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INTRODUCTION :

In the following paragraphs are given briefly results on

experiments whioh have been carried out up to the present time on the
problem of seeing stars in daylight, The experiments have dealt with

measurements in the laboratory on artificial stars and skies, with

Tt e T
R R e

eyt £

observations from the ground on real stars and planets in the daylight

sky, and with observations from an airplane at altitudes up to 10,000

feet. Certain experimenté were not exhaustive and are to be continued.

Therefore, soms of the conclusions are tentative. In the last section

plans for further work are mentioned.

MAGNIFICATION AND OBJECTIVE DIAMETER

In general, the higher the magnification of a telesoope

the weaker the stars which can be seen., More exactly, the theory of

telescopes states that as the megnification M is increased the threshold
- of brightness contrast between star and sky deoreases inversely with lla.

until M .equals "normal magnification,” i.e. until the exit pupil of the

instrument becomes as small as the pupil of the oye. For higher magni-

fications the threshold remains constant.
This relation has been tested and found to be epproximately

true, but to be modified by physiological factors. For the purpose

an artificial atar and sky were observed with several objectives ocome
bined with several different eyepieces. The results for a typieal
objective are shown in Figure 1. The heavy line desoribes the
theoretical relationship; the break ocours at normal magnification assum-

ing an eye pupil of 2mm. (The curve was located as & whole by the
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threshold for the naked eye measured with the artificial star and sky).
The experimental ourve shows that this relationship is fairly well

followed for magnifications less than normal. But at higher magnifioca-

tions the threshold continues to drop, though more slowly, The reason
is that simple theory assumes that the threshold depends only on the

brightness contrast between the retinal images of the star and the sky.

Actually, it is a well known physiologioal fact that for a given bright-
ness contrast the threshold is lower the larger the size of the image.

Since the image size increases due to diffraction for niagnirioations

greater than normal, with no change in contrast, the star becomes

easier to sese. Apparently the threshold rise caused by the lower
brightness of the aky image is not very important,

Another way of investigating the same effect is to keep the
magnification constant and to determine the threshold as the objective
is stopped down, Figure 2 shows the results of such an experiment for
the objective used for Figure 1. The theoretical relation shown by the
heavy curve requires a oonstanﬁ threshold until the exit pupil becomes

reduced to the eye pupil. For smaller apeftures the threshold rises as

1/&2, where d is the diameter of the exit pupil. The experimental curve

agrees with theory fairly well down to the point for normal magnification,

but below this the threshold does not rise as fast as 1/d2 because the |

increased size of the image due to diffraction makes it more easily visible.
For planets, however, the theory is more complicated because a

planet, unlike a star, iz not a polnt source and is usually perceived as

a disk. In general, it can be concluded from theory that there should be

less increase in brightness contrast with magnification for planets than
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for stars, and somotimes there may even be & decrease. However, the
increased size of image comss into the problem and, as a rule; makes up
for the lesser gain in brightness oontrast,

Qualitative experiments on planets showed that Venus was
easier to ses, the greater the magnification, up to about 10 power or
more, Jupiter, which is larger and is perceived as a disk for very low
magnification, was made more easily visible with magnifications up to
about 10, but higher magnifications seemed to make observation no easier,

It was concluded that a telescope for viewing stars in full
daylight should have as large a magnification as size and other praetical
oonsiderations will permit. It is most advantageous to keep the eye
pupil filled; but it may be of some advantage to push the magnification
. to somewhat sbove normal if the objective diameter must be limited for
praotical reasons, |
EFFECTS OF SKY BRIGHTNESS AND OF EYE PUPIL

Concerning the brightness of the sky, the simplest assumption
is that if a given star is visible ageinst a given sky, a weaker star
should be visible mgainst a proportionally weaker sky., This has been
investigated and found to be partly true. Two factors enter; first,
the threshold for brightness contraat perception is higher for lower
brightness; second, the eye pupil dilates for lower brightness and this
changes the size of the star image and hence the threshold.

Experiments to investigate this were performed in two ways
using the artificial star and sky. First, the sky was dimmed and the
threshold value of the star determined for many settings of the sky.

§§oond, neutral density filters were placed between the eye and the

-3 -

RS

HEREEBRY Y NI
33 3 35 % 3N




M

eyepiecs and the threshold redetermined. The results are given in Figures
3 and 4 and show that the threshold becomes higher at low brightnesses.

The application to the problem of seeing stars is simply that

TR T’W'v , T

the visibility of a star for skiee becoming weaker than 100 candloq/?tz

will not increass as much as a simple proportion iould indicate,

,v,.n,‘..,,,.,ﬂ”,,,,

Furthermore, neutral filters are disadvantageous and hence partial dark
edapting of the eye is of no advantage.

% FOCAL LENGTH OF OBJECTIVE

| The absolute values of ths fecal lengths of objective and eye-

piece do not enter in the simple theory separately, it is only their ratio,

the magnification, whish is of importance. Thus it might seem that two
telescopes, one with objective and eyepiece having half the focal lengths
of a seoond, should be equally good. But this is not true, because

spheriocal aberration and ooma are usually not so well corrected for a

short focal length large aperture objective lens and this m;kns a star

image less sharp and hence less bright.

To investigate this,achromatic lenses of various focal lengths
have been tested with the artificial star and sky. As yet no objectives
b of aperture larger than £/10 have been found which compare favorably

with objectives of r/&s or smaller aperture. Several achromats were very

poor.
It was concluded that the telescope objective should be en
achromat especially computed for use with an object at infinity, and thet

its aperture should be no larger than about t/10.
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BINOCULAR AND MONOCULAR VISION

Experiments were carrisd out with the ertificial star and sky
with 8 and 10 power binoculars to determine whether the thresholds for
star perception for monocular and for binocular vision are the same. The
results for the case of the writer's eyes,seem to be that the threshold .
js somewhat lower far binocular vision, on one ococasion by as much as a
factor of three. Furthermore, it was found immeterial whether one or two
eyes actually perceive the star as long as both are more or less equally
{1luminated by the sky. This point was tested by throwing one eyepiece
out of foous so that this eye ocould not possibly see the star.

A similar advantage was attained with a monocular by exposing
the seoond eye to an approximately oqgally bright and uniform field by means
of & flashlight. However, it was found that the field for the seoond eye
must be uniform so that the; first eye has nothing to distract its attention.
It will be of interest to make t‘ufther tests of these effects with several
observers. | V

If this is true, it means that it is necessary only to provide
an srtificial field for the second eye, which is easier and cheeper to
do than to mke & true binoculer instrument.
FILTERS

A variety of Wratten filters were tested, first in the laboratory
on the artificial star and sky, and then on both Sirius and Aroturus, as
examples of blue and orange stars. Dark red filters, such as No., 70,
rendered the stars invisible. Light red filters, Nos. 23 and 24A, neither
helped nor hindered. An orange filter, No. 22, transmitting wave-lengths

shorter than 65004, sesmed with Arcturus to be of some advantage, but

) «5 -




‘

never reduced the threshold by more than a factor of 2. Yellow, yellow=
green, green, blue-green and light blue filters, (Nos. 8, 40A, 40, 44 and
38), made no perceptible difference, while dark blue and purple filters,
Nos. 49A and 52, made stars less visible,
FIELD OF VIEW

The field of view is a matter of importance in locating e
star. The opinion has often been expressed that the zreateor the total
field of view of the telescope, the easier it will be to locats the
star., This appears to indicate that stars will be much harder to locate
in a higher power instrument., The following disoussion and experimsnts
indionte that this is not necessarily true.

A distinotion must be made between the useful field, the field

of perception and the total field, In most wide angle instruments it

i; imposaible to see a"woak star across the total field. By the 2:_9_1_‘9_}_
5},3_13 is meant the angular radius of the circle over which the star can
be seen if tho eye is fixated on it, i.e. if the starb image falls on the

fovea. By the field of percgption is meant the angular radius of the

cirele throughout which the star will be perceived if the eye is
fixated at the center and the star is seen .out of the corner of the eye,
i.8, the star imaze does not fall on the fovea. It is the field of
perception which determines whether a star will be seen or not at e
glven fixation of the eye. A large useful field of view 1s an advantage
in that it permits the eye to roam from point to point until the star
happens to fall within the field of perception. Eowever, the searching
could be done at least as quiokly, and pe;‘ltéa more 8o, by fixating the
eye on the center of the fisld and turning the telescope systematically
until the star image falls within the field of perception.




Experiments showed that the field of perception was fully as
large for a 20 power as for a 5 power telescops. Furthermore the 20
power telesoope yielded the much more easily perceived star over most
of the field of perception, This fact eliminates one strong objection
to the use of a high power instrument.

Proof of this is given by the curves of Figure 5. These show
tor three typloal telescopes the threshold for perceiving the star plotted
against the angle in the object space between the star and thé point of
fixation of the eys. Each point is the sverage of four taken for positions
to the left, right, above,and below the star. The ourves are for the writar's
eye, but they do not differ greatly from published ourves for related ox~
periments, The dotted ourves show for comparison the useful fields of the
three telescopes, the star lying at various distances from the axis and
the eyo fixated upon it. The brightness contrast levels for certain
stars &s observed her:z ¢u a hage-free day appear on the dlagram.

To illustrate the meaning: of the ourves of Figure 6 Sirius |
could be perceived over circles of radii 0.27°, 0.46° and 0.56°, with
telesaropas of niwers £. 10, and £0, respectively. Furthermore.‘Sirius
was much easier to see, angle for angle, through the highest power
telescope since its level lay furthest above the threshold for this
"i{nstrument. Sinoce the area is proportional to the radins squared, the
area of perception for the 20 power telescope was 4 times that of the
5 power. These fields of perception were verified by actual observa-

tions of Sirius.
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From the curves it can be seen that it will be rare indeed
to perceive a star in full daylight over a ocircle of more than one
degree radius and that 1/2 degree will probably be more generally the
value. Thus it will be necessary to set and maintain telescope ori-
entations to * 1/2° to keep the star within the field of perception.
However, it should not be very difficult to arrange for adjusting the
telescope to this accuracy easily and quickly and it should be possible
to locate or relocate a star as quiockly, or more so, by turning the
telescope than by searching with the eye over a large field much of which
may be inferior.

OBSERVATIONS OF ACTUAL STARS FROM GROUND

Observations of actual stars during daylight were carried out
from the laboratory roof using various telescopes. The brightness and
polarizatien ~f ths sky were maasuiod in each case, The star was ob-
servec with various powers, with polarirer set to help and also to
hinder, and under differsent ntmosphari'c oconditions. The ease of observa-
tion, the useful field, and the field of perception were estimated.

A comparisén between these data and thé observations made on
the artificial star and sky shows that telescope performance can be
predioted satisfactorily in omse there is no haze. Table I gives data
on certain stars observed from ground on August 13, the most haze-fres
day since. the investigation was commenced. In order to estimate the
effectivensss of the telescope in each cace the following ratio was cal-
oulutedl' the actual contrast between the star and the sky divided by

the threshold value for that particular telescope and polarizer settinge
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This ratio gives a measure of the ease with which one ocan observe a star
in & particular case if ome is looking exactly at it. The threshold
value was measured with ths artifisial star and sky, while the actual
value wae ocaloulated from the star magnitude and the messured sky
brightness and polarization in its direotion:

From the cases recorded in Table I it can be seen that it was
Just possible to see a star when this ratio was about unity, i.e. when
the actual oontrast was about equal to the threshold eontrast. The
fhrashold value for a given telescope, therefore, will tell whether or
not a given star can be seen with a given telescope on a particular
date at & certain time if there is no haze.

Table II, taken from the data in Table I, gives some idea of
how easy it was to see a star for different wvalues of the contrast ratio.
It was very difficult indeed to find & star if its contrast level lay
near the threshold. Usually several ﬁinntes intensive sorutinizing
the field were requi.red.bet‘ore it was perceived, even though it was
squarely in the center, In order to be very easy to see, a oontrast
value five or ten times gre;ter than the threshold was required.

The numbers of Table II are related to areas of perception
derived from the data of Figure §. The relation will be invostigaﬁed
further.

For planets the values in Table II do not hold, Table I
oontains figures for Jupiter and Venus. All tl;ant oan be‘ said at this
time is that increasing the magnification did help with planets, but

that the advantage was not as great as with stars.
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HAZE

The hsze generally prevalent in Viashington decreased tremendously
the visibilities of stars and made prediction of their visib'i.ut.ios very
uncertain, The sky brightness was usually more than twice that of a haze-
free sky and it was impossible to predict from this si:y brightness just
how much the light from a star was attenuated in pessing throﬁgh this
haze, £Even on those days which seemed to be clear, with hox‘izont;l
visibilities 6 or 10 miles, stars whose levels lay several times above
the threshold were often invisible.

STAR OBSERVATIONS FROM THE AIR

Observations of Venus, Jupiter eand Sirius were made from a
plane at 10,000 feet for solar altitudes 40" and greater. It was found;
first, that a 20 power telescops can probably be mounted satisfactorily
in a plane; second,that a 20 power telescope makes stars easier to see
than a 10 power; third, that further investigation is required to determine
whether air turbulence may sometimes impair the definition.

The plane used was = medium sized amphibian, Type JRF. The
two telesoopes of 10 and 20 power, with polarizing eyepieces, were arranged
for altitude and azimuth location of the stars and mounted on a table
Just aft of the wing., Removel of the top section of the door pfovided
a port through whioh to sight.

In order to reduce mechanical vibration, it was necessary to
mount the telesoopes on rubber. This was successfully accomplished so
that with the 20 power telescope little trace of vibration was evident,
However, elimination of vibration will always be important, and may

often be difficult.
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Venus was exceedingly easy to locate and follow in both the
10 and 20 power telesocopes. dJupiter, also, was easily seen in both
telescopes; in this case the 20 power seemed little better than the
10 power. Sirius was located at once in the 20 power telescope and was
also seen satisfactorily but less easily in the 10 power. |

To keep Sirius in the field of perception with the 20 power
telescope offered little troudble. The gyro=pilot maintained the plane's
course within about a degree, and the plans remained approximately level.
Changes in course and level were rather slow, and little diffioulty wes
encountered in keeping the 20 power telescope on the star even though
the diameter of the total fisld of view was 1.8°%

On several occasions the image of Jupi‘ter or Venus in the 20
power telescope was diffuse. It was suspected that for certain lines of
sight the air may have been so turbulent as to impair the telescope
_ definition.

A five minute search for Capella was without success.

SKY BRIGHTNESS AND POLARIZATION

‘ Series of measurements of the brightness of the sky were made
from sea lavel to 10,000 feet. Complete measurements of the brightness
and polarization of the sky were made at 10,000 feet for the sun at
about ’40' altitude, These will be oontinued and the results from them
organized'.b
BUBBLE OCTANT

Tests in the air were made with a af.:andard bubble octant,

. Pioneer Instrument Company, Mark IV. The optical arrangement of the

jnstrument is such that the image of the celestial object is obstructed
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by the bubble, Therefore, the star must be seen either through the
bubble or to one side of the bubble. The octant was modified by the
addition of eyepieces giving magnifications from 2 to 6 power, by the
removal of diaphragms, and by the addition of a polarizer,

Although it was possible to see a bright star through the
bubble, properly adjusted, the optioal arrangement was unsatisfactory.
The bubble should not be placed in the 1light pat}}« from the star; its
image should be introduced into the light path by reflection. This,
of course, has been known for a long time.

With the standard 2 power eyepiece & series of altitude ob-
servations on Venus were made at 10,000 feet near noon. They are
piottod in Pigure 6. The image of Venus was lined up outside the bubble
since it was not visible through the bubble, The instrument was hand
ﬁld. The straight line through the points has a slope determined by
the plane's speed and by the computed altitudes of Vemus. It can be
seen that no points fell more than 15' from this line and that this
line should give the plans's position to within * 3 miles.

Jupiter was observed from the ground at about 9'A.M. using
eyepieces providing from 2 power up to 6 power magnification. It is
believed that it would be practiéable to make sights on Jupiter from
a plane using the present octant if an eyepiece providing 4 or § power
magnification were provided.

" Sirius was observed from the ground with difficulty using thé
eyepiece providing 6 power magnification. It is possible that such an eye-
pidce would make practicable high altitude sights on Sirius. However, it

is doubtful if any wesker stars and planets could be used.
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PLANS FOR FURTHER VIORK

The following tentative plans for further experiments are in

mind s

1.

2.

|

Test present rather orude telescopes on a larger plane to determine
effects of vibration and eair streaming.

Test further telescope lenses and eyepiece combinations. Difficulty
is being encountered in obtaining such equipment. At this dete

none of our orders have been filled.

Continue tests of star finding and measurements of sky brightness

and polarization at altitudas above 10,000 feet.

- Build a telescopic bubble octant suitable for tests on a plane.

The first design to be essentially simple and for test purposes
only. A final design will depend on the type of window or viewing

arrangements of the plane.
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TABLE I
STAR VISIBILITY OBSZRVATIONS

Aotual Contrast ¢ Threshold Contrast
for Polarizer

Celestial Objest M Helping None Hindering
Sirius 20 34 Vy. easy 271 Vy, easy 21s Vy. easy
8140 AM. | 10} 81 Easy 63 Basy ' 51 Easy
8/13/41 6] 3: Mod. sasy 2.23 1.7s Hard
Rigel 20 } 143 Vy. easy 8¢ Easy 4,41 Basy
9105 A.M, 10 P.2: Mod. easy. 1.8: Hard '1.03 Vy. hard
8/13/41 5H.1: Vy. bard | .6t Mot seen | .35: Not seen
Capella 20 {21: Vy. easy 91 Basy 4: Easy
11330 AJke } 10 Ro61 Easy 2: 1,0: Hard
8/13/41 6 K1.71 Bot tried) | (.8t Not sried) ] (,861 Not tried)
Aldovaran | 20} 7: Not found 31 Not found |1.61 Not found
11445 AMe | 10 J.51 Not found o7 18
8/13/41 .
Aroturus 20 |63s Vy. easy 2l: Vy. easy 8: Vy. sasy
2100 P.Me 10 §12¢ Vy. easy { §: Basy 2: Mod, hard
8/13/41 6 l5: Not tried | 1.7: Not tried | .71 Not tried
Yogu 20 128: Vy. easy 13: Vy easy 81 Easy
3:35 PaMa | 10| 6: Basy S: Mod. easy |1.83 Bard
8/13/41 5 #z; Not tried 1.0: Not tried | .53 Not tried
'Spioa 20 1102 Easy 6: Mod. easy |3.4: Mod. easy
3115 P.Me | 10 81 Hard 11.5: Vy. hard | 8¢ Not seen
8/13/41 ‘ '
Jupiter 120 202 Vy. easy
10315 A.M. |1C. { 30: Easy
9/13/41 8 | 201 lod. easy
8145 AM. | 6 | st Mod. hard
9/26/41 6 . 221 Mod. easy
2. 2.2y Hard
Venus 20 300: BExo. easy
2720/?'.1[. 10 701 Vy. easy
8/28/41 6 30: Basy
‘2. S5t Basy




PABLE II
' . ARBITRARY SCALE OF EASE OF SEEING STARS

The numbers give the actual star to sky contrast ¢ threshold contrast,

ﬁo----.-----nrygaay

5-10.'----------.°asy

2.5-5-006----

moderately eesy

2‘_2.5.--00---

moderately difficult
diffioult < (Requires several minutes

looking to see, even though it is in fleld)

= é's very difficult - {Can bo seen if one looks
. long enough at exact place in field)
< = = = = = oannot be seen |
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