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~\N OPTICAL D E V I C E  FOR MEASURING R E F R A C T I V L - J N D h X  F L U C T U A T I O N
IN THE ATMOSP HER i1

G. R.  Ochs , R . F. Quintana and 1,. F .  M i l l e r

An instrument is described that measures the average value of

the refractive-index structure constant (C~) over optical paths from

80 to 800 meters. Corrections for the inner scale of turbulence and
- — difficulties due to the saturation of scintillation , both present in

previous optical techniques, are avoided by using an extended incoherent

light source.

1. INTRODUCTION

A recen t paper (Wang, et al., 1978) describes a new optical technique

for measuring the refractive-index structure parameter C~~. Through the use

of an ex tended incoheren t tra nsmi tter and large rece iv ing  op ti cs , the techni-

F que requires no corrections for the inner scale of turbulence and avoids

problems arising from the saturation of scintillation , which m ay occur on
optical paths having hi gh integrated refractive-index turbulence. An instru-

men t designed and built on this principle is described in this report. I t

measures C~ over the range io
’
~~
2 to io~~

6 M 213 on op t ical  pa ths f ro m 80 to
800 me ters .

2. DESCRIPTION OF THE INSTRUMENT

The ligh t source and receiver are shown in Fig. 1. The li ght source

uses a quar tz-iodine 20 W bulb operated at 11 volts DC from a regulated powe r
supply . The light is at the focus of a 5-cm diameter objective , hut to in-

sure uniform illum ination of the objective a fine ground glass is placed in

fron t of the bulb. This also enlarges the projected light beam to reduce

sensitivity to movement of the mount.

The receiver op tics consist of a 20 x 50 binocula r ~ ith photod iodes

moun ted in the plane of the exit pup il s. A ll of the light at the exit

pup il (2.5 mm dia) is taken in by’ the 5-mm diameter photodiode. With this

arrangement , the ins trumen t w i l l  have un i form response to l igh t over a 3°
field of view , so that some movement of the receiver mount can be tolerated.

Angular movement of the receiver in the daytime will , however , result in

undesirable fluc tuations in background light received in the 3° field of

view. These fluctuations are minimized by taking the difference of the

signals received by the two objectives. Since the fields of view of the

two optical systems coincide , background fluc tuations will largely be nulled

I
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Fi gu.re 1. C rnetar ~vght aour oe and recei~ver.

out. The two objective s are far enough apart so that the scintillation is

uncorrelated and the signal power is doubled.

Smaller values of C~ can be measured when the l igh t source and rece iver
are mounted on a solid , vibra tion - free mount. The performance obtained with
optically solid mounts can be improved even more by inserting a smaller field

stop in the binocular. For example , cutting the field of view from 3° to

0.3° will reduce the background by a factor of 100 , resulting in a very

significant noise reduction in dayli ght.

The receiver electronics provide a convenient way to measure the

fractional scintillation (RN S signal fluctuation/mean signal strength) ,

which is direc tly proportional to ~

‘

~~

‘
within the limits described later.

The circui t consists of a difference amplifier of adjustable gain , a bandpass
filter , and an RMS module. For calibration purposes , a swi tch (a BNC

connec tor is provided for remote operation ) disconnects one photodiode ,
bypa sses the hi ghpass filter , and reduces the gain by a factor of 10. Both

linear and logari thmic signal outputs are available.

3. OPERATING PROCEDURE

One person can align the light source by placing a corner reflector

at the receiver location . Slow angular movements of the receiver mount

wi thin the 3° receiver field of view should not affect the operation . The

system is also rela tively insensitive to a similar angular movement of the

ligh t source . Nevertheless for minimum noise the light source and receiver

should be moun ted as solidly as possible.

2
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The instrument is calibrated at night to obtain accurate DC ligh t levels.

The procedure is as follows. Set the calibrate switch to CAL and observe

the difference in voltage at the linear output (V a) when the light source

is turned on and off. Note that in the CAL position there is a small

posi t ive DC offset with zero signal in (light off). This prevents errors

in measur ing  
~
‘
m that would result from a negative offset being 

recti fied

in the RMS c ircui t , causing an error in the difference voltage. Pot C

should be adjus ted for Vm approxima tely equal to that shown in the graph

of Fig. 2, for best signal-to-noise and largest dynamic range . To avoid
S saturating the electronics , V~ should not exceed 10 volts. The refractive-

index structure constant (C~ ) is then (see Appendix B)

2
- C2 = 5.16 x 10-6 V 

-~~ (4 )
L V

where V = linear output voltage ,

V difference voltage ,

p E
switch. Place the switch in CAL .

~~ \~
at night and turn the light 1.0 — —

source on and o f f  to measure  V m~
If has cha n ged s l i g h t l y , the  -

calibration can be adjust..~d
according to equation (4).

Equation (4) may be cal-
cula ted in a computer , if desired , 0.~ I I I I I i i il I l i i i

by di gi t iz ing the si gnal BNC 10 100 1000
output . Sampling rates as slow Path Length CL ), Meters

as one per second nay be emp loyed ,
as long as the sampling interval . -

Fz.~jurt L. 1/ L~8 pa th len~jth and “~Li ~~~~is less than 1 msec . A digital

high-pass fil ter can be employed (cutoff .01 Hz) to remove any possibility’

of DC o f f s e ts. Wh ile a lot of information is lost with one-second sampling

rates , i t is usual l y not impor tan t when C~ is averaged over in tervals of one

m inute or more. A more serious consideration is the prevention of AC noise

p ickup on the signal lead from the instrument to the computer digitizer.

3
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In  prac t ice , the log output (C) may prove to be the best ch o i c e  when
long  s i gn a l  c ab l e s  a r e  r e q u i i e d .  To use t h i s  o u t p u t , set ti le gain (pot (~)
in  th e  same wa y  as b e f o r e .  Then s~s i t c h  to the  log o u t p u t , set t h e  c a l i b r at e
s)% i tch to CAL , and observe the difference in voltage at the log output with
the li ght on (i~~~

) and o f f  (
~~~f f ) .  Then (see Append ix  B) ,

Ii
C.- 5.16 ~~~~~-( )  

- - 
10 

- 
(5)

11 
L3 11U ’~

Ofl/2 - 
1~o f f / 2)

Z

.\ga in , the  remote  c a l i b r a t i c’ n s w i t c h  can be used to check the calibration ,

and smal l d i f f e r e n c e s  can be correc ted b y the use of equation (5). To oh-

tam correct mean C 2 va lue s , e q u a t i o n  (5)  should  be pe r fo rmed  be fo re  any
a v e r a g ing takes p lace , i.e., av erage  C~~, no t l o g ( C n)~

The sa tura t ion of sc in ti l la t ion de termines  the upper l i m i ts imposed on
the op t ical  pa th leng th and f u l l  scale C~ read ing ,  and the relationships

are shown in Appendix B. Equa tion (8) of Appendix B is plotted in Figure 3.

Comb ina ti ons of pa th leng th and C1 values to the rig h t of the l i ne shou ld
he avoided . For example , on a 500-a path , the maximum value of C~ tha t can
be measured correc tly is 4 x io~~

2. In addi tion , the c a l i b r a t ion eq ua tions
app ly on ly  if D >2I~t. In the present instrument , for A = 0.8 x l0~~ M , th i s
cri te r i an  l imi ts the pa th leng th to 800 M regard less  of C~~.

I I I

— -

I”)

c.J - -

- - Figure 3. Path and C~ upper lirflit8 ir?7pcs ~ J

- - 

by the saturation of sci~nttUation.

10.11

I 1 1 I .J_ LJ_I. ._....._... ....1 . . .....L_.. I I
10 00 000

Path Length L (Mete rs)
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4. ALIGNMENT PROCEDURE

1. Ground p ins 2 and 3 of op amp 3 and set it to zero at p in 6 by adjusting

pot B.

2. Point the receiver at a small AC li ght at least 10 meters away. I c i t h  the

calibra te switch in the run position , adjus t pot A for minimum AC at the

si gnal  BNC .

3. Wi th op amp 7 removed , inject +0.10 volts DC at the signal BNC , and
adjust F for 0.00 volts at log output BNC .

4.  I n j e c t  + 1.00  vol ts  DC at the s ignal  BNC and a d j u s t  G fo r  + 2 . 0 0  v o l t s  at
the log output BNC.

5. Disconnec t DC voltage from the signal BNC and replace op amp 7. Remove
op amp 3 and ground socket pin 6. Set pot E for maximum gain (CC1~) and the
calibra te switch to RUN . Then adjust D for minimum voltage (should be within =
10 mV of zero) at the linear output BNC . This Ehould coincide with zero volts

at the signal BNC.

5. REFERENCE

1. T-i Wang , C. R. Ochs and S. F. Cl ifford , A Satura tion-resistant Optical
Scintillometer to Measure C~ (Accepted for publication , 3. Op t. Soc.

Am., tentative issue March 1978).
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APPENDIX B

C~ ~a1ibration

From reference 1, for one aperture ,

C~ = 4.48 D713L 3 ( 1 )

where is the log-amplitude variance of the irradiance. For o~ << 1 , the

above can be wr itt en in ter ms of light intensi ty I a s

C~ = 1.12 < (1 fl
2> 

D713L~~ . ( 2 )

In the ins trument , we observe ligh t intensity ‘a in one aperture and

‘b in ano ther ape rture , sufficiently separated from the first so that the

in tensity fluctuations are uncorrelated. In addition , ~~!IC calibration pro-

cedure sets ‘a~~ b ’ and measures ‘a and < (Ia~ Ib)
2> • So rew riting (2) in

terms of measured instrument quantities we have

- 

1.12 < (1a Ta b 1
~
Ib)> D713L 3

n 2T~

0.560 < a~~ b~
2> D’’3L3

= ____________________ —

In terms of voltage at the linear output and for D= .050 M ,

C 2 
= 0.560 ~ .05 0713L 3V 2V2n (3)

= 5.16 x 10 4L 3V 2V 2

In the instrument a gain change is made in the CAL position so that ~he

measured  DC vol tag e

~
T
m 

= 0~ lV~

Then (3) become s

_____________________________________________________ _____________ 
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5.16 x 
L3 Vm

2 (4)

The log output (E) is set for 2 volts/decade and 0 volts out for 0.1 volt in ,

so that E 2 1og10(1OV) or V = 101~
h’2/l0. Also V~ (l0 1

~0hh/2 - lO 1
~off/2)/l0.

In terms of the log output , (4) becomes

C~ 5.16 x io 6 
L3(loEo n/ 2  

(5)

-1 SATURATION CRITERIA

Assu m e C 2=l0~~
2 max imum . From reference 1, the transmitter and re-

ceiver diameters required to prevent saturation effects are

+ > 1.95 (~ ,~,)3/4 (6)

where  ar = receiver diameter in Fresnel zones ,

= transmi tt er diame ter in Fresnel zones , and

0.124 (~1L)7I~
’ôLlh/’óC~ (A = light wavelength) .

Letting 
~r 

= = ~~~~~~ (~ ) becomes

X 2L 1”2 
> 1.95 [0.124 (~~ )

7/ôL1]JôC~~]
3h1~

5 . (7)

In terms of aper ture diameter ,

D > A ’5L815 (C~ )
315 . ( 8)

In terms of pa th leng th ,

L < D518 )*‘8(C~ Y
3”8. (9)

10 
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