


OBSERVATIONS OF CQ4ET KOHOUTEK (1973f) 

by Stephen Lar\uli 

ABSTRAC r 
The coma region of C c m t  Kohoutek (1973f) was observed with a 40-c;in 

proximity focused image intensifier tube and f i  1 ters to isolatc prin- 
cipal emissions. The low brightness of the comet limited the results,  
but i t  was pos~ ib le  to  conpare the interisity profiles of C acd conlintium 
in the coma. I t  appears that Comet Kohoutek was a typicaf con& i n  that 
i t  did not exhibit urlusual coma structurt  similar to that of Cmet Benmt 
(1970 XI). Photographs taken w i t h  the 42 cm Schmidt shmed typical type 
I ,  type I I ,  and m t i  ta i  1 morphology, wi t h  increased type I I activi ty 
a f te r  perihelion passage. A technique for eliminating the t y p ~  I 1  (dust) 
coaponent of the t a i l  i s  given by means of photographic subtractioii of . 

blue and red sensitive layers of a color photograph. 

An important factor in the determination of the physical charac- 

te r i s t ics  of comets i s  ot;scr8~ation spatially and tentporally of thz vzria- 

tion of constituents in the coma acd t a i l .  Comets rarely reach the 

brightness where observation by direct photogra;hy is possible with f i l -  

ters whose handpasses are narro\.r enough to isolate the principal eais- 

sions. However, with the addition of an image intensifier,  i t  i s  i n  pritl- 

cipl e easier. 13 practice, otkers have experienced problems ~i th such 

devices due to  geometric and photometric distortiorl as we: 1 as inconvenience , 

1 imi ting kheir use. 

C o x t  Kohoutek appeared to  be well suited to t e s t  proximity focused, 

ele;+rostatic image i ~ t e n s i f i e r  tubes. L.  Dunkelman of NASA Goddard 

made available a 40 mm image tube which has exhibited minimal distortions 

(See zppczndix). A camera that presses film in contact w i  ,h the o~rtput 

fiber- optic plate, contains power supply and energizers, a reflex mirror 
- 

and f i l t e r  pocket was designed and constructed (Fig. 1, 2) .  the camera 

i s  construcl.ed of nonconducting. pl a- t i c  to prevent electrical discharges 

d l .  



tha t  might harm the tube o r  expose the f i l m .  Fi1 te rs  t o  i so l a te  the 
t 

miss ions  o f  CN, LO , C , C , OH cnd KF. GS we1 1 as pure co~+n!cm were 2 3 
used (Tab1 e 1 ) . 

A t  the t i n e  cf purchase o f  the f t I ters, i t  was not ant ic ipa Led 

tha t  the naar ia f rared sens i t i v i t y  or' t i le tube would bd very high, but 

i t  was found t ha t  ev+n a t  0.891: the tube was an order o f  napitu,'. more 

sensi t ive than the f i l m .  Consequently, red leaks i n  solile f i l t e r s  caused 

too rrich contamination for use. A near in f rared hlocking i i l t w  has 

been added f o r  fu ture  work . 
The camera was coinpl eted i n  mid4ecen:ber ,just p r i o r  t o  per i  he1 ion  

passage, but  observation w i th  the 154-cn telescope a t  the Catal ina Observa- 

t o r y  was prevented by the poor southeast horizon a t  tha t  s i te .  Cloudy 

weather fu r the r  prevented observation u n t i l  Canuary 11, 1974, e t  which 

time the t o t a l  v isual  magnitude o f  the coaet was about 4. That n ight  

exposure tes ts  were made using al; f i l t e r s .  While the coinet's motion 

was compensated f o r  by t ! * o  telescope drives, t r a i  1 i ng resul ted from atmos- 

pheric re f rac t ion  a t  the large zenith angles encountered (Fig. 4) .  

With proper exposures determined, more images were obtained on January 12. 

The next opportunity was on January 17, when the t o t a l  v isual  niagni- 

tude was 5.5. An attempt t o  coalpensate f o r  re f rac t ion  by freq;let.,,j 

chznging the d r i ve  rates was somewhat successful. Densitornete~ tracings 

show !he i ntensi t y  d i s t r i bu t i on  dif ferences between C2 and the cont i  nu:~!ii 

i n  the comet (Fig. 5). The C isophotes are g e w r a l l y  more syii?rn?"Lical than 2 

the dusty continuum. Since C2 i s  neutral, f t i s  unaffected by loca l  magnetic 

f i e lds .  The Cp density d i s t r i bu t i on  i n  other comets has been determined t o  

vary approximately w i  t.h the i averse square o f  the distance, s t  1 east i n  the 

outer coina (Wurm 1961). I f  t h i s  i s  the case i n  comet Kohoutek, i t  would appear 



t h ~ t  the d u s t  density f a l l s  off a t  a greater rate due to radiation pressures. 

Larger particles in the mn size range were produced to Form L k  ant :  t s i  1 

(Setan i na , 1974). 

The experience with dxervation rrfKohmte4 has ied to several 

refinements imp:-ovirty the syste~ii. Alt!~ugh tracking taotio~is i n  the telescope 

drive cc:apensatad for  the comet's motion and for atmospheric refraction to  

the C i  rs t approximation, soone residuai t ra i  1 i ng remai n=d because of the 1 ongw 

than expected exposure necessary due to the corilet's brightness. I t  \vas 

obvious that sor.e sor t  of offset  gu id ing  apparatus would be necessary 

t o  dc work on Fainter canets. A double-slide holder was mdified, and 

the guide eyepiece was f i t t ed  w i t h  a high-gain micro-channel plate i n t e n -  

s i f i e r  tube 18 rmn i n  diameter (Fig. 3). T h i s  was made available by L. 

Dmkelman i n  a joint e f for t  w i t h  LPL btaff to fully exploit the usefullness 

o f  e l e c t r o s t ~ t i c  image tubes for  cometary an3 planetary photography. 

Prel i m i  nary results indicate that  the 1 imi ti ng magnitude thresh01 d i s  

no better than the dark-adapted eye, b u t  s ta rs  near that limit are ampli- 

fied sufficiently to  allow guiding on s tars  between one and t ~ o  magriitudes 

fainter  than usual. 

Use of the 40-npn image intensifictt, on fa in t  comets is now being 

attempted. If  tube noise p;wents work on extremely faint. ccc~ets, i t  

i s  s t i l l  possible to  photograph medium and b r i g h t  comets i n  shorter time, 

tt,us alloivinr, the use of a larcjer number of f i  l ters and perhaps detection 

of short-period changes. 

On January 11, i974, a color photograph o f  Comet Kohoutek was 

taker, on Kodak Ektachrome EF w i t h  a standard 135 m telephoto lens on 

a 35 tinn camera. Color separations of the blue and red images shoered 

the isolation of the cmiscions of GO+ in the type I t a i l  by photographic 



subtract ion. This was accol. 1 1  ished by e l  imini t t in? tire continuum r e f l e c t i o n  

of the type TI t a i l  mater ia l ,  which i s  possible since the wwrgy from tlie 

re f lec ted so la r  continuum i s  near ly  eqw: i n  the spectral  b~ndpasses o f  

both the red and b l x ?  s e n s i t i . ~ e  layers af  the co lo r  p h o t o y r a p i ~ . ~  Any excess 

t 
( i n  t h i s  case, the  b lue  emissions, which are predon~ina! i t l~  CO and CN) w i  i l  

be l e f t  a f t e r  a gamna one p o s i t i ~ e  i f  one laye r  i s  superimposed upon the 

ne9ative o f  the 0ther.1~1 Figure 7, the f i r s i  two images are the i n d i v i d ~ i a l  

b lue  and red imayes. The t h i r d  rwage i s  the posi t ive-negat ive combirat ion, 

where anything dark i s  reddish and anything l i g h t  i s  bluish. It should 

be noted t h a t  s tars  o f  d i f f e r e n t  spectra l  classes become q u i t e  apparent. 

The comet appeared as i t  would i f  there were no dust  p a r t i c l e s  t o  r e f l e c t  

the sunl ight .  The la rge  coma i s  d ~ ; ?  t o  CN emission, and the t a i l  due 

t o  CO' emission (Fig. 6). The t h i r d  iixig, compares :re11 w i t h  the preper i -  

he l i on  image o f  Dece~nber 6 (Fig. 11) v~hich had r e l a t i v e l y  l i t t l e  dust. 

It i s  thus apparent t h a t  dus t  product ion was greater  a f t e r  per ihel ion;  

i n  fac t ,  the  r e s u l t i n g  asynetry i n  the t o t a l  magnitude curve before arid 

a f t e r  pe r ihe l i on  due t o  t h i s  f a c t  i s  already we l l  known. I f  done care- 

f u l l y ,  the  only drawbacks o f  t h i s  technique a r i s e  from di f ferences i n  

the sensitometr ic response o f  the d i f f e r e n t  cmulsion layers o f  the co lor  

f i lm, which are greatest  i n  the toe and shoulder o f  the cha rac te r i s t i c  

7025 x 7025. Tri-X panchromatic f i l m  w i thout  any f i l t e r  was needed t o  
----- 
*Kodak Aer ia l  Films and Photographic Plates, M-61, 1972, P. G-30.31. 

curve. The advantage i s  t h a t  one co lo r  photograph can provide the i n f o r -  

mation t h a t  normally bvould requ i re  two. 

When possfble, add i t iona l  photographs were taken w i t h  the new 42 cm 

Schmidt telescape a t  the Catcl ina abservatory (Table 2). The p la tc -  

ho?ders were modi f ied t o  accefit c u t  f i l m  f o r  photographs used t o  i n v e s t i -  

gate the  general t a i l  morphology. The Schnidt has a f i e l d  o f  about 



minimize exposure t iae  and guiding errors. Figure 8 shows the daily 

motion of the comet and the relatively short, featureless t a i l .  By 

November 28 (Fig. 9) structure jn the predominafitly type 1 t a i l  was evident. 

The next night (Fig. 10) i! k i n k  i n  the rai l  was s t i l l  visible. The mean 

velocity of the kitiic betwen the two nights was about 100 kn:/sec. which 

i s  f a i r ly  typical f c r  such features (S. Larson and Kinton, 1972). The 

t a i l  increased i n  length as i t  approached the sun (Fig. 11 ) b u t  retained 

the predoininantly type I t a i  1 morphology consisting o f  rays directed 

general iy away from the he1 iocentri c radius vector. 

By January 11, 14 days past p x i  he1 ion, the comet's character had 

changed. The type I1 t a i l  had developed and a stubby ai;titail was pro- 

truding toward the Sun as seen from the Earth. The posicion angles of 

the type I  and type I1 t a i l s  were differer;t because of differential orbital 

velocity components perpendicular to  the radius vector. As heliocentric 

distance increased and these veloci ty com~onents decreased, the posi tion 

angles became more coincident. The an t i ta i l  was photographed on January 

11, 1974, and persisted through January 17. The earth was sufficiently close 

to  the plaae of the comet's orb i t  that the accumulation of the larger dust 

particles not immediately swept back by solar radiation could be seen. 

Aci:now1 edcvents ---A- 
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TVPICAL AIODULATION 
TRANSFER FUNCTION 



RlpRoDUClui~~l Y US' LLAU 

ORIGINAL PAGE IS POm 
Charac ter is t i cs  o f  the 4 0 1 ~  proximi ty  focused image i n t e n s i f i e r .  

The p a r t i c u l a r  tube used was essen t i a l l y  f r e e  o f  f i be r  o p t i c  patterns 

and had on ly  three b r i g h t  p inhole defects.  

- 
Photocathode luminous smsitivity 

I 
Piotocathode radiant response 

at: 800 nm 
850 nm 
900 nm 

] Vhvelngth of p a k  phosphor output 

/ Luminious p i n  

E. Luminance uniformity I 

Sin?-wave modulation transfer iunction 
at: 2.5 line paris/millimeter 

7.5 
16.0 

1 Resolution uniformity 

. I hhgnification center and edp 

Distortion 

Equivalent backgrwnd input 

lnput illumination 

Pho:oca:hode current densi iy 

-- 

Maximum -- 
> 500 

.6J 
> 30 
> 5 

> 100 

53 

1 .o 

2 x 10-9 

0.1 

1 x 10-7 

5.0 

Nominal - 
350 

25 
10 
2 

530 

50 

'+ - 10 
3s 

95 
.68 
27 

+ 2 - 
1 .o 

5 0.1 

1 x 10-10 

,- 

Minimum ------ 
200 

12 .-. 
L' 

1 

30 

30 

1 -0 

2 x  10-1' 

Units -- 
r ~ ! m  

n AN! 
mAIW 
mA/W 

nm 

f t - l l f t c  

% 

1 plmm 

% - 
% 
X 

I plmm 

% 

1 m/cm2 

f t-c 

amps/cm2 

ft.L 

Spxified as the ratio of photocurrent to input ~trminuous flux measured at a cathode flax level of 1.5 millilumens 
from a 2554'~ color tem,,elature tungsten larnp ;~ttd uniformly distributd over a diam~ter of 0.5 inch. 

Specified as th,o ratlo of output brightness in foot-lamberts (ft-L) to the input face plate illumindtior~ in f00i-ci.rrdles 
(ft-c). Both input illuminatisn and output brightness are rncic.urctl with an eye-response-corrected phoiorneter. 
The i n p ~ t  illumination at the inptlt faceplate i~ clcrivetl from a tungsten filsrnent larnp opcratcd 2t a color 
temperature of 2854'~. The vaiia:ion i s  sperifisri as a percent variation from tho ?wage bri{lhtnm over the 
quality area included ~n a circle concpntric \vith the active area visible on the ouipcrt \.41;c!ovf \vhoJe diameter 
i s  90% of the aciive diameter. 

Limitins resolutio,~ is specifiid at optimbm light !sveI. The input image i s  generatt:cl by projecting a 100?s'a contrast 
USAF 1951 Resolving Power Test Targst onto the pha:ocalhode. The light source is the same as specified in 
Note (b). Measurement i s  niade unc!cr normal tube operating conditions The variation in resolution is  meirsutfd 
at several points within the circle s;~ecified in Note (b), and the maximum variation frorn that niessuretl at  the 
center i s  given. Maximum resolution i s  otrtained with essentially  non no chromatic light of r~i~v?l?nc~;h near the 
threshold of the photocathode. 

The modulation transfer function is  the o~tcent clegracldtibn (or contrast rrdi~cticrn) in a 100"; contrast sine-wave 
imaga at a specific spatial frequency. The ~nxmtren~ent i s  mad? by projecting a slit image on the photocathocle 
and Fourier analyzing the rz;ultarlt oirtpui image of tlw tube intn a sine.wavr MTF. 1 h"l1~1min;rtion far the 
slit input is the same as specified in Note (b). 

. 
As a consequence of proximity focusing u ~ e d  in these tul)os ,he magnification i s  unity within the quality area 
and the resolution i s  constant over the same area. Qi~ality area is clefinecl by a diarnctcr which is 90% of the 
active diameter. 

Percent distortion i s  equal to the ecly:! magnification minus the center niagni!ica!ion clivirled bs/ the center 
magnification times 100. Thcre i s  no Ilarrel-, pincxliion., or "S"~distortion ~ ~ i t h i n  th? cl~illtty area due to ttw 
use of proximity focusing. 



Table 1 

Characteristics of the Interference f i l t e r s  used or Comet Kohoutek (1973f) 

Emission Centrzl -- A* - Bardpass {50!4)J' 

OH 3080 1 2875-3425 R Comet f a r  too diw, very strong UV 
absorption by atmosphere 

Comet too dim, tub2 s w s < t i v i t y  not 
very high 

Nct much emission near r~vcleus - too 
dim 

Strong emission-good iriages obtained 

beak images -comet dim, near-IR leak 
contamination 

Strong iinages, hut near IR 'leak badly 
contaminated image 

Continuum 4880 4700-51 10 
comparison 

Near IR leak, b u t  i s  ~ontinuum there. 
Contarninat.:on m i  hima1 

- 

*These are  measured values and may deviate s l igh t ly  from the optimuin values 



Table 2 

Pnotographs o f  Comet iiohoutek (1973f) Taken w i t h  42-cnr Si: 

1973 Oct 15 

Oc,t 29 

Oct 30 

Gct 31 

Wov 1 
Nov 6 

Nov 28 

Nov 29 

Dec 6 

1974 Jan 'I 1 

Jan 12 

Jan 14 

Jan 15 

Feb 1 

Royal P3.n 

Royal Pan 

Royal Pan 

T r i -X  Pan 

Tr i zX  Pan 

Tr i -X  Pan 

T r i -X  Pan 

T r i -X  P x  

T r i -X  Pan 

Tr i -X  Pan 

Tr i -X  Ortho 

T r i -X  Pan 

T r i - X  Pan 

Tr i -X  P,]n 

Tr i -X  Pan 

T r i -X  Pan 

Ektachrome 

Ektachrome 

T r i -X  Pan 

Ektachrome 

T r i - X  Pan 

Tr j -X  Pan 

Tr i -X  Pan 

B r i g h t  moon 

Hazy 

Hazy 

Hazy 

Clear 

Clear 

Clear 

Clear  

Very Clear 

Very Clear  

Very Clear  

Very Clear  

Very Clwr 

Very Clear 

Very Clear  

Hazy 

Hazy 

Clear 

Clear 

Clear  

C l  zar  

Clear  

Th in  c i r r u s  



Figures 

8-15. 42 cm. Schmidt photographs of Comet Kohoutek. All on Tri-X pan- 

chromatic film. 

8-1 1. Pre-peri he1 ion. N t o  i e f t .  

1. Image tub? cdmera as used fo r  Comet Kohoutek. 

2. ln te r io r  leyout of image tube camera showing reflex mirror, cen- 

tering eyepfece, ba t t e r i es ,  f.i 1 t e r  space, ?'mag!? tube, and pressure 

plate t o  hold the film i n  contact w i t h  the t u k  output .  

3. Camera 3-1 modified o f f se t  guider. The guidins eyepiece has a small, 

high gain micro-channel p la te  image tube t o  guide on fa in te r  s t a r s .  

I t s  power supply and control i s  seen t o  the l e f t  of  he nffse t  motion 

screw. 

4. lei:?e tube photos of the coma of Comet Kohcutek i n  several spec- 

t r a l  bands. Note structure difference between tontin~urr  an3 C 2' 
+ 

CN and CO a re  very weak and a re  elongated by t r a i l i ng .  C3 and 

NA a re  affected by contamination in  the near-infrared. 

5 .  Intensity profi les of C2 and continuum. 

6. Objective prism spectrum of Comet Kohoutek (by R.B. Minton) showing 

the prominent coma and t a i l  emissions from 3800 W t o  about 81100 8. 
+ 7. Color separation from a color photograph and isola t ion o f  CG 

and CH emissions by photographic subtraction. 

12-15. Post-perihelion. N t o  l e f t .  











Fig. 5. 

II,L-U 
60 arc-sec 

I n t e n s i t y  p r o f i l e s  o f  C and continuum i n  the coma o f  comet Kohout~k 
(1973f) t raced perpendigular t o  the so la r  r a d i  ic vec to r  through 
the nucleus. The slower drt;goff of C2 wi tn  distance f r ~ m  the nu- 
cleus i s  due i n  p m t  t o  the r e l a t i v e  l ~ c k  o f  so la r  r a d i a t i o n  pres- 
sure t h a t  causes the continuum r e f l e c t i n g  dust  t o  be drawn away 
from the coma. 
























