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Consider this scenario: A user 
had a signal source connected 
to the AUX input on an in-
tegrated amplifier that had a 

consistently lower level than the other 
sources. This made it necessary for the 
user to advance the loudness control 
higher to compensate and then experi-
enced “blasting” when setting the input 
selector to another source. It wasn’t fea-
sible to attenuate the louder sources, 
so a simple preamplifier was deemed 
necessary.

A physically small preamplifier that 
would fit the back of the equipment rack 
was needed. It required that the gain be 

adjustable from 1 to 15 (22dB). 
You may wish to plug a differ-
ent signal source in and adjust 
the gain accordingly. When the 
user reconnected the original 
source, he wanted a way to re-
peatedly restore the original 
gain setting.

It is easy enough to design 
a simple amplifier given the 
present state of technology. But what is 
the best way to adjust the gain? Mem-
ories of pots with pointer knobs and 
scales and impreciseness come to mind. 
A 10- or 15-turn trimmer pot would 

give resolution but no repeatability.  

SOLUTION
In dealing with op-amp theory, the in-
verting configuration in Fig. 1, the ex-

pression for the 
stage gain, directly 
relates to Rf/Ri, 
which is the value 
of the feedback 
resistor divided 
by the value of the 
input resistor. This 
is true because the 
inverting input is 
held at 0V by the 
action of the op 
amp and feedback 
resistor.

This simple audio booster amplifier raises the amplitude of a signal up to 15×, and, in a stereo 

configuration, allows individual adjustment when R and L channels are not equal in level.
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solid state

FIGURE 2: Four different switched gain resistors 
weighted 8-4-2-1×.

FIGURE 3: Final amp schematic.

FIGURE 1: Inverting op amp am-
plifier. Gain factor  =     .Rf

Ri

PHOTO 1: The amp with rotary switches.
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In other words, you can change the 
gain either by holding the input resistor 
constant and changing the value of the 
feedback resistor or holding the feed-
back resistor constant and changing the 
value of the input resistor.

In Fig. 2, it follows that four different 
gain selections are possible using four 
switches and four different input resis-
tors with a single feedback resistor. With 

the inverting input at 0V, the gain set-
ting resistors R3 to R6 can work without 
interaction.

If you select more than one feedback 
resistor, the overall gain is equal to the 
contribution of each resistor; i.e., for all 
switches closed:

  Gain = R7/R3 + R7/R4 + R7/R5 + R7/R6

If R6 is 40k (the same value as the 
feedback resistor), gain = 1, R5 = 20k, 
gain = 2; R4 = 10k, gain = 4; R3 = 5k, 
gain = 8.

With this scaling, it is possible to 
select gain factors from 1 to 15 by set-
ting various switches to the On position 
(Table 1). Gain selection can be made 
a step easier by substituting a hexadeci-
mal-coded rotary DIP switch (Omron 
A6R-162RF). Codes 10 to 15 are  
labeled abcdef. This switch will select 
the proper input resistors for each gain 
setting.

The final schematic is presented in 
Fig. 3. The first stage IC-1a is a buffer 
used to isolate the loads presented by 
R3 through R6 from the input. R2 and 

TABLE 1: GAIN SETUP.

Gain Factor X Switch S1 Hex #
 D C B A

Off 0 0 0 0 0
1 0 0 0 1 1
2 0 0 1 0 2
3 0 0 1 1 3
4 0 1 0 0  4
5 0 1 0 1 5
6 0 1 1 0 6
7 0 1 1 1 7
8 1 0 0 0 8
9 1 0 0 1 9
10 1 0 1 0 a
11 1 0 1 1 b
12 1 1 0 0 c
13 1 1 0 1 d
14 1 1 1 0 e
15 1 1 1 1 f

Casper2465.indd   41 2/22/2006   3:27:04 PM



42    audioXpress  4/06    www.audioXpress .com

C2 form a simple RFI filter to prevent 
a local AM radio station from getting 
through. C1 removes any DC bias on 
the input signal. You may add IC-1C 
after IC-1b for a non-inverting signal 
output.

Regulated ±12 to ±15V power sup-
plies are required, 10mA maximum; in 
this situation, the power was tapped off 
another piece of equipment. 

COMPONENT SELECTION
I chose a TL084 quad op amp based on 
the need for a medium quality amplifier 
for use with a mid-level signal (0.1 to 
1V RMS). You can use low noise or low 
offset op amps, depending upon your 
requirements.

The gain setting resistors are 1%, al-
though you can use 0.5% or 0.1% units 
to give more precise gain steps. The am-
plifier is inverting; you may prefer to add 
A1-C (Fig. 4) to re-invert the signal.

CONSTRUCTION
I used standard construction techniques, 
building a two-channel inverting output 
unit using two sections each of a TL084 

DIP. You may construct version 1 using 
DIP switches or version 2 using rotary 
switches (Photo 1). Version 2 requires a 
different layout of the gain select resis-
tors (Fig. 5) to match the pin layout of 
the rotary switch.

I built my prototype using a Radio 
Shack 270–150 multipurpose board, 
mounting resistors R3-R7 vertically to 
save space and to minimize the area that 
IC–1B input includes. You can install 
the completed circuit board into a small 
metal enclosure to minimize interfer-
ence pickup. You can make 1/8" holes to 
facilitate adjustment of the switches.

USAGE
With the amplifier installed and power 
applied, start with gain of one and in-
crease to the desired level on each chan-
nel. The frequency response is 10Hz to 
greater than 20kHz. Distortion mea-
surements were not available.   aX

FIGURE 5: Layout of gain select 
resistors for hexadecimal switch.

FIGURE 4: Adding former non- 
inverting output.
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Carl Casper is an engineer with experi-
ence in electronic circuits and instrument 
calibration. In his free time, he designs and 
builds audio and test equipment.

Sources for Components
Local electronics store.
Newark Electronics, 800-263-9275, 
Fax: 800-718-1998.
Mouser Electronics, 800-346-6873, 
www.mouser.com.

PARTS LIST (DUPLICATE FOR STEREO).

R1 47kΩ 5%
R2 1kΩ 5%
R3 4.99kΩ 1%
R4, R8, R9 10.0kΩ 1%
R5 20.0kΩ 1%
R6, R7 40.2kΩ 1%
C1 1.0µF 50V polystyrene
C2 100pF 50V ceramic
C3, C4 100nF 50V ceramic
IC-1 TL084 T1 or equivalent
S-1  Quad DIP switch-Grayhill 76B504 or
 equivalent OR hexadecimal rotary
 switch. Omron A6R-16ZRF

Build on Radio Shack 276–150 multipurpose PC 
board or perforated board.
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