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ABSTRACT 

32m/ 
An isothermal map of t he  Proclus area of the  

Moon and a descr ip t ion  of the method used f o r  making the  map 

a re  presented. Correlat ion between the  isotherms and the  

v i sua l  fea tures  is  a l s o  given. 



L . * 

This repor t  presents an isothermal map of the  Proclus 

a rea  of t he  Moon and describes the  method used f o r  drawing it. 

The da ta  w e r e  obtained on t h e  night  of February 27-28, 

1964, with the rad ia t ion  pyrometer developed a t  Harvard College 

Observatory. The i n s t r u m e n t  was attached t o  the  61-inch Wyeth 

r e f l e c t o r  a t  i t s  Newtonian focus, This telescope i s  located i n  

Harvard, Massachusetts a t  the  George R. Agassiz S ta t ion  of 

Harvard College Observatory. The pyrometer and the  technique of 

i t s  operation have been described i n  e a r l i e r  reports .  (') 

t h i s  work, we  used a multi layer in te r fe rence  f i l t e r  having a 

sho r t  wavelength cut-off a t  8.0 microns and a long wavelength 

cut-off a t  15.0 microns; the  50% transmission poin ts  w e r e  a t  

8.7 and 11.5 microns, respectively.  

For 

* 
The posi t ion-ident i fying photographs w e r e  taken on 

(2) X - R  f i lm , and w e r e  processed by Edgerton, Germeshausen & 

G r i e r ,  Inc.  The negatives were of very low con t ra s t  and a l l  of 

t he  image was contained i n  t h e  f a s t e s t  l ayer  of t he  emulsion. 

The image i n  t h i s  layer  may be v i sua l ly  separated from those 

ly ing  i n  t he  o ther  two layers  by viewing the  negative through a 

b lue  f i l t e r ,  such a s  a Wratten No.  47B o r  No. 94. 

Black and white p r i n t s  w e r e  made from several  of t he  

negatives i n  which t h e  in t e r sec t ions  of t he  c rossha i rs  w e r e  

located along one of the  cen t r a l  scans. 

quate con t r a s t ,  it was necessary t o  make the  p r i n t s  on high 

I n  order  t o  obtain ade- 

' .  
* 
For a descr ip t ion  of t he  method employed i n  making photographic 
i d e n t i f i c a t i o n s  of t he  areas under observation, see S c i e n t i f i c  
Report No. 6. 
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* . 
con t ra s t  p r in t ing  paper. Kodabromide F.5 was used f i rs t ,  and 

t h e n  l a t e r ,  Agfa Brovira 111 No. 6. A mosaic was made from two 

of the p r i n t s  i n  order t o  show i n  one p i c tu re  t h e  e n t i r e  region 

scanned. T h e  individual  frames w e r e  t h e n  contact-printed by 

l i g h t  f i l tered through a Noe 94 Wratten f i l t e r .  Each p r i n t  was 

examined indiv idua l ly  and the pos i t ion  of the in t e r sec t ions  of 

the c ros sha i r s  i n  each frame w a s  p lo t t ed  on the  mosaic, 

S ince  the de f in i t i on  of the photographs was poor, and 

s i n c e  the images of the  in t e r sec t ions  of t he  c ros sha i r s  f requent ly  

f e l l  on the  images of lunar areas  w i t h  no d is t inguishable  f ea tu res ,  

some d i f f i c u l t y  was encountered i n  p l o t t i n g  the  points .  Several 

p l o t t i n g  techniques w e r e  t r i e d ;  the  most successful  seemed t o  be 

one i n  w h i c h  two s t r i n g s  w e r e  adjusted on top  of the  mosaic 

u n t i l  they coincided w i t h  the same fea tu res  a s  d i d  the image of 

the  c ros sha i r s  i n  the  individual  frames. A mark w a s  t h e n  made 

under the in t e r sec t ions  of the s t r i n g s ,  T h i s  apparently pr imi t ive  

technique was time-consuming, bu t  it worked q u i t e  w e l l  i n  p rac t ice .  

The p l o t t e d  pos i t ions  w e r e  reproducible t o  w i t h i n  less t h a n  t h e  

width of the de t ec to r  ( 9 " ) .  

A piece of p l a s t i c  d ra f t ing  f i l m ,  w h i c h  w i l l  be c a l l e d  

the  No.  1 f i lm  t o  d i s t ingu i sh  it from the  severa l  f i l m s  used 

l a t e r  i n  the reduction, w a s  then taped over the mosaic. L i n e s  

represent ing  the ind iv idua l  scans w e r e  drawn through the poin ts  

corresponding t o  the  pos i t i ons  of the  i n t e r s e c t i o n s  of the  cross- 

h a i r s  a t  the t i m e s  of exposure. 
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The d is tances  between the  poin ts  represent ing the  posi- 

t i o n  of the  in t e r sec t ion  of the  c ros sha i r s  a t  t he  t i m e s  of t h e  

f i rs t  and the  l a s t  photographs of each scan were measured, as 

w e r e  the  d is tances  between the corresponding photograph event 

marks on the  paper cha r t  record, The r a t i o s  of the  two d is tances  

were ca lcu la ted  f o r  each scan: the pos i t ions  of temperature 

measurements made a t  t i m e s  i n  between those of the photographic 

exposures could then  be p lo t ted  on the  mosaic, The s lope of 

each l i n e  was measured r e l a t i v e  t o  the image of one of the cross-  

h a i r s ,  and an average slope w a s  computed., The ind iv idua l  scans 

were r ep lo t t ed  onto a new ( N o ,  2)  piece of p l a s t i c  d r a f t i n g  f i l m . ,  

The average slope and the  bes t  v i sua l  f i t  through the poin ts  

were used i n  making these plots .  Since the  motion of the  Moon i n  

dec l ina t ion  provides the displacement between scans, a change i n  

t he  rate of motion w i l l  cause a change i n  t he  slope of the  scans 

r e l a t i v e  t o  the  c rossha i rs ,  B u t  on the  night  t he  observations 

w e r e  made, the  change i n  r a t e  of motion i n  dec l ina t ion  w a s  only 

a few seconds of arc per hour, The  increase i n  accuracy gained 

by us ing  an average va lue  of slope outweighed the decrease caused 

by t h e  s m a l l  change i n  the  r a t e  of motion. 

T h e  reduced da ta  are  given i n  b r igh tness  temperature 

(blackbody). To ease the task of p l o t t i n g  the  isotherms, t h e  

measurements of the paper char t s  were made a t  f ixed i n t e r v a l s  of 

pen de f l ec t ion ,  The def lec t ions  w e r e  proport ional  t o  the  power 

received on the  de t ec to r ,  Atmospheric t ransmit tance,  sky radiance,  

and instrumental  d r i f t  were assumed t o  be constant  during t h e  
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t o t a l  t i m e  required t o  make the  scans (7 .5  minutes).  The l i n e s  

of constant  pen def lec t ion  were p l o t t e d  a s  described later.. 

S i n c e  the  power i n t e r v a l s  between l i n e s  a r e  constant ,  t he  tempera- 

t u r e  i n t e r v a l s  a r e  not. The region mapped is  s u f f i c i e n t l y  s m a l l  

t h a t  t he  over -a l l  temperature d i f f e r e n t i a l  i s  a l s o  s m a l l :  thus  

the  temperature i n t e r v a l  between isopower l i n e s  does not vary 

g r e a t l y  over t he  region mapped, 

The d is tances  w e r e  measured between the  i n i t i a l  photo- 

graph mark of each scan on the paper cha r t  and p ro jec t ions  onto 

t h e  t i m e  a x i s  of the  poin ts  determined by the  i n t e r s e c t i o n s  of 

the  pen de f l ec t ion  l i n e s  and the  l i n e s  of i n t e g r a l  u n i t s  of 

power. These d is tances  were then mult ipl ied by the  appropriate  

r a t i o  and p lo t t ed  on a piece of p l a s t i c  d r a f t i n g  f i lm  (No .  3 ) ,  

which had been placed over the No.  2 f i lm  and the  mosaic. A 

number was wr i t t en  next t o  each poin t  t o  correspond t o  the  power 

l e v e l  a t  t h a t  po in t ,  

The isopower l i n e s  were made by placing another piece 

of d r a f t i n g  f i lm ( N o .  4) over the  one c a l l e d  N o ,  3 ,  and drawing 

i n  t h e  l i n e s  connecting the  poin ts  of equal power l e v e l ,  

An  enlarged ink copy was made of the  o r ig ina l .  A 

photographic negative of t h i s  copy was madeo and it w a s  p r in t ed  

onto photographic paper, The paper w a s  exposed a second t i m e  t o  

produce the  image of the  Moon from the  o r i g i n a l  X * R  negatives.  

Regis t ra t ion  marks were used throughout t he  enlarging and 
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r e p r o d u c i n g  p r o c e d u r e s ,  i n  o r d e r  t o  a c c u r a t e l y  a l i g n  the isopower 

l i n e s  on t h e  l u n a r  image. A f t e r  the  f i n a l  mosaic p r i n t  w a s  made 

and mounted, t h e  t e m p e r a t u r e  d i f f e r e n c e s  between isopower l i n e s  

w e r e  marked on it. The t e m p e r a t u r e  d i f f e r e n c e s  w e r e  computed 

by assuming a v a l u e  for the h ighes t  t e m p e r a t u r e  recorded. S i n c e  

t h e  ho t t e s t  p o i n t  w a s  n e a r  the s u b s o l a r  p o i n t ,  a t e m p e r a t u r e  of 

390'K w a s  assumed,, N e x t ,  from a s c a n  a t  r educed  g a i n ,  the  power 

s i g n a l  f r o m  P r o e l u s ,  S ( T  ) ,  w a s  measured i n  t e r m s  of t he  power 

s i g n a l ,  S ( T S ) ,  f r o m  the  s u b s o l a r  p o i n t .  By u s i n g  the  r a t i o  of 

t he  t w o  powersd S ( T  ) / S ( T S ) ,  and the t a b u l a r  v a l u e s  of the 
P 

e q u a t i o n  

P 

J O  

t he  approximate t e m p e r a t u r e  f o r  P r o c l u s  w a s  found. I n  the above 

TM A M  e q u a t i o n ,  

i s  the spectral  r a d i a n c e ,  T ( A )  i s  the  s p e c t r a l  t r a n s m i t t a n c e  of 

the  i n s t r u m e n t  o p t i c s ,  'I ( 3 )  is t h e  spectral  r e f l e c t a n c e  of the  

i n s t r u m e n t  op t ics ,  and K is  a n  i n s t r u m e n t a l  c o n s t a n t .  F i n a l l y ,  

t he  t e m p e r a t u r e  d i f f e r e n c e s  between power l e v e l s  w e r e  d e t e r m i n e d  

f r o m  d o u b l e - e n t r y  graphs g i v i n g  t h e  family of c u r v e s  S (TU)/S  (T  ) P 
v e r s u s  S ( T  ) w i t h  AT as the  p a r a m e t e r ,  w h e r e ' S ( T  i s  the  p o w e r  

l e v e l  of the isotherm of unknown t e m p e r a t u r e ,  and S ( T p )  i s  the 

power l e v e l  f r o m  P r o c l u s .  The r e s u l t s  are shown i n  F i g u r e  1. 

i s  the l u n a r  t e m p e r a t u r e  unde r  c o n s i d e r a t i o n ,  N ( T  ) 

0 

r 

P U 
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A mosaic photograph composed of p r i n t s  was made from 

the  i d e n t i f i c a t i o n  negatives. The isotherms w e r e  then p l o t t e d  on 

t h i s  mosaic, The da ta  were obtained February 27-28, 1964. The 

a i r  temperature was 24OF (-4.4OC), and the  r e l a t i v e  humidity w a s  

20%. The Moon was 14.5 days o ld  and the  loca t ion  of t he  reso lu t ion  

e l e m e n t  i n  t h i s  p a r t i c u l a r  case was within 6". Thirty-seven high- 

gain scans cover t h e  a rea  between p a r a l l e l s  of l a t i t u d e  + 8 O  t o  

+ 20' and circles of longitude + 38O t o  * 60'. The isotherms w e r e  

drawn f o r  equal i n t e r v a l  power l e v e l .  S i n c e  absolute  values of 

temperature could not be obtained, only i n c r e m e n t s  i n  temperature 

( K e l v i n )  from an assumed value of "T" a r e  ind ica ted .  

Figure 2 shows a photograph of t h e  gene ra l . a r ea  of t h e  

Moon fo r  which t h e  isotherms w e r e  p l o t t e d  (Lick Observatory 

Photograph). 

Owing t o  a gradual change i n  sky br ightness ,  atmospheric 

a t t enua t ion ,  and instrumental  base l e v e l ,  t h e  contours must be 

somewhat d i s t o r t e d  However, they probably s u f f i c e  t o  poin t  out  

local temperature anomalies. O n e  r e a d i l y  no t i ces  t h a t  s lopes 

t ipped toward the  Sun are w a r m e r  than those t ipped away, and t h a t  

t h e  darker a reas  tend t o  be warmer than t h e  b r i g h t e r  a reas .  
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F I G ,  1. A mosaic photograph composed of p r i n t s  made from t h e  i d e n t i f i c a t i o n  
negat ives  of t h e  r ad ia t ion  pyrometer opera t ing  a t  t h e  Newtonian focus 
of t h e  60-inch te lescope  a t  Agassiz S t a t i o n  (Harvard, Massachusetts) .  
The isotherms w e r e  then p lo t t ed  on t h i s  mosaic. The d a t a  were ok1- 
t a i n e d  February 27-28 ,  1964. The a i r  temperature was 24’F (-4.4’C) 
and t h e  r e l a t i v e  humidity was 20%. 



-6.8 - 8.6 -1 0.3 -5.1 

/ 

The Moon was 14-5 days old and the  loca t ion  of the r e s o l u t i o n  e l e m e n t  
i n  t h i s  p a r t i c u l a r  case  was wi th in  2 6". Thirty-seven high-gain scans 
cover  t h e  a r e a  between p a r a l l e l s  of l a t i t u d e  4-8" t o  20' and c i r c l e s  of 
longi tude  +38" t o  6 0 ° e  
i n  power l e v e l .  Since abso lu te  values  of temperature could not  be ob- 
t a i n e d ,  only increments i n  temperature ( K e l v i n )  from an assumed value 
of "T" a r e  ind ica t ed .  

The isotherms were drawn f o r  equal  i n t e r v a l s  





* e a  cf t he  Moon for which the isotherms 
7 Photograph) 
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