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Abstract 

A number of  aspects o f  usage o f  a logari thmic 

a m p l i f i e r  f o r  data compression and low l e v e l  resolu- 

t i o n  a r e  given. These include an example o f  data 

i n t e r p r e t a t i o n  and a d e r i v a t i o n  o f  e r r o r  f igures.  

An appendix contains a c i r c u i t  and spec i f ica t ions  

o f  the logari thmic a m p l i f i e r  used. 
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1 -  In t roduct ion.  

Outputs o f  some physical  and b io log i ca l  de tec t ion  instruments conta in  

in format ion over a very wide range o f  values. 

spectrometer t h i s  range can exceed 1 : 30,OOO. Visual i n t e r p r e t a t i o n  o f  

analog s ignals  has a normal reso lu t i on  o f  on ly  1 : 1 0 0  t o  1 : 1000. Ana- 

l o g  to d i g i t a l  conversions may be used, but  a lso  seldom exceed l : IOOO. 

In  cases where v isual  i n t e r p r e t a t i o n  i s  made from s t r i p  char t  recordings, 

some improvement i s  obtained by m u l t i p l e  t race  recordings, each t race a t  

a d i f f e r e n t  ga in so t h a t  a t  l eas t  one o f  the traces has a usable range i n  

a l l  po in ts  o f  in te res t .  S imi la r  d i g i t a l  techniques, however, are d i f -  

f i c u l  t and awkward. 

I n  the case o f  a mass 

A logar i thmic  data t ransformat ion can make a very useful  data com- 

press ion device. 

cess and much promise. An a m p l i f i e r  based upon a c i r c u i t  reported by 

J.F. Gibbons and H.S. Horn has been b u i l t  by the Genetics Department 

Instrumentat ion Research Laboratory, Stanford Medica1 School, and used 

there and i n  the Chemistry Department, Stanford Un ive rs i t y  (See Addendum 

t o  t h i s  repo r t  d e t a i l i n g  a Model 100-9 Logar i thmic Ampl i f ier . )  Par t icu-  

l a r  app l i ca t ions  have included analog t o  d i g i t a l  recording o f  mass spec- 

trometer data and logar i thmic  analog t o  s t r i p  char t  recordings o f  s i m i l a r  

data t o  detect  very low leve l  metastable i o n  phenomena. A forthcoming 

communication i n  Ana ly t i ca l  Chemistry* describes the uses and advantages 

o f  l oga r i  thmic data t rans fer  t o  the i d e n t i f i c a t i o n  o f  metastable ions. 

I n  t h i s  case the useful  in format ion was a t  an ampli tude o f  on l y  1 pa r t  i n  

lO0,OOO o f  the peak amp1 i tudes. 

Such techniques have been employed here w i t h  some suc- 

1 

This ( logar i thmic )  system has been used i n  the author 's  
laboratory  i n  conjunct ion w i t h  an At las  CH-4 mass spec- 
trometer, the  recording system o f  which su f fe rs  from the 
disadvantage t h a t  i t  requires manual a t tenuat ion  i n  the 
recording o f  a given mass spectrum, necess i ta t ing  several 
scans i f  one wishes t o  o b t a i n  accurate i n t e n s i t i e s  o f  
both the s t rong and weak peaks. This i s  espec ia l l y  t rue  
i f  one i s  t r y i n g  to observe metastable ions which appear 
as weak broad peaks. 3 

Further, i t  was noted tha t  the logar i thmic  p l o t s  show a considerable num- 

ber  o f  metastable peaks not apparent i n  l i n e a r  recordings, but  a lso  pro- 

duce a spectrum which i s  f a r  easier t o  count. The logar i thmic  p l o t  was 

1. 



ab le  t o  record a l l  the informat ion i n  one scan. 

Logarithmic data t rans fer  promises t o  be very useful  as a p r i o r  step 

i n  analog to d i g i t a l  conversions f o r  d i g i t a l  computer analys is  o f  mass 

spectra and o ther  s i m i l a r  signals. Analog to  d i g i t a l  conversion e f -  

f e c t i v e l y  wipes o u t  a l l  l i n e a r  low l eve l  s ignals  t h a t  l i e  below the m i n i -  

mum analog t o  d i g i t a l  resolut ion.  A n  improvement i n  reso lu t i on  by a fac- 

t o r  o f  as much IO can be obtained by means o f  the logar i thmic t rans forma 

t ion. 

6 

I t  E f f e c t  o f  L inear  E r ro r  on Transmission o f  Logar i thmic Data. 

The er ro rs  r e s u l t i n g  from noisy handl ing o f  logar i thmic analog s ig -  

na ls  are qu i te  d i f f e r e n t  from those produced by normal l i n e a r  analog data 

processing. I n  t h i s  sec t ion  the e r r o r  expressions are der ived from re- 

t r i eved  data. I t  w i l l  be shown t h a t  f o r  la rge  s ignals  the e r ro r  r a t i o  i s  

increased and t h a t  f o r  small s ignals  i t  i s  decreased. I n  a l l  cases the 

e r r o r  i s  propor t ional  t o  the s ignal .  

The logar i thmic analog s ignal  w i l l  i n  almost a l l  cases be handled by 

some l i n e a r  data transmission device. This  may be a s t r i p  char t  recorder, 

magnetic tape, meter movement, analog t o  d i g i t a l  converter o r  some com- 

b ina t i on  o f  these. I t  i s  t y p i c a l  o f  t h i s  c lass t h a t  they have an uncer- 

t a i n t y  o r  e r ro r  t h a t  i s  a constant percentage o f  the maximum s ignal  proc- 

ess i ble. 

The fo l low ing  model i s  assumed. An ideal  logar i thmic  func t ion  i s  as- 

sumed f o r  the a m p l i f i e r  and an ideal  an t i l oga r i t hm ic  output func t ion  i s  

assumed a t  the output. A l l  e r ro rs  are assigned t o  the data transmission 

dev i ce. . 
Linear  data /- 
transmission Device o r  x i  

xo 
-- Calcu lat ion-  

e 

Logarithmic amp1 i f i e r  

* 

Figure 1 .  An assumed model o f  data transmission. 
2. 



Logarithms are  def ined only fo r  p o s i t i v e  numbers; hence the l o g  ampli- 

f i e r  has an output  f o r  on l y  p o s i t i v e  values. 

the model 100-9 l o g  a m p l i f i e r  has a minimum output  corresponding t o  

roughly 1, o r  x = x . i r 
by physical  1 im i ta t i ons  o f  the logging amp1 i f i e r .  

f i e r  may be used over a range o f  x < x. < xmx. I t should a l so  be noted r I 
t h a t  the user may e l e c t  to scale h i s  input  t o  some xmx less than t h a t  o f  

the amp1 i f  ie r .  

Furthermore, the output  o f  

And there i s  a maximum l i m i t  o f  x, xmx, imposed 

Hence the l o g  amp1 i- 

The l o g  a m p l i f i e r  has an output  

where logb k i s  a sca le fac to r  o f  the l o g  ampl i f ie r .  I f  k = xr 

x = logb xi 1 

If k j x r  i t  o n l y  appl ies a scale m u l t i p l i e r  t o  the output  and does not 

en ter  i nto  the e r r o r  analysis. 

L e t  the  dynamic range used be R, def ined as R = xmx/xr. 

The output  o f  the  l o g  amp l i f i e r  w i l l  range from logb kx r t o  logb hmx 

b hr - logb kXmax max - x m i n  = l o g  1 

- logb R 

Note t h a t  b i s  undefined. 

represent l o g  xi t o  any base. 

numerical values a t  po in ts  on the curve. R may be expressed as a ra t io ,  

decades, nepers, or octaves. 

20.7 nepers, o r  29.9 octaves. 

ver ted  t o  any o f  these quant i t ies .  

The output  curve o f  the l o g  a m p l i f i e r  could 

Select ing the base simply puts analog 

For example, w i t h  R I lo9 , R i s  9 decades, 

S i m i l a r i l y  l o g  x. may be expressed o r  con- 
I 

It i s  normal i n  l i n e a r  data transmission devices to  express noise as 

a f r a c t i o n  o f  the maximum signal. 

t h a t  l o g  R i s  scaled t o  be equal t o  t h i s  maximum signal, 

Following t h i s  custom and assuming 

b 

e I N logb R 

where N i s  the noise r a t i o  o f  the l i n e a r  data transmission device. 



The output  o f  the l i n e a r  data transmission device has an output  o f :  

x = l o g  x + e  (assumed k = x ) 
t b i  r 

= log x + logb RN 
b i  

b i  
= 109 x R N 

A f te r  tak ing  a n t i l o g  t o  base b through the an t i l oga r i t hm ic  device, 

N x I x.R 
0 I 

If N i s  small compared to  R, 

x = x  ( l + N l n R )  
0 i 

where I n  i s  the natura l  logarithm. 

L e t t i n g  xo - x + e where e i s  e r r o r  a t  the output, 
i 0 (3 

x + e  = X  + x  N l n R  

e I x. Nln R 

i 0 i i 

0 I 

It can be seen tha t  the uncer ta in ty  ( e r r o r )  a f t e r  data r e t r i e v a l  

by the a n t i l o g  operat ion has a value equal to  a constant r a t i o  o f  the 

input  signal, x And t h i s  r a t i o  i s  the noise fac to r  o f  the data 

transmission device times the natura l  logar i thm o f  the al lowed range o f  
i' 

x .  

An in te res t i ng  value t o  inves t iga te  i s  t ha t  value f o r  which the e r -  

ro rs  o f  a l i n e a r  and logar i thmic  s ignal  a re  equal. This would be the 

value o f  x. which would produce equal uncer ta in ty  whether t ransmi t ted  

i n  l i n e a r  or  logar i thmic  form: 
I 

e = e  
0 

x NI 109 R = N x i 2 max 
~~ 

where N, i s  the noise fac to r  dur ing  the logar i thmic  transmission and N2 

i s  the noise fac to r  dur ing l i n e a r  transmission. I f  indeed l o g  R = xmax 

i n  the two cases, then N1 
Ng* 

xi - 1 - N2 - -  
X I n  R Nl max 

4. 



If R i s  I n  decades I n  R i s  approximately 2.3 R. 

xI’xmax - ( 1/2- 3) (%IN1 1 
Therefore, f o r  a value o f  x below that  given by the above equation, i 

the accuracy o f  the retr ieved values o f  xi i s  improved by logarithmic pro- 

cessing, and f o r  values above that the accuracy decreases. 

t i n g  device i s  a s t r i p  recorder wi th an accuracy given as 0 . 8  of f u l l  

scale, 5 inches. 

N1 calculated as a r a t i o  over the 4 inches used i s  

Nl - .o(M (5/4) 

The fol lowing example i l l us t ra tes  these points: the l inear  transmit- 

xr was selected as 1 mv and set a t  1 inch. 

I . 0 0 2 5  

4 R over t h i s  same range i s  4 decades - 10 . I n  r - 9.2 

x then i s  1 m v  x lo4 I 10 vol ts 
RYX 

Error r a t i o  of retr ieved data i s  then 

Nl I n  R = .oOg x 9.2 or 2-39 a t  any amp1 i tude. 

The point o f  equivalent error as compared w i th  linear chart record- 

Ing can be found. If xmX of the l inear  recording i s  5 volts, then 

% - .001 referred t o  IO Inches f u l l  scale (10 vo l ts)  

XI = 1 x .a x 10- 044 v o l t  
9.2 00025 

Figures 2 and 3 i l l u s t r a t e  what may be expected. Ffgure 2 I s  a 

l i n e a r  recording o f  an event. 

pected uncertainty. Figure 3 i s  the recording on the same recorder o f  a 

logar i thmic signal w i  th, again, the expected uncertainty. By comparing 

Figure 2 wi th  Figure 3 It can be seen that  eo has the same value on both 

p l o t s  a t  .u volts. A t  s ig-  

nal points above t h i s  voltage the l inear  recording can be expected to  

have greater accuracy. 

accuracy can be expected wi th  the logarithmic processlng. 

A t  the r i g h t  are p lo t ted  values o f  ex- 

A l s o  eo/xi has the same value a t  .& volt.  

For signal points loner than -44 vo l ts  greater 

5 .  



VOLTS 
5 

Uncertainty eo as a r a t i o  eo/xi 

0 -010 .020 .030 

Linear Recording o f  x i  

0 .02 .04 VOLTS .06 

Uncertainty eo i n  v o l t s  - - -  

Figure 2. A l i n e a r  recording o f  an event. Recorded on a 5" char t  
w i th  an accuracy o f  0 . 8  f u l l  scale.  The curves a t  the 
r i g h t  p l o t  t h i s  uncer ta in ty  as a funct ion o f  the  s igna l .  



Uncertainty eo as a r a t i o  eo/xi  

VOLTS 

0.4 4 

0. 

.c 

.oo L 

I 

I 
+ 

Recording o f  l o g  x i  

7 
I 
f 
1: 

.02 .04 VOLTS -06 

- - -  Uncertainty eo i n  vo l ts  

F igure  3. A logari thmic recording o f  a s i m i l a r  event t o  tha t  o f  
Figure 1 .  This i s  the recording o f  l o g  X i .  

a t  the r i q h t  p l o t  uncertainty as a funct ion o f  the 
logar i thmet ic  signal amplitude. 

The curves 



(Note: Figure 2 and 3 are  o f  s imi lar ,  bu t  not  ident ica l ,  s ignals.)  

111 An I l l u s t r a t i v e  Example o f  

Figure 4 i s  a reproduct ion 

trometer. Th is  has much usab 

ample o f  an e f f e c t  a logar i thm 

base l i n e "  i n  the signal. The 

i thmic  amp l i f i e r  a t  very low s 

Data I n terpre ta  t ion. 

o f  a logar i thmic  p l o t  from a mass spec- 

e information, but  i s  a l s o  a severe ex- 

c a m p l i f i e r  w i l l  accentuate: " d r i f t i n g  

very h igh reso lv ing  power o f  the logar-  

gnal leve ls  w i l l  make what was an other-  

wise acceptable zero d r i f t  appear to be a major p o r t i o n  o f  the s ignal .  
However, upon careful  examination i t  w i l l  be seen t h a t  no in format ion 

i s  ac tua l l y  los t .  

The " d r i f t i n g  base 1 inel l  deserves some special  explanat ion and 

evaluation. 

trometer t h a t  has a 0 t o  20 V dc output  range. The ampli tude o f  the 

s ignal  between we l l  defined peaks i s  t h e o r e t i c a l l y  zero, but some d r i f t  

i s  inevi table.  Only the amount o f  d r i f t  i s  subject  t o  c r i t i c i s m  o r  per- 

haps engineering improvement. Since t h i s  s ignal  was normal ly recorded 

i n  a l i n e a r  manner a t  abzut 0 t o  5 V range, a d r i f t  o f  0.15, o r  5 mV, 

would probably be acceptable. The instrument would be adjusted so t h a t  

t h i s  d r i f t  was p lus o r  minus about zero. 

The signal  o f  Figure 4 i s  from an a m p l i f i e r  on a mass spec- 

I f  t h i s  s ignal  i s  t o  be processed through a logar i thmic  ampl i f ier ,  

o ther  considerations must be made. 

def ined and the l o g  o f  zero i s  minus i n f i n i t y .  

range o f  physical rea l  i z a t i o n  by an ampl i f i e r .  

f i e r  used has a number o f  reference sett ings,  from 1 p V  t o  IO mV. 

se t  a t  a p a r t i c u l a r  reference, on l y  s ignals  between t h a t  reference and 

the  upper input 1 i m i t  o f  the ampl i f i e r  g ive  meaningful output. 

below the reference are  l o s t  i n  .negative sa tu ra t i on  ( a c t u a l l y  a t o l e r -  

ance o f  about .5 t o  .7 o f  the reference i s  permitted, g i v i n g  an output 

o f  about .8 as a minimum.) 

The l o g  o f  a negat ive number i s  un- 

Both l i e  o u t  o f  the 

The logar i thmic  ampl I- 

When 

Signals 

To insure t h a t  the s ignal  t o  the logar i thmic  a m p l i f i e r  i s  never nWa- 

t ive,  i t  Is recommended t h a t  the zero se t  o f  the s igna l  be o f f s e t  i n  the 

8. 



. p o s i t i v e  d i r e c t i o n  so t h a t  the lower excursions o f  the s ignal  remain wi th-  

i n  the al lowable l i m i t s  o f  the logar i thmic a m p l i f i e r ;  i.e., above the ref -  

erence selected. Since t h i s  can be as low as 1 pV, t h i s  "o f f se t  posi t ive! '  

can be almost a r b i t r a r i l y  low. In  f a c t  i t  turns o u t  t h a t  the logar i thmic 

ampl i f i e r  i s  by f a r  more sens i t i ve  t o  de tec t i on  near zero than any o the r  

detector  used normally on such systems, and hence the "o f f se t  pos i t i ve1 '  

can be nearer zero than supposed zero s e t t i n g s  using 1 inear detectors. 

The Model 100-9 logar i thmic ampl i f i e r  has "Reference" and "Scale" set-  

t ings;  w i t h  these, an output corresponding t o  l o g  (s ignal / reference = 1 )  

and l o g  (s ignal / re ference = lon) may be obtained. I n  Figure 4, the re- 

corder was adjusted so t h a t  reference ( 1  mV) was se t  a t  1 inch; l o g  10, 

o r  one decade (10 mV) was se t  a t  2 inches; two decades a t  3 inches, etc. 

Conveniently, t h i s  has now scaled the chart so t h a t  the inches, ex- 

pressed i n  decimal form 5 from the f i r s t  inch level, are the logar i thm 

t o  the base IO o f  the amplitude d i v ided  by the reference. The "zero 

d r i f t "  can be seen t o  begin a t  about 1 mV (loglo 

d r i f t s  downward u n t i l  i t  passes below the reference and then r i s e s  t o  

about 10 mV. 

0.65) I: 4.4 mV. This -10 

Examples of c a l c u l a t i o n  o f  peak amplitude ( a l l  values expressed i n  mV): 

Peak ampli tude o f  "A" = a n t i l o g  1.58 - a n t i l o g  .55 

= 38 (peak) - 3.5 (zero o f f s e t )  

= 344.5 

Others are: 

I1Bl1 I a n t i l o g  2.29 - a n t i l o g  -48 I 195 - 3 = 192 

"C" = a n t i l o g  3.57 - a n t i l o g  .TO I 3720 - 5 = 3715 

"D" = a n t i l o g  .84 - a n t i l o g  .O = 6.9 - 1 = 5.9 

l i ~ a t  I a n t i l o g  .94 - ? = 8.7 ? = 8.7 
Informat ion about zero l i n e  i s  los t .  

I -  
"F" - a n t i l o g  3.28 - a n t i l o g  1.0 = 1910 - 10 = 1900 

The loca l  r i s e  i n  base l i n e  here appears t o  be lack o f  r e s o l u t i o n  be- 
tween peaks w i t h i n  the spectrometer. 

"G" - a n t i l o g  1.23 - a n t i l o g  1.02 I 17.0 - 10.5 I 6.5 
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It was shown in Section I I  that the uncertainty due to errors in the 

In this data transmission would be a constant percentage of the signal. 
case the recording and reading back of the signal on a strip chart record- 
er would be the data transmission. Assuming a .5$ accuracy of full scale 
inches of the chart, N = .O@. The range is five decades or 10 5 ; 
In IO5 = 11.5. The uncertainty is then n InR = 5.754. 

A summary of the above values with expected uncertainty versus the 
expected uncertainty in linear recording is informative: 

Peak Amp1 i tude Expected uncertainty Expected uncertainty 
mV with log transmission with linear transmission 

mV percent mV percent 

A 
B 
C 
D 
E 
F 
G 

I V  

and 

3 4 9  5 2.0 5.8 e 25 73-0 5 
192.0 11.0 5.8 e 25 13.0 4 
371 5.0 212.0 5.8 4 25 - 7  4 

1 goo. 0 108.0 5.8 4 25 1.3 % 
6.5 0.4 5.8 e 25 390.0 3 

5.9 0 - 3  5.8 e 25 425.0 $ 
8.7 0.5 5 -e  96 25 285.0 4 

Further Work Indicated. 

The signal of Figure 4 was an example of very severe base line drift, 

is not supposed to be an example of a desirable signal; however, the 

problem does exist to some extent with any real analog signal. In general 

it may be said that use of the logarithmic amplifier with signals that 

have base line drift does not result in the loss of any information, but 

base line drift does limit the usefulness of the logarithmic amplifier to 

resolve very small signals. 

Further work is being done to investigate the possibility o f  using 

the logarithmic amplifier itself to detect base line drift and to gener- 

ate an appropriate error signal. Then this error signal could control a 

dc bias applied to the original signal to drive the base line to a pre- 

selected reference. 

1 1 .  



V Sources o f  Logar i thmi c Transfer Elements. 

The amp l i f i e r  described i n  Appendix A uses a F a i r c h i l d  FSP-30 PNP 

s i l i c o n  t r a n s i s t o r  as the logar i thmic element. This i s  employed as de- 

scr ibed i n  reference ( I  ). 

Other comnercial elements are avai lab le.  Nexus Research Labora- 

tory, Inc., Canton, Massachusetts has a Type LGR-6 Logarithmic Rat io  Mod- 

ule. George A. P h i l b r i c k  Researches, Inc., Boston, Massachusetts, has a 

type P L I  module and others under development. 

P r i n c i p l e  manufacturers o f  osci l loscopes and x-y recording equip- 

ment are known t o  be developing instruments w i t h  e l e c t r o n i c  logar i thmic 

conversions. I t  i s  expected t h a t  such instruments, w i t h  v isual  l o g a r i  th- 

mic displays, w i l l  soon be announced as commercially avai lable.  

12. 
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AN OPERATING MANUAL FOR THE MODEL 100-9 

LOGARITHMIC AMPLIFIER 

c 

I 



SPECIFICATIONS 

The Model 100-9 logarithmic amplifier will give an output of log 
is manually selectable from 100 pA to 1 UA in 

X input’xref. ‘ref. 
decade steps. The output is usable over an input range in excess of 

8 decades. 

Power requirements: Nominal 110 V ac or 220 V ac, selected by a safety 
strapped switch on the chassis. 60 cps. 

Useful and permissable input limits: 

Minimum: 70 x A (70 PA) or M.7 p V  at the input. 
(Smaller voltages or negative values to -10 V are per- 
missable, but will give no useful output.) 

Maximum: 10 x A (10 mA) or 100 V at the input. 

Input Impedence: 10 kilohms. 

Output (Two levels are provided): 

Low: output #l. 
Range 0.5 to 10 mV. 
Output impedance 10 ohms 
Minimum recommended load, 50 kilohms 

High : Output #2. 
Range 0.1 to 2 V. 
Output impedance 6 ohms. 
Minimum recommended load, 50 kilohms. 

Noise: Less than 2.5 pV at the input. 

Reference levels internally generated and manually selectable: 

Current : 

100 pA 
1 n A  
10 nA 
100 nA 
1 UA 

Voltage equivalent: 

1 UV 
10 pv 
100 vv 
1 mV 
10 mV 
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RESPONSE TIME 

c 

The response time of the logarithmic amplifier is decidedly non-linear. 
In general, the response time is inversely proportional to the input 
signal level. Rise time is faster than fall time. During the response 
to a positive step input the amplifier is going from a slow response 
area to a faster response. The converse is true for a negative step input. 

Time Constant: 

Below a certain value of input current (approximately 1.3 P A ) ,  the prin- 
cipal time constant, T, is inversely proportional to input current: 

> 1.3 vA 'in T = 1.8 ysec 

sec 2.4 x 
T -  T 

4. in 'in lo3 

T 'in Representative values are: 

1.8 psec 
24 psec 

2 400 vsec 

Measured rise and fall times: 

Certain rise times and fall times were measured and are recorded below. 
An attempt was made to follow the 10-90 convention in recording these times. 
Unfortunately, this became difficult - if not impossible - to do and still 
retain any useful information with the logarithmic conversion. The levels 
used and their relationship are illustrated in Figure 1. 

Time is given in microseconds between the indicated points on a normalized 
1.00 pulse. 

Rise Time Fall Time Rise Time Fall Time 

Output .04 Output .96  Output .28 Output .96  

(Input .01 (Input . 90  (Input .10 (Ir-put .90  

Range of Input 
Current Step 

to .28 to .96 to .04 to . 96  

to .go) to .01) to . go )  to . lo)  
Time in microseconds--------.---=------ (One decade pulse:) --------------- 

1.0 to/from 10 16. 75. 14. 24. 

0 .1  to/from 1.0 160. 750. 140. 240. 
0.01 to/from 0.1 1600. approx.8000 1400 approx.3000 

Output .04 Output .96 Output .2b Output .96  

(Input 0.002 (Input .83 (Input .054 (Input . S 3  
to .28 to .96 to .04 to .96  

. -  

t o  . 8 3 )  to 0.002) to .83) to .054) 
(Two decade pulse:) 
0.1 ce/frm 15 25. 1400. 20. 280. 
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OPERATING INSTRUCTIONS 

1. Turn t h e  Reference s e l e c t o r  switch t o  10 nA or h i g h e r  range. 

2. Connect t h e  instrument  t o  a power source of 110 or 220 V, as pre- 
s e l e c t e d  by the  i n t e r n a l  power s e l e c t o r  switch.  (If t h i s  switch is  
placed i n  t h e  220 V p o s i t i o n ,  be s u r e  t o  engage t h e  s a f e t y  s t r a p  t o  
m a k e  i t  impossible t o  i n a d v e r t e n t l y  t u r n  t h e  switch t o  110 V.) 

3. Check t h a t  t h e  ON-OFF i n d i c a t o r  l i g h t  i s  ou t .  P r e s s  t h e  ON-OFF switch 
t o  e x t i n g u i s h  i t  i f  necessary.  

4. Connect t h e  s i g n a l  source t o  the Input  Jack a t  t h e  rear. 

5. Connect t h e  #1 or #2 Output Jack t o  t h e  recording or sens ing  system 
being used. 
See S p e c i f i c a t i o n s .  

S e l e c t  #l or 112 according t o  level of output  d e s i r e d .  

6. P r e s s  t h e  ON-OFF switch t o  t u r n  t h e  power on. The i n d i c a t o r  l i g h t  
w i l l  come on. 

7. Afte r  t h r e e  t o  f i v e  minutes,  t o  a l low t h e  c i r c u i t s  t o  s t a b i l i z e ,  t u r n  
t h e  Operate-Balance-Scale switch t o  BALANCE. The ou tpu t  of t h e  ampli- 
f i e r  now corresponds t o  log (l), o r  t h e  ou tpu t  t h a t  would r e s u l t  i n  

normal o p e r a t i o n  i f  t h e  inpu t  s i g n a l  equaled t h e  r e fe rence  s e l e c t e d  
(see s t e p  10). This  output  r e fe rence  l e v e l  should be noted on t h e  
r eco rde r  o r  o t h e r  s ens ing  device used. I f  a s t r i p  c h a r t  r eco rde r  is 
used, i t  i s  o f t e n  d e s i r a b l e  t o  a d j u s t  t h e  r eco rde r  so t h a t  t h i s  va lue ,  
t h e  ou tpu t  r e f e r e n c e  level, f a l l s  on a pre-selected base l i n e .  

10 

8. Turn t h e  Operate-Balance-Scale switch t o  SCALE and t h e  Reference 
switch t o  1 uA. 

The i n d i c a t i o n  of t h i s  output  should again be noted,  as t h i s  w i l l  be 
t h e  scale f a c t o r  of one decade above t h e  output  r e fe rence  l e v e l  of 
s t e p  7. Again, w i th  a recorder  i t  w i l l  be h e l p f u l  t o  a d j u s t  t h e  gain 
of t h e  r eco rde r  so t h a t  t h i s  i s  a pre-selected amount above t h e  base 
l i n e  chosen i n  #7. Turning the REFERENCE switch t o  100 nA and 10 nA 
w i l l  g ive  ou tpu t s  of log 100 and Log 1000, r e s p e c t i v e l y .  

The output  of t h e  a m p l i f i e r  w i l l  now be loglO(1O). 

9. I f  a d j u s t i n g  t h e  ga in  and zero set of a r eco rde r ,  r e p e a t  s t e p s  #7 and 
I8 u n t i l  r ead ings  g ive  the  des i r ed  base l i n e  va lue  and scale. 

10. S e l e c t  t h e  inpu t  r e fe rence  des i r ed  f o r  o p e r a t i o n  by t h e  p o s i t i o n  of t h e  
REFERENCE switch.  Turn t h e  Operate-Balance-Scale t o  Operate. Table 1 
w i l l  be u s e f u l  i n  s e l e c t i n g  the  r e fe rence  d e s i r e d  and i n t e r p r e t i n g  t h e  
range be ing  used. - 

11. Adjust t he  nominal ze ro  l e v e l  of t h e  s i g n a l  being observed to, o r  j u s t  
above, t h e  r e fe rence  se l ec t ed .  ( I f  t h e  s i g n a l  drops t o  below t h i s  p o i n t  
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INITIAL CALIBRATION AOJUSTMENT 

WARNXNG The REFERENCE selector switch must be in the 
high ranges, 10 nA, 100 nA, or 1 PA, when 
turning the Logarithmic Amplifier main power 
switch to ON or OFF. 

Adjustments: 

a. Connect load that will be driven by amplifier. (This may be omitted 
if the normal load is over 100 kilohms.) 

b .  With the Operate-Balance-Scale (0-B-S) switch set to BALANCE, adjust 
the potentiometer on the chassis back of the output meter to obtain 
a voltage of + 0.1 V at tie point number one (TP#l) on terminal board 
number one (TBUl). Use an external voltmeter. 

c. With the 0-B-S switch still set to BALANCE, adjust the trimpot on 
TB#l to obtain a meter reading on the output meter of 0.0. 
responds to 0.2 V at Output #2  and the log of 1.0. 

This cor- 

d. Scale Factor checks. With the 0-B-S switch set to SCALE, readings of 
the output meter and at the outputs should be: 

Setting of Output meter Volts at Volts at Represents: 
REFERENCE reading output 111 output i12 

1nA 4.0 5.0 mV 1.0 v 4 decades 

10 nA 3.0 4.0 mV 0.8 V 3 decades 

100 nA 2.0 3 . 0  mV 0.6 V 2 decades 

0.4 V 1 decade 1 PA 1.0 2.0 mV 

The outputs in (d) above are useful in calibrating a strip chart recorder 
or other data transmission devices used in conjunction with the logarithmic 
amp 1 i fie r . 



TABLE 1 

Meter #1 Low #2 High 
Indication Output Output 

9 10 2.0 

8 9 1.8 

7 8 1.6 

Input Signal Voltages*for Observed Logarithmic Amplifier 
Outputs and Reference Settings 

Reference Setting 

100 pA 1 n A  10 nA 100 nA 1 VA 
I 

Corresponding Input 
100 Signal Voltage in Volts. 

I 
10 100 

I 

6 7 1.4 , 
5 6 1.2 j 

2 3 .6 I 

I 

4 5 1.0 

3 4 .8 
t 

I 

1 2 . 4  

0 1 . 2  

T ~ 

Amplifier is clamped at a minimum 20.6 x reference. 

I 1 10 100 

10-1 1 10 100 

10 1 10 100 -1 

10- 1 10 

10-1 1 

10-1 

Reference 

-1 

-4 * Signal current inputs are the above voltage figures x 10 . 

0 0.0 
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t h e r e  i s  no way by observing t h e  output  of t h e  loga r i thmic  a m p l i f i e r  
t o  determine whether t h e  s i g n a l  i s  indeed a t  ze ro  or some negat ive  
l e v e l . )  

A convenient way t o  a d j u s t  t he  zero  set  o r  balance adjustment of t h e  
e x t e r n a l  s i g n a l  source is t o  observe the  meter on t h e  logar i thmic  
ampl i f i e r .  The nominal ze ro  l e v e l  should cause t h e  meter t o  i n d i c a t e  
as c lose  t o  zero  - but  n o t  less than zero  - as is poss ib l e .  A t  an 
i n d i c a t i o n  of  z e r o ,  t h e  s i g n a l  i s  equal  t o  the  r e fe rence ,  but  a t  an 
i n d i c a t i o n  of  less than ze ro  t h e  s i g n a l  i s  something less than the  
re ference ,  and may be cons iderably  nega t ive .  A t  a meter i n d i c a t i o n  
of  1, t h e  s i g n a l  i s  10 times t h e  r e fe rence ;  a t  a meter i n d i c a t i o n  of 
2 ,  the  s i g n a l  i s  100 times t h e  r e fe rence ,  e tc .  

Often it  w i l l  be found t h a t  t h e  optimum adjustment of t h e  
s igna l  l e v e l  zero ,  and t h e  r e fe rence  chosen, is t o  select  
t h e  lowest r e fe rence  t h a t  s t i l l  allows t h e  zero  set on t h e  
observed s i g n a l  t o  c o n t r o l  t he  nominal ze ro  so t h a t  t h e  log  
ampl i f i e r  meter i n d i c a t i o n  w i l l  remain between 0 and 1. 

12. The system i s  now ready f o r  use. Sec t ion  111 of the  r e p o r t ,  "The Use 
of a Logarithmic Amplif ier  i n  Data Process ing  of Analog Signals" ,  by 
Walter Reynolds, March 9 ,  1965, g ives  an example of how t o  i n t e r p r e t  
t h e  results from a chart: record ing .  Table 2 i s  a u s e f u l  t a b l e  of 
an t i logar i thms.  

13. To tu rn  o f f  t h e  a m p l i f i e r ,  set the  REFERENCE switch t o  10 nA o r  h ighe r .  
P re s s  the On-Off swi tch .  The i n d i c a t o r  l i g h t  i n  the  On-Off swi tch  
w i l l  go out .  
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LUG A N T I L O ( . ,  

- 9 5  
* o o  100 131 
e 0 1  1 0 2  1 0 4  
a 0 2  1 0 5  lU6 
0 0 3  1 0 7  1U6 
, u 4  l1U 1 1 1  

- 

* 0 5  1 1 2  1 1 4  
* O b  1 1 5  1 1 6  
* 0 7  1 1 7  119  
0 0 8  120  1L2 
o U Y  1 2 3  124  

0 1 0  126 121 
* I 1  129 1 3 0  
012 1 3 2  1 3 3  
e 1 3  135 1 3 6  
r 1 4  1 3 d  1 4 0  

el5 1 4 1  1 4 3  
el6 1 4 5  1 4 6  
0 1 7  148 130 
,111 151 1 3 3  
,1Y 1 5 5  131 

-~ 

COMMON ANTILOGARITHMS 

a 3 2  324 2 2 6  
0 3 6  329 232 
* 3 f  2-34 237 
, 3 a  240 243 
, 3 3  245 248 

,Yd  2 3 1  L54 
* 4 1  737 2 6 0  
,4L 363 L b 6  
. 4 3  2 h 3  41‘7 
, 4 4  7 1 5  L 7 Y  

LIJG A N T I L n G :  - 
a-0 -15 

*SO 316 370 
.51 3 3 4  377 
.5? 3 3 1  335 
r 5 3  3 3 Y  3 4 3  
O S ’ I  347  351 

e 5 5  35s 759 
* 5 6  3 4 3  367 
.57  372 776 
0 5 3  380 785 
059 3 8 9  394 

0 6 0  3YH 4 0 3  
e 6 1  4 0 7  ‘412 
o 6 ?  4 1 7  472 
* 5 3  4 7 7  ‘332 
.64 4 3 7  447 

. 7 0  5 0 1  SO7 
e f l  5 1 3  5 1 9  
r77 525 5 3 1  
* 7 7  5 3 7  543 
0 7 4  3 5 0  556 

* 8 3  70d 1 1 6  
, A 6  124 f . 3 3  
067  1 4 1  150 
. 8 6  T 5 3  767  
, R Y  7 7 6  1 6 s  

Table 2. A Table of Common Antilogarithms. 


