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The 7504 is a higly versatile 
computer, especially suitable for 
operation on-line. Its basic input 
and output device is the 6401 , the 
7102 and the 6301 being added 
where the input and output speed 
of the 6401 is insufficient. The 
system can be connected directly 
via the interface to operate on-line 
with the Real Time Analyzer 
Type 3347, the combination forming 
an extremely powerful tool in 
acoustic and vibration 
measurement. 
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1. INTRODUCTION 

1.1. PURPOSE OF THIS MANUAL 

The purpose of the manual is to complement, rather than supplement, 
other information delivered with a 7504 system. Throughout its length, 
references to other documents, especially the Varian 620 L Computer 
Handbook, and the Varian 620 Training Manual, will be found. The issue of 
the Handbook referred to is Document 98 A 9905 000 (Bulletin No. 117), 
and of the Training Manual referred to is Document 98 A 9902 503. Both 
of these documents are referenced freely throughout the text, notably for 
the description of th~ 7504 and its controls, and for listings of the instruc
tions which it will recognise. 

Included in this manual is a chapter on Programming. The greater part of 
this is intended to be of an introductory nature, aimed at being an aid for 
persons inexperienced in programming in understanding some of the aspects 
of it. Also included are appendices which are intended to serve to the 
inexperienced user as a basic introduction to computer topics and termin
ology. 

Within the manual, the main numbering system which has been used is 
octal. All instructions and addresses are defined in this form. However, at 
certain points in the text, the decimal and binary systems have been 
introduced. Where the system referred to is not octal the one in use is made 
obvious in the text. Otherwise, the system referred to is octal. Note that 
within the Varian literature, the convention which has been used to 
distinguish octal and decimal numbers is that all octal numbers are pre
ceeded by a 0. Where instructions are quoted in DAS Symbolic form, this 
convention has been followed in this manual also, in order to assure 
consistency between it and the Varian literature in this matter. 

1.2. GENERAL INTRODUCTION 

In many applications, the digital computer has become an almost in
dispensable tool. However, until recently, a computing system has been a 
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large, highly expensive item of equipment, requiring special, environmental
ly controlled rooms to operate in. This has caused the use of computers 
on-line, where they are probably at their most beneficial, to be avoided, 
except in very large systems, e.g., automatic control of large manufacturing 
plants. Instead, it has been necessary to collect information off-line, and 
process it at a later date in a computing centre. With the introduction of the 
minicomputer, though, the basic reasons for not using on-line computation 
have been removed, since they are relatively inexpensive, and lack any 
special installation requirements. 

The B & K/Varian Computer Type 7504 is a third generation mini
computer. The use of integrated circuits· makes it light, compact, and 
reliable. Its Memory size is variable between 4k and 32k words, in modules 
of 4k, the word length being 16 bits. It is a modified version of the Varian 
620/L, the principle modification being the addition of an Interface, which 
allows the direct connection of the Real Time Analyzer Type 3347, the 
Tape Punch Type 6301, the Tape Reader Type 7102, in addition to the 
Teletypewriter Type 6401. The 7504 also includes as standard, Programmed 
1/0 (Input/Output) Party Line, Direct Memory Access*, Hardware Multi
ply/Divide*, Power Failure Stop/Restart*, Priority Interrupt Module*, Ex
tended Adressing and the Real Time Clock*. The system software includes 
the relevant DAS Assemblers; a FORTRAN IV and a conversational BASIC* 
Compiler (for systems with Memories ~8k only); AID II, a useful program 
for debugging operations; MAINTAIN, used for system trouble shooting; 
BLD II, for program entry; and a comprehensive library of the most 
commonly used sub-routines. 

Operation of the 7504 on a stand alone basis, although possible, is made 
impracticable by the difficulties of program entry, and data input and 
output. 

It , thus becomes necessary to talk about a system, rather than an 
individual instrument. The Teletypewriter Type 6401 (a modified version of 
the Teletype ASR 33) is an indispensable peripheral in a 7504 computing 
system, since it forms the basic means of communication between the 7504 
and its operator. Where, however, its rate of input and output is insufficient, 
a Tape Reader Type 7102 (a modified version of the S.E. 6TRP125-5X), 
and a Tape Punch Type 6301 should be added. Where the system is 
insufficient for the user's needs, various Varian peripherals, such as Magnetic 
Tape Units, Line Printers, Disc Files and so on, may be added. 

* Included with 7504s from serial number 404880. 
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The 7504 is probably at its most powerful when operating on-line with 
the Real Time Analyzer Type 3347. The 7504/3347 combination forms a 
very powerful tool throughout the field of acoustic and vibration measure
ments, with the 3347 supplying data from the measuring system, in the 
form of third octave spectra, and under software control, to the 7504. The 
7504 then operates on it in a manner defined by its software to give the 
required results. These results can be produced in Real Time, allowing, for 
example, control signals to a piece of machinery which it is monitoring to 
be generated before catastrophic failure takes place. Such is the power of 
this combination that B & K is continuously developing special software for 
its application. 
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2. OPERATION 

The 8 & K/Varian Computer Type 7504 is operated with one or more of 
the following peripherals, the Teletypewriter Type 6401, the Tape Punch 
Type 6301, the Tape Reader Type 7102, and the Real Time Third Octave 
Analyzer Type 3347. This account therefore describes the connection of 
these peripherals to the 7504, and the operation of the complete system. 

2.1. PRELIMINARY ADJUSTMENTS 

2.2.1. Computer Type 7504 

1. Check that the supply of cooling air to the 7504 is unimpeded. 

2. Check that the Power Supply is set to the correct mains voltage. This 
is 115 V for a supply of 105 to 125 V AC, 50 Hz, or 230 V for a 
supply of 210 to 250 V AC, 50 Hz. This entails removing the top 
panel of the Power Supply, checking the positions of the jumpers with 
respect to those detailed on the top panel, and adjusting accordingly. 
Note that on delivery, they will normally be set to a 230 V supply, 
and that the Power failure/Restart cycle will activate if the supply 
drops below 208 V. Note that if the supply is 60 Hz, a special Power 
Supply is required which must be specified when ordering. 

3. Connect the Power Supply to the Power Connector of the Computer 
(see Fig.16.1 in the Varian Handbook), via the DC power cable. 

4. For details of further connections, e.g., where the Computer has both 
a mainframe and an expansion chassis, refer to Section 16 of the 
Varian Handbook. 

2.1.2. Teletypewriter Type 6401 
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1. The Teletypewriter Type 6401 normally runs off a 115 V AC, 50 Hz 
supply. However, as supplied, it is set to run off a 230 V AC, 50 Hz 



supply. This is achieved via an autotransformer, which must thus by 
bypassed if a 115 V supply is to be used. Note that a 60 Hz supply 
requires a special motor, which must be specified when ordering. 

2.1.3. Tape Reader Type 7102 

1. The Tape Reader Type 7102 can only operate off of a supply voltage 
which is 210 to 250 V AC, 50 to 60Hz. Thus, for other vo.ltage 
supplies connect an external transformer as required. 

2. 1.4. Tape PuftCh Type 6301 

1. Check that the voltage selector is set to the correct voltage. If it is not, 
remove the central fuse and adjust, ·using a small coin or a large 
screwdriver. 

2. The Tape Punch Type 6301 can only run off the supply frequency for 
which it has been set, normally 50 Hz. Where the supply is 60Hz, a 
special drive wheel must be fitted, which must be specified at the time 
of ordering. 

3. For further details, e.g., loading paper tape, refer to the 6301 In
structions and Applications Manual. 

2.1.5. Real Time Third Octave Analyzer Type 3347 

1. For details of the preliminary set up and operation of the Real Time 
Third Octave Analyzer Type 3347, refer to the 3347 Instructions and 
Appli~ations Manual. 

2.2. SYSTEM INTERCONNECTIONS 

The most basic computing system is the 7504 with a 6401. This can be 
extended to include the 3347, the 6301 and the 7102. Each is connected 
into the 7504 as described below. 
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2.2. 1. Teletypewriter Type 6401 

1. Note that the basic 7504 is supplied without a Teletypewriter Con
troller. This is then supplied with the 6401. Plug the Teletypewriter 
Controller Board into slot 17 of the 7504 mainframe. Note that this 
can only be achieved with the Board the correct way around, and is 
thus error proof. 

2. Connect the Teletypewriter to the Teletypewriter Connector of the 
mainframe chassis of the 7504. (See Fig.16.1 of the Varian Hand
book). Note that this connection is also error proof. 

2.2.2. Tape Punch Type 6301 

1. The 6301 is connected into the interface of the 7504, which is 
normally to be found in slot 21 of the mainframe chassis. On its rear 
edge will be found three multipin connectors. 

2. Using cable AO 0103, connect the SUPPLEMENTARY SOURCE IN
PUT of the 6301 to the centre of the three connectors on the 
interface of the 7504. Note that by nature of the plugs and sockets 
used with the 7504, this connection is error proof. 

2.2.3. Tape Reader Type 7102 

1. The 7102 is connected into the interface of the 7504, which is 
normally to be found in slot 21 of the mainframe chassis. On its rear 
edge will be found three multipin connectors. 

2. Using cable AO 0102 connect the OUTPUT of the 7102 to the lower 
one of the three connectors on the interface of the 7504. Note that 
by nature of the plugs and sockets used on the 7504 and the 7102, 
this connection is error proof. 

2.2.4. Real Time Third Octave Analyzer Type 3347 
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1. The 3347 is connected into the interface of the 7504, which is 
normally to be found in slot 21 of the mainframe chassis. On its rear 
edge will be found three multipin connectors. 



2. Using cable AO 0085, connect the DIGITAL OUTPUT of the 3347 to 
the upper of the three connectors on the interface of the 7504. Note 
that by nature of the plugs and sockets used on the 7504, this 
connection is error proof. Note: THIS CONNECTION (AND DIS
CONNECTION) MUST ONLY BE MADE WITH THE POWER 
SWITCHED OFF. 

Note that when operating a system using the 7504 and one or more of 
its peripherals, only one of the equipments should be grounded. This 
is to reduce the risk of errors due to ground loops. 

2.3. TURN ON PROCEDURE 

1. Check that all the required peripherals (i.e. the 6401, the 6301, the 
7102 or the 3347 or any combination of them) are connected to the 
7504 in the manner specified in the respective section 2.2. 

2. Check that the Computer is connected to its Power Supply as detailed 
in section 2.1.1, and that the Preliminary Adjustments have been 
carried out. 

3. Check that the required peripherals have been adjusted as detailed in 
the respective sections of section 2.2. 

4. When the checks detailed in 2.3.1, 2.3.2 and 2.3.3 have been com
pleted, then, and only then, may the turn on procedure be started. 
Connect all equipments to the mains power supply. 

5. The 7102 will come on as soon as it is connected to the mains supply. 
The 6301 and 3347 should be switched on via the power switches on 
their front panels. Switch the 6401 to "line". 

6. When all the peripherals have been switched on, switch on the 7504 
Power Supply via the ON/OFF switch on its bottom panel. Switch on 
the Computer by turning the key on its front panel either to "Pwr 
On" or "Pwr On Disable". Note that in the "Pwr On Disable" 
position, all the switches on the Computer front panel are disabled, 
except the key operated POWER SWITCH itself. (For a description of 
the switches and indicators on the Computer front panel, refer to 
section 1.2 of the Chapter IV of the Varian Training Manual, and 
Section 14 of the Varian Handbook). When switched on, the STEP 
indicator will come on, indicating that it is in its "Step" mode. (Note 

11 



that should the 7504 be switched on by the Power Failure Stop/ 
Restart cycle, it will go directly into its "Run" mode). 

Note that whenever a system containing a 7504 is being switched on, it is 
adviled that it be tile last to be activated. This is to avoid the possibility of 
switching transients depositing false information in the registers or memory, 
and that programs already held in the memory are in no way adversely 
affected. 

2.4. OPERATION OF THE SYSTEM 

()pef"ation of 1 complete system, i.e., the 7504 with one or more of the 
peripherats added, is heri! described as far as setttng a program into its 
"Run" mode. Where the system is being started from "Cold", i.e., when the 
contents of the Memory of the 7504 are unknown, this involves four steps. 
These are, first, loading the Bootstrap Loader, second, loading the Binary 
Load and Dump, (henceforth refered to as the BLD), third, loading the 
program itself, and fourth, setting the program into its "Run" mode. 

Provided the specified Turn On and Turn Off procedures for the system 
are followed, the only way in which the contents of a particular memory 
location can be lost is by overwriting them with new information. Thus, if it 
is known that the BLD is already in the Memory of the 7504, the first and 
second steps of the operating procedure may be omitted. 

If it is known that the required program is already in the memory, then 
the third step will be omitted also. 

2.4.1. Loading the Bootstrap Loader 

The Bootstrap Loader is a simple load routine which is used in the 
loading of subsequent, more complex load routines, etc., into the memory. 
It consists of 16 machine coded instructions, which are loaded into octal 
locations 7756 to 7775 in the first 4k of the Memory of the 7504. Note 
that as soon as the Bootstrap has been used to load a more complex load 
routine, such as the BLD, its period of usefulness is ended, and it may then 
be overwritten by subsequent programs, and will be overwritten by a 
program which includes the locations in which the Bootstrap resides. Hence, 
it is normally required to reload the Bootstrap each time its use is required. 
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LOCATION INSTRUCTION TO: 

TAPE READER TELETYPEWRITER 
7102 6401 

007756 102637 102601 
007757 004011 004011 
007760 004041 004041 
007761 004446 004446 
007762 001020 001020 
007763 007772 007772 
007764 055000 055000 
007765 001010 001010 
007766 007000 007000 
007767 005144 005144 
007770 005101 005101 
007771 100537 102601 
007772 101537 101201 
007773 007756 007756 
007774 001000 001000 
007775 007772 007772 

072037 

Table 2. 1. Bootstrap Loader 

The instructions comprising the Bootstrap Loader are given in Table 2.1. 
Note that there are two forms. The form of the Bootstrap loaded will be 
dependent on whether the 7102 or the 6401 is to be used for the subse
quent entry of programs. The differences between the two forms come 
where an instruction accesses a read-in device, since the instructions requir
ed to access the 7102 and the instructions required to access the 6401 will 
differ. The locations and instructions given in Table 2.1 are in Octal, and are 
loaded manually via the Computer Control Panel in Binary Coded Octal. 
(For a description of the switches and indicators on the Computer Control 
Panel, refer to section 1.2 of Chapter IV of the Varian Training Manual, and 
Section 14 of the Varian Handbook). The switches used for actual entry of 
locations and instructions are the 16 DATA ENTRY SWITCHES, numbered 
0-15. These switches are divided, from right to left, into five sets of three 
and one set of one. Each set allows a single Octal number to be entered in 
Binary form, thus allowing a six figure Octal number to be entered in total. 
The most significant Binary bit of a single Octal figure is entered on the left 
hand switch of a set, and the most significant Octal figure of a six figure 
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Data Entry 
Switches 

i·lf!~!!!!!jt= Bit Reset Switch 
Register Display 
Selector Switches 

~~-.........~.!-- System Reset 

Sense Repeat Step 
Switches Switch Switch Switch 

Fig.2.1. Front panel switches of the 7504 

number is entered on the left hand set of the six. A Binary" 1" is entered on 
a switch by pressing the switch down and releasing it. The indicator above 
the particular switch will come on. Where an indicator is on, it represents a 
Binary "1", and where it is off, it indicates a Binary "0", allowing the 
DATA ENTRY SWITCHES to be used to set the indicators to another 
Binary Coded Octal Number. Some examples of encoding six figure Octal 
numbers into Binary Coded Octal are given in Table 2.2. The switch 
numbers given stand for both the DATA ENTRY SWITCH number and the 
bit number in the final Binary Coded Octal word set-up. The positions of 
the various switches are shown in Fig.2.1. 

OCTAL NUMBER DATA ENTRY SWITCH NUMBER AND 
SETTING 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

007756 0 0 0 0 1 1 1 1 1 1 1 0 1 1 1 0 

102637 1 0 0 0 0 1 0 1 1 0 0 1 1 1 1 1 

005144 0 0 0 0 1 0 1 0 0 1 1 0 0 1 0 0 

055000 0 1 0 1 1 0 1 0 0 0 0 0 0 0 0 0 

Table 2.2. Binary Coded Octal Words 
072058 
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The Bootstrap Loader is loaded as follows: 

1. Press SYSTEM RESET, and then select the P register by switching the 
P REGISTER SELECTOR SWITCH down. 

2. The contents of the P register will be displayed on the indicators 
above the DATA ENTRY SWITCHES. Clear it by pressing BIT 
RESET, and set the indicators, using the DATA ENTRY SWITCHES 
such that they display the first location of the Bootstrap Loader, i.e., 
007756. 

3. Set the P REGISTER SELECTOR SWITCH back up. The address of 
the first loca.tion, i.e., 007756, will now have been loaded into it, and 
the register disabled. 

4. Similarly select the U register, and load the Octal instruction 054000 
into it using the DATA ENTRY SWITCHES. Enable REPEAT by 
switching it down. This instruction means that anything loaded into 
the A register will, on pressing STEP, be stored in the Memory at the 
location address held in the P register. Enabling REPEAT means that 
the instruction will be repeated each time STEP is pressed. Disable the 
U register. 

5. Select and clear the B register and then the X register. 

6. Select the A register, and use the DATA ENTRY SWITCHES to load 
the first instruction of the Bootstrap Loader which is to be used, (i.e. 
102637 if the 7102 is to be used as a read-in device, and 102601 if the 
6401 is to be used as a read-in device). 

7. Press STEP. This will cause the instruction loaded into the A register 
to be stored in the Memory at the location address held in the P 
register. The P register will then automatically index forward by one 
to the next location address. 

8. Clear the A register by pressing BIT RESET, and load the next 
instruction in the respective Bootstrap into it, using the OAT A 
ENTRY SWITCHES. Repeat item 7. 

9. Load each Bootstrap instruction, in sequence, as in item 8, until the 
last one, 007772 for both forms, has been entered into the Memory. 
The fu II Bootstrap wi II have been loaded. 
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Note: If at any time during loading the Bootstrap, an incorrect 
location address or instruction is loaded into a register, correct it 
BEFORE PROCEEDING ANY FURTHER with the loading pro
cedure by pressing BIT RESET and reloading it. 

As the Bootstrap Loader must be entered into the Computer manually, it 
is easy to introduce errors, and must thus be checked before proceeding any 
further with setting up the system for operation. This is done as follows: 

1. Repeat items 1 to 5 contained in the instructions for loading the 
Bootstrap Loader, only this time, load the instruction 014000 in the 
U register. This instruction will cause the contents of the location 
whose address is held in the P register to be displayed in the A 
register. 

2. Select the A register and press STEP. The contents of the location 
whose address is held in the P register, i.e. the first instruction of the 
Bootstrap, will be displayed on the DATA ENTRY SWITCH IN
DICATORS. Check that it is correct. 

3. Each time STEP is pressed, the next instruction will be displayed. 
Check each one, and make a note of any that are incorrect. When the 
checking is complete, disable REPEAT. 

4. Correct any instruction found to be incorrect by loading its location 
address in the P register, the instruction 054000 in the U register, the 
correct Bootstrap instruction into the A register, and pressing STEP. 
Repeat for each incorrect instruction found. (If more than one in
struction requires correction, enable REPEAT when loading 054000 
into the U register. Otherwise it will have to be reloaded for each 
instruction corrected. Disable REPEAT when the last correction has 
been made). 

After ·making any corrections required, recheck the Bootstrap. When it 
has been confirmed as being correct, proceed to the next step in the 
operating procedure. 

2.4.2. Loading the BLD 

The 7504 is normally delivered with the BLD II. This is entered into the 
Computer using the Bootstrap, previously loaded, via the input device 
defined by the Bootstrap Loader used. Its entry enables binary programs to 
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be loaded and operated in the Computer. Note that B LD II is the same, 
whichever input device is to be used. In this matter, it differs from previous 
BLDs where the format differed acc9rding to the input device. Note also 
that the instructions given here apply to B LD II ONLY. 

BLD II is rather more sophisticated then previous BLDs in that it allows 
one of four options to be selected prior to loading it. These options allow 
the user to select the point in the memory at which BLD II will reside, to 
select the punch on the 6401 or the Tape Punch Type 6301 as an output 
device for punching tapes, and to load a program spliced with BLD II and 
execute the program without further intervention. For full details of the 
capabilities of BLD II, refer to Section 22 of the Varian Handbook. Note 
however, that in contrast to the options on output, the only input device 
which can be used to load programs (and BLD II itself) is that specified by 
the particular Bootstrap loaded previously. 

The loading procedure for BLD II is as follows: 

1. Place the B LD II tape in the reader specified by the particular 
Bootstrap loaded previously such that it will feed in the correct 
direction, and such that the first significant character of the tape is 
over the read head. The first significant character of the tape is 
identified in Fig.2.2. The correct direction of the tape may be iden
tified from the arrows printed on it, which point towards its front 
end. Wh~re no arrows are present on the tape, its direction may be 
identified as shown in Fig.2.3. The correct direction for the tape to 
feed through the reader is from right to left in the 7102, and forwards 
in the 6401. 

2. Secure the tape in the Reader by pushing down the steel plate over 
the read head on the 7102, or by clipping down the perspex cover 
over the read head in the 6401. 

0 0 0 0 I 

~ 0 0 0 
I 0 
I 0 0 

' 0 0 . " 
I 

0 0 
I 

0 I 
I 0 

I 
First significant Character 572017 

Fig.2.2. First Significant Character of BLD II 
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Fig.2.3. Ascertaining Tape Direction 

3. Load 007770 into the P register. This is the entry point for the 
Bootstrap Load Routine. Load 007000 into the X register. This means 
that BLD II will be stored in the Computer Memory starting at 
location address 007000. 

4. Clear the other registers. Set the SENSE SWITCHES to correspond to 
the option selected. In the following procedure it is assumed that no 
SENSE SWITCH is set. Should another option have been selected, 
some instructions given in the procedure following might differ slight
ly, e.g., the address set in the P register to load a program may differ. 
Refer to Section 22 of the Varian Handbook for details. 

5. Press SYSTEM RESET and RUN. If the 6401 is being used as an input 
device, set the switch on its reader to "Start". 

6. The BLD II tape will feed through the reader, and stop when it has 
been entered completely. The Computer will go into its "Step" mode, 
i.e., the STEP indicator will come on. 

7. Although BLD II initially reads into locations 007000 to 007755, 
after read-in, it will immediately relocate to 0 x 7000 to 0 x 7755, 
where x = 0 for a 4k memory, 1 for 8k, 2 for 12k, and so on, up to 7 
for 32k. 

8. Check that the B LD II has read in correctly by selecting the P and 
then the U register. They should contain 0 x 7600, where x has the 
same meaning .as in item 7, and 000001 respectively. A further check 
can be to see that the Bootstrap is unchanged. Other registers should 
be clear. 

Note again that the procedure given above (and following in Section 4.3) 
may be altered if a different option to that specified is chosen. For 
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complete details of operating BLD II, refer to the Varian Handbook, as the 
account will go no further than the loading of programs and setting them 
into their "Run" mode. 

2.4.3. Loading of Programs 

Once BLD II has been loaded, any Binary Program (also known as Object 
Programs) can be entered into the Computer and set into operation and thus 
the system can be set to perform the desired function. Programs must be 
entered using the input device specified by the respective Bootstrap loaded 
previously. Note again that the following instructions are for the BLD II 
option specified in Section 4.2, and may differ if a different option was 
selected. Refer to Section 22 of the Varian Handbook for full details. 

Binary Programs can be loaded as follows: 

1. Place the Program tape in the reader specified by the particular 
Bootstrap loaded previously such that it feeds in the correct direction. 
The direction of the tape and the direction in which it should feed 
through the reader is as detailed in item 1 of Section 2.4.2 .. 

2. At the front of the tape will be found three consecutive rub outs. 
These are identified in Fig.2.4. Position the tape in the reader such 
that one of the rub outs is over the read head.(Further sets of three 
rub outs will be found throughout the tape. They act as markers for 
blocks of data, a checksum being done on each block as the tape is 
read in). 

3. Secure the tape in the reader as detailed in item 2 of Section 2.4.2. 

00000~9~ 

199 
009 
0 0 0 
I I I 
000 
I I I 

00000000 
I I I 

0 9 0 
000 
I I I 
000 

Three Consecutive Rubouts 

172019 

Fig.2.4. Three Consecutive Rubouts 
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4. Set the P register to 0 x 7600, where x = 0 for a 4k memory, 1 for 8k, 
2 for 12k, and so on, up to 7 for 32k. Clear the other registers. 

5. If the 6401 is being used as the read-in device, ensure that the switch 
on its tape reader is set to "Stop". 

6. Press SYSTEM RESET and RUN. The program will feed through and 
stop when it has been entered completely. The Computer will go into 
its "Step" mode, i.e., the STEP indicator will come on. 

and the X registers. The P register should contain 0 x 7600, where x 
has the same significance as in item 4, the U register should contain 
000001, and the X register should contain the start address of the 
program, provided that this is defined in its last instruction. Otherwise 
it should be clear. All other registers should be clear. 

BLD II also allows options to be selected during the read-in of programs. 
For details of these, refer to Section 22 of the Varian Handbook. 

2.4.4. Operating the Program 

Once the program has been read in, it may be operated by selecting 
"Run" mode. This is achieved as follows: 

1. Set the P register to the start address of the program, and clear all 
other registers. 

2. Press SYSTEM RESET and RUN. The Computer will fetch and 
execute the first instruction in the program, and then carry out the 
rest of the instructions in sequence. With BLD II, the above sequence 
can be carried out automatically for programs whose start address is 
defined in their last instruction by loading a positive number in the A 
register (e.g., 000001) when they are entered. See Section 22 of the 
Varian Handbook for details. 

Once the Program has been set into its "Run" mode, the sequence of 
events will depend on the program itself. For instance, some programs may 
go directly into operation, while others may request more information by 
printing out a message on the 6401. The operating procedures for programs 
after they have been set into their "Run" mode will be found in the 
individual program descriptions. Refer to these also for descriptions of the 
programs themselves. 
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2.5. TURN OFF PROCEDURE 

When switching off the system, it is advised that the following procedure 
be followed. This is to avoid the possibility of switching transients deposit
ing false information in the registers and Memory, and hence to ensure the 
integrity of any information held in the Memory. 

1. Press SYSTEM RESET, and then clear each register in turn. 

2. Switch the key on the Computer front panel to its "Pwr off" position. 

3. Switch off the other equipments in the system. 

2.6. GENERAL OPERATION OF THE SYSTEM 

The most basic system which can be used for computing is the 7504 with 
the Teletypewriter Type 6401. As a basic input and output device, as well as 
an operator's console, the 6401 is indispensable. However, its main disad
vantage is that it is very slow when it comes to both reading and printing 
tapes, and can hence have a very drastic effect on the throughput of the 
system. 

The rate of reading tapes and the rate of punching can then be increased 
considerably by adding a Tape Reader Type 7102 and a Tape Punch 
Type 6301, respectively, to the system. The inclusion of either or both of 
these peripherals will greatly increase the throughput capability of it. Where 
the throughput possible using the 6401 as the input and output is insuf
ficient, either or both of these peripherals should be added. 

When using the 7102 as an input device, the use of the spools is not 
really necessary when loading short programs. For longer programs, how
ever, their use is advised, in order to avoid_ the possibility of damage to the 
program tapes due to tangles etc. In a system containing both the 7102 and 
the 6401, it is advisable that the former be used as the input device for 
program tapes where ever possible. This is because wear on tapes using the 
7102 is considerably less than with the 6401, since it uses an electronic 
reading method rather than a mechanical one. Further, it is far more likely 
to tolerate minor faults such as small tears in the tape. 

When a program tape is being read in, the Computer accepts information 
in blocks, and at the end of each block, it performs a checksum. The 
checksum is the exclusive OR of all the words in the particular block it 
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refers to. The blocks of information on the tape can be identified by a set of 
three consecutive rub outs coming between each one. If the checksum is 
found. to be incorrect for a particular block of information, the Computer 
will stop the tape reader. Thus, if a program tape stops reading-in halfway 
through, check the section of tape containing the block of information read 
in immediately prior to the stop. It should be inspected for damage, which 
might be a major tear, or something seemingly as minor as over-enlargement 
of sprocket holes due to continuous use. If no damage or wear is found, 
mark the place where the tape stopped, and attempt to refeed it, (if the tape 
has previously been known to be correct. If it is a new tape, it might be due 

-te--ptmehi·n~rro·rsHf-there---is-stHI--no-succeSS;-attempt-to-feed-another
copy. The final check should be to reload the Bootstrap and the BLD, and 
again refeed. 

On the subject of tapes in general, it is advisable to keep one or two 
master copies of each program tape used, (including such tapes as BLD II), 
which should never be used for general operation of the system. They 
should only be used to generate copies of the program tape, whenever 
needed, these copies being used for general operation. As an alternative to 
normal paper tape, it could be advantageous that any master copies be 
punched using mylar or metallised mylar tape, since such tape is much less 
easily damaged, and is much less sensitive to wear. Note that every program 
tape should be annotated with the program name and its start address. 

A very powerful system may be obtained by operating the Real Time 
Third Octave Analyzer Type 3347 on line with the 7504. This system 
enables the analysis of a multitude of acoustic and vibration problems. 
Connection of the two is detailed in section 2.2, and a full account of the 
operation and capabilities of the 3347 may be found be referring to the 
3347 Instructions and Applications manual. In a system using the 
3347/7504 combination, the 3347 operates continuously and supplies data 
to the 7504 either automatically at preset intervals under program control, 
using the Real Time or Interface Clock of the 7504, or manually, either 
using signals generated from the Computer caused by typing in a message on 
the 6401, or by using signals generated from the 3347 caused by pressing 
the READ OUT button on its Front Panel. The 7504 then operates on the 
data in a manner defined by the program. 

The setting up of the 7504 and 3347 for working in combination is 
exactly as normal, i.e., as described in this account and in the 3347 
Instructions and Applications Manual. Operation after the program has been 
fed in, however, is dependent on the individual program itself and it is thus 
necessary to refer to the actual program description. Note, however, that 
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the 3347 must be set up to supply exactly the kind of data demanded by 
the program, since the 7504 will accept it and operate on it regardless. It has 
no means of ascertaining the difference between correct and incorrect data. 
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3. PROGRAMMING 

Before it can be set up to perform some desired function, a program 
must be fed into the 7504. The writing of such programs is a subject in 
1tseiT,Dl.itllere orlows an mtroduct1on to 1 . 

3.1.1NTRODUCTION TO PROGRAMMING METHODS 

A computer program is a series of instructions coded in a manner which 
the computer can understand. The 7504 can recognise 133 different instruc
tions, each one of which is represented by a specific numerical code. The 
code is expressed in binary, and will occupy one or two 16 bit binary 
numbers. Added to these might be further 16 bit binary numbers, represent
ing data on which the program is to operate. When .the program is fed into 
the computer, the computer will carry out each instruction in it, in se
quence, exactly as it is written. Thus, if the computer is to produce the 
required result, it must be correct to the last detail. If the computer is given 
an incorrect program, it will produce incorrect results. It is given an 
instruction coded in a manner it cannot recognise, it will stop operation at 
that instruction. 

All the programs fed into the 7504 will be coded as above, in 16 bit 
binary words. A program coded as such is said to be written in Machine 
Code, or Machine Language, and is often called an object program. With the 
7504, there are three ways of obtaining a Machine Coded program. The first 
is to write it directly in Machine Code. The second is to write it in DAS 
Symbolic Code, and to translate it into machine code using the DAS 
Assembler and the Computer. The third way is to write it using either of the 
high level languages available on the 7504, FORTRAN IV or BASIC, and 
then use the Computer and the respective Compiler to translate it. Which
ever method is followed, a Machine Coded program results, which the 
computer can follow. However, the method followed will considerably 
affect the ease with which the program is produced, and its efficiency. 

Before an actual Computer program can be written, the function which 
the Computer is to perform must be broken down into a series of logical 
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operations. Each of these operations is then represented in a graphical form, 
in what is known as a flow-chart. An introduction to flow-charting may be 
found in Section 2 of Chapter II of the Varian Training Manual. The use of 
the flow-chart enables the problem to be broken down into the individual 
instructions which will eventually make up the program. When the flow
chart has been completed, it becomes possible to write the actual program, 
either directly in Machine Code, in DAS Symbolic Code, or in FORTRAN 
IV or BASIC. 

3.1.1. Machine Code Prowamming 

When a program is written in Machine code, it is written directly in the 
language that the Computer can understand, the instructions making up the 
program being encoded as binary numbers, and the data on which it is to 
operate also being encoded in binary. The completed program will thus be a 
string of binary numbers. 

A full listing of the Machine Code instructions recognised by the 7504 
may be found by referring to Section 20 of the Varian Handbook. Descrip
tions of the instruction formats and addressing modes possible may be 
found in Sections 18 and 19 respectively of the Varian Handbook. Some 
examples of the instructions which will be found there, using some of the 
different formats and addressing modes possible, follow together with 
explanations of their meanings. Note that they are written in octal, and thus 
the two most significant figures in the instruction form the Op-Code field, 
the third most significant figure forms the M field, and the three least 
significant figure forms the A field. (See Section 18 of the Varian Hand
book). 

The examples illustrate the four instruction formats, those being Single 
and Double Word Addressing and Non-Addressing. They also illustrate the 
addressing modes, these being Direct, Relative, (in the example, relative to 
the P register, but also possible relative to the X orB registers as well, when 
it is then known as Indexing), and Indirect. Note that Extended-Addressing, 
also available on the 7504, is really a form of Indirect Addressing used for 
instructions where this form of addressing is not normally available. For a 
full list of instruction formats, Addressing Modes, and the instructions 
themselves, refer to Sections 18, 19 and 20 of the Varian Handbook 
respectively. 

054163 The Op-Code field contains 05 which is the code for storing the 
A register. The M field contains 4 ( 100 in binary) which in-
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123243 

001244 
013621 

006150· 
004163 

26 

dicates that the storage location is accessed with respect to the P 
register. The A field contains the address. The complete instruc
tion thus means that the contents of the A register are to be 
stored at the location in the memory whose octal address is the 
contents of the P register plus the A field, i.e., P + 163. 

The Op-Code field specifies the addition of the contents of the 
Memory Location to the A register. The M field, when ex
panded into binary, gives 011. The 0 in the most significant bit 
of the M field signifies that the instruction addresses directly, its 
t-we- least-sigRi-f.iea-nt- ei-t-s--bei-ng-adeed-te-the-A-f-ie1d-to-give-th-e
complete address, that being ( 11) 243, i.e. 3243. The complete 
instruction thus means add the contents of the location in the 
memory whose octal address is 3243 to the A register. 

This instruction is different from the previous two in that it is 
Double Word Addressing. The previous two were Single Word 
Addressing. The Op-Code field and M field specify that it is a 
double length instruction, which is of the jump variety. TheA 
field specifies the jump conditions, these being that SENSE 
SWITCH 1 is set, the 8 register is zero, and that the A register is 
positive. The second word defines the jump address. The com
plete instruction thus means Jump to the instruction stored in 
the memory at octal location 13621 if SENSE SWITCH 1 is set, 
the 8 register is zero, and the A register is positive. 

Note that the 0 in the most significant Octal position of the 
address specifies that it is direct addressing, i.e. 13621 is the 
actual jump address. If it were 1, it would specify indirect ad
dressing. The instruction would then cause a jump to the in
struction held at the location in the memory whose address is 
held at octal location 13621, if the Jump conditions were met. 
Note also that the indirect addressing could be extended, if this 
second location also held an indirect address. 

This instruction is Double Word Non-Addressing. The Op-Code, 
A and M fields combine to specify that a logical-AND is per
formed between an operand and the contents of the A register, 
the result being placed in the A register. The second word is the 
operand. The instruction thus means perform a logical -AND 



between 004163 and the contents of the A register, and place 
the result in the A register. 

Address of Unconditional 
Jump Instruction or 
Jump Address 

Fig.3. 1. Flow Chart of Bootstrap Loader 
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Some examples of simple Machine Coded programs may be found in 
Section 3 of the Chapter II of the Varian Training Manual. These also 
illustrate the use of Mnemonics which are a useful aid when writing Machine 
Coded programs. They are a means of annotating an instruction with its 
meaning. 

Figure 3.1 gives a flow-chart for the most basic of all Machine Coded 
programs, the Bootstrap Loader. Each point in the chart is annotated with 
the address of the instruction that it referred to. It is a useful exercise to 
decode the instructions in the Bootstrap, and confirm that they conform 

- wltn-fhe-t ow-chart g1ven. tr1Salso use ul to work througn the proce ure 
for loading one 16 bit word into the computer using the Bootstrap. (Note 
that the reader reads 6 bits at a time). 

3.1.2. DAS Symbolic Code Programming 

Writing a program using DAS Symbolic Code is essentially the same as 
writing it using machine code, in that the sequence of instructions, and the 
instructions themselves, will be similar. The big difference, however, is that 
when writing the program, DAS enables the instructions to be represented 
symbolically, using mnemonics for the instructions, and symbols for addres
ses and data etc. This greatly simplifies the writing of programs, since the 
bookkeeping etc. needed when writing in machine code,in order to keep 
track of the contents of memory locations and where data is stored, is 
greatly reduced. 

Whereas a Machine Coded program is a string of numbers, a program 
written in DAS Symbolic Code is a string of alphanumeric symbols. The 
Machine Code instructions are represented by their respective mnemonics 
(ref. Section 20 of the Varian Handbook). These govern the actual running 
of the program, e.g., the loading and storing of data, arithmetic operations, 
jump instructions and so on, i.e., they form the actual data processing 
instructions. In addition to these, various "DAS Directives" are used, also in 
mnemonic form. These are instructions to the DAS Assembler, and a listing 
of them, together with their function, may be found in Section 21 of the 
Varian Handbook. They are used during the actual assembly of the program, 
e.g., to define symbols used, to define the first address of the program, to 
reserve memory space for data, and so on. A completed program, written in 
DAS Symbolic Code, will thus include both processing instructions and 
DAS Directives. The program is then translated into Machine Code using the 
7504 with the DAS Assembler program in the Memory. 
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Like Machine Code instructions, DAS Symbolically Coded instructions 
contain several fields. The first of them is called the label field. Its use with 
processing instructions is optional, and it is (primarily) used to give them 
symbolic labels, e.g., to identify a jump address, a load or store address and 
so on. In some of the DAS Directives, however, its use is mandatory, and 
here its functions will vary. Refer to Section 21 of the Varian Handbook for 
details. 

The second field, or operation field, is used to actually define the 
instruction. It contains the instruction mnemonics used for both the proces
sing instructions and the DAS Directives. The processing instruction 
mnemonics and DAS Directive mnemonics are listed in Sections 20 and 21 
respectively of the Varian Handbook. Note, however, that the mnemonic in 
the operation field only defines the instruction in a broad sense, e.g., that it 
is to store the A register, or to reserve memory locations for data, or that it 
is to jump etc. 

Fig.3.2. Flow Chart of Square Root Program 
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The third field, or variable field, is used to further define the instruction 
in the operation field. It is this field which makes an instruction defined 
generally in the operation field become specific. For instance, in a jum·p 
instruction, it will define the address (expressed symbolically) where the 
program must jump to, or in a directive reserving memory locations, define 
exactly how many to reserve. 

This leaves the fourth and final field, or comments field. This is for the 
addition of any comments required to clarify the program. This field is 
ignored by the Assembler, although it will appear on the listing. It is purely 

-----for-the-use-of-the-Pro9rammer--.---------------

Probably the best introduction to DAS Symbolic Coding is to work 
through a written program step by step, explaining each instruction and 
directive. The program used here is Example J from the Varian Training 
Manual (pages 11-48 to 11-50). Refer also to Section 21 of the Varian 
Handbook. For ease of explanation, the instructions have been numbered. 
The program calculates the square roots of octal 40 numbers, and stores the 
results. Its flow-chart is shown in Fig.3.2. 

Instruction 

Field 

Label Operation 

1. ,0RG 

2. ,LOX I 

3. NEXT ,LOB 

30 

Variable 

,0500 

,037 

,L0C,1 

Explanation 

DAS Directive telling the As
sembler that the first address in 
the program is to be 0500. 

Loads octal 37 into the X re
gister. 

Loads the B register. L0C in 
the Variable field defines an 
address and 1 defines indexing 
with the X register. The ad
dress of the data loaded into B 
is found by adding the con
tents of X to the address whose 
label is L0C~ Thus as X chan
ges, the address of the data 
loaded will change, and then 



4. ,CALL 

5. ,SBT 

6. ,JXZ 

7. ,DXR 

8. ,JMP 

the piece of data loaded will 
change. This enables the same 
instruction to access many 
pieces of data, just by changing 
the contents of X. Note that 
this instruction is to be acces
sed later in the program in a 
jump and is thus labelled 
NEXT. 

,XSOT,0777 DAS Directive used to call up 
the sub-routine labelled XSOT 
in its label field. It generates 
three words, a jump and mark 
instruction which is uncondi
tional, the jump address, label
led here as XSOT, and the in
struction 000777 immediately 
following the jump address, 
from 0777. 

,SORT,1 

,HALT 

,NEXT 

The program returns here when 
coming back from the sub
routine, with the square root 
calculated held in the B regis
ter. The instruction stores it at 
the location labelled SORT in
dexed with X, i.e. at SORT 
+ X. (See instruction 3). 

If the X register is zero, all the 
square roots have been calcul
ated, and the program jumps. 
The jump address is that label
led HALT in its label field. If X 
is not zero, it goes to the next 
instruction. 

The number in the X register is 
reduced by one. 

The program jumps back to the 
instruction labelled NEXT, i.e., 
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9. ,HALT ,HL T 

10. ,L0C ,DATA 

11. ,SORT ,BSS 

12. ,XSOT ,ENTR 

13. ,JBZ 

32 

instruction 3, to calculate the 
next square root. 

The label field identifies this 
instruction as the one jumped 
to from instruction 6 when X= 
0. It causes the program to 
stop. 

,25,30,36,.. DAS Directive setting aside me
mory locations for the data de
fined in the Variable field. 
Each piece of data, separated 
by commas, goes into one me
mory location. The first one is 
labelled L0C such that all the 
data can be assessed from in
struction 3. 

,040 

,EXIT+ 1 

DAS Directive reserving 40 oc
tal locations in the memory for 
the storage of the results. The 
first one is labelled SORT, so 
that the locations can be acces
sed from instruction 5. 

DAS Directive defining the ent
ry point of the sub-routine, 
labelled XSOT. Instruction 4 
jumps to this point, and stores 
here the address of the instruc
tion immediately following the 
jump address in Instruction 4, 
(i.e. the address of the instruc
tion 000777). 

If the B register is zero (i.e. 
trying to calculate the square 
root of 0), the program jumps 
to one instruction beyond the 
one labelled EX IT. 



14. ,TBA Transfers the contents of the B 
register to the A register, (i.e. 
both A & B contain the same 
number). 

15. ,JAN* ,XSOT Initiates error return if it is at-
tempted to find the square 
root of a negative number. If 
the A register is negative, it 
jumps to the instruction whose 
address is held at the memory 
location labelled XSOT. This 
instruction is 000777 (see in-
structions 4 and 12), which is a 
halt instruction (ref. Sec-
tion 20 of the Varian Hand-
book). If a negative number is 
found, the program thus halts 
with 000777 in the U register. 
Note that the asterisk indicates 
indirect addressing. 

16. ,STB ,NMBR Stores the contents of the B 
register at the memory location 
labelled NMBR. 

17. ,STB ,APRX Stores the contents of the B 
register at the memory .location 
labelled APRX. 

18. ,STX ,SAVE Stores the contents of the X 
register at the memory location 
labelled SAVE. 

19. ,LDXI ,7 Loads decimal 7 into the X re-
gister (The sub-routine will cal-
culate the square root by 7 sue-
cessive approximations). 

20. AGN ,TZA Zeros the A register. The in-
struction is labelled AGN, so 
that it may be accessed in a 
jump occuring later. 
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21. ,LOB 

22. ,DIV 

23. ,TBA 

24. ,ADD 

25. ,TAB 

26. ,ASRB 

27. ,STB 

,DXR 

29. ,JXZ 

34 

,NMBR 

,APRX 

,APRX 

,1 

,APRX 

,EXIT 

Loads the B register with the 
data held in the memory loca
tion labelled NMBR. 

Divides the A and B registers 
by the number held in the me
mory location labelled APRX. 
(Note that A has already been 
set to zero). The resu It is 
placed in the B register, with 

- the rema1ooer m A. 

The result is transferred to the 
A register (i.e. A = B = result). 

The number held at the memo
ry location labelled APRX is 
added to the A register, the 
sum being held in A. 

The contents of the A register 
are transferred to B. 

The contents of the B register 
are arithmetically shifted right, 
the variable field specifying a 
shift of one place. (This is 
equivalent to dividing by two). 

The contents of the B register 
are stored at the memory loca
tion labelled APRX, (i.e. they 
are the new approxi.mation). 

The contents of the X register 
are reduced by 1. 

If X is zero, seven successive 
approximations have been 
made, and the square root cal
culated. The program jumps to 
the instruction labelled EXIT. 



30. ,JMP 

31. EXIT ,LOX 

• 

32. ,INR 

33. ,RETU* 

34. NMBR ,BSS 

,AGN 

,SAVE 

,XSOT 

,XSOT 

,1 

If X is not zero, the program 
comes to this instruction, 
which causes it to jump to the 
instruction labelled AGN (In
struction 20) to make a further 
approximation. 

The X register is reloaded with 
the number previously stored 
at the memory location label
led SAVE. 
The instruction is labelled 
EX IT so that it may be acces
sed from instruction 29. 

The number held in the memo
ry location labelled XSOT is 
increased by 1. (This number is 
the address of the instruction 
in the main program which the 
sub-routine will return to. In
creasing it by one means that 
the address held is that of in
struction 5, the proper return 
point, such that the program 
may continue. Otherwise it 
would return to 000777 and 
halt). 

DAS Directive causing an exit 
from the sub-routine by caus
ing the program to jump to the 
address held at the memory lo
cation labelled XSOT. The 
asterisk indicates indirect ad
dressing. 

DAS Directive reserving one 
memory location for the 
storage of data. The location is 
labelled NMBR so that it can 
be accessed from instructions 
16 and 21. 
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35. APRX ,BSS 

36. SAVE ,BSS 

37. ,END 

,1 

,1 

Same function as instruction 
35, except that the location is 
labelled AP RX for accessing 
from instructions 17, 22, 24, 
and 27. 

Same function as instruction 
35, except that the location is 
labelled SAVE for accessing 
from instructions 18 and 31. 

DAS Directive indicating the 
end of the program. 

A listing of the program, in both DAS Symbolic Coding and Machine 
Code can be found on pages 11-51, to 11-53 of the Varian Training Manual. It 
is a useful exercise to decode the Machine Coded instructions, and confirm 
that they conform with the original Symbolic program. Note that the 
symbols used in the sub-routine are listed, together with the addresses that 
they refer to. If literals and pointers had been used, they also would have 
been listed. 

Literals are used with constants, their use avoiding using more than one 
memory location for storing each one when the same constants are accessed 
several times in a program. They also give a slightly shortened way of 
writing an instruction, for instance, in loading a register with a constant, 
say, octal 77. Using literals, it would be written: 

LOA ,=077 

077 would immediately be assigned a memory location, which could then 
be accessed each time it was required by writing the respective load 
instruction with = 077 in the variable field. Note, however, that the same 
end could be achieved as follows: 

,LDAI ,077 
,STA ,CONS 

CONS ,BSS ,1 

or ,LOA ,CONS 
CONS ,DATA ,077 

36 
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The constant could then be accessed each time it was required by writing 
the respective load instruction with CONS in the variable field. Note that 
the assembler always stores literals from memory location 1000. 

Pointers are used in indirect addressing. The pointer is the memory 
location where the address being accessed is stored, and is generated by the 
Assembler when it cannot address by any other means. Note, however, that 
the indirect addressing used, for instance, when jumping out of a sub
routine originally accessed by a jump and mark instruction, will not gene
rate a pointer. Accessing information held at memo locations which must 
be indirectly addressed, however, will. Pointers are always stored by the 
Assembler from memory location 200. 

Note that writing a program in DAS Symbolic Code, then translating it 
into Machine code using the DAS Assembler does not in any way com
promise the efficiency of the final program produced. It will still contain 
the same number of instructions as would be required if the programmer 
had written it originally in Machine Code. Thus, it is always preferable to 
write programs using Symbolic Code, since it is the easier method of the 
two. Also, the fact that it is easier will mean that it is much less error prone, 
this in turn making the debugging operation, after translation, so much 
simpler. Note that when using Symbolic Coding (or any coding requiring 
translation) the Symbolically Coded program is known as the source pro
gram, while the translated program is known as the object program. 

3.1.3. High Level Language Programming 

By far the easiest way of programming the 7504 is to use either of the 
high level languages available on it, i.e., FORTRAN IV or BASIC. Their 
main feature, from the users point of view, is that they need little or no 
appreciation of the aspects of programming the Computer in Machine or 
Symbolic Code, or of the Computer itself and enable instructions to be 
written in a concise, highly readable form. 

An example of their .simplicity of use follows: suppose at some time in a 
program it was required to solve a quadratic equation. This would mean that 
at some time a value would have to be computed for the term Jb2 - 4ac. 
When writing in Machine or Symbolic Code, this would involve instructions 
to retrieve a from the Memory, and place it in a register. It would then be 
needed to multiply it by c and then use a shift instruction to compute 4ac. 
This would then be stored. b would then be needed to be retrieved from the 
Memory, placed in a register, and multiplied by itself. 
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4ac would then be subtracted from it. It would then be necessary to 
write a sub-routine to find the square root of the result. The entire sequence 
would require many instructions. In, for instance, FORTRAN though, it 
would involve writing just one instruction, namely: 

Y = SQR (B * * 2 - 4.0 * A * C) 

The compiler will do the rest. 

Further to their simplicity of use, FORTRAN IV and BASIC are very 
easy to learn. For instance, the learning cycle for machine or symbolic code 
might be a matter of weeks, a real appreciation of programming in them 
only coming after months. of use. The learning cycle for BASIC, however, 
probably the simplest of all languages to use, is probably only a matter of 
hours, and appreciation coming in a week or two. FORTRAN IV will 
probably take a bit longer. 

The 7504 (provided its memory is ~Sk) is delivered with both a 
FORTRAN IV and a BASIC Compiler. The FORTRAN IV Compiler 
operates similarly to the DAS Assembler, in that a source program is written 
in FORTRAN IV, and then translated into an object program using the 
computer with the Compiler in the Memory. The object program is then 
loaded into the Computer and run using a special FORTRAN IV loader. 

The BASIC Compiler operates differently. BASIC is essentially a con
versational language. It is normally used with the BASIC Compiler held in 
the Computer Memory, instructions and programs being typed in via the 
6401. For a full description of both the BASIC and FORTRAN IV com
pilers, refer to their individual documentation. 

3.2. GENERAL PROGRAMMING AND OPERATION 

The DAS Assembler is available in three basic forms, these being DAS 
4A, DAS SA and DAS MR. DAS 4A operates using the most basic system, 
that is, a 7504 with a 4k Memory, and an on-line 6401. DAS SA requires a 
7504 with an Sk Memory and can use additional peripherals to the 6401, 
e.g., magnetic or paper tape equipment. Both can also operate in and use 
Memories in excess of Sk. DAS M R operates under control of the Varian 
Master Operating System (MOS, see Section 27 of the Varian Handbook). 

The minimum configuration in which both the FORTRAN IV and 
BASIC Compilers can operate is a 7504 with a minimum of Sk Memory, and 
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a 6401. There is also a further FORTRAN IV Compiler for operation with 
the Varian MOS, but this requires a minimum Memory size of 12k. Note 
that when operating with the BASIC compiler, the compiler itself takes up 
approximately 6k of the Memory, which thus only leaves about 2k of the 
minimum configuration available for holding programs and data. 

Whether programming is carried out using Machine or Symbolic Coding, 
or using the FORTRAN IV or BASIC Compilers is largely a matter of 
personal choice. The latter method is certainly the easier, both to learn and 
for actually writing programs. However, it is a general rule that the easier it 

-.sto wnte the source program, t e less efficient the object program will be. 
(The efficiency of an object program may be measured by the number of 
instructions it requires to achieve a particular end). The FORTRAN IV and 
BASIC Compilers work by using sub-routines of a highly general nature, 
which are inserted into the object program. These sub-routines will normally 
be far more general (and hence longer and more complex) than the object 
program produced requires. When writing in Machine or Symbolic Code, it 
is possible to make the sub-routines specific to purpose of the program. 
They can thus be kept as short and simple as their purpose will allow. 
Hence, a program written in Machine or Symbolic Code can be kept to the 
minimum number of instructions required to achieve the desired end. Using 
the FORTRAN IV or BASIC Compiler, the writing of the program will be 
much simpler, but the object program produced will contain many more 
instructions, meaning that it will take longer to execute and will require 
more Memory space. Thus, wherever time or Memory space is at a premium, 
Machine or Symbolic Coding, rather than FORTRAN IV or BASIC, should 
be used for writing programs. 

Note, that B & K maintains within its staff, senior application program
ming specialists, well qualified to assist the user in the preparation of 
application programs. They have also produced special software for the 
application . of the 7504/3347 to various acoustic and vibration measure
ments. 
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4. DESCRIPTION OF INTERFACE 

In this chapter, the I nterface of the 7 504 to the 71 02, the Tape Punch 
Type 6301 and the Real Time Third Octave Analyzer Type 3347 is briefly 
described, together with the various instructions which may be used when 
programming in DAS Symbolic Code to command it. Descriptions of other 
aspects of the 7504 may be found by referring to Sections 8 to 13 of the 
Varian Handbook. For descriptions of the 6401 and 7102, refer to the 
relevant Teletype and S.E. literature respectively. The interface is mounted 
in board ZD 0057, normally found in slot 21 of the 7504 mainframe 
chassis. 

4.1. GENERAL DESCRIPTION 

Data 
lines to C.P .U. 

Control lines 
from C.P.U . 

Sensing 

and 

Control 

logic 

!<!:=:=:=:=:=:=:=:=:=:~Control lines to 3347 

!<::===:::::::J Data input from 3347 

Data input from 7102 

Data output to 6301 

572022 

Fig.4.1. Block Diagram of 7504 Interface 

The basic function of the Interface of the 7504 is to allow the direct 
connection of the 3347, the 6301 and the 7102. Its block diagram is given 
in Fig.4.1. As can be seen, it may be divided into 4 main parts as follows: 
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1. A 14 bit Buffer for the input of data from the 3347 to the Sensing 
and Control Logic. 

2. An 8 bit Read/Punch Buffer, which may be used to accept data from 
the 7102, and input it to the Sensing and Control Logic, or accept 
data from the Sensing and Control Logic, and output it to the 6301, 
depending on the setting of the Input/Output Switch. 

3. An Adjustable Clock. 

4. I FieSensmg anct Control--cog1c, wh1ch operates underthe control o~ 
the C.P.U. and in turn controls the Interface, setting up the control 
signals required for the acceptance or transmission of data as de
manded by the system software. It selects the input or output re
quired by the software, and senses and generates the control signals 
required for the data transfer to take place. It then strobes the 
selected buffer and accepts the data and transmits it to the C.P.U. as it 
is received, or replaces it with new data from the C.P.U. as it is 
transmitted. 

The various inputs and outputs of the Interface and the Adjustable Clock 
are described in more detail in Sections 4.3, 4.4, 4.5 and 4.6. 

In addition to allowing the data transfers specified above to take place, 
the Interface can also generate five interrupt signals to the Priority Interrupt 
Module. These are: 

1. Read/Punch Buffer Ready 

2. Data Ready (from the 3347) 

3. Inverted End of Scan (from the 3347, to allow the interrupt to be 
initiated from it manually) 

4. End of Scan 

5. The Clock Signal 

These signals are taken from contacts 64, 66, 68, 70 and 72, respectively, 
of the Interface board. (The contacts are counted from the top of the 
board, with the odd numbered ones on the component side of the board). 
These contacts are identified in Fig.4.2, and must be hardwired to the 
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Fig.4.2. Position of Interface Contacts to P.I.M. 

P.I.M. if any of them are to be used. (For details of the P.I.M., refer to 
Section 12 of the Varian Handbook, and any other relevant Varian Litera
ture). 

4.2. INSTRUCTIONS TO THE INTERFACE 

The instructions which the Interface will recognise are given in Tables 4.1 
and 4.2. Note that the instructions given in Table 4.1 are those normally 
associated with operation on-line with the 3347. Those in Table 4.2 are 
those normally associated with input from the 7102 and output to the 
6301. 
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Instruction Function 

EXC 0777 Generate Data Request 
0677 Auto Store on 
0577 Auto Store off 

SEN 0777 Sense End of Scan 
0677 Sense Data Ready 
0577 Sense Out of Range 
0477 Sense Overload 
0377 Sense Under Range 

- o27-,- Sense Over Range 
INA 077 Input to cleared A register 
IME 077 Input of Memory 
INB 077 Input to B register 
CIB 077 Input to cleared 8 register 
EXC 0763 Call 1 000 msec. clock 

0663 Call 500 msec. clock 
0563 Call 200 msec. clock 
0463 Call 1 00 msec. clock 
0363 Call 50 msec. clock 
0263 Call 20 msec. clock 
0163 Call 10 msec. clock 
0063 Call hardwired clock 

SEN 0763 Sense clock 072038 

Table 4. 1. Instructions Recognised by Interface (3347) 

I nstruction Function 

EXC 

SEN 
CIA 

OAR 

0737 Read one character forwards 
0637 Punch buffer contents 
0537 Start Reader 
0437 Stop Reader 
0337 Read one character backwards 
0537 Sense read-punch buffer ready 
037 Input from read-punch buffer to 

cleared A register 
037 Output to read-punch buffer and punch 

072039 
Table 4.2. Instructions Recognised by Interface (6301/7102) 

43 



4.3. INPUT FROM REAL TIME THIRD OCTAVE ANALYZER 
TYPE 3347 

The 3347 is connected to the interface, using cable AO 0085, via a 
McMurdo DB-25 P plug, (B & K part number JP 2500). The pin arrange
ment is shown in Fig.4.3. The view shown is that from the outside of the 
socket, or from the rear of the plug. 

The pin identification for the plug is given in Table 4.3. 

Pin Number Function 

1 Over Range 
2 Under Range 
3 Overload 
4 Bit 2 
5 Data Request 
6 Bit 11 
7 Bit 4 
8 Bit 5 
9 Bit 13 

10 Bit 6 
11 Bit 0 
12 Ground 
13 Bit 9 
14 Manual Start 
15 End of Scan 
16 Data Ready 
17 Bit 1 
18 Data Received 
19 Bit 12 
20 Bit 7 
21 Bit 10 
22 Bit 8 
23 Auto Store 
24 No Connection 
25 Bit 3 

072043 

Table 4.3. Pin Identification, 3347 Input 
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0 1 
14 0 0 2 
15 0 3 
16 0 ° 
17 0 ° 4 

0 5 
18 0 

0 6 
19 0 

0 7 
20 0 

0 8 
21 0 

22 0 ° 9 
---o16 

23 0 
24 0 011 
25 0 012 

013 

572010 

Fig.4.3. Terminal Layout of McMurdo DB-25P plug, stock number JP 2500 

For details of the timing of the Control Signals etc. during a data 
transmission, refer to the 3347 Instructions and Applications Manual. Note 
that the presence of the 14 bit Buffer between the Input and the sensing 
and Control Logic ensures that the maximum readout speed can, under 
normal circumstances, be obtained. When the data from a particular channel 
is standing on the data lines (and hence on the input to the 14 bit Buffer), 
the 3347 transmits a "Data Ready" signal. Under normal circumstances, the 
Buffer will be empty, and this data is immediately strobed into it. The 
Interface can thus transmit a "Data Received" pulse back to the 3347, 
which will arrive within the required 6.6 Jlsec., from the transmission of the 
"Data Ready" signal, for its multiplexer to step on to the next channel 
within the critical timing. The Interface then strobes the information held in 
the Buffer into the C.P.U. This process ensures that the 3347 can transmit a 
complete, 39 channel spectrum within the minimum time, i.e., approx. 
2.15 msec .. Note, however, that if the Buffer is not empty when the "Data 
Ready" signal is received, e.g., where data is being read in slowly, the new 
data will not be strobed into the Buffer until it has been emptied, and the 
return of the "Data Received" pulse within the critical timing will not be 
achieved. Hence, the transmission of the complete 39 channel spectrum will 
take somewhat longer under these circumstances. 

Note that the 3347 transmits data in a 14 bit 8-4-2-1 BCD code and that 
the interface receives it and transfers it to the C.P.U. in the same code. 
Thus, any conversion to a more convenient and economical code for 
computer processing must take place under software control. 
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A typical read-in sub-routine for a complete 39 channel spectrum might 
look as follows: 

STRT ,EXC ,0777 
,LDXI ,39 

NEXT ,SEN ,0677 ,* +6 
,SEN ,0777 ,STRT 
,JMP * -4 , 
,CIA ,077 
,DXR 
,STA ,SPCT , 1 
,JXZ ,* +4 
,JMP ,NEXT 
,SEN ,0777 ,* +2 
,JMP ,STRT 

It starts by generating a "Data Request" pulse, then loads the X register 
with the number of spectra to be loaded (decimal 39). It then senses for the 
"Data Ready" signal (logic "1"). If it has been received, it loads the 
contents of the Buffer into the A register and stores them, relative to X, at 
some location labelled elsewere in the main program as SPCT. If it has not 
been received, it proceeds to the next instruction, and senses the "End of 
Scan" signal, which should be logic "0" during transmission. If logic" 1" is 
found, an error return is initiated and the sub-routine is restarted. If it 
senses the correct "End of Scan" signal, it proceeds to the next instruction, 
which causes it to jump back and again sense the "Data Ready" signal. It 
continues in this cycle until the correct "Data Ready" signal has been 
received, when it goes on to store the piece of data transmitted. (Note that 
the X register is decremented prior to storage, to ensure that the correct 
locations are accessed). If the X register is zero, all the data to be stored has 
been transmitted, and the sub-routine jumps again to sense the "End of 
Scan" signal. Since transmission is over, it should be at logic "1 ",and hence, 
if this condition is found, the sub-routine jumps to the next instruction in 
the main program. If this condition is not found, an error return is initiated 
and the sub-routine is restarted (Note that the "End of Scan" signal requires 
2 to 3JJ.sec. to return to logic "1" after the receipt of the last "Data 
Received" pulse. The sub-routine requires approximately 13 JJ.sec. to reach 
the sense instruction after transmission of this pulse). If the X register is not 
zero, the sub-routine returns to load and stores the next piece of data. 
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4.4. OUTPUT TO TAPE PUNCH TYPE 6301 

The 6301 is connected to the interface, using cable AO 0103, via a 
McMurdo DA-15P plug, B & K part number JP 1501. The pin arrangement is 
shown in Fig.4.4. The view shown is that from the outside of the socket, or 
from the rear of the plug. 

01 
90 02 
()0 0 3 
10-

04 
20 05 
30 06 
40 07 
50 08 

572024 

Fig.4.4. Terminal Layout of McMurdo DA-15P plug, stock number JP 1601 

The pin identification for the plug is given in Table 4.4. 

Pin Number Function 

1 Bit 0 
2 Bit 1 
3 Bit 2 
4 Bit 3 
5 Bit 4 
6 Bit 5 
7 Bit 6 
8 Bit 7 
9 6301 Connected 

10 Ground 
11 Ground 
12 Ground 
13 Not connected 
14 6301 Ready 
15 Punch Buffer 

072044 

Table 4.4. Pin Identification, 6301 Input 
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Note that pins 1 and 2 within the 6301 are connected together. 

For details of the timing of control signals etc. during a data transmis
sion, refer to the 6301 Instructions and Applications Manual. Note that it is 
the SUPPLEMENTARY SOURCE INPUT of the 6301 which is used. 

Punching could take place using the following group of instructions 

,SEN 
,JMP 
,OAR 

,0537 
,*-2 
,037 

*+4 

A program containing these instructions would remain in the Sense/jump 
cycle until such a time that the Read/Punch Buffer was ready: On sensing 
the "Buffer Ready" signal, the program would jump to the third instruc
tion, which would load the Read/Punch Buffer and punch its contents. Note 
that the bits loaded into the Buffer are always the 8 least significant bits of 
whatever is held in the A register, (or the B register, or the Memory, if either 
of them are being used). Note also that the punch cycle is always carried out 
automatically when using the OAR 037 (or OBR 037 or OME 037) instruc
tion. 

4.5. INPUT FROM 7102 

The 7102 is connected to the Interface, using cable AO 0102, via a 
McMurdo DA-15S plug, B & K part number JJ 1504. Note that the plug is 
the socket corresponding to the McMurdo DA-15P, and the pin arrangement 
is hence the obverse of Fig.4.4. Connection to the 7102 is via an Amphenol 
26-4501-245 Connector, B & K part number JJ 2405, the pin arrangement 
of which is shown in Fig.4.5. 

The pin identification for both plugs is given in Table 4.5. 

512027 

Fig.4.5. Terminal Layout of Amphenol 26-4510-245 connector, stock 
number JJ 2405 
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Pin Number Connection Pin Number 
JJ 1504 JJ 2405 

1 Reader Connected 3 
2 Ground 4 
3 Ground 7 
4 Not Connected -
5 Not Connected -
6 Drive Pulse backwards 6 
7 Drive Pulse forwards 8 
8 Bito 24 
9 Bit 1 22 

10 Bit 2 20 
11 Bit 3 18 
12 Bit 4 16 
13 Bit 5 14 
14 Bit 6 12 
15 Bit 7 10 072045 

Table 4.5. Pin Identification, 7102 Output and Input 

For details of the timing of control signals etc., refer to the relevant S.E. 
Literature. 

When reading, the 7102 operates entirely under software control from 
the 7504. Read-in could take place using the following group of instructions 

,SEN ,0537 , * + 4 
,JMP ,*-2 
,EXC ,0737 
,CIA ,037 

A program containing these instructions would wait in the Sense/ jump 
cycle until it sensed that the Buffer was ready. On Sensing the "Buffer 
Ready" signal, it would jump to the third instruction. This instruction then 
generates an 8 msec. clock cycle. During the first msec. of it, the data 
standing on the input to the Buffer is strobed into it, and a 1 msec. drive 
pulse (forwards ithis case, but backwards in the case of the EXC 0337 
instruction) is generated, such that the tape moves to the next character. 
The Buffer contents are then read into the A register. Note the character 
read in during the cycle is the one which was over the read head at its start. 
Note also that it is always read in to the 8 least significant bit positions of 
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the A register (or B register, or Memory, if used). On completion of the 
8 msec. cycle, the next character will be standing over the read head. 
However, to read it in it is necessary to repeat the instruction cycle. 

If the EXC 0537 instruction is used, the 8 msec. cycle will be restarted 
automatically each time it is completed, and hence the 7102 will read 
continuously instead of in a step by mode as above. Note, however, that it is 
still necessary to sense the buffer to load each character into a register as the 
Memory. 

4.6. THE ADJUSTABLE CLOCK 

In addition to its various inputs and outputs, the Interface contains an 
Adjustable Clock. This can be set to deliver clock pulses at 10, 20, 50, 100, 
200, 500 or 1000 msec. by using one of the EXC OX63 instructions given in 
Table 4.1, where X is between 0 and 7, depending on the clock frequency 
required. It is used for reading-in data at set time intervals, such as spectra 
from a Real Time Analyzer Type 3347. Once the clock frequency has been 
set, its pulses are sensed by using a sense/jump cycle as follows: 

,SEN ,0763 * + 4 
,JMP ,* -2 

Once in the cycle, the program will remain in it until receipt of a logic 
"1" from the clock, whereby it will go to the instruction immediately 
following the jump instruction, e.g., the start of a read-in sub-routine for 
reading in a spectrum from the 3347. 

The clock may also be hardwired to one of its values. This value is then 
automatically selected whenever the 7504 is switched on, or SYSTEM 
RESET is pressed. It will only be reset to a different value on receipt of an 
EXC OX63 instruction. The significance of this is that any software using 
the clock which does not have an EXC OX63 instruction will automatically 
operate on the hardwired value. (Note that this applies to early B & K 
Software, produced when only a 500 msec. clock was available. When fed 
into the 7504, this software will operate using the hardwired clock. See the 
individual program descriptions for details). Where a single clock frequency 
is common to many programs, the clock may be hardwired to this value, 
making its selection in these programs unnecessary. The points between 
which the hardwire (a short circuit) is connected are shown in Fig.4.6. 
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Fig.4. 6. Position for Connection of Hardwire on Interface Clock 

Note that if at any time during the operation of the 7504 the Power 
Failure Stop/Restart cycle activates, the hardwired value of the clock will 
automatically be selected, irrespective of its setting previously. Thus, if a 
program which uses the clock is to be operated over a long time period 
without supervision, (e.g., in monitoring applications), it is recommended 
that the clock be hardwired to the frequency required by the program. 

Fig.4.7. Position of Potentiometer for Adjustment of Interface clock 
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All the clock pulses generated by the Interface, (including the 8 msec. 
clock used -to control the Tape Recorder Type 7102), are derived from a 
single 1 msec. clock mounted on the Interface board. This is adjustable via 
potentiometer shown in Fig.4.7, within the range of approximately± 20%, 
thus allowing the other clock pulses to be varied from their standard settings 
by a similar amount. Note that the adjustment of this potentiometer is 
critical in maintaining the accuracy of the other clock pulses. 
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5. APPENDIX 1 

INTRODUCTION TO COMPUTER TECHNOLOGY 

5.1. INTRODUCTION 

The computer, as such, is by no means a modern invention, although 
techniques which make present day computation possible are. The first 
computation was carried out using counting boards, such as the abacus. As 
time progressed, devices capable of addition and multiplication were de
veloped. The first computer as we understand it today was designed in 1833 
by Charles Babbage and it contained all the basic features to be found in the 
modern computer, that is, input, memory, an arithmetic unit, control and 
output. Input was by punched cards, which had previously been used in the 
Textile Industry. However, it was never built, because it was of a mechanical 
nature and the cogs and gears could not be machined to the required 
accuracy. 

It was not until the development of modern electronics that the building 
of computers became practical. Since the building of the first electronic 
computer in 1946 (ENIAC), developments in technology have been rapid, 
parallel developments in Components Industry, particularly concerning 
miniaturisation, having been put to good use. The net result is that there is 
presently available a huge range of machines, from the small, almost 
portable, minicomputers, up to the huge, permanent installations capable of 
performing highly complex computations in a very short time. 

5.2. TYPES OF COMPUTER 

Computers may be divided into three classes, Analogue, Digital and 
Hybrid. 

The Analogue Computer, as its name implies, processes work electronic
ally by analogy. The important distinction between it and the Digital variety 
is that it works on a continuous basis, by taking a continuous input, 
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performing a set processing function and giving a continuous output. It can 
normally only perform the task for which is has been programmed, with no 
decision path alteration. It is operated by setting up an electrical analogue 
of a system or function, then using changes in electrical parameters to 
simulate changes in the system or function itself. 

The Digital Computer works by counting and operates using discrete 
levels. Thus, a continuous input is digitised before any function is per
formed on it. It is more versatile than the analogue variety and is capable of 
decision path alteration. It is operated by feeding-in a recognised set of 
instructions, which specify how the input data is to be operated upon. This 
set of instructions, or program, may easily be changed, allowing the com
puter to be used for many different applications. 

The Analogue Computer simulates, while the Digital kind calculates, and 
both have their particular advantages. These are combined in the Hybrid 
computer, which uses both analogue and digital processing techniques. The 
Hybrid system provides greater precision than can be obtained with an 
analogue system alone, greater speed and control than can be obtained with 
a digital system alone and can accept data in an analogue form. 

5.3. THE DIGITAL COMPUTER 

It is the Digital Computer which is used where data processing is 
required, such as the reduction of data to compute the results for a 
scientific experiment, or the comparison of data with preset levels to 
control industrial processes, or the storing of data such that it is quickly 
available in business applications and so on. Reiterating, it works by count
ing, and can only accept data which is in a discrete, or "digital" format. 
When speaking of digital computers, the terms "Hardware" and "Software" 
are commonly used. The "Hardware" is generally taken as being the com
puting system itself, while the "Software" is generally taken as describing 
the programming which causes it to perform its function, although it can 
also be used to describe anything not covered by the term "Hardware". A 
brief description of the two follows. 

5.4. DIGITAL COMPUTER HARDWARE 

Although details will differ from machine to machine, the Digital Com
puter can be broken down into the block diagram shown in Fig.5.1. 
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Fig.5.1. Digital Computer Block Diagram 

The function of each unit is as follows: 

5.4.1. The Memory 

The Memory stores the data and instructions required to perform the 
program. It is divided into locations, each location holding one computer 
word. (For an explanation of the term "word", see the section on software). 
Each location within the Memory has its own address and the information 
held in it is accessed for processing within the computer by calling up that 
address. A time interval is involved between the Memory receiving a request 
for a word in a location and its delivery. This is known as the access time 
and, if it is independent of the location address, the Memory is described as 
being random access. A further time interval is required for a word to be 
written into a Memory location. The sum of this and the access time is 
known as the cycle time. This cycle time is most important, since it 
normally limits the rate at which the Computer can perform instructions. 
Thus, where a certain instruction is referred to as requiring so many cycles 
for completion, the cycle time referred to is generally that of the Memory 
(also known as the read/write time). 

Note that when talking about the size of a memory, the term "k" is 
normally used. In digital terms 1 k is not equal to 103 , but to 210, i.e., 
1024. 
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5.4.2. The Arithmetic Unit 

It is this unit which performs the actual data processing within the 
Computer. It is capable of addition, subtraction, multiplication, division, 
logical operations and shifting numbers to the right or left. The multiplica
tion and division operations are described as being "Hardware" if the 
Arithmetic Unit carries them out using actual multiplier and divider circuits. 
However, if it carries them out without using these circuits, that is, they are 
performed by programmed successive addition or subtraction, they are 
described as being "Software". "Hardware" multiplication and division is 
considerably quicker. 

In addition to the circuitry required for the above operations, the 
Arithmetic Unit will also have a number of registers. A register is a place 
where a word may be held temporarily. The registers in the Arithmetic Unit 
will be used as accumulators for multiplication, division and other arith
metic operations, in shifting operations, and for holding operands which are 
being processed. 

5.4.3. The Control 

The Control performs the most vital function of all within the Computer 
in that it directs the overall functioning of the other units and controls the 
flow of data between them in the process of performing a program. It 
interprets the program instructions by decoding them and then generating 
the appropriate signals required for the Arithmetic Unit to perform the 
specified functions. It is not housed in a separate unit as the others may be, 
but consists primarily of control circuits throughout the computer, for this 
reason it is sometimes combined with the Arithmetic Unit in the block 
diagram to form the Central Processor Unit (C.P.U.). 

5.4.4. The Input and Output 

The Input and Output handles the flow of data between the computer 
and the outside world. Unlike the rest of the Computer, which is a purely 
electronic device, the Input and Output must use media which are of an 
electromechanical nature. Hence, there are great differences between the 
rate at which the input and output media (or peripherals) can handle data 
and the rate at which the rest of the computer can handle it. Thus, in 
addition to the actual media of communication, the Input and Output will 
contain interface circuitry which can match up the differences between the 
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two. In addition to matching differences in rates, the interface may also 
match up differences in word length etc. and give the computer a means of 
controlling the Input and Output media. 

On large systems, it is often found that the Input and Output can 
transmit data to and from the memory independently of the rest of the 
Computer's workings. On small systems, however, it is usual to find that the 
Computer stops operation during the Input and Output of programs or data. 

5.5. DIGITAL COMPUTER SOFTWARE 

A Digital Computer works by counting, and a program which causes it to 
perform a function is made up of a series of numbers. For reasons of 
simplicity, the counting system universally used nowadays within the com
puter is binary. Each digit within the number can then take either of two 
values, 0 or 1, which is then electrically represented within the computer. 
Each digit within the binary number is known as a binary "bit", and a 
number of bits are grouped together to form a "word". Where the word is 
of fixed length, (as in normal scientific applications), it is normally limited 
by such things as the length of the registers and the number of planes in the 
memory. In small systems, 12 or 16 bit words are common, but the word 
length increases with the size of the system. Where the word length is fixed, 
then the size of the number which can be represented by the word is fixed 
also. 

A Digital Computer Program consists of a series of binary words. The 
words can take two forms, that is, data words and instruction words. Data 
words contain the information on which the program will operate. Normally 
they will simply consist of a number and its sign. Instruction words, 
however, are more complex, since these contain the coded instructions 
which the computer must follow, in order to perform the required 
operations .on the data. An instruction word is split into various "fields", 
each field comprising of a set number of bits in the word. The contents of 
each field will define exactly what the instruction does. For instance, in an 
instruction to store the contents of a register, the first field might define 
that it is a store instruction and which register it is referring to, the second 
might define how the memory location where the storing is to take place is 
to be addressed and the third might define the address itself. This might 
apply if the instruction is comprised of a single word. However, it might be 
that it is comprised of two words. Here, the three fields in the first word 
would perform different functions, while the second word contained an 
address or operand. 
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A Digital Computer Program, when fed into the Computer in order that 
it follows a required processing function, can only take one form, that is, a 
series of data and instruction words coded into a binary format that it can 
understand. Such a program is described as being in Machine Code or 
Machine Language and in order to achieve the desired result, it must be 
correct to the last detail. This means that not only must the data and 
instructions be coded correctly, but that when they are carried out in 
sequence, they will produce the correct result. When operating, the Com
puter will carry out each instruction, exactly, in sequence. If it comes to an 
instruction it cannot recognise, it will stop. If the instructions are not 
sufficient to give the required result, the program will be followed exactly, 
but the wrong answer will be given. In this respect, it must be emphasised 
that the computer can only ever be as good as its program, and that an 
incorrect program, though coded correctly, can only produce an incorrect 
result. 

Thus, in order to function correctly, the Computer must be fed a 
program which contains all the steps required, in the correct sequence, to 
produce the required result, coded into a form which it can understand. 
There are several ways of producing this. The first is to write the program 
directly in Machine Code. This is a highly complex and tedious task, but it 
has the advantage that the program produced can be fed directly into the 
Computer, with no translation stage. The second method is to write the 
program using Symbolic Code. This is roughly equivalent to writing in 
Machine Code, except that the instructions are now represented by symbols. 
This symbolic program, or source program, is then fed into the Computer 
with another program, known as the Assembler held in the Memory. The 
Assembler operates as the source program and translates the symbols into 
Machine Coded instructions. The Machine Coded program, or object 
program, is then output from the Computer. It is this program which is then 
fed into the Computer. 

The third method is to use one of the high level languages. Examples of 
these are ALGOL, BASIC, COBOL and FORTRAN. These are known as 
Procedure Orientated Languages, since writing in them is biased towards the 
actual procedure used in solving a problem, rather than to the computer 
itself. Writing in these languages is a relatively simple matter, far more 
simple than writing in Machine or Symbolic Code. The source program is 
then translated into the object program, using the Computer with a 
program, known as the Compiler, held in the Memory. The function of the 
Compiler is similar to that of the Assembler used previously, but it is of a 
far more sophisticated nature. 
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The other methods of producing Machine Coded programs (e.g., the use 
of Macroassemblers, etc.) are really variations on the three above. In general, 
the higher the level of the method used, the easier it will be to produce a 
program which functions correctly. However, the most efficient programs, 
in terms of the number of machine coded instructions used and the length 
of time taken to execute the program, will be produced by the low level 
methods, i.e., machine coding and symbolic coding. Thus, each method has 
its own particular advantages, and the choice is the Programmer's. 

When a program has been written, it is highly unlikely that it will run 
correctly on the Computer the first time it is entered. Thus, after the 
writing phase, there is a correction phase, where instructions which produce 
the incorrect result or procedure are changed. This process in known as 
"debugging", and is normally carried out with the aid of a special debugging 
program. After the debugging process has been completed, the program may 
be run. 

5.6. COMPUTER OPERATION 

When operating, the Computer Hardware and Software work in con· 
junction to produce the required result. The Software is placed in the 
Memory and the Hardware fetches the first instruction, decodes it and 
carries it out. It then repeats this for each instruction in the sequence, 
storing the results produced in their assigned memory locations, until the 
program, defined by the Software, is completed. 

Small systems can normally only handle one program at a time. On larger 
systems, however, the concept of "Time Sharing" may be introduced, where 
the Computer handles several programs at a time, each one being processed 
for a fraction of the time. This allows several users to use the Computer 
simultaneously, or what appears to be simultaneously. It depends to some 
extent on the slow speed of peripherals when compared with the computer. 
The time required for input and output is long when compared with the 
actual processing time, which gives a user the impression of being the only 
operator. Conversational BASIC is a very popular language in Time Sharing 
applications. 
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6. APPENDIX 2 

NUMBER THEORY AND COMPUTER ARITHMETIC 

6.1. GENERAL THEORY 

A general number may be expressed as follows: 

abed.~····"= axN- 1 + bxN-2 + cxN-3 + dxN-6 + ................... + nx0 

where abcd ..... n is the number, x is the base or radix of it, and N is the 
number of digits in it. Where it is not obvious, the base of a number is 
generally defined with a subscript, e.g., abcd .... nx. The system in general 
usage is decimal, which uses a base of 10 and ten digits, 0 to 9. Thus, a 
decimal number is made as in the following examples: 

701410 ~ 7.103 + 0.102 + 1.101 + 4.100 

2310 = 2.101 + 3.10° 

4.01910 = 4.10° + o.1o-1 + 1.1o-2 + 9.1o-3 

Rather than write the number in its complete form, a shorthand is used 
where the multipliers of each power of 10 are written in descending order. 
Where a zero appears, it means that the power of 10 is absent. Note that this 
theory still holds true for numbers containing negative powers of 10, as in 
the third example. The only difference is that a decimal point is placed at 
the point in the number where the powers become negative. 

The base 10 is chosen for convenience. Any base can be used, but 
normally the only ones used are those which appear in the decimal system. 
This has the advantage that a number appearing in one system can then 
easily be expressed as a different number appearing in another system, e.g.: 
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356 = 3.61 + 5.s0 = 2310 = 2.81 + 7.8° = 27s 

By equating back to the decimal system, we have shown that 356 and 
27 a are equivalent. 

6.2. REQUIREMENTS OF A COMPUTER NUMBERING SYSTEM 

Within a computer, the decimal system is unwieldy because it requires 
that it be possible to resolve between the ten different digits. The require
ments of the Human Being and those of the Computer, when it comes to 
numbering systems, differ. The Human Being can easily resolve between 
different symbols, but is not good at retaining strings of them. Hence the 
use of decimaf, which produces short, manageable numbers. With the 
com er, the opposite occurs, since its resolving power is poor, but its 
powers of retention are phenomenal. Hence, a system using a low base, but 
which produces long strings of symbols, may be used. 

Many electrical components have two stable states. For instance, a switch 
may be open or closed, a transistor may be conducting or not conducting, a 
magnet may be in positive or negative saturation, a pulse may be there or 
not there and so on. Thus, the choice of a numbering system with just two 
integers would appear to be ideal. Hence the choice is binary, and one stable 
state is made to represent 1, and the other, 0 . 

6.3. BINARY SYSTEM AND ITS USE IN COMPUTERS 

Binary Numbers are formed in the same way as decimal numbers, but 
with a base of 2. For example: 

110110102 = 1.27 + 1.26 + 0.25 + 1.24 + 1.23 + 0.22 + 1.21 + 0.20 

001101112 = 0.27 + 0.2 6 + 1.25 + 1.24 + 0.23 + 1.22 + 1.21 + 1.20 

By performing the addition, the decimal equivalents can be shown to be 
218, 55 and 164 respectively. The fact that they may be represented electri
cally is shown in Fig.6.1, where the 8 bit numbers in the example are 
represented by 8-pulse pulse trains. The level for 1 is+ 3 V and for 0 is OV. 
These levels are called the logic levels. The logic is described as being 
positive or negative, depending on whether the 1 level is positive or negative 
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with respect to the 0 level. In Fig.6.1 it is positive logic which is illustrated. 
(Note that in real life, the logic levels would not be rigidly defined as 0 and 
3 V, as in Fig.6.1, but would occupy voltage ranges, e.g., OV to+ 1 V for 0, 
and + 3 V to + 5 V for 1). 

- 11011010 

E! 00110111 

= 10100100 

572021 

Fig.6.1. Electrical Representation of Binary Numbers 

Fig.6.1 illustrates what is known as serial logic, that is, how the pulse 
trains travelling down a line would appear at the terminal sequentially. For 
the 8 bit words illustrated, it would thus take 8 times the clock frequency 
of the Computer for the complete word to arrive. An alternative is to use 
parallel logic, where each bit is transmitted on a separate line. The complete 
word is now received in one period of the computer clock, all the bits 
arriving at the terminal simultaneously. 

Binary fractions are expressed in the same way as decimal fractions, e.g., 

0.1011012 = 1.2-1 + 0.2-2 + 1.2-3 + 1.2-4 + 0.2-5 + 1.2-6 

0.0011012 = 0.2-1 + 0.2-2 + 1.2-3 + 1.2-4 + 0.2-5 + 1.2-6 

Note that where the position of the point in a number containing a 
fraction is fixed, it is described as being fixed point. An alternative is 
floating point, where the total number is expressed as a number with an 
exponent, e.g., in decimal 
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9.2133, E + 4 = 9.2133 x 1 o4 = 92133 

5.6171, E- 2 = 5.6171 x 10-2 = 0.056171 

This applies equally to the binary system. 

6.4. BINARY ARITHMETIC 

Binary numbers can be manipulated in arithmetic operations in a similar 
fashion to decimal numbers. However, since there are now only two integers 
involved, 0 and 1, the operations are much simpler. Further, the multiplica
tion operation reduces to a successive addition operation and the division 
operation reduces to a successive subtraction operation. For example: 

10110110 
X 1101 

10110110000 
1011011000 

10110110 

100100111110 

10010000 
100100 

10010000 
- 100100 

1101100 
- 100100 

1001000 
- 100100 

100100 
- 100100 

000000 

R esu It = 1 + 1 + 1 + 1 = 1 00 

Hence, the rules of Binary Arithmetic are reduced to those of addition 
and subtraction and, being able to shift a number right or left, by one or 
more places. 

It is possible to go a stage further in the arithmetic simplification by 
reducing all the operations to addition. For Computer usage, this would be 
ideal, since it means that it can perform all the arithmetic operations using 
adder circuits only. It is done by representing a negative number in a 
different form. One such form is known as the "two's complement". It is 
defined as that number which when added to an n bit number given 2"+1 . 

Suppose an n bit binary number, X, has two's complement, Y, then by 
definition, 

X+ Y = 2" + 1 

y = 2" + 1 - y 
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Suppose that the word length is now limited to n bits. 2n+ 1 forms an 
n + 1 bit binary number, in which the most significant bit is 1, and the rest 
of the bits are 0. Since no more than n bits are allowed, the 1 drops out, 
leaving zero behind. Hence, in an n bit word system, 2n+ 1 will appear as 
zero, giving, 

X=-Y 

Thus, the negative of an n bit binary number may be repre5ented by its 
two's complement, this being found by subtracting it from 2n+ 1 e.g., 

100000000 
-01101011 

10010101 

2n + 1 

two's comp1ement 

100000000 
-00011101 

11100011 

An alternative method of finding it is to take what is known as the one's 
complement of the number (i.e. inverting each bit), and adding 1 to the 
least significant bit, e.g., 

01101011 
10010100 
+ 1 
1001010f 

one's complement 00011101 
11100010 
+ 1 

= two's complement = 11100011 

A subtraction or division operation can now be carried out by adding the 
two's complement of the number previously subtracted, e.g., 

10010000 -
100100 

Result = 

10010000 
+ 11011100 

(1)01101100 
+ 11011100 

( 1 ) 01 001 000 
+ 11011100 

( 1 ) 001 00 1 00 
11011100 

( 1 ) 00000000 

1 + 1 + 1 + 1 = 1 00 

Note that each time a 1 appears in the 9th bit position, it is lost, due to 
the fact that the word length has been limited to 8 bits. 
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The use of two's complement to reduce the binary arithmetic operations 
all to additions might appear to be more complicated then actually per
forming the operations. However, within the Computer, which is the item of 
interest here, it permits considerable hardware and software simplifications. 
The binary code which uses two's complement for negative number repre
sentation is known as the Two's Complement Code. 

6.5. BINARY CODED NUMBERING SYSTEMS 

The use of binary, though ideal for the computer, is far from ideal to the 
Programmer. The Programmer must ultimately program in machine code, 
which is the binary language of the computer. Writing each instruction in 
binary is unwieldy and highly error prone. Further, the word lengths used 
within computers make any attempt to program in binary totally unmanage
able. Ultimately, however, the Programmer must feed the computer with a 
string of binary numbers, each one of which may be more than 40 or 50 bits 
long. (Word lengths in excess of 40 bits are common on large systems). 
Clearly, it presents the Programmer with an impossible task. 

The problem has been solved with the use of various binary coded 
systems. In these, a single symbol is used to represent a group of binary bits, 
the various combinations of bits being represented by a different symbol. 
The idea of these systems is that conversion between pure binary and the 
binary coded equivalent is a simple matter. The Programmer can work using 
the binary coded equivalent, while the computer uses binary. This simplifies 
matters for the Programmer considerably. 

The most common binary coded systems are Binary Coded Decimal, 
Binary Coded Octal, and Binary Coded Hexidecimal. 

6.5.1. Binary Coded Decimal 

In Binary Coded Decimal (BCD), the ten digits of the decimal system are 
coded into their binary equivalents, as in Table 6.1. 

Decimal numbers are then encoded into BCD as follows 

5671 10 =0101 011001110001 

1329,0 = 0001 0011 0010 1001 
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Decimal BCD 

0 0000 
1 0001 
2 0010 
3 0011 
4 0100 
5 0101 
6 0110 
7 0111 
8 1000 
9 1001 

072046 

Table 6. 1. Binary Coded Decimal 

In this system, the Programmer works in decimal, and the Computer in 
BCD. 

BCD, simple as it may look, has some important drawbacks. Not least of 
these is that the two's complementing system, used within the Computer to 
simplify subtraction and division, cannot work with BCD. It requires thc.t 
the code used is symmetrical, which BCD is not. Thus, if a BCD type code is 
to be of any use within the Computer, it must be made symmetrical. One 
way of doing this is to add 3 to each decimal number before conversion (e.g. 
2 becomes 2 + 3 which is then encoded as 0101, or 9 becomes 9 + 3, which 
is then encoded 11 00). This code is known as the "Excess Three Code", and 
imposes the symmetry required for complementing to work. However, it is 
no longer BCD. 

Another drawback of BCD is that it does not use all the combinations of 
the four binary bits. 4 four figure decimal number requires 16 bits for it to 
be encoded, the longest number possible to encode being 9999. Thus, it 
only allows 9999 combinations of a 16 bit word, compared with 65535 in 
pure binary. BCD is a remarkably inefficient code. 

Because of its lack of efficiency, BCD is rarely used for applications 
where speed is the essence. This includes most scientific applications. 
However, where speed can be sacrificed for the sake of convenience, variants 
of BCD (such as the Excess Three Code) find their applications, e.g., in 
business applications. Straight BCD is also often used for the transmission of 
data, where the speed is limited by the input and output devices. Thus, 
despite its tack of efficiency, it still finds its applications. 
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6.5.2. Binary Coded Octal 

The octal numbering system uses a base of 8, the first 8 digits of the 
decimal system being used as symbols. These are then encoded in binary to 
form Binary Coded Octal, (BCO), as in Table 6.2. 

Octal BCO 

0 000 
1 001 
2 010 
3 011 
4 100 
5 101 
6 110 
7 111 

072047 

Table 6.2. Binary Coded Octal 

Octal numbers are then encoded as follows: 

21 7 348 = o 1 o oo 1 111 o 11 1 oo 

536628 = 1 o 1 o 11 11 o 11 o o 1 o 

It does not take a thorough inspection of the BCO system before its 
major advantage becomes bluntly obvious. This is that it uses all the 
combinations of the 3 binary bits. Thus, any binary number can be given an 
octal equivalent, simply by splitting it into groups of 3 bits, starting at the 
least significant bit and encoding each group into its octal equivalent, e.g., 

1010111010100111 (00) 1 010 111 010 100 111 

1272478 

Hence, its use by the Programmer introduces none of the problems of 
BCD, since the Computer can still work in the Two's Complement Code. 
The task of the Programmer is greatly simplified by expressing binary 
numbers in octal, transfer between the two systems being simple. Hence, 
BCO is a very common system found in Computer Applications. 
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6.5.3. Binary Coded Hexidecimal 

Binary Coded Hexidecimal (BCH) is really an extension of BCO. It uses 
16 as a base, and uses the ten decimal digits and the letters A to F as 
symbols. They are encoded into binary as in Table 6.3. 

Hexidecimal BCH 

0 0000 
1 0001 
2 0010 
3 0011 
4 0100 
5 0101 
6 0110 
7 0111 
8 1000 
9 1001 
A 1010 
8 1011 
c 1100 
D 1101 
E 1110 
F 1111 

072048 

Table 6.3. Binary Coded Hexidecimal 

The same comments apply to this system as apply to BCO, the only 
difference being that the binary number is split into groups of four bits 
prior to conversion. It is useful when long word lengths are being used. For 
short word lengths, however, BCO is more common. 

6.6. COMPUTER ARITHMETIC 

A Computer performs arithmetic operations by the addition of binary 
numbers. During these arithmetic operations, some allowance has to be 
made for the detection of the sign of the result. Also, the fact that within 
the Computer the word length is fixed can produce some interesting 
anomalies where certain types of arithmetic operation are carried out. 
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The sign of a number is usually designated by the sign bit, which 
occupies the most significant bit position within the word. It is 1 for a 
negative number and 0 for a positive one. When addition and subtraction are 
carried out, the sign of the result is automatically determined, as in the 
following examples. Note that in these, a 16 bit word is assumed, the sign 
bit occupying the most significant bit position. For convenience, they are 
vvorked in octal, negative numbers being represented by their negative octal 
equivalents. (These are equivalent to the two's complement. The negative 
octal equivalent of a number may be found by subtracting it from the 
largest octal number possible within the word length, here, 177777, adding 
1 to the least significant digit). Hence: 

Addition Subtraction 

017462 004750 
031271 176566 ( -001212) 
051753 (1) 003636 

036231 004750 
007213 170764 -007014) 
045444 175734 -002044) 

Note that in the first Subtraction, a 1 appears in the 17th bit position, 
and is hence lost. In the second subtraction example, a negative answer 
results, which is shown by a 1 appearing in the most significant bit position. 

The use of the sign bit, and the idea of subtraction by addition of the 
two's complement (or negative octal equivalent as in the examples) works 
because the word length is fixed. However, it can lead to some interesting 
anomalies, as in the following examples. They are again for 16 bit words 
with the sign in the most significant bit position, and are worked in octal 
and decimal for comparision. Hence: 

Decimal 

21980 
11843 
33823 

Octal 

052738 
027103 
102037 

Decimal 

-21980 
-11843 
-33823 

Octal 

125044 
!§Qill 

(1)075741 

In the first example, the addition of two positive octal numbers has 
produced a negative answer ( = -31713 in decimal), and the second 
example, the numbers were negative, but a positive octal number results 
(= 31803 in decimal). The reason for these anomalies is that a 16 bit word 
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system, with a sign bit in the most significant bit position, cannot handle 
numbers outside of the range, in decimal, -32768 to + 32767, ( 100000 to 
077777 in octal). However, it is possible to introduce some safeguard 
against this happening unbeknown to the Programmer by including an Over
flow Indicator. This Indicator is set if the sign bit changes when two num
bers of the same sign are added. 

The occurence of a similar problem during a multiplication operation can 
be avoided by forming the product as a double length word. The results of 
the successive additions are accumulated in two registers, one taking the 
most significant bits, and the other the least significant bits. In division, 
however, overflow (or underflow) can occur if the divisor is less than the 
dividend. 

As well as carrying out arithmetic operations, the computer must be able 
to detect errors. This is a subject in itself, but one simple method is the use 
of the parity bit. This in the addition of an extra bit, which is 0 if the word 
contains an even number of ones, and 1 if the number of ones is odd. This 
would then be known as even parity, parity checks checking that each word 
has an even number of ones. Alternatively, the parity check could look for 
odd parity, where the parity bit ensures that the number of ones is always 
odd. Such a system would detect an error of one bit. Very much more 
sophisticated systems exist, where errors of two or more bits can be 
detected and corrected. However, there is clearly a trade-off between error 
detection and system capacity. 
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7. SPECIFICATIONS 

7.1. COMPUTER TYPE 7504 

7.1.1. Interface 

Inputs 

Output 

Clock 

Interrupts 

Instructions 

Position 

Board Number 

Power Supply 

14 bit for input of data from Real Time 
Third Octave Analyzer Type 3347. 
8 bit for input of data from Tape 
Reader Type 7102. 

8 bit for output of data to Tape Punch 
Type 6301. 

Basic 1 msec. clock, adjustable by 
approximately ± 20% used to generate 
clock pulses at 10, 20, 50, 100, 200, 
500 or 1000 msec. Clock pulse required 
selectable under software control. One 
clock pulse can also be selected by 
hardwiring. 

Capable of producing 5 signals to the 
Priority Interrupt Modu I e. These are: 

Read Punch Buffer Ready 
Data Ready 
Inverted End of Scan 
End of Scan 
Selected Clock Signal 

Wi II respond to 37 separate software 
instructions, (see Tables 4.1 and 4.2). 

Normally found in slot 21 of the 7504 
Mainframe Chassis. 

ZD 0057 

Operates off 7504 Mainframe Power 
Supply. 
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7.1.2. Other Specifications 

General 

Power Requirements 

Standard 7504 contains 4k words of 
Core Memory (expandable in modules 
of 4k up to 32k), Programmed 1/0 
Party Line, Direct Memory Access, 
Hardware Multiply/Divide, Power Fail
ure/Restart, Priority Interrupt Module, 
Entended Addressing and Real Time 
Clock. 

210- 250 V AC, 50 Hz. (Other sup
plies should be specified at the time of 
ordering). 

For more detailed specifications, refer 
to Section 6 of the Varian 620/L Hand
book. 

7.2. TELETYPEWRITER TYPE 6401 

Refer to relevant Teletype Type ASR 33 literature. 

7.3. TAPE READER TYPE 7102 

Refer to relevant S.E. 6TRP125-5X literature. 
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BROEL & KJA:R instruments cover the whole field of sound and vibration 
measurements. The main groups are: 

ACOUSTICAL MEASUREMENTS 
Condenser Microphones 
Piezoelectric Microphones 
Microphone Preamplifiers 
Sound Level Meters 
Precision Sound Level Meters 
Impulse Sound Level Meters 
Standing Wave Apparatus 
Noise Limit Indicators 
Microphone Calibrators 

ACOUSTICAL RESPONSE TESTING 
Beat Frequency Oscillators 
Random Noise Generators 
Sine-Random Generators 
Artificial Voices 
Artificial Ears 
Artificial Mastoids 
Hearing Aid Test Boxes 
Audiometer Calibrators 
Telephone Measuring Equipment 
Audio Reproduction Test Equipment 
Tapping Machines 
Turntables 

VIBRATION MEASUREMENTS 
Accelerometers 
Force Transducers 
I mpedance Heads 
Accelerometer Preamplifiers 
Vibration Meters 
Accelerometer Calibrators 
Magnetic Transducers 
Capacitive Transducers 
Complex Modulus Apparatus 

VIBRATION TESTING 
Exciter Controls- Sine 
Exciter Controls- Sine- Random 
Exciter Equalizers, Random or Shock 
Exciters 
Power Amplifiers 
Programmer Units 
Stroboscopes 

STRAIN MEASUREMENTS 
Strain Gauge Apparatus 
Multi-point Panels 
Automatic Selectors 

MEASUREMENT AND ANALYSIS 
Voltmeters and Ohmmeters 
Deviation Bridges 
Measuring Amplifiers 
Band-Pass Filter Sets 
Frequency Analyzers 
Real Time Analyzers 
Heterodyne Filters and Analyzers 
Psophometer Filters 
Statistical Distribution Analyzers 

RECORDING 
Level Recorders 
Frequency Response Tracers 
Tape Recorders 

DIGITAL EQUIPMENT 
Digital Encoder 
Digital Clock 
Computers 
Tape Punchers 
Tape Readers 
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