
I MARK TIME INDICATOR 

lators do). MTI finds many uses in the 
darkroom, at sporting events, for tim- 
ing long distance calls, cooking eggs, or 
even guarding against sunburn at the 
beach. Some of the advantages and fea- 
tures of MTI are: 

It's portable, and battery- operated. 
It has a capacity that's very large: 

9,999,999 seconds, or minutes. 
It counts either up or down. 
The time interval Can be interupted 

and restarted, without going back to 
zero, plus other operating variations. 

You can choose any of four timing 
intervals via switches (many more, by 
internal adjustment). 

Accuraçy is close to one percent. 
It's easy to build -only four. ICs, 

six resistors, and two capacitors. 
You have to make just one simple 

modification to the calculator, and that 
doesn't affect the normal operation of 
the calculator in any way. 

Check Your Calculator. Before mak- 
ing the single modification you need to 
use your calculator as the readout for 
MTI, you should double -check that 
your calculator has the auto- constant 
feature (most do) which is necessary 
to let it work as part of your MTI. 

To verify the calculator's counting 
operation, proceed as follows: 

Press the + and 1 keys, and then 
press the = key several times. After the 
first time you should get an increase in 
the number displayed by ode each time 
you press the = key. To read upward 
starting at zero, enter -, 1, +, 1, _ 
to read O. Now pressing = will count 
up by one, but it' will start at O.. 

To make the calculator count down, 
enter any number, then press the and 

1 keys. Now each time you pressi the = 
key, the calculator display will count 
down one digit at a time. All of the 
above steps take less time to perform than 
to describe, and after playing with your 
calculator for a few minutes you won't 
even have to think about the sequence. 
The timer circuits in the MTI elec- 
tronically complete the = operation 
each second, half- second, minute or 
half -minute. 

If the above steps all work out on 
your calculator you may be assured 
your calculator will work as the readout 
for MTI. Go ahead now with the simple 
modification to your calculator so it can 
display the time intervals as they are 
ticked off by MTI. 

Calculator Modification. Modification 
requires merely adding a subminiature 
phone jack which is connected to two 
terminals of the circuit board inside the 

calculator. These are the terminals 
which connect to the = key on its 
keyboard. 

If you have a Radio Shack EC -220 
calculator you can follow these modifi- 
cation steps exactly. If you are adding 
the jack to some other calculator the 
steps may be slightly different but the 
result is the same -to put the terminals 
of the small phone jack in parallel with 
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Radio Shack EC -200 calculator, back re- 
moved, showing the two leads which are 
paralleled with = key going to small jack 
for. MTI. Note that 1C3 mounts on a smaller 
board (or DIP mount, with pins bent flat). 
Main board is Radio Shack's 276 -151. 

the terminals connecting to the = key 
of your calculator. 

Slide off the battery cover, and re- 
move and disconnect the battery. Un- 
screw the four Philips screws from the 
back and remove the back from the 
main body. Locate the rows of large 
solder tabs along the left and bottom 
edges of the circuit board (see photo). 
There are 5 of these tabs along the left 
edge, corresponding to the 5 horizontal 
rows of calculator keys, and 4 tabs 
along the bottom edge, corresponding 
to the 4 vertical rows of keys. Solder a 

61 -in. length of insulated hookup wire 
to the left -hand tab along the bottom, 
and a 4 -in. wire to the other top termi- 
nal. Be sure to connect these two wires 
as described, and as shown in the sche- 
matic diagram. If they are reversed you 
won't hurt anything, but MTI won't 
work. Similarly, if the two wires which 
go from the MTI to the tiny plug which 
mates with the jack in your calculator 
are reversed, it won't work. So be 
careful with the connections. 

Finally, mount the jack tit) the top 
cover of the calculator, just beneath the 
AC power jack (as shown in the top 
right -hand corner of the photo) by 
drilling a 5 /32 -in. hole in the top cover 
and bolting it on with the nut provided 
with the jack. This is best done by 
temporarily dislodging the wires con- 
nected to the AC adapter jack, position- 
ing the added jack beneath it to locate 
the hole to be drilled, and drilling from 
the circuit board side. Reconnect and 
replace the battery, and replace the 
back cover. Solder two 10 -in. lengths of 
insulated wire to the subminiature phone 
plug, insert it in the jack, and turn on 
the calculator. Set up the calculator to 
count, as previously described, and 
touch the loose ends of the plug wires 
together; each time the wires make con- 
tact, the calculator display will increase 
by 1. This completes the calculator 
modification, and the calculator can be 
set aside until you complete your MTI. 

Other Calculators. If you're working 
with a calculator other than the one 
shown in our modification, determine 
which of the two leads from the = key 
is the more positive (or less,negative). 
Be sure to connect the more positive 
one to the center connector of the sub- 
miniature phone plug. 

How MTI Works. The timer circuit 
starts when capacitor Cl (or C2, de- 
pending on the position of switch S2) 
is discharged, and the output of ICI (at 
pin 3) is low. At the beginning of a 
timing cycle (initiated by pressing S3), 
the output at pin 3 goes high, and Cl 
(or C2) starts to charge up toward the 
battery voltage (6 volts) through R1, 
R2, and R3 (or R4, R5, and R6). 
When the charge on Cl equals 2/3 
of the battery voltage, pin 7 of ICI 
goes to ground and the capacitor dis- 
charges through R2 & 3, or R5 & 6. At this 
instant the voltage at pin 3 goes low. 
When the charge on Cl has fallen to 
1/3 of the battery voltage, 'the cycle 
repeats. Hence the timing cycle con- 
sists of CI alternately charging and dis- 
charging between 1/3 and 2/3 of the 
battery voltage. Howekrer, at the very 
first cycle the capacitor is at ground 
potential and must rise from 0 volts to 
2/3 of the battery voltage, while on 
succeeding cycles Cl only has to charge 
frpm 1/3 to 2/3 of the battery voltage. 

IC1 Runs Continuously. With switch 
S2 in the upper.position ICI puts out 
120 pulses -per- minute (ppm) . These 
pulses, every half- second, are counted 
in IC2, a divide -by -ten counter, and 
also by IC3, a divide -by -12 counter. 
When 60 pulses are counted, pin 9 of 
IC3 goes high, and a half- minute pulse 
is passed through IC4 to the calculator, 
if S4 is in the lower position a one- 
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