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ABSTRACT

Optical eff iciency measurements are reported for five telescopes used

with the GEODSS Experimental Test System, located at the White Sands Missile

• Range, New Mexico. The measurements were taken during the period July 1976

to December 1977, and the results indicate gradual decreases in the optical

• efficiencies of the telescopes with use. The decreases in optical

efficiencies are due to dust which accumulated on the optical surfaces of the

telescopes during ETS operations.
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I. INTRODUCTION

This note presents a record of optical efficiency measurements made on

the GEODSS ETS telescopes during the past 1 1/2 years of ETS operations. The

optical efficiency, or throughput, of the telescopes must be known in order to
•

evaluate the performance of the complete ETS sensors and to assess losses in

performance due to the accumulation of dirt and grime, etc., on the telescope

optics.’ The optical efficiency Ls not a reflection on the manufacturer’s

skills, but rather it is a function of the number of optical pieces and

coatings we have specified and the dust collected on the surfaces during ETS

operations.
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II PRINCIPLE OF THE MEASUREMENT S

The measurement technique and equipment used are identical to those used

for the f irst  optical efficiency measurements reported for the ETS telescopes’.

The optical efficiency, T, of a telescope is defined as:

Total number of light quanta per second •

from the telescope comprising the image
of a source.

T =
Total number of light quanta per second
entering the telescope from the source.

The measurement technique is as follows: A small He—Ne laser

(Metrologic ML—680,X = 6328 ~
) is pointed into the telescope such that the

principal beam exits the telescope through the area of the focal plane

normally occupied by the photosensitive surface of the TV camera. A radiometer

(Tektronix Type J—16 Digital Photometer/Radiometer, #6502 Probe) is then used

to measure the total power in watts in the laser bcam going into and out of

the telescope. The total power in the beam is proportional to the number of

light quanta per second passing in the beam, and the ratio of the output

power to the input power in the beam is the optical efficiency of the portion

of the telescope aperture covered by the laser beam. If the covered area is

representative of the entire aperture, the ratio is the optical eff iciency

T as defined by Equation 1. Thus, to determine the optical efficiency of a
•

telescope by this technique, it is necessary to repeat the measurement

sequence for each of several different locations in the aperture of the

telescope to see if indeed the ratio remains constant over the aperture.

The repeatability of measurements taken using this technique is within

2%. The following possible sources of error were investigated in Reference 1

,2



and were found to be acceptably low:

1. Linearity of response of the photometer.

2. The effect of different optical path lengths in air between the

input and output readings.

3. The effect of the laser beam diameter within the detector window.

The only source of difficulty in obtaining repeatable measurements has

• been variation with time in the intensity of the laser beam while the

measurements were being taken. Leaving the laser on for 30 minutes prior

to the measurements was found to reduce the variation to insignificant levels.

S
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III. THE MEASUREMENTS

Table 1 presents the optical efficiencies of the GEODSS telescopes. Each

entry is the result of at least 3 pairs of measurements of the incident and

transmitted beam powers, measured alternately in sequence, at each of 3

different locations in the field of the telescope. All measurements at a

single location in the field of a telescope were consistent to the two—digit

capability of the Tektronix J—l6 Photometer*, and variations of optical

efficiency at different locations in the field were less than 2% of the

reported value. In support of thIs finding, visual observation of exposed

optical surfaces over a period of time indicates that the dust accumulates

uniformly on them.

I note the following observation from Table 1;

1. The optics of the A 31—inch ff5 telescope have been in continuous

use since July, 1976.** Since then, its efficiency has dropped from 0.73

to 0.60. The largest loss occurred between 10 Jan. 1977 and 27 April 1977,

when it was discovered that the electronic air cleaner in Dome A was not

functioning.

*The Tektronix J—16 unit used (Ser. No. B020393) has a 2 1/2 digit
readout, while the current model has a 3 1/2 digit readout.

**The optical system from Telescope A was returned for cleaning and
rework In July, 1976 having been used since September, 1975. However, no
optical efficiency measurements were performed when the optics were new.
The clean optical system from A was returned in the B telescope.

4



TABLE I

OPTI CAL EFFI C IENCY MEASUREMENTS OF GEODSS ETS
TELESC OPES FROM JULY , 1976 TO DECEMBER , 1 977

• 
Optica l Efficiency T for Ind i cated GEODSS ETS Telescopes

A A A B B
Date of 31—Inch 31-Inch 14-Inch 31-Inch 14- I nch

v Measurement ff5 ff2.87 ff1.7 ff5 f/l.7

9 Jul 1976 0.73* 0.75*

20 Sep 1976 0.74 0.56*

30 Oct 1976 0.71

10 Jan 1977 0.71

8 Apr 1977 0.70 0.58

27 Apr 1977 0.64
Electronic Air
Cleaner discovered
i noperable; re-
placed m~edi ately.

1 Jun 1977 O.52(Di rty
corrector)
O.55(After

cleaning corrector)

5 Sep 1977 0.69

26 Sep 1977 0.58

5 Oct 1977 0.57(New
corrector)

7 Oct 1977 3.60

• 28 Dec 1977 0.60 0.55 0.67 0.57

$

*Measurements also reported in Reference 1.
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Visual Inspection of the telescope indicates that most of the dirt is

on the exposed mirror and corrector lens, and hardiy any dirt is on the

secondary mirror which faces down.

Figure 1 presents a plot of the optical efficiency measurements of the

A and B 31—inch telescopes as a function of time in use.

2. The B 31—inch f/5 telescope has been in continuous use since

September, 1977. During that time its efficiency decreased only slightly,

from 0.69 to 0.67. Its primary mirror is noticeably cleaner than the

corresponding A telescope, which probably accounts for its 12% higher

efficiency.

3. The effect of cleaning the Schmidt corrector plate of the A 14—inch

telescope on 1 June 1977 is apparent. The dirty corrector had not been

• touched since its installation in the fall of 1975.

4. The drop in the optical efficiency of the B 14—inch telescope

since its installation has been negligible. The telescope has been used

very little because no TV camera has been available for it on a regular

basis.

Table 2 presents the effective area in M2 of the apertures of the ETS

telescopes for each of the optical efficiency measurements of Table 1. The

data presented in this way are convenient for computing sensor performance.

6
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TABLE 2

THE EFFECTIVE AREA IN M2 OF THE ETS TELESCOPES ,
• INCLUDING THE OPTICAL EFFICIENCY MEASUREMENTS OF TABLE 1

Telescope : A 31—Inch A 31—Inch A 14—Inch B 31—Inch B 14—Inch
f/S f/2.87 ff1.7 f/5 fIl.7

Diameter
of Central
Blockage 17” 12”* 7.75” 17” 7.75”

Area of 2
Aperture (M ) 0.34 0.41 0.069 0.34 0.069

Effective 9 Jul 1976 0.25 0.31

t~~e 
20 Sep 1976 0.25 0.039

from 30 Oct 1976 0.24
Optical 

10 Jan 1977 0.24Efficiency
Measurements 8 Apr 1977 0.24 0.040
on 

22 Apr 1977 0.22Indicated
Da es: 1 Jun 1977 0.038

5 Sep 1977 0.24 -

26 Sep 1977 0.040

5 Oct 1977 0.039 (new corrector)

7 Oct 1977 0.20

28 Dec 1977 0.20 0.038 0.23 0.039

V

* If a Westinghouse TV camera is used at the prime focus, the camera
dimensions cause the blockage to be 16.5”.

[I 
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IV. CONCLUSIONS

A. During the past year and a half attempts were made to minimize dust

accumulation on telescope optics when not in use by:

1. keeping the telescopes capped and vents sealed;

2. keeping the telescopes parked in a near horizontal position; and

3. maintaining a slight positive pressure in the domes using an

electronically filtered air intake when the outside temperature

was low.

As suggested in Reference 1, the dome air conditioners should be modified

to permit a slight positive pressure to be maintained in the domes while

cooling. At present, the air conditioners can’t take in outside air when they

are cooling or heating. If it is too difficult to modify them for this feature,

then a separate filtered intake blower should be installed in the domes.

B. The A 31—inch primary mirror and corrector lens are approaching a

condition where cleaning will be necessary. It is reasonable to infer that

most of the dirt accumulated during operations, and not during storage. If

most of the dirt accumulated during storage, the secondary mirror would show

as much or nearly as much dirt (it is partially shrouded by the sky baffle) as

the primary and corrector, since the telescope was stored in a near horizontal

• position. The secondary mirror appears very clean.

C. Before the A 31—inch primary mirror is cleaned, a comparison of the

optical performance of the A and B telescopes should be made to see if

scattering by dust is a serious problem. Since the primary mirror is

exposed to considerably more sky area than that subtended by the FOV angle

,9



skylight from the entire exposed area of sky may be scattered from dust on the

primary onto the photocathode. Such an experiment would help to determine how

much dust is tolerable for GEODSS operations. A good time for such an

experiment is during the time of a full moon.

Possibly a technique may be devised to measure the intensity of scattered

light from a portion of the primary mirror illuminated by the laser beam. One

method of measuring the intensity of scattered light in a direction different

from the principal ray would be to place an image of the illuminated portion

of the primary mirror on a radiometer, such as the Tektronix J—16 radiometer,

by the use of an imaging lens in the light path.

D. Optical efficiency measurements should be made on a regular basis,

perhaps once per month. A jig has been constructed for each dome which makes

it easy and safe for one person to remove a TV camera from a telescope and

replace it as required for the measurements. Previously, the job required

3 persons and considerable exertion.
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