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EQUIPMENT 

Sine Wave Generator: 
Hewlett-Packard G5lB, or equivalent 

AC Voltmeter: 
Hewlett-Packard 400FL, or equivalent 

Wave Analy,..;er: 
Hewlett-Packard :nOA, or equivalent 

Oscilloscope: 
Tektronix 545B/lAl, or equivalent 

I USE 

Bias Level Adjustment. Record 
Level Adjustment. 

Bias Level Adjustment. Record 
Level Adjustment. 

Record Level Adjustment. 

Observation of input and output 
signals. 

TavIe 5-2. List of Test Equipment Required for Calibration Adjustment Procedures 

G-9. Ensure that the proper reproduce heads and reproduce amplifiers are installed for 
the deSired intermediate or wide bandwidth. 

G-10. Apply power to the record/reproduce system. Do not run tape. The amplifier may 
be energi7..ed without moving the tape by placing the NORM/TEST switch on the tape trans­
port front panel in the TEST position. Allow 15 minutes for temperature stabilization. 

G -11. Temporarily disconnect the system input and output coaxial cables from the BNC 
connectors at"the rear of the cabinet. Connect the test equipment to the record/reproduce 
fiYHtem at the test points on the front of the amplifiers, as shoWn in figure 5-2. 

;'-12. Since a uniform amplitude-versus-frequency response of the entire direct system is 
necessary in order to set the record level properly, the direct reprodllCe amplifier should 
be equalized before attempting to set either the bias level or the normal record level. If the 
amplifier:,; are completely out of alignment, the record amplifier should be preset as des­
cribed in the following steps, then the reproduce amplifier equalized according to the proce­
dure in the reproduce amplifier manu,al. Following thiS, the bias and normal record levels 
can be set per paragraph 5-13. The procedure for presetting the direct record amplifier is 
as follows: 

a. ({otate the record level control (R2) fully counterclockwise, then clockwise :3 1/2 
turns. 

b. llotate the bias level control (R9) fully clockwsie, then counterclockwise 4 turns. 

c. Proceed with the equalization of the direct reproduce amplifier as described in 
Section V of the reproduce amplifier manual. 
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Figure 5-2. Setup for Direct Record Amplifier Calibration Adjustments 



992606-0002 
7-72 

5-1:L Once the reproduce amplifier has been equalized as previously described, the bias 
and normal record levels can be set as follows: 

a. Select a tape speed of 120 ips, or the highest speed for whic~ reproduce amplifier 
equali:!.ers are installed, and adjust the sine wave generator for a normal record input ~evel 
at the appropriate upper band edge frequency (see table 5-3). Normal record input level is 
the ma.ximum data signal level expected at the input to the record amplifier during actual 
operation. 

INTERMEDIATE WIDE BAND WIDE BAND 
BANDWIDTH OPTION A OPTION B 

TAPE SPEED 
(ips) RLSF RLSF UBE RLSF UBE UBE 

(kHz) (Hz) (kHz) 1/10 UBE (kHz) 1/10 UBE 
(kHz) (kHz) 

120 600 1000 1500 150 2000 200 

CiO 300 1000 750 75 1000 100 

:w 150 1000 375 37.5 500 50 

15 75 500 187 18.7 250 25 

7 1/2 :38 500 93 9.3 125 12.5 

:~ ;~/4 19 500 4:6 4.6 62 G.2 

1 7/'d 10 500 23 2.3 31 ~L 1. 

15/1G 5 500 12 +.2 15 1.5 

--
UBE ~-- Upper Band Edge Frequency 

RLSF Record Level Set Frequency 

Table 5-3. Frequencies Used for Calibration Adjustments 

b. Check that the l'eproduce amplifier output is 1 vrms. 

c. Adjust the bias level control (R9) for 3 db overbias (on 600 kHz or 1. 5 MHz systems) 
or 2 db overbias (on 2.0 MHz systems); that is, rotate R9 clockwise until the repr<xluce 
amplifier output reaches its peak as indicated on the ac voltmeter, then continue rotating RD 
clockwise until the output decreases by :3 db or 2 db, as appropriate. 

t1. Adjust the sine wave generator for normal record input level at the appropriate 
rccol'd ]<.'vel set frequency. On intermediate bandwidth (600 kHz) systems, record level is 
set at lOOO II:!. for tape speeds of 120 ips through :30 ips; at 500 Hz, for speeds of 15 ips 
through 1.5/1G ips. On wideband systems (1. 5 MHz or 2.0 MHz), the record level is set at 
1/10 upper band edge frequency for all tape speeds (see table 5-3). 

e. Tune the wave analyzer to the third harmonic of the test frequency set in step d. 

5-5 
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f. Adjust the record level control (R2) for 1% ±0.1 % distortion as indicated on the wave 
analyzer. . 

g. Repeat steps a through f. 

5-14. If the reprOduce amplifier has been mounted on a circuit extender card during the 
equalization procedure, the bias and normal record levels should be checked once more when 
the reproduce amplifier is reinstalled in the amplifier mounting assembly. 

5-15. The record amplifier adjustments are summarized in table 5-4. This summary 
assumes that the system is capable of recording and reproducing at 120 ips. If 120 ips is not 
available on the subject machine, use the highest tape speed possible and vary the adjustment 
test frequencies accordingly. Table 5-3 lists the upper band edge and record level set fre­
quencies for all tape speeds of the· intermediate bandwidth and wideband systems. Using the 
appropriate test frequencies, the adjustments are identical for all tape speeds within a given 
system. 

5-16. TROUBLESHOOTING AND CORRECTIVE MAINTENANCE. 

5-17. Before attempting repair of a unit suspected of malfunctioning, verify that the symp­
tom is not caused by malfunction of associated equipment such as the power supply, the 
mounting assembly, intercabling errors, etc. This can be done by substituting a known good 
unit for the suspected unit, or making continuity checks from unit to unit. If such a check 
eliminates the associated equipment as a source of trouble, check the adjustments which are 
detailed in previous portions of this section. 

5-18. Once the existence of a defective unit has been established, check it for obviously 
damaged components, such as burned resistors, or incorrect seating of components • The 
next step is to verify that the proper supply voltage is reaching the unit. If the supply voltage 
is correct, the faulty stage within the unit can be located by traCing signals from stage to· 
stage. 

5-10. TRACING SIGNALS. Since there are only three stages and four transistors in the 
13-542 Direct Record Amplifier, signal tracing is very simple. An extender board, a signal 
generator, and an oscilloscope are all that should be needed. The amplifier may be energized 
without moving tape by placing the NORM/TEST switch on the transport control panel in the 
TEST position. If a satisfactory signal can be traced all the way through to card pin 28, but 
the reproduced signal is absent or otherwise incorrect" then the record driver, reproduce 
head preamplifier, and reproduce amplifier should be checked. Consult manuals for the 
record driver, reproduce head preamplifier, reproduce amplifier, and for the record/ 
reproduce system. 

5-20. Once the defective stage has been located, the defective component in that stage can 
be determined by Teference to the schematic diagram, and by making continuity, voltage, 
and/or resistance measurements about the suspected components. The prime exception to 
this is open coupling capacitors, which should be checked by substitUtion, or by adding a test 
capaCitor in parallel. . 

5-21. VOLTAGE MEASUREMENTS. Typical dc voltage measurements for the 13-542 
Direct Record Amplifier are listed in table 5-5. The voltages may vary somewhat from unit 
to unit but will approximate the values indicated. 
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RECORD/ REPROD'CCE 
WAVE 

REPRODl'CE TAPE DATA ANALYZER 
ADJ1jSTl\1ENT UPPER BAND SPEED SIGNAL 

AI\IPLIFIER SETTING OPERATION 
EDGE (ipS) FREQUENCY 

OUTP'CT FOR 3RD 
FREQUENCY 

LEVEL HARMONIC 

Bias Level 1. 5 MHz 120 1.5 MHz 1.0 \-rms N/A While observing ac volt-
or or meter at reproduce am-

2.0 MHz 2.0 MHz plifier output, turn R9 
(Wideband) clocb."Wise through peak 

response, until volt-
meter reading is 3.0 db 
below peak value (1. 5 
MHz) or 2.0 db below 
peak value (2.0 MHz). 

600 kHz 120 600 kHz 1. 0 vrms N/A Same, adjust R9 c1ock-
(Intermed iate wise through peak 

Band) response, until volt-
meter reading is 3.0 db 
below peak value. 

Record Level 1.5 MHz 120 150 kHz 1.0 vrms 450 kHz While observing wave 
or or or analyzer, turn R2 c1ock-

2.0 MHz 200 kHz 600 kHz wise until the 3rd har-
(Wideband) monic amplitude is 1. 0 

±O. 1 % of the fundamental. 

600 kHz 120 1 kHz 1.0 vrms 3 kHz . Same. 
(lnte rmed iate 

Band) 

Table 5-4. Summary: Adjustment Parameters, 13-542 Direct Record Amplifier 
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TRANSISTOR EMITTER BASE COLLECTOR 

Q1 

Q2 

Q3 

Q4 

(R4/C3) -0.68 v 

(R6/C5) +10.5 v 

(RI2) -2.5 v 

(RI3) -2.6 v 

CONDITIONS OF MEASUREMENT: 

(R22) -0.014 v 

(R3/C4) +10.0 v 

(C4/CRl) -1. 9 v 

(R7/R8) -3. 2 v 

(R3/C4) +10.0 v 

(C4/CRl) -1. 9 v 

(Ll/C6) +15.0 v 

(L2/C7) -15.0 v 

1. Amplifier installed on extender card in 13-505 or 13-505A Amplifier Mounting 
Mounting Assembly. 

2. Transport RECORD/TEST SELECTOR in TEST position (all rec'ord circuits ener­
gized). 

3. Control Settings: Amplifier set up for normal record level with 1 volt input. 

4. Input open, no Signal. 

5. Output connected to record head via 13-540A Record Head Driver Amplifier. 

6. Reference Schematic: Figure 7-1 (C-471615). 

7. Measurements were taken using a Hewlett-Packard 'Type 3439A Digital Voltmeter 
with a Type 3442A Plug-in. 

Table 5-5. Typical DC Voltage Measurements, 13-542 Direct Record Amplifier 

5-22. REPAIR. 

5-23. Repair of the unit should be attempted only by personnel experienced in printed wir­
ing techniques. Recommended repair is limited to the replacement of defective parts and 
adjustments of controls. \Vhen removing and replacing defective parts, care should be exer­
cised so as not to damage surrounding components or the circuit board. Replacement parts 
must be of the correct type and value, as listed in the parts list in Section VI. When instal­
ling a new part, place it in the exact position of the replaced part. After replacement, 
carefully inspect the circuit board for evidence of cold solder jOints, solder splashes, and 
insecurity of mounting. If the equipment is repaired, 'the amplifiers should be checked and, 
if necessary, adjusted as described in the Calibration Adjustment Procedures which are 
detailed in previous portions of this section. 

5-24. PARTS IDENTIFICATION. Components of the 13-512 Direct Record Amplifier are 
illustrated in Section VI of the manual, showing locations and part designations. The parts 
list of Section VI itemizes the component parts in each assembly and provides a Bell & Howell 
part number for each. ' 
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5-26. Regular scheduled maintenance service is available from the Bell & Howell 
Instruments Division Sales and Service Office on a contract basis. If immediate serVice is 
required, it may be obtained on an emergency basis. Every effort is made to furnish the 
needed repair as soon as possible. For a complete description of Bell & Howell's ma:inte­
nance service plans and their costs, contact the Instruments Division Sales and Service 
Office. 

5-27. FACTORY REPAIR SERVICE. 

5-28. If desired, instruments (or major assemblies) may be returned to the factory for 
repair. When an instrument or assembly is returned: 

a. Indicate the symptom of defect. State as completely as possible, both on an instru­
ment tag and on the order form, the nature of the problem encountered. Too much 
information is far better than too little. If the trouble is intermittent, please be speCific in 
describing the instrument's performance history. 

b. Give special instructions. If any changes in the instrument or assembly have been 
made, and it is desired to retain the modified form, please indicate this specifically. 

c. State the desired inVOicing procedure. In the first correspondence, indicate whether 
repair work may begin immediately with billing in accordance with the standard pricing sys­
tem or whether Bell & Howell should secure prior approval of the price before proceeding 
with the repair. The price will be the same in both cases, but any delay will be minimized 
by permission to start work immediately. The order acknowledgment copy will, of course~ 
always show the price. 

d. Pack securely and label. Proper packaging saves money. The small amount of extra 
care and time it takes to cushion a part or instrument properly may prevent costly damage 
while in transit. Make certain that the address is both legible and complete; failure to do so 
often results in needless delay. Address all shipments and correspondence to: 

Bell & Howell 
Instruments Division 
360 Sierra Madre Villa 
Pasadena, California 91109 
Attention: Repair Department 

e. Show return address on repair correspondence. Please indicate clearly the exact· 
address to which the equipment should be returned after repair is completed. All shipping 
costs will be borne by the· owner of the eqUipment, not by Bell & Howell. 
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SECTION VI 

PARTS LISTS 

6-1. GENERAL. 
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6-2. Appropriate parts lists and illustrations for the 13-542 Direct Record Amplifier follow 
the instructions given below. The parts lists include the Bell & Howell Instruments Division 
part number, description, figure and index and/or schematic reference symbol, and where 
applicable, the manufacturer's or military part number for each component. Manufacturers 
are identified in the parts lists by code number in accordance with the Federal Supply Code 
for Manufacturers, Cataloging Handbook H4-2, and as listed in table 6-1. The components 
are illustrated in figure 6 -1 .. 

6-3. ORDERING REPLACEMENT PARTS. 

6-4. Parts should be ordered through the nearest Bell & Howell Instruments Division Sales 
and Service Office. Price and delivery information on parts or complete instruments may be 
obtained there also. To assist in making this contact, a list of Sales and Service Offices is 
included in the front of this manual. Bell & Howell recommends that whenever pOSSible, and 
particularly when an instrument is used in a critical application, the user maintain a mini­
mum stock of spare parts. Instruments Division has specialized personnel ready to assist 
the user in making a selection of spares at any time. The same personnel are also ready 
and able to prepare or quote on the preparation of illustrated parts breakdowns (IPB's), pro­
visioning parts breakdowns (PPB's), and other parts documentation that might be required . . 
6-5. When ordering parts, the follOWing information should always be supplied to the field 
office engineers: 

a. A description of the part or assembly, obtained from the parts list. 

b. The Bell & Howell part or assembly number, also on the parts list, or on the compo­
nent itself. 

c. The figure and index, and/or reference symbol, given on the applicable diagram and 
on the parts list. 

d. The part or type number of the major assemhly, shown on the instrument nameplate. 

e. The production serial number, also on the nameplate. 

f. The Bell & Howell register number applying to the complete system or order. 

6-1 
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CODE 

01121 

03508 

04713 

06540 

07088 

24546 

42451 

56289 

72136 

74970 

76493 

81349 

96906 

6.-2 

MANUFACTURER 

Allen-Bradley Company 
Milwaukee, Wisconsin 

General Electric Company 
Semiconductor Products Department 
Syracuse, New York 

Motorola Semiconductor Products, Incorporated 
Phoenix, Arizona 

Amatom Electronic Hardware Division 
Mite Corporation 
New Rochelle, New York 

Kelvin Electric Company 
Van Nuys, California 

Corning Glass Works 
Bradford, Pennsylvania 

Union Carbide Corporation 
Carbon Products Division 
New York, New York 

Sprague Electric Company 
. North Adams, Massachusetts 

Electro Motive Manufacturing Company, Incorporated 
Willimantic, Connecticut 

E. J. Johnson Company 
Waseca, Minnesota 

J. W. Miller Company 
Compton, California 

Military SpeCifications 

Military Standards 

Table 6-1. List of Manufacturers 



Table 6-2. Parts List for the 13-542 Direct Record Amplifier (Sheet 1 of 2) 

ITEM B&H DESCRIPTION FIG. /Th"TIEX 1\1FR 1\1FR OR MIL 
NO. PART NO. 0 1 2 3 4 ;:J QTY OR REF SY1\I CODE PART NO. 

1 471612-1 13-542 Direct Record Amplifier 1 6-1 

2 471 612 Printed Wiring Board 1 6-1/1 

3 197998 Extractor, card 1 6-1/2 

4 70131-16 Pin, spring 1 6-1/3 96906 1\1S171493 

v 475560 Shield and Insulator Assembly 1 6-1/4 

6 471349 Shield, printed wiring board 1 

7 249641-16 Post, elec-mech 5 06540 95058-8-0256-14 

8 .- 47555""9 Insulator, shield 1 

9 7138-7505 Res, 75Q ±5%, 1/2 w 1 R1 81349 RC20GF750J 

10 471922-1822 Res, 1. 8K ±2%, 1/4 w 1 R3 24546 C4-182G 

11 471922-5122 Res, 5.1K ±2%, 1/4 w 1 R4 24546 C4-512G 

12 471922-1012 Res, 100Q ±2%, 1/4 w 2 R5,14 24546 C4-101G 

13 471922-1022 Res, 1K ±2%, 1/4 w 1 R6 24546 C4-120G 

14 471922-2002 Res, 20Q ±2%, 1/4 w 1 R7 24546 C4-200G 

15 471922-2722 Res, 2.7K ±2%, 1/4 w 1 R8 24546 C4-272G 

16 471922-2022 Res, 2K ±2%, 1/4 w 1 RIO 24546 C4-202G 

17 7138-2415 Res, 240Q ±5%, 1/2 w 1 R11 81349 RC20GF241J 

18 471922-1002 Res, 10Q ±2%, 1/4 w 3 R12,13,16 24546 C4-100G 

19 471922-5102 Res, 51st ±2%, 1/4 w 2 R15,17 24546 C4-510G 

20 471573-0920 Res, var, 10K ±20%, 1/3 w 2 R2,9 01121 NPI03M 

21 471863-6 Cap, 2.2 iJf ±20%, 25 v 3 C1, 2, 10 42451 T320A225-
M025AS '-0 

'-0 

22 471930~0003 Cap, 100 iJf ..<..75 -10%, 16 v 4 C3,5,6,7 56289 500D107G016DC7 ~ 
C'l 
0 

23 199985-4 Cap, 5 pf ±59c, 500 v 1 C4 72136 DMI0C050D0500 C'l 
I 

WV-4CR 
-.;]0 

C'l I 0 
I -,;]0 

W ~ ~ 



0) Table 6-2. Parts List for the 13-542 Direct Record Amplifier (Sheet 2 of 2) -::J~ 
I I ~ 
~ -::JI:\J 

I:\JO) 

ITEM B&H DESCRIPTION FIG./INDEX MFR MFR OR MIL 0 
Cl 

NO. PART NO. 0 1 2 3 45 QTY OR REF SYM CODE PART NO. I 
0 
0 

1 471930-2 Cap, 50 JJf +75 -10%, 16 v 2 C8,9 56289 500D506G016CB7 0 
I:\J 

2 70094-62 Cap, 1000 pf ±5%, 500 v 1 Cll 72136 DM19F102J0500 
WV-4CR 

3 471788-23 Coil, RF, 120 jll. ±5% 2 Ll,2 76493 9210-80 

4 246954 Diode 2 CRl,2 03508 1N4154 

5 471472 Transistor, NPN 1 Q1 04713 2N3947 

6 471931 Transistor, PNP 1 Q2 04713 2N3251 

7 471927 Transistor, NPN 1 Q3 04713 2N2219 

8 471925 Transistor, PNP 1 Q4 04713 2N2905 

9 246626-1 Relay, sub-miniature 1 Kl 07088 CIC-15 

10 204749-8 Jack, tip, brown 1 TPI 74970 105-758 

11 204749-3 Jack, tip, black 1 TP10 74970 105-753 
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Figure 6-1. 13-542 Direct Record Amplifier 
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SECTION VII 

DRA WINGS AND SCHEMA TICS 

7 -1. GENEltAL. 

7 -'2. Figure 7 -1 is a schematic of the 13-542 Direct Record Amplifier. 
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Figure 7 -1. Schematic, 13-542 Direct Record Amplifier 
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