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FINAL EXMHNAT ION 
ASTRONOMY A20 

Spring Qua rter 1968 
11:00 a.m. June 8, 1968 

Note: The following are true-false question s . If you think 
the statement is true as stated, check the T; if you think the 
statement i s false, ch eck the F. The manner of grading true
fals e questions is to subtract the number wrong from the number 
right, thus adjusting for guesswork. (A five-year old might be 
expected to get 50% on a random guess ba s is . ) Therefore, if you 
are not sure of the ansi·7e r, it is be st to l eave entry blank. This 
is one case in which gambling generally do es not pay. 

The familiar spectral classification OBAFGKM represents a 
tempe rature sequence. 

An upper-ma in sequence star (0 or B type) cannot be as old as 
the sun. 

The sunspot cycle is 17 years long on the average. 

Hubble's con s tant refers to the speed of precession of com0ts. 

Double stars obey all of Kepler's lm-Js . 

The twinkling of stars is caus ed by the earth's atmosphere. 

Sunspots are hotter than their surrounding areas. 

Stars on the main sequence obta in their energy by the conversion of 
hydrogen into helium. 

Imag ine an observer enclosed in a large opaque bo.x traveling through 
open space. There is no way in which that observer can determine 
his speed. 

The faster an object trave ls with respect to an observer, the 
less massive it appears. 

Kepler and Neivton were contemporaries. 

The sun is a member of a spiral ga laxy. 

Globular clusters are condensed open clusters. 

The majority of meteors can be traced to the disintegration of 
the planet Pluto. 

The current theory of the forma tion of the solar syst em is that 
the planet s were produced by t he sun's clos e encounter with another 
star. 

The presence of matter CtJrves the space-time continuum. 
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fina l Examinat ion 
Astronomy A- 20 

Page 'I\.70 

17. T F 

18 . T F 

19. T F 

20. T F 

21. T F 

22. T F 

23. T F 

24. T F 

25. T F 

26. T F 

27. T F 

28. T 

29. T F 

30. T F 

31. T F 

32. T 

33 . T F 

34. T F 

35. T F 

36. T F 

37. T F 

38. T F 

In Einste i n ' s universe a photon of light coul d n ever return to its 
source . 

From the examination of currently available d a t a , pu l sar s are a 
later evolutionary form of quas ars . 

In Re l a tivity, the Interva l is abso l ute. 

The Michelson - l'lorley expe riment sho-.;-1ed that th e velocity of light 
is unaffected by the v e lo c ity of the earth . 

Venu s exhibits the same pha ses as the moon . 

For an obs erver at the North Po l e the c e l e s tial equator coincides 
with the ho rizon. 

Kepler Is s e cond l aH states' that t HO j an itors with equa l tr a in i ng, 
sweep out equa l areas i n equa l time . 

Star s evolve "do'lvn " the main sequence. 

Stars down to th e tenth magnitude can b e seen with unaided eye . 

The masses of stars can b e obtaine d from the study of double stars. 

The sun is a middle-aged star. 

Copernicus invented the t e lescope . 

Stefan's l aw states that the energy output i n a star is proportiona l 
to the fourth po\ve r of the temperature . 

According to Wien ' s Lmv, the sun radiat es its maximum energy in the 
ultrav iolet region of the spectrum. 

Cephe id variab le stars are found b e lo-.;v the sun on the ma in sequence. 

The Andromeda Gal axy is best described as an e llip tica l type ga l axy . 

All stars on the main sequence h ave equal masses. 

An event in Relativity is represented by the intersection of two 
world-lines in the space time continuum . 

The speed of ligh t \vas first measured in the 17th c entury. 

A rapidly r eced ing M star in the constellation of Pisces is known 
as a red h e rring. 

The ve l ocity diagram for g a l axi es is based on the r ed sh i ft. 
mainly 

The d a r k pa tches i n the Milky Way are due/to the ir regu l ar distri
.but ion of stars i n the Milky Way . 
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F,i_nal Examina tion 
As tro nomy A-20 

Page Three 

39. T 

40. T 
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43. T 
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45 . T 

T 

47. T 

T 
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5 3 . T 
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58 . T 

59 . T 

60 . T 

61. T 

62. T 

F 

F 

F 

Th e Ce nt e r of the Milky Way ga l axy i s bes t ob ser ved by radio 
teles copes . 

The l a rge s t optica l t e le s cope in the Un it e d Sta te s is loc a ted on 
Mt. Palomar. 

The larcgest r e fr ac Li n g t e l e scope in th e world is l ocat e d a t the 
Yerke s Ob se rva tory. 

The clos e st star is 93 million miles from the ear t h. 

F The red - shift is genera lly interpreted as a Do pp l e r effect . 

F There is no positive assur ance of the existence of li fe on any 
planet i n the sol a r sys t c : . 

F The so l a r cons t ant is the r a t e at which energy is rec e ived at 
th e distance of 1 AU from t he earth . 

F The Carbon-Nitrogen cycle method of energy production occurs 
predomine n t ly in the co6 l e r star s . 

F An epicycle is a Ptol emic dev ice to a~count for the r e tro g rade 
mo tion o f the planets . 

F Galaxies have absorption spectra . 

F The e a r th is clos e st to the sun in J anua ry . 

F The solar e l ec t roma gnetic energy i s primari l y due to radioactivity. 

F The sidereal day is longer t h an a so l ar day . 

1:_ The orbit of Halley 1 s comet is very n e arly a circ l e. 

F A supernova i s a cluster of novae . 

F Giant stars are l arger than dvmrf stars. 

F Perigee and Perihe lion repres ent the same basic i dea . 

F For electromagnetic r a diation, t he highe r the frequency, the 
longer the wavelength. 

F The ast r onomica l unit is the mean distance of the earth from the 
sun. 

F A radio telescope cannot be u sed in the d a yt i n1e . 

F The days of the we ek we r e name d after the planets. 

F The a g e of a star clus ter can be estima ted from its H-R. dia gram. 

F The e a rth ro ta te s fro m west to e as t . 
-.i.7 

F At t he equ a tor all stars ris e an d s et . 
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F i nal Exami na tion 
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63. T F 

T F 

65 . T F 

66. T F 

67. T F 

68. T F 

69 . T F 

70. T F 

7].. T F 

72. T F 

73. T F 

74 . T F 

75. T F 

76. T F 

77. T F 

78' T F 

79. T F 

80. T F 

81. T F 

82. T F 

8 3. T F 

T F 

85 . T F 

86. T F 

Page Fou r 

Popul a tion I s ta r s are f ound i n th e spi r a l arms of galax i es . 

Marine r I V to Ma r s showed t h a t Mar s h a s cra t ers simil a r to 
thos e on the s u rface of the moon. 

Eclipse s o f the su n a r e pos s ible b ecause t he s un a nd m0on have 
appro x i ma t e l y the same line a r s i ze . 

The blackne s s of the nigh t s ky c an be u s ed a s an a r gumen t fo r 
an e xpans i ort of the unive rs e . 

The sky i s blue becau s e air mol e cul e s ar e blue . 

To place a star on the H-R diag r am i t is nec es sary to know its 
t e mp e ratur e and ab s olut e magnitude . 

The moon rot a t e s onc e for e ach time t he e a r th rotate s. 

The moon s e ts in the \Ves t. 

The moo n mo v e s east\·la rcl amon g the stars . 

A total eclipse of the mo o n c a n b e seen by more peo pl e than a 
total eclipse o f th e sun . 

Light fro m a bl a st furnac e \·1ould shoH a continuo u s spe ctrum. 

Radial velocity is measured by t h e Doppl e r effect . 

The head of a c ome t is compo s e d of a nucl e us and a coma. 

We u se the Gregorian Cal e nd a r . 

The ancient mariner wa s an obsolete spaceship t o Venus . 

A parsec is equal t o 3.26 light years . 

Bode 1 s law does not app l y to Mercury . 

The Mi l ky Way is the center of t he Univ erse . 

Asteroids exist mainly between the orbit s of J upiter and Mars. 

A-type stars h a ve the strongest hydro gen lines because A-type 
stars have the most hydrogen. 

Galaxies frequently occur in clusters: 

The so l ar wi nd is a stream of ioniz e d par ticl e s . 

The photosphe r e of the sun is b es t see n a t midn i g h t . 

An a nnular eclip se of th e s un is one wh ich oc cur s eve r y y ea r . 

Ro
b 
Mer

ce
r



Final Examinat ion 
Ast r onomy A·- 20 

Page Five 
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F 

F 

F 

F 

F 

F 

F 

F 

The s un k eep s the same f ace t oward us a t a ll times . 

Tycho Brahe inven t e d the t elescope . 

An eclipse of the sun can occur on ly at n e1v moon . 

J upiter i s th e l argest pl ane t i n the sol a r system. 

The moon C <H1 some times pass in front of Venus. 

The moon rises l ater every day . 

According to the mass~luminos ity relation, th e luminosity of 
a star i ncreases with increasing mass . 

Verna l equino x is one of the i ntersect ions of the ecliptic and 
celestial equators. 

When it is 10 p.m. in New York it is 7 p. m. in San Franc isco , 

F In the stea dy -·s t ate the ory t he univers e i s not re gard e d as 
expanding . 

F The sun is completely gaseous throughout . 

F The Aurora Bo rea lis, or northern lights, occur most frequ ently 
at times of the sunspot maximum. 

F Sy zygy is an asteroid that come s very clo se to the earth. 

F The current theory of the forma tion of the solar system is due 
to lveizsacher-Kuiper . 

F Terrestria l planets h ave no atmo sphere. 

F The r ad io tel escope was invented in the 19th century. 

F Meteors are s een most nume rous ly after midnight . 

F The altitude of the po le is equal to the l atitude of the observer . 

F The cyc l ical motion of the north celestial pole in the sky and 
the precess ion of the equinoxes are caus ed by the same thing . 

F Population II stars are older th an Popula tion I stars . 

p · The Linclhe imer Astronomical Research Center (LARC) uses r eflecting 
t e l escopes . 

F Th e Pleiades are an e xamp l e of a globular star cluster . 
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~ inn l Examinat i on Page Six 
As t ronomy A- 20 

109 . T 

110. T 

111. T 

112 . T 

113. T 

114. T 

ll5. T 

116. T 

117. T 

F The sun is a G·- type st a r . 

F Pul sars are so- c a l led b ecause t hey show e xt remely regula r r ad i o 
pul ses. 

F The Un i fied Fie l d Theory attempts t o exp l ain electromagnetic 
ph enomena as geometrica l properties o f t he sp a ce-time cont i nuum . 

F I f the sun c ontinues to l ose mass at ·i ts present rate , it will 
h a v e dw i ndled t o half i ts present mass i n one bi l lion years . 

F It i s t he mass los s mentioned above 1•7 liich i s causing t he ' d.o d 
of the earth's r o t ation gradua lly t o i ncrease . 

F Du e to r e l a tiv istic e f fec t s in a strong grPv itational field, 
the ligh t of wh i te dwarf c ompan i on of Siri us. is cons i derably 
blue-shi fted . 

F 

F 

F 

Th e Newton i an or Ga li lean Re l ativity Pr i nciple states t h at ''(the ) 
motions o f bodies i nc l ud e d in a g i ven vo l ume o f spac e are t h e 
s ame an~ng t hemse l ves whether tha t volume o f space i s a t r es t o r 
move s u n i f orml y f oruard i n a s tr a i ght line ." 

The pro t on- p r oton cycle r equ ires c a r bon as a c a t a ly s t. 

Ein s t e i n ' s univers e is finit e bu t u nbounded . 
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. UNITED STATES AIR FOR CE A C ADEM Y . COLORADO 

1;/henever your fin6ings are published in book 
form, I Hould certainly lll~e to roo..d it.. It. must be a 
fascino.tj_np, study and yet frusJcrn:tinG Htl<:::n a!"J. o.ns ·.·re:r 
does not app ear to be in si--ht .. 

I run so glad there Here o ther observers a long on 
thet rip to see it. ·. I have ho..d r:uite n fel-J fa :Lrly 
serious experiences Hith extJ.."'asensocy perc ep t i on tLYld r vm 
nfraid if I'd seen it alone 9 my fo..'nil~r •.muld b e more o r 
less tempted to call me a 11 Hitbh .. 11 

Tha!'.k you f or ·rr.,l:U" l ep-J:.:; c:' :. ~r . H:fnck, c.r.c: I ho;e I 
:.ave been of at least a small - . .:. t. oi' L.o ip., 

quarters ~-·2G 
US A.i.. r Force Academy 
Colorado 

Sincerely ·rours, 

' (~ 

,. 
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SMITHSON IAN I·NSTITUTION 
ASTROPHYSICAL OBSERVATORY 

80 GARDEN STREET CAMBRIDGE MASSACHUSETTS 02138 

TELEPHONE 617 864-7910 

9 January 1968 

Dr .J.Allen Hynek 
Dearborn Observatory 
Northwestern University 
Evanston, Illinois 60201 

Dear Dr. Hynek: 

' \ 

I enclose the current list of ''naked eye'' satellites 
for your use in evaluating UFO reports. Moonwatch obser
vations seems somewhat scanty for objects with maximum 
magnitudes fainter than fifth, although magnitudes fainter 
than fifth are often reported for satellites with brighter 
maxima. I am unable to determine the reason for this hiatus, 
but expect that nevertheless the list will be of service to 
you. 

Good hunting! 

KLH:bha 

J 

~----rh----,--- ·I 
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Artificial satellites brighter than m =6.0 
prior to 1 January 1968~ 

Sl'ADiiTS !nte:rnntlonal Name 
no. no. 

43 600601 Midas 2 
49 600901 Echo 1 

163 6101801 Midas 3 

255 6200601 oso 
271 6201001 
285 6201501 S51/Ariel 
288 6201502 rocket 
520 6206706 

527 6300301 
574 6301401 
612 6302601 Geoph.Res. 
613 6302701 
683 6304301 Po1yot 1 
694 6304701 Centaur 2 
714 6305301 S 56B/Exp. 19 
717 6305402 r ocket 

727 6400101 
733 6400201 rocket 
740 6400401 Echo 2 
749 6400601 E1ektron 1 
759 6401101 
872 6405201 Nimbus A 
878 6405202 rocket 
876 6405301 Cosmos 44 
922 6407201 
953 6408301 debris 

973 6500301 
1085 6500901 Pegasus A 
1090 6501102 Cosmos 55 
1092 6501104 debris 
1097 6501401 Cosmos 58 
1098 650140~ rocket 
1245 6501609 rocket 
1346 6502016 debris 
1381 6503901 Pegasus B 
1422 6505001 
1448 6505306 rocket 

* estimated from 3 or fewer observations 

. . 

observed 

mv 

4 
1 

4 

5 
5 
4 
5 
3 

3 
5 * 
5 * 
2 
5 
3 
5 
4 * 

6 * 
4 * 

-1 
5 
3 
3 * 
2 
5 
2 * 
4 * 

5 * 
1 * 
5 * 
2 
3 
4 
3 
4 * 
1 
4 * 
2 

by Moonwatch 

~ 
I : . 

---- --~· ,!; 
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Mags/2 

1447 6505501 2 
lll 68 6506002 debr:l. s ~ * 1510 6506503 
1575 6507006 rocket 4 * 
1589 6507306 rocket 5 * 
1625 6508102 rocket 4 * 

,, 1804 6509801 A1ouette B 5 * 
1843 6510601 Cosmos 100 4 
1844 6510602 rocket 4 * 
1868 6511201 Cosmos 103 4 
1869 6511202 rocket 2 

2169 6603802 rocket 3 
2253 6605601 Pageos-A 3 
2254 6609701 Cosmos 122 4 * 
2257 6605702 rocket 5 * 
2324 6606301 ov-8 5 
2481 6608901 5 
2519 6609702 rocket 5 
2634 6611801 1 

2696 6701802 rocket 3 * 
2697 6701901 Cosmos 145 1 * 
2720 6702701 Cosmos 151 5 
2721 6702702 rocket 2 
2762 6703901 Cosmos 156 5 * 
2763 6703902 rocket 4 * 
2780 6704302 1 * 
2825 6705301 5 
2890 6707101 2 
2901 6707204 ov 1-12 2 * 
2895 6707301 OGO-D 3 * 
2920 6708001 5 
2940 6708002 rocket 5 * 
2958 6708606 debris 1 * 
3010 67ill0201 Cosmos 184 4 * 
3011 6710202 rocket 4 * 
3013 6710401 Cosmos 185 2 
3019 6710402 rocket 2 
3021 6710801' Cosmos 189 3 
3023 67;!:0802 rocket 2 

I . 
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SMITi-lSON!AN INSTITUTION 

ASTROPHYSICAL OBSERVATORY 

60 GARDEN STREET CAMBRIDGE. MASSACHUSETTS 02139 

Dr. J ~ Allen Hy;nek 
Director , 

' Department of Astronomy 

' TELEPHONE 617 664.7910 

· 11 !.Zarch 1963 

,I . ; 

Lindheu1er Aztronomical Rezearch Center 
North·.:lestern ,University 
Evanston, Illinois 60201 

Dear Dr. I·!ynek: 

In your letter of 6 March, you enclosed a list of 
retrogradZ..satellites in which :::tany naked-eye mngnitudes were • 
reported. It seems probable that the disog=e~ent between 
this list of !:t!ajor Quintanilla and the one which I sent you 
results from different source mnterial and different time of 
co:Jpilation. The .few bright objects in the Air Force list 

. . v1~1ich do not occur on the current SAO list ~1ere not observed 
during the past nine months by the Moonwatch teams. It seems 
bestf. therefore, for your p~rposes t~ use both lists. 

~lith regard to-the nu;::~ber of retrograde satellites, 
there certainly are a large m.':i:lb.er orbit inc. Tiley cc::::-:;:;rioe 
perhaps 15°/o of orbiting objectz (or about 150 objects). 

KUI/mk 

1 .. 

1 I I '· 

MAR 1 41968 

ASTRONOMY DEPARTMENT 
NORTHWESTERN UNiVERSITY 

f 
I 
I 

I 
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I ~ . 
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Vc~ 1/ ,/ k vLif #T Hr/<: 
TYPED COPY OF ATTACHED LETTER J 

Dear Mr. Hynek: 

/~4Loa_,_} 

3/15/68 
151 Center St. 
Metuchen, N. J. 

I was told by Mrs. Burk of the Hayden Plan. to write you about 
my observation on March 14, 1968. 

My name, Sir, is Raleigh Moore. I am a amature ast. and have 
been very active in this field for quite for quite a number of years. 

Sir, my observation, March 14, 1968, was as follows. I was out 
walking my dog time 8:00 P.M. while in the park located in Metuchen, N.J. 
I noticed a object coming from the north west sky traveling east. I noticed 
the object was traveling a little faster than a planet and not quite as fast 
as a airplane. I also noticed the difference in the light plane vs. planet . 
The color of the object was a bright orange color, quite large, bright and 
steady. By sight I realized it was not a meteor or comet. 

I continued to watch the object as it continued to move in the 
easterly direction the object was just about over my head at this time then 
I began to notice the object be~n_tQ bre~k up . I first noticed one chunk 
bre,ak off fal l still reflecting light for a few seconds then as the object 
co~tinued to move I noticed a few seconds later another chunk broke off 
fal:li ng and again reflecting light then the climax of the bright object 
was! what appeared to me. Irnpolsion occured and in a second the bright 
object became black no light or reflecting at all then the object disappeared. 

I 

Seeing this I went home called the Hayden Plant. there was no but a clerk 
to ·receive the information, I then called the Hayden Plan. the next day. 
Thi;s event took place time 8:00 P.M. approx breaking of object 8:15 P.M. 
implosion of object approx 8 : 30 P M date March 14, 1968, location of ob
servation, Metuchen, N.J Height to me 90°, direction nor~heast, color 
ora'r ge before implosion. 

I called the Hayden Plan. they informed me that Echo I was due to 
bre~k up but they did not no when. They received no reports of Echo ! breaking 
frob the Smithsonian Inst. They said they observed nothing and did not know 
whar it was, therefore I am sending this report to you. 

Sir, I hope to hear from you soon. I hope this report is clear 
and understandable. It is my first report of this nature. 

Yours Respectfully, 

Raleigh Moore 
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~ht . :LIJ J'vN ' 8 
j)Jfl. . Hy~ e 1:... . 

I observed these balloons at 2210 hrs Monday June 10 ~ (My G-D, 
I hope they were the balloons). In case you have any cases come 
up for comparison, my sighting followsa 

I was standing in the yard at 2210, looking directly south. The 
temperature was 7; - 75, humidity very high, very smoggy, wi t h a 
high mi sty overcast. Only objects visible were Jupiter, very hazy . 
and t he full moon, rising very hazy and r ed. 

I no t iced a star-like object rising slowly out of the South, head'· ·1 .• ; 

st raight North. It was about -1 in apparant magnitude, and a ste ·:d:;;
white light. It 1s motion was slow and continuous, about compare. ' l? 
to 11 Echo • 11 Through 7 X 50 glasses this object remained a white poi u.t 
source: no other lights, no shape, and no sound. When thi r. obje t 
was within a fe~t degrees of the zenith, i t began a course otw ge, 
orbiting over to the east, preserving the same smooth f light. Th n 
it slowed, finally remaining stationary high in the E. Then it blj .. ked 
several times, with no apparent frequency or pattern, and s l owly dr1.fte 
back toward the S, getting fainter, as if it were climbing. 

At intervals of about 5 minutes, three other objects fol lowed, covering 
the same path across the sky; the only di fference being the last three 
ob jects did not blink. All objects eventually drifted back toward t he 
South and faded. 

These objects definitely could have given the impression.that t hey 
were under positive control. 
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Dear Dr. Hynek, 

26}9 Burnaby Drive 
Columbus, Ohio 4}209 

1 June 12, 1968 

I called Ridge Ave. Monday night (June 10) to ask your permission to 
go out after the object described in the enclosed clipping •A•. Joel 
said you were out of town so I did just wba~ you 1d expec~ me to -- I 
went after it anyway. 

After I talked to Joel, I called this Mrs. Dunn. She seemed intelligent. 
and willing to discuss the sighting. Before long, she was giving me a 
description of an object which certainly did smack of 11 jellyfish1 nd 
"falling leaf." There were eight observers with two pairs of bin oulara. 
I made an appointment to see her the next day. 

Meanwhile, another person had called Mrs. Dunn res her letter. This 
caller, a Mr. Marmet, had observed an identical object in the same 
location the week before • . He was driving at the time and decided to 
track it down. He soon arrived at Bishop Reedy High School (lt mi les 
from Mrs. Dunn) and found an extraordinary k1 te and an extraordinary 
kite-flyer. Seems there was an eccentric little fellow, about }0, who 

, I lives in a rented room near High & Mound (pretty crummy). He bu~lt th~ 
' kite and transports it to the school grounds via City bus ( 1). The 

kite body is }0 inches high, several feet long, and has wide plastic 
streamers for tails -- the longest tail is 249 feet long. Tho enclosed 
drawing was made by Mrs. Dunn. She added the d,£men5ions as given by 
Mr. Marmet. In their phone conversation they agreed they had undoubted y 
seen the same object. Only thing loft is to verify with the kite flyer 
that he was actually flying it On Juno 2 at 1900, but Mr. Marmet doesn't 

1 know how to reach him. As far as I 1m concerned, I consider the case closed. 

Glad I solved this one so easily, but sorry it wasn 1t a good juicy Typo I 
whioh :C pt!ttlon.Uy oburved f'rom a diste.noe of 10 t'eet. Better luck(7 ) 
lU~l\ ·U111a, 
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