beginning calibration.
5-7  DC CALIBRATION ' \

1. Select DC Function and 200mV range.
2. Connect the counter to IC11-3 and adjust B§3, for a 200KHz reading
... in the counter display. Remove the counter connections.
3.7 Short the Model 4500 V-Q and Common jacks. Adjust R75 for
00. 00 in the display. .
4. Apply +100 mVDC between V-Q and Common. Ad]ust R21 for
100. 00 in the display.
5. Select DC Function and the 2V range. Apply +1 VDC between
v-Qand Common. Adjust Blg for 1. 0000 in the display.

6. Select DC Function and the 2KV range. Apply 1KV between the
High Voltage and Common jacks. Adjust B3l for 1000, 0 in the
display. This completes DC calibration.



5-8 OHMS CALIBRATION
5-9 OHM CONVERTER

1. Select Q Function and the 2K range.
2. Connect the 1K precision resistor from V-9 to Common.
" 3. Adjust R1Q for 1.0000 in the display.

5-10 AC CALIBRATION
NOTE

DC Calibration steps 1-6 must be performed
to insure specified AC accuracy.

5-11 AVERAGING AC CONVERTER

1. Select the AC Function and the 200MV range. Short V- and
Common. Adjust R2§ for 00. 00 in the display.

2. Apply 100mVACrms at 1 KHz between V-Q and Common. Ad-
just B23 for 100. 00 in the display.

3. Select the 2V range. Apply 1 VACrms at 1 KHz between V-Q
and Common. Adjust R3§ for 1. 0000,

L ..

5-12° OPTION TRMS CONVERTER

1. Select the AC Function and the 2V range. Apply 100 mVACrms
at | KHz between V-Qand Common. Adjust B3 for .1000 in the
display.

2. Increase the input voltage of (7) to 1 volt. Adjust R for 1.0000
in the display.

3. Reduce the input voltage to 100 mv and select the 200MV range.
Adjust R23.for 100.00 in the display.

5-13  The following step is performed to complete calibration of both the
Standard and TRMS converters.

1. Select the 200V range. Apply 100 VACrms at 10 KHz between
V-2 and Common. Adjust C16 for 100.00 in the display.

5-14 TROUBLESHOOTING

5-15 Apparent difficulties are sometimes merely misinterpretations of
specifications. In other cases they may be caused by excessive input noise,
either superimposed on the input signal or radiated to the input leads. In any
case the user should make every effort to assure himself that the instrument
is truly malfunctionifig before attempting repairs.

5-2

5-18 Frequently a digital multimeter malfunction will only be evident on .

a single range or function. At other times it will be apparent on every range )
and function. When an instrument is totally inoperative, examine the power
supply. If it malfunctions on all functions check for problems in the common
sections of the instrument; that is, the power suppues. the A/D Converter or
the digital processor control circuitry.

5-17 Cycling the ingtrument through each of its functions and ranges while
observing the display will often indicate exactly which section of the instru-
ment is malfunctioning. Refer to the diagrams of Section IV, and the accom-
panying circuit descriptions, if unfamiliar with the operating principles of any
part of the instrument. The clues obtained, combined with a working know-
ledge of the circuits should allow correction of any malfunction.

5-18 POWER SUPPLIES

5-19 The power transformer delivers AC to two DC supplies. One consists
of CR6, CR7 and C13. It produces +5 volts.

5-20 The second supply consists of CR2-5 and Cl1-12.  These components
comprise a bridge rectifier which develops and filters + 12 volts DC. IC5 and
IC6 are regulators which reduce these voltages to a nominal +8 volts.

§-21 Option 45B consists of a rechargeable sealed battery supply and a
DC/DC Ceonverter, the latter comprising IC1, IC2, Ql, Q2, Cl and a trang-
former. When the Power switch is ON the battery is connected from the center
tap of the transformer to the emitters of Ql and Q2. ICl and IC2, dual flip-
flops, divide the 200 KHz output of IC11-3. The resulting 12. 5 KHz pulses
alternately switch Ql and Q2 on and off. The resulting conduction of Ql and Q2
produce AC pulses in the transformer primary. These pulses induce an AC
voltage across the transformer secondary. This AC voltage is rectified by the
bridge comprising CR1-CR4 and is filtered by C2 and C3. The +12 volt output
is regulated by IC5 and IC6 to produce the + 8-volt supply. The battery itself
produces the +6 volts.

§5-22 When the instrument line cord is plugged into an AC power source,

Option 45B operates essentially in a no-load condition and the battery charges, -

even when the Power switch is OFF.

5-3
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Valhalla Scientific Inc PARTS LIST Valhalla Scientific Inc PARTS LIST
REF. DES. V.S. P/N DESCRIPTION MFG.| MFG. P/N REF. DES. V.S. P/N DESCRIPTION MFG.| MFG. P/N
g; ;-18009 CAP CERM . 001 af 56289 | SGADID R29 1-10104 | RES FXD 150K 1% 81349 | RNBOCIS03F |
203 oy | SAP CERM . 020 56289 | 5GAS20 X R1, 33, 38,45, 46,70 | 101061 | RES FXD 10K 1/4W 5% | 81349 | RCO7GF103J
o 2-30000 CAP TAN 4. Tuf/10V 05397 | T360B475MI10AS R2,3,12,13 1-10006 | RES FXD 100K 1% Matchdd 81349 | RN6OC1003F
o 2-30008 CAP TAN 6. 8uf/10V 05397 | T360B685MO10AS R4,5,76 1-01045 | RES FXD 2K 1/4W 5% | 813490 | RCO7TGF202J
s 8 9 10 2-2000¢ CAP MICA 470Pf 81349 | CMOSFD471503 R6 1-01073 | RES FXD 47K 1/4W.5% | 81348 | RCO7TGF473J
o 5% 2-30001 CAP TAN 104/10V 05397 | T360B106M025AS . *R1T, 51 1-50004 | RES VAR 5000 71450 | X201R501
o 2 2-40001 CAP ELECT 250uf/25V | 14655 | BR250-25 *R 8 1-10085 | RES FXD 2490 1% 81346 | RN60OC2490F
Cl4, 20 280005 Sﬁ}? ELECT 2200uf/16V| 56289 | 16T2200 *R 9 ‘1-01093 | RES FXD 470K 1/4W 5%| 81349 | RCOTGF474J
Cls. 24 2-6000¢ | cap I\P/I:;-AR 14.4£/50V 12406 | z5A105 R23 1-50000 | RES VAR 100Q 71450 | X201R101
cis 2-70000 | cAP VAREl:? - Oluf 56289 | 418P10396K03 R32,34,35 1-10008 | RES FXD 10K 1% 81348 | RN60CI002F
Cir- 2-50000 | Cap v -fé po ... | 73800 fvesss R14,54,27 1-01081 | RES FXD 100K 1/4W 5% | 81340 | RCO7GF104J
cis, 22 2-0000 | Cap ooy 22T 27556 | PA2A224 R15 1-01033 | RES FXD 470Q1/4W 5% | 81349°|" RCOTGF47W
cle 2-20008 | CAP MICA 240Pf 56289 | 5GAD50 R16, 28 1-01021 | RES FXD 100Q1/4W 5% | 81349 | RCO7GF101J
C23 360000 | AP PATaE L, 81349 | CMO5FD241J03 R 30 FACTORY SELECT
C26, 31 2-20013 | CAP oA gemr ™ gclsazas 225P47291 R19, 36 1-50002 | RES VAR IK 71450 | X20IR102
c27 2-60002 | CAP PAPER 17100V 562%% CMO5FDI01J03 R20 1-10025 | RES FXD 90. 9K 1% 81348 | RNBOCO092F
C 28, 29, 30 2-10005 | CAD GERN 014 s6289 225P10491 R24 1-10105 | RES FXD 8870Q1% 81849 | RNGOC8870F
*C6 2-30007 [ CAP TAN 2.2u/10V 05397 ;cg:osllao R25 1-10017 | RES FXD 9. 09K 1% 81349 | RN60C909LF
c25 2520015 | CAP MICA 1hor 05397 225MI10AS *R 26, 53, 69, 10, 75 1-50005 | RES VAR 50K 71450 | X201R5038
CMO5FD750J03 R31 1-01128 | RES FXD 1000M 1/4W 5% 81349 | RCO7GF105J
CR1 3-20004 | DIODE 07263 | 1N400 R37 1-10054 | RES FXD 22.1K 1% 81349 | RNBOC2212F
CR2-7 3-20002 | DIODE RECT 07263 | 1Na Oof R39 1-10012 | RES FXD 20K 1% 81349 | EKN60C2002F
CRS,9 3-20000 | DIODE 07263 | 1N914 R40 1-01041 | RES FXD IK 1/4W 5% 81349 | RCO7GF102J
R4l 1-01060 | RES FXD 9.1K 1/4W 5% | 81340 | RCO7GF912J
DS1 5-01018 | LED + DISPLAY R42 1-01068 | RES FXD 27K 1/4W 5% | 81340 | RCO7GF273J
DS2-5 5-01007 | LED 0-9 DISPLAY gg:gg 28332-3322 R43 {-10815 ggg FXD 24319( wla% :{g:s m;ggg;«;ssp
R44 -10028 FXD 24.8K s| R 492F
*ig‘l{ 2,3,8,9,10 3-30090 | I1C OP-AMP 27014 | LF356N R47 1-10090 | RES FXD IK .1% Caddock
e 3-30045 | IC RMS TO DC CONV Anplog Dev] AD536JD R48 1-10090 | RES FXD 99K .1% Caddock
1cs 330088 | 1C REG NBG T | Eamaser-2.0 Rs0 0033 | RES FXD l00M 1% [Caddock| Mc7s0
7014 LM320T-8. -
e g:ggggg Ic QUAD SWITCH 86684 | CDAOGORE R52 1-10073 | RES FXD 9.76K 1% 81348 | RNGOCS76IF
o1 330009 MER 27014 | NES555V R 55-59 1-01053 | RES FXD 4.7K 1/4W 5%| 81349 | RCO7GF472J
1018 IC A/D CONV ANALOG | 01295 | TLSsooC R60-67, 68, 71 1-01026 | RES FXD 220Q1/4W 5%| 81349 | RCO7GF22lJ
s 3-30088 | IC A/D CONV DIGITAL | 01295 | TLso2C R73 1-01007 | RES FXD 10Q1/4W 5% | 81349 | RCO7GF100J
3-30064 | IC REFERENCE 04713 | MCM03 ' R74 1-01104 | RES FXD 2M 1/4W 5% | 81349 | RCO7GF205J
R22 1-10099 | RES FXD 10.2K 1% 81349 | RN6OC1022F
i 3710031 | BANANA JACK WHT | 05276 | 1561-WHT R21 1-50007| RES VAR 2500 71450 [ X201R251
T3 S oosa BLK 05276 | 1581-BLK _
BANANA JACK RED 05276 | 1581-RED sl 5-03024 PUSH BUTTONFUNCTIQN 71590 | 5-03026
Q1 3-10015 TRANSISTOR H.V. '04713 MIES - *S2 e 5-03009 TOGGLE SWITCH - -| 95146-}-- MST-105D
Q2-6 3-10010 | TRANSISTOR PNP 04713 2&14}?;0239 T 4-20019 POWER TRANSFORMER 53504 4500-010
MODEL: TITLE :
4500 DIGITAL H. V. SHT OF
L H.V. MULTIMETER 1 3 MODEL: TITLE: SHT OF
4500 DIGITAL H.V. MULTIMETER 2 3
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Valhalla Scientific Inc PARTS LIST
REF. DES. V.S. P/N DESCRIPTION MFG. MFG. P/N
lea 4-30043 | P.C. BOARD MAIN 53504 | 4500-700D
lea 4-30045 | P.C. BOARD DISPLA 53504 4500-702A
lea -~ 4-10130 | CHASSIS -7 ""LaFranc¢ CH-250 Beige
lea 5-10094 | FUSE HOLDER 75915 155120
lea 4-10166 | FRONT PANEL 53504 | 4500-200A
lea 4-10167 | REAR PANEL 53504 | 4500-201B
lea 5-10063 | POWER CONN 82389 | EAC-301
lea 5-10007 | TERMINAL 1300B
lea 4-10177 SHIELD 53504 4500-204
1ea 5-10067 | POWER CORD 70903 | 17250
2 ea 6-32 x 1/2 PAN HEAD SCREWS
12 ea #4 SELF TAPPING SCREWS
2 ea 4-40x 1/2 PAN HEAD
2 ea 6-32 HEX NUTS
2 ea 4-40 HEX NUTS
2 ea #6 INTERNAL STAR WA$HERS
2 ea #4 INTERNAL STAR WAS$HERS
lea FUSE 1/4A
* NOT IN STANDARD UNIT
MODEL: TIT :
4500 DIGITAL H.v. muLTiMETER | SH}  OF 4




OPTION "45B" FIELD RETROFIT INSTRUCTIONS

STEP NO. 1

Remove four screws from bottom of unit and carefully separate top and
bottom lids. Both the front and rear panels should remain with top lid.

STEP NO. 2
Place top lid on work surface with P.C. board facing up.

STEP NO. 3

Dyke all small mold marks and one stand-off in order to allow flush fit
of battery assembly in back right hand corner of the unit. Leave the
three stand-offs which coincide with the holes on the battery assembly
P.C. board.

STEP NO. 4

Place battery assembly P.C. board down in the right rear vacant area
of the inverted lid. (Stand -offs should protrude thru the holes in P.C.
board. )

STEP NO. §

Solder wires from battery assembly to main board in a pt. to pt. manner.

Be careful not to short batteries.

“'STEP NO. 6

Ingert and solder in K-74 and 5002 pot in R76. (Both are located on extreme

left hand side of main PC Board.)
STEP NO. 7
Check to insure pot is centered.

STEP NO. 8
- Drill out feed thru hole next to K74.
STEP NO. 9
Short pins 1 and 3 from power off-on switch as they appear here.
1 o o 2
3| of 4
S |Jo o] B

U

This may be accomplished by bending them together and soldering.

NOTE: Batteries will now charge in the power on or power off mode and

last 6 hours on a full charge.
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FEDERAL SUPPLY CODE )
or
MANUFACTURERS CATALOGING HANDBOOK H4-1

00001 Monsanto, Electronic Special Products, Cupertino, Calif.
00656 Aerovox Corporation, New Bedford, Mass

00853 Sangamo Electric Company, Pickens, S.C.

01121- - - --Allen-Bradley Company, Milwaukee, Wisc.

01255 Litton Industries, Inc., Beverly Hills, Calif.

01281 T R W Semiconductors, Inc., Lawndale, Calif.
01295 Texas Instruments, Inc., Dallas, Texas

02335 Fairchild Controls Corp., Hicksville, LI, N.Y.
02660 Amphenol Corporation, Broadview, N.Y.

03507 General Electric Company, Syracuse, N.Y.

04713 Motorola Semiconductor Prod., Inc., Phoenix, Ariz.
04963 3-M, St. Paul, Minn.

05276 Pomona Electronics Co., Inc., Pomona, Calif.
05397 Kemet, Union Carbide Corp., Cleveland, Ohio
05820 Wakefield Engineering, Inc., Wakefield, Mass.
07088 Kelvin Electric Company, Van Nuys, Calif.

07256 Silicon Transistor Corp., Garden City, N.Y.

07263 Fairchild Camera and Instr, Corp., Mt. View, Calif.
07716 I R C, Incorporated,|Burlington, lowa

07910 Continental Devices, Hawthorne, Calif.

08065 Accurate Rubber and Plastics Co., San Diego, Calif.
09026 Babcock Electronics Corp., Costa Mesa, Calif.
12405 Hysol Corporation, El Monte, Calif.

12406 Elpac, Incorporated, Fullerton, Calif.

12697 Clarostat Mfg. Co., Incorporated, Dover, N.H.
13454 Texas Crystals, River Grove, III,

14655 Cornell-Dubilier Elect. Corp., Newark, N.J.

14752 Electro Cube, Incorporated, San Gabriel, Calif.
167568 Delco Radio Div., General Motors, Kokomo, Ind.
17838 Mektron, California General, Inc., Chula Vista, Calif.
18324 Signetics, Sunnyvale, Calif.

18722 R C A, Mountaintop, Pa.

21604 Buckeye Stamping Company, Columbus, Ohio
25684 Victoreen Instrument Co., Inc., Oak Lawn, Il
27014 National Semi-Conductor Corp., Santa Clara, Calif.
27556 IMB Electronic Products, Santa Fe Springs, Calif,
2848Q . . . Hewlett:Packard Co., Palo-Alto, Calif. .
30983 Electra/Midland, San Diego, Calif.

44655 Ohmite Manufacturing Company, Skokie, IlI.
71279 Cambridge Thermionic Corp., Cambridge, Mass.
71400 Bussmann Mfg. Div., McGraw-Edison Co., St. Louis, Mo.
71450 CTS Corporation, Elkhart, Ind,

71468 ITT Cannon Electric, Inc., Los Angsles, Calif.
71590 Centralab Div., Globe-Union, Inc., Milwaukee, Wisc.
71785 Cinch Manufacturing Company, Chicago, Ill.

73899 J F D Electronics Company, Brooklyn, N.Y,

75916 Littlefuse, Incorporated, Des Plaines, II,

76055 Mallory Controls, Frankfort, Ind.

76493 J. W, Miller Company, Los Angeles, Calif.

78488 Stackpole Carbon Company, St. Marys, Pa.

80294 Bourns, Incorporated, Riverside, Calif.

81095 Triad Transformer Corp., Venice, Calif.

81312 Winchester Electronics, Oakville, Ct.

81349 Military Spec., Standardization Division, Chicago, Ill.
82389 Switchcngft, Incorporated, Chicago, Ili.

83330 Herman H. Smith, Inc., Brooklyn, N.Y,

8417 Arco Electronics, Inc., Great Neck, N.Y.

86684 R C A, Harrison, N.J.

88245 Useco Div., Litton Industries, Van Nuys, Calif.
90201 Mallory Capacitor Company, Indianapolis, Ind.
91637 Dale Electronics, Inc., Columbus, Neb.

91929 Micro Switch Div., Honeywell, Inc., Freeport, Ill.
92194 Alpha Wire Corppration, Elizabeth, N.J.

93332 Sylvania Electric Products, Inc., Woburn, Mass.
98978 IERC, Burbank, Calif,

00002 Jordan Electronics, Van Nuys, Calif.

Val-Sci Valhalla Scientific, Inc., San Diego, Calif.



