
+24 volts de applied to pin 1 of IC1 
result in a + 5-volt regulated output. 

Construction. The entire auto/ 
marine digital tachometer can be as­
sembled on two 4" x 3"(10.2 x 7.6-cm) 
pieces of epoxy-ti berg lass (G-10) 
board that has holes pre-drilled on 0.1" 
(2.54-mm) centers. Use perforated 
board that has no copper on either 
side, sockets for the IC's and displays, 
a heat sink for /Ct , and push-in solder 
clips for component mounting. 

You can house the tach in any suit­
able enclosure , including a cylindrical 
plastic one that can sit on top of the 
dashboard, or mount the system in the 
dash panel in an unused instrument 
cutout. Don 't forget to use shielded 
cable for the hookup between the 
engine 's points and the tach 's input. 

Calibration & Use. Before you in­
stall the tach in your car or boat , it 
must be properly calibrated. For cali­
bration purposes , you will need a low­
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Fig. 2. Low-level 60-Hz soni·ce 
fo r cal-ibmting tachometei'. 

level 60-Hz signal source. You can 
wire the circuit shown in Fig . 2 to ob­
tain the low-level signal required. Wire 
the secondary of the 6.3-volt power 
transformer to the inner conductor 
(labeled "to points" in Fig . 1) , via Rl, 
and the shield of the tach 's input 
cable. 

Connect the lead from the tach 
labeled "+ 6 to + 24 V de " and the lead 
on the other side of Ct , labeled " vehi­
cle chassis ground, " to the vehicle 's 
electrical system or any other de 
source capable of delivering about 1 
ampere at the appropriate voltage. 

Now, referring to the table , adjust 
R6 for the proper display reading ac­
cording to the type of engine with 
which the tach is to be used . The tach 
is now calibrated and need not be 
readjusted again unless it is to be used 
with a different type of engine. 

You can now install the tach in your 
car or boat. After installing the tach, 
connect the various cables to the ap­
propriate points in yourvehicle 's elec­
trical system. Then the only thing left 
to do is use a dry-transfer lettering kit 
to label the legend " RPM x 100" on 
the display 's filter . ~ 

42 

A Simple· Method 
\

For Biasing 

TRANSISTORS 


An easy step-by-step way to design 
stable amplifier stages using Ohm's law. 

BY MYRON CHERRY 

H ERE is a simple way of deter­
mining the proper biasing of a 

bipolar transistor amplifier. It works 
for the majority of applications and 
has built-in protection against thermal 
runaway. All you need to know is the 
material of which the transistor is 
made (s il icon or germanium) and 
Ohm 's law. 

First , there are some basic assump­
tions that can be made based on the 
superi or quality of today's transistors. 
(1) Collector-to-base leakage current 
can be ignored . (2) The current gain 
(beta) is high enough that the base 
current can be ignored (or considered 
as a small part of the " bias" current) . 
(3) Emitter current equals collector 
current . Based on these assumptions , 
we can use the simplified circuit mod­
el shown in the diagram. 

The design of the bias circuit then 
consists of nine steps: 
Step 1 . Determine the collector cur­
rent (same as the emitter current). 
Often this is determined by the load , or 
the test current given in the transistor 
specifications can be used . If the 
power supply is a battery, choose a 
small current for longer battery life. 
Typically , medium-signal transistors 
have a collector current of 1 to 10 mA. 
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For a small-signal transistor, it would 
be perhaps 0.1 mA. 

Step 2 . Determine the supply volt­
age . This is usually a standard value: 9, 
12, or 24 volts depending on the bat­
tery or supply . 

Step 3. We assume that the emitter 
voltage is to be 10% of the supply volt­
age so the emitter resistor is 
R,. = 0.1V JI,. 

The assumption for the emitter volt­
age provides thermal stability, allows 
for wide variations in beta and pro­
tects the emitter-base junction from a 
possible current overload. 

Step 4 . Calculate the base voltage. 
This depends on the semiconductor 
material , which determines the drop 
across the junction. For silicon , the 
drop is 0.7 V, and for germanium , it is 
0.3 V. The base voltage is then the 
emitter voltage plus 0.7 or 0.3 

Step 5 . Assume that the " bias " cur­
rent through Rt and R2 is 10% as 
much as the collector current. This is 
easier than considering that R,. times 
beta is in parallel with R2 . In fact , we 
do not need to know beta if it is high 
enough because 10% or 20% variation 
in ·Rt and R2 would cause more 
change in bias current than the small 
base current in today 's high-beta 
transistors . In fact, beta often varies 
from 100 to 300 for the same type of 
transistor. 

Step 6 . Calculate R2 using base 
voltage and bias current. 
R2 = V1i.,,...fl1iias = V""')0.11,. 

Step 7 . Calculate Rt 
R1 = {V, - V1i ..,,.)/l 111as 

Step 8. Choose collector voltage. 
Except for an emitter follower , the 
output signal is always taken from the 
collector . To avoid clipping, let V,. = 
0.5V,. 

Step 9. Calculate R,. from 1,. and V, .. 
R,. = V.JI.. = 0.5VJI .. . 
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