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Those who own a "simple" microcomputer such as the KIM or the SYM, and who also own a 

telex transceiver, will long since have thought about using the telex as a terminal and may 

already have a program for that purpose. However, most of these programs are limited to noting 

down addresses with their contents one below the other, and are therefore not particularly 

economical with paper. The program described below o$ers the following possibilities: 

a. Loading a program in hexadecimal code. 

b. Loading ASCII characters. 

c. Printing memory contents as hexadecimal numbers. 

d. Printing ASCII characters. 

e. Starting a program. 

Although the program was written for the KIM, it uses only a few subroutines of the KIM monitor 

program. It can therefore easily be rewritten for any other machine with a 6502 processor. In 

doing so, account must be taken of the capabilities the computer in question has for input and 

output of data. This means that the telex can also be used as a printer with this program on an 

expanded 6502 computer. 

Subroutines 

Because the length of the elements of the Murray code characters used by the telex is 20 ms 

(see the earlier article "Morse-telexconvertor" in RB December 1980 and February 1981), and 

these therefore take relatively long, it was unfortunately not possible to use many subroutines 

of the KIM monitor program. The program therefore requires the full pages $02 and $03, with the 

table used for converting ASCII to Murray, plus one further subroutine, on page $01. When 

loading a cassette with this program, it is therefore advisable to use $0100 as the start address 

and $0400 as the end address. 

After connecting the telex (see the last section) and loading the program, it can be started by 

starting at address $0200. If everything goes correctly, the telex will then type out the word 

"KIM", followed by a carriage return and a line feed. The telex keyboard can now be used to 

choose one of the operating modes already mentioned under points a through e. Some keys 

have been given a di$erent or an additional function. The "carriage return" key, for instance, will 

not only return the carriage to the start of the line but will also give a line feed. This frees up the 

"line feed" key, which can be used to leave a chosen mode and restart the program. 



An important feature for a monitor program is that a number of subroutines are available to the 

programmer. The following subroutines can be called: 

CRLF at address $039E. This subroutine returns the telex carriage to the start of the line and 

gives a line feed. 

HBIT at address $03A7. This subroutine makes the telex print a space. 

PR at address $033C. The contents of the accumulator are printed by the telex as a two-digit 

hexadecimal number. 

PRTASC at address $0350. If the accumulator contains the code for an ASCII character, the 

corresponding character is printed by the telex. 

ADR at address $03F0. The contents of addresses $17EE (VEBC) and $17ED (VEBB) are 

displayed by the telex in that order (without a space between the bytes). 

INKRKT at address $03AB. This subroutine contains a wait loop in which it waits until a key is 

pressed. The ASCII code for the relevant key is then loaded into the accumulator. After pressing 

"figures" or "letters", it waits for the next key. Memory locations $00F8 (INL) and $00FF (MODE) 

are used for this. After pressing the "line feed" key, the accumulator contains $00. 

 

Using the monitor 

As an example of how to use the monitor, the program 

shown in listing 1 is used, which adds two four-digit 

decimal numbers. The first number (0132) must be loaded 

into memory locations $0000 and $0001, and the second 

number (5694) into memory locations $0002 and $0003 (in 

high-low order). DAZ $01 means that the contents of 

memory location $0001 are loaded into the accumulator 

(LDA, Z-page). After storing the result in memory locations 

$17ED and $17EE, two subroutines of the monitor program are used, namely CRLF (JSR 039E) 

for the carriage return and line feed, and then ADR (JSR 03F0) to print the result. The monitor 

program is then restarted (JMP 0200). 

 

To load the program, keys L and H on the telex must be pressed after the word "KIM" appears. 

The telex now reports "OK", and the first address to be loaded with data (17C0) can be keyed in 



(listing 2). A space is then given, the data for this address is keyed in, a space is given, data for 

the second address, and so on. The data can be keyed in one after another; the monitor 

program itself ensures that the data ends up at the correct address. If a mistake is made while 

typing, it can be corrected by keying in the data again, without a space. If the line is full, the 

"carriage return" key should be used. The telex goes to the start of a new line, after which a new 

address can optionally be typed in. If this is not necessary, only the space key needs to be 

pressed. The telex then displays the address of the next empty memory location, followed by a 

space. The data for this memory location can then be entered, and so on. The first five lines of 

listing 2 show the loading of the program. Pressing the "line feed" key interrupts the monitor 

program and restarts it. This is necessary in order to be able to choose a di$erent mode after 

loading. 

On line four of the listing a mistake was made (a space was forgotten). This was corrected by 

keying in the data (17) again. A space must always be given after entering data, including at the 

end of a line! 

Pressing keys P and H after "KIM" causes the entered program to be printed out. To do this, the 

start address, a space, and the end address must be keyed in after "OK". The end address can 

be found after loading by pressing the "carriage return" and "space" keys after entering the last 

piece of data. The telex then shows the end address. After keying in the end address, a "carriage 

return" must follow, after which the telex prints the program. Up to sixteen bytes per line are 

shown, with the address of the first byte of that line at the start of the line. After printing, the 

program returns to START. 

The printout is also shown in listing 2. From this it follows that the mistake made during loading 

has indeed been corrected. 

Now the two numbers for which the addition program is to calculate the sum still need to be 

entered. This can be done after "LH" and the address "0000" by simply keying them in, in groups 

of two digits (with spaces). 

The program is run by pressing the G key after the telex has printed "KIM", and then, after "OK" 

(this time no line feed follows), typing in the start address (17C0). 

Pressing the "carriage return" key starts the program. In this case the result is printed (5826), 

because the ADR subroutine is called within the program. The program then returns to the 

monitor program. 

A given piece of text, written using the characters available on the keyboard, can also be loaded 

into memory. To do this, keys L and A must be chosen respectively. After "OK", the first address 

must again be keyed in, and after a space one can then start typing the text directly - or 

otherwise after a carriage return. Listing 3 shows the sequence of events. Here a mistake was 

made in the word "MONITORPROGRAMMA". This mistake was corrected by using the "BEL" key 

as many times as the number of characters (including punctuation) that need to be gone back. 

To print the text, keys P and A must be used respectively. Here too, the start and end address 

must be entered. After "carriage return" the text is printed. In this example, the correct end 

address was not entered, but a higher one. That the monitor nevertheless displayed the correct 

text is because, after the ASCII character for the last period of the text, it encountered an 

unrecognized character in the next memory location and stopped printing. Had the correct end 

address been entered, the monitor program would have restarted with the printing of "KIM". 

Here too it is possible, after loading, to find the end address. To do this, the program must first 

be restarted, and after pressing "KIM" the "LH" mode must be chosen. After "OK", the end 

address can then be made visible with a space. 



 

Description of the program 

Fig. 1 shows the flowchart of the main parts of the monitor program. Essentially this concerns 

the selection among the three main functions, namely loading memory locations (L), printing 

certain characters (P), and starting a program (G). A second selection during loading and 

printing determines whether the hexadecimal code system (H) or the ASCII code system (A) is 

used. After printing, the program returns to START. When loading, this must be done by pressing 

the "line feed" key. 



The code characters, as displayed by the telex transmitter, are characterized by being preceded 

by a currentless start element ("0"). "Waiting for a key press" therefore means nothing other than 

waiting for the input port, to which the telex transmit contact is connected, to become "zero". To 

account for any variations in the speed of the telex transmitter, the value of the input port must 

be determined at the middle of the code element. To do this, after the start of the start element, 

a wait of first 10 ms (03BA) and then another 20 ms takes place, in order to determine the value 

of the first code element (03BF). Fig. 2 shows the flowchart of the INKRKT subroutine. Here a 

loop is run through seven times to measure the five Baudot code elements plus two stop 

elements (03BF-03CA). The two stop elements are later shifted back out of the ACCU by two 

LSR instructions (03CE). 

The ACCU contains one of the 32 (2^5) possible code characters. However, 64 are needed 

(digits and letters), and therefore the code characters that were preceded by "figures" are 

increased by $20 (03D8). The ACCU then contains a number that, for letters, can have a value 

between $00 and $1F, and for digits, a value between $20 and $3F. Listing 4 shows the 

corresponding characters and ASCII codes. This table is located at addresses $0100 through 

$013F. Using the TAY transfer, the (Abs,Y) addressing mode can be used to load the accumulator 

with the correct ASCII code (03DB). 

 

Fig. 1 Flowchart of the main parts of the telex monitor program. 

Fig. 2 Flowchart of the INKRKT subroutine. 

Listing 3 Loading, correcting, and printing ASCII characters using the telex monitor program. 

Listing 4 Overview of the Murray code characters with the corresponding characters and ASCII 

codes. The numbers shown in brackets do not belong to the ASCII code. 

 

 



 



Murray code  ASCII code  Character 

(Figures+$20)   HEX 

         HEX     

00     00     

01     54     T 

02     0D     CR 

03     4F     0 

04     20     space 

05     48     H 

06     4E     N 

07     4D     M 

08     0A     LF 

09     4C     L 

0A     52     R 

0B     47     G 

0C     49     I 

0D     50     P 

0E     43     C 

0F     56     V 

10     45     E 

11     5A     Z 

12     44     D 

13     42     B 

14     53     S 

15     59     Y 

16     46     F 

17     58     X 

18     41     A 

19     57     W 

1A     4A     J 

1B     (00)     figures 

1C     55     U 

1D     51     Q 

1E     4B     K 

1F     (FF)     letters 

20     00     

21     35     5 

22     0D     CR 

23     39     9 

24     20     space 

25     (26)      

26     2C     . 

27     2E     . 

28     0A     LF 

29     29     ) 

2A     34     4 

2B     24     § 

2C     38     8 



2D     30     Ø 

2E     3A     : 

2F     3D     = 

30     33     3 

31     2B     + 

32     (23)    # 

33     3F     ? 

34     27     ' 

35     36     6 

36     25     % 

37     2F     / 

38     2D     - 

39     32     2 

3A     07     BEL 

3B     (00)     figures 

3C     37     7 

3D     31     1 

3E     28     ( 

3F     (FF)     letters  

 

 





Fig. 3 Flowchart of the PRTASC subroutine. 

Fig. 4 Flowchart of the LDHEX subroutine. 

 

The INKRKT subroutine ensures that when a character is keyed in on the telex keyboard, the 

correct ASCII code is loaded into the ACCU. The reverse is also needed, namely that an ASCII 

code in the ACCU results in a character being printed by the telex. A conversion from ASCII to 

Murray is then needed. This conversion takes place in the PRTASC subroutine, the flowchart of 

which is given in fig. 3. To do this, the contents of the accumulator are compared with a code 

character from the table (listing 4) indicated by the contents of the X register. If they match, the 

contents of the X register determine the Murray code. If there is no match, another code 

character in the table is examined by giving X a di$erent value. The subroutine starts with X=$3F 

(0350), and in the loop X is decremented by one each time until the correct value is found (0352-

0358). 

It must then first be determined whether the character should be preceded by a character for 

figures or for letters (035C). If the contents of the X register are equal to or greater than $20, it 

concerns a digit, and the contents of X must be decreased by $20 (0389). Using TXA and PHA, 

the character is saved on the STACK. If the telex is not currently in the correct mode (figures or 

letters), it is corrected. The mode the telex is in is indicated by the contents of memory location 

"MODE". The relevant character can then be printed. This is handled by the UITKT subroutine, in 

which the two stop bits are first added to the code character. 

The "Load Hex" block from fig. 1 is worked out in more detail in fig. 4. The purpose of this part of 

the program is that the data being keyed in is loaded into the relevant memory location at each 



space. After printing "OK" and returning to a new line, two registers are reset: TEMP at address 

$00FC and TEMPX at address $00FD. The hexadecimal digits now being keyed in are shifted by 

the LD subroutine into memory locations $17ED and $17EE. This happens digit by digit, so that 

after four digits have been entered, the most significant byte is loaded into $17EE and the least 

significant byte into $17ED. The (Abs,X) addressing mode is used here, with the contents of 

memory location TEMPX taken over by the X register (still $00 at this point). This is the loading of 

the address. 

After the following space, the contents of TEMP are still zero, and the contents of TEMPX 

become $03 (02CB). As a result, the following hexadecimal digits are shifted into memory 

locations $17F0 and $17F1 ($17ED + $03 = $17F0). This is the entry of the data, and only 

memory location $17F0 is relevant here. On the next space, its contents are loaded into the 

addressed memory location using a subroutine VEB, in the same way as in the KIM monitor 

program. The address is also incremented by 1. When "carriage return" is keyed in, the whole 

process starts again from the beginning. If the first character given is a space, the address 

stored in memory locations $17ED and $17EE is printed, after which the new data can be 

entered directly (TEMPX becomes $03). 

As shown in fig. 5, when loading ASCII characters the first address is likewise formed by shifting 

the previously keyed-in hex codes (the LD subroutine accepts no other codes) into addresses 

$17EE and $17ED (026E). TEMPX is then zero (it is reset at START, 0266). Once a space has been 

given, each character is loaded into the correct place in memory by the LDKRKT subroutine, 

whereby, if it concerns an ASCII code for "carriage return", a code for "line feed" is also added. 

The code for "BEL" only results in the address being decreased, so that a mistake that has been 

made can be corrected (027F). 

The first part of the program for printing "HEX" is the same as for printing "ASCII", and is given in 

fig. 6. The contents of TEMP ($00 or $01) later determine the relevant mode. First the start 

address is shifted into $17ED and $17EE (02ED), and after a space (TEMPX=$03, 02F9) the end 

address into $17F0 and $17F1. A "carriage return" (02E5) brings about the selection of "ASCII" or 

"HEX". In the case of "ASCII" (02F6), printing of the characters begins at the start of a new line 

and continues until the end address is reached. The program then returns to START (0302). 

In the case of "HEX" (030C), the address is printed first (0313), then the contents of that address 

(031C), space, next byte, and so on, until 16 bytes have been printed (16 decimal=$10). A new 

line then follows, again with an address and 16 bytes, and so on, until the end address is 

reached. Printing of hexadecimal characters (subroutine PR) is done by first determining the 

ASCII codes for them and then applying the PRTASC subroutine. 

The complete monitor program is given in listing 5. 

Connecting the telex 

Connecting the telex to the KIM is done in the same way as connecting the TTY. The transmit 

contact goes between points R and T of connector A. The output is point U of this connector (fig. 

7). The receiver coil can be connected via a transistor to the 12 V supply of the KIM. The solenoid 

coil has a resistance of about 300 Ω, so that with a conducting transistor a current of about 40 

mA flows through the coil. If the original telex power supply unit (40 mA current stabilizer) is 

used, a circuit can be used as described for the Morse-telexconvertor. In doing so, it must be 

taken into account that in the idle state (current-carrying situation) output U of the KIM is logic 

"0". A transistor as shown in fig. 7 can also be used. When choosing the transistor, however, it 

should be borne in mind that during the currentless periods the voltage across the transistor 

can rise to 120 V. 



 

 

Fig. 5 Flowchart of the LDASC subroutine. 

Fig. 6 Flowchart of the PRTA subroutine. 

Fig. 7 Connection diagram of the telex and the KIM. 

Listing 5 Telex monitor program for the 6502. 





 


