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AN ATMOSPHERIC REFRACTIVE INDEX FLUCTUATION NETER

by

M J Dore and G J Anstey

SUWfARY

A modulated GaAs LED has been used as an incoherent source for

a non saturating atmospheric refractive index fluctuation meter.

Measurement of C2 in the range 10- 12 to 10- 16 (M-2 /3 ) can be made using
n

optical ranges of order 50 to 200 metres. Further development may

2
allow use of shorter ranges or measurement of lower values of C2 .

n

4 m



1 THE REQUIREMENT

A means for measuring the atmospheric refractive index turbulence structure

constant at various sites was needed. The equipment needed to be portable and

to be easily set up and operated by relatively unskilled operators. If

possible a local, rather than long range average measurement was required.

2 POSSIBLE SOLUTIONS

It was believed that measurement of the intensity fluctuations on a light

beam after transmission through a short horizontal path would provide the best

basis for the instrument. Many workers have carried out measurements on these

fluctuations and the small signal fluctuation theory is fairly well established,

(1)(2). Initially it was felt that the use of a beam transmitted to a suitable

reflector and returned to a receiver, located alongside the transmitter, would be

convenient since power supplies would only be required at a single point. If

a corner cube or cats eye type reflector was used the alignment of these is non

critical.

Preliminary experiments showed that with a pulsed GaAs laser source of about

10mW mean power the received power was adequate for turbulence measurements to

be made over ranges of the order of 1 km. Apertures were of the order of 5 to

10 cme. However some difficulties in interpreting the measured fluctuations

became apparent. The corner cubes available were not accurate enough and more

detailed measurement with a He:Ne laser showed that the reflected beam was being

split into a number of separate although closely spaced beams. This gave rise

to errors in the measured received signal and its fluctuations.

Use of cats eye type reflectors comprised of a lens with a mirror or diffuse

reflecto; at or near the focus gave very clean reflected beams and easy alignment

, Jwithout any optical aid. Unfortunately however the cats eye reflectors were not
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without problems. At close range the reflected beam, being close to diffraction

limited angular width, was directed right back into the transmitter optics.

Whilst this could be avoided by defocussing the cats eye, the resulting optical

system did not lend itself to established analysis. At longer ranges, with the

cats eye focussed for the narrowest return bear; it was clear that under conditions

of heavy turbulence the returned beam was broken up to such an extent that the

received fluctuations were as large as the mean signal. Under such conditions

the usual approximations made in the theoretical treatment of signal fluctuation

due to turbulence cannot be made.

A further non trivial problem with receiver and transmitter located close

together is that of breakthrough of the high level transmitter signal into the

sensitive detector circuitry. This can be especially difficult to avoid if

pulsed GaAs laser sources are used.

On balance therefore it was considered that a one way optical path was much

to be preferred. The lower energy loss over such a path suggested that it might

be possible to dispense with laser sources and use GaAs LED's with a consequent

simplification of source drive circuitry. Ochs et al (3) have described a

single path optical device for measuring atmospheric turbulence which uses an

incoherent source and large diameter optics. This was based on results published

earlier (4) showing that such an arrangement should give a more accurate indi-

cation of high values of atmospheric refractive index fluctuations compared to

meters based on coherent laser sources and small apertures. Their instrument

used a continuously emitting tungsten lamp source. Two receivers were spaced apart

in such a way that signal fluctuations due to daylight changes or vibration of the

receivers' coinon mounting, were cancelled, but signal power fluctuations due to

refractive index fluctuations were uncorrelated and could be summed. The use of

an unmodulated source and daylight cancelling resulted in an instrument which
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needed very careful initial setting up and frequent recalibration. These

problems are greatly reduced by the use of a modulated source as described in

this memorandum. A schematic diagram of the system is shown in Fig 1.

3 THEORY

According to Ochs et al (3)(4) the refractive index structure constant C
2

n

is given by

C2 1.12 D7 )3 C -3
n =  

VM/ (I

where Vf is the rms signal fluctuation due to refractive index fluctuations

V is the mean signal
m

D is the diameter of both transmitter and receiver lenses

L is the optical path length

There are two conditions to be met for this equation to be valid (3).

Firstly to prevent saturation effects

D > A-1/5 L8/5 (C2) 3 / 5  (2)

Secondly to minimise the effect of small scale turbulence

D > 2 AT (3)

For A - 0.9 microns, L - 100 m and C2 - 10- 12 the first condition becomes
n

D > 1.6 mu and the second becomes D > 18 n. Both these are satisfied with

the equipment to be described.

The range of C2 usually lies between 10- 12 and 10- 16 (m-2/3 ). Equation (1) showsn

that for D - 0.1 m and L - 100 a the expected range of Vf/V is 0.14 to 0.0014.

The latter lower value of signal fluctuation, that is O.0014V, must be above
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the receiver noise level. If the source has a radiance of W then the power

received by the detector Wd is easily shown to be

Wd - s (4)
16L 2

where T is the overall lens transmission.

If as is convenient, a silicon photodiode detector is used with a responsivity

of S amps/watt the mean signal from the photodiode will be

W 2 D4 S R T

v = w sR (5)m 16L 2

where R is the photodiode load resistor.

A typical high power GaAs lamp can have W = 0.2 watts/cm 2/sr and a typical

silicon photodiode may have S - 0.5 amps/watt. The transmission T of the

overall optics (not optimum at 0.9 microns) was 0.5. For the purpose of

indicating the order of magnitude of signal a representative value for R of

100 Kohms will be taken. Inserting the previously used values D - 0.1 m and

L - 100 m we find

V - 0.3 voltsm

It has been shown (5) that pulsed operation of the source improves the ratio

of (signal) to (shot noise due to photodiode current arising from daylight) and the

decision was made to pulse the lamp at a duty cycle of about 1:10 at a PRF of

10 kHz. This rate is more than adequate for fully sampling the turbulence

signal fluctuations which extend from very low frequencies up to the order of

1 kHz, with decreasing energy at the higher frequencies (2)(6). Pulsing of the

source also allows easy removal of signal fluctuations due to daylight variations

by use of a high pass filter in the receiver. The use of a 1:10 duty cycle
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a11ows a higher pulse current to be tsed to drive the GaAs source. In

practice the received peak voltage was of order I V. For the lower

level turbulence signal fluctuations, that is V f/V m = 0.0014 this means that

other noise components in the receiver must be below 0.0014 x 1, that is 1.4 mV

rms when operating with lens apertures of 0.1 m at a range of 100 m.

4 DEMODULATION RIPPLE

The 10 Us pulses at 10 kHz PRF are amplified and bandwidth limited for

noise minimisation in the receiver electronics (Fig 3). The high pass filter

is helpful in removing 1/f type noise from the silicon photodiode and from the

operational amplifier used as a preamplifier. It also prevents the turbulence

signal being regained by a simple smoothing of the pulses by an appropriate RC

low pass filter. This is because the high pass filter restores the mean value

of the signal to zero faster than the rate of change of turbulence fluctuations.

However the turbulence signal is easily regained by use of a rectifier (as in

conventional amplitude modulation detection) and running peak hold with a

frequency response to about 300 Hz (7). A further low pass RC section (R30 and

C12, 3 dB down at 300 Hz) reduces the rms ripple on the final turbulence signal

to 0.0015 of the held peak value. This is marginally adequate for measurements

down to V f/V - 0.0014 and further filtering would be needed if such low values

are to be investigated in detail.

5 OTHER NOISE SOURCES

5.1 Detector shot noise

Experiment showed that the current due to daylight produced by a 1 mm x 1 mm

silicon photodiode could be as high as 5 UA in midsummer. The shot noise

associated with this current is ultimately limited to the 300 Hz bandwidth used

for the turbulence fluctuations. Use of the usual shot noise current formula

II 5



i = (2eIB)1/2 gives a noise output of 2.2 V referred back to the 100 Kohmn

photodiode load.

5.2 Johnson noise from the detector load resistance

Calculation in the usual way gives a value of 0.7 VV rms in a bandwidth of

300 Hz.

5.3 Preamplifier noise

1/2
The input noise current of the LF351 preamplifier is given as 0.01 pA/Hz

This gives 0.02 UV noise in 300 Hz bandwidth referred to the preamplifier output.

The input noise voltage is 16 nV/Hz1/2 giving 0.3 pV noise referred to the

preamplifier output.

It is clear that electronic noise sources do not limit the performance of

the present equipment when used at full 0.1 m lens diameter at 100 m range.

There is, in fact, a factor of order 600 in hand even for the lowest turbulence

considered here that is C
2  10 6 (m-2/3).
n

6 CIRCUIT DESCRIPTION

6.1 The source (Fig 2)

Pulses 10 useconds long repeated every 100 pseconds are generated by a

555 Timer operating in an astable mode. These are amplified to produce 3 A

current pulses which drive a high power light emitting diode (Plessey GAL 11 or

12) located at the focal point of a 203 mm focal length, f2 lens.

6.2 The receiver (Fig 3)

The pulses were detected by a high speed silicon photodiode positioned at

the focal point of a lens identical to that used in the source equipment.

IC(1) formed a virtual earth current preamplifier. High frequency noise was

limited by a low pass filter with a rise time of approximately 2 pseconds.
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The filtered pulses were then buffered and amplified by a factor of ten IC(2).

Low frequency, including 1/f, noise from the photodiode and preamplifier was

restricted by a high pass filter. The turbulence induced fluctuations were

detected by half wave rectifying and then running peak (envelope) holding. To

reduce the pulse-pulse 20% droop across the holding capacitor C v to 0.15%

additional low pass filtering was used (R30, C12 - 3 dB at 300 Hz).

The average peak signal was obtained by using a 10 second time constant

low pass filter (C14 R32). This was buffered and used as the denominator of

the analogue divider type AD535 (Z input).

The turbulence signal was extracted by a high pass filter (-3 dB at

0.15 Hz) which blocked the dc component of the signal. This was also buffered

(IC8) before being used as the numerator in the analogue divider.

The output from the divider was fed into the rms to dc converter AD536.

The operations were done in this order to enable use of both the linear and the

logarithmic outputs from the true rms to dc converter IC. The linear output

is 10 x V f/Vm volts. The logarithmic output was amplified to give 50 mV/dB.

0 dB can be set by RV4.

A green LED and IC's 10 and 11 formed a signal window indicator. The LED

will illuminate when the variable gain amplifier is set to give a mean signal

of between 3 and 7 volts. This ensures that divider and rms to dc converter

drifts and residual errors are negligible.

6.3 Calibration circuit (Fig 4)

To check the accuracy of the detector circuitry a calibration source

was also built. 10 us pulses at a PRF of 10 kHz were generated by one half of

a 556 Timer. The other half of the 556 also operated in an astable mode but

at 80 Hz. This oscillator was used to modulate the 10 kHz carrier at known

modulation depths, simulating the fluctuations due to atmospheric turbulence.
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Modulation depths (rms modulation/mean peak carrier) of 0.5% and 5% were made

available by switching between two appropriate resistdrs in the potential

divider coupling the modulation to the carrier (RIO and R1I). The modulated

pulses drive a high brightness LED. This LED was held, when needed, at

the centre of the receiver lens by a suitable concentric coupling arrangement.

The calibration circuit was used in the following way. The coupling plate

is pushed onto the front of the detecting lens and the calibration circuit

switched on. Having selected the required modulation depth and adjusted the

detector gain, the meter, or chart recorder, can be calibrated.

7 FUTURE POSSIBILITIES

7.1 Use of very short path lengths

Inspection of Equations (1) and (5) shows that Vf the absolute value of

the signal fluctuation due to refractive index turbulence is proportional to

17/6 -1/2
D/L- . Shorter range operation therefore produces a larger absolute

turbulence signal. This relation will only hold when the receiver is in the

2
far field of the transmitter where the intensity obeys the usual I/L law.

The lower limit with the components used here is about 20 metres.

7.2 Smaller size and lower power consumption

The PRF used here can probably be reduced to perhaps I kHz which in

principle allows a higher peak output from the GaAs lamp, or the same peak

value could be maintained with consequent reduction in power supply require-

ments. It is likely that further study of the system will show that more

compact optics for the transmitters and receivers can be used, especially as

there is ample signal/noise ratio in hand (see section 5).
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8 CONCLUSION

Pulsed GaAs lamp sources and silicon detectors can be used with modest

optical systems to construct meters for mensurinlg atnospheric refractive index

fluctuations in the range C2 = io- 12 to 10- 16 (m-2/3 ). Time has not permittedn

a quantitative validation of the calibration equation (1) given by Ochs et al

(3). However, initial trials show the expected strong dependence of turbulence

on solar irradiation and give results of the expected order of magnitude and

qualitative dependence on L and D.
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