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A far-reaching m o d e r n  social develop- 
m e n t  is t h e  massive financial backing 
w h i c h  can, w i t h  increasing ease, b e  ob- 
tained for  organized group attacks o n  
n e w  areas o f  basic knowledge.  O n e  th inks  
immedia te ly  o f  the  large accelerators o f  
t h e  A E C ,  o f  t h e  upper-air exploration 
programs, o f  t h e  I G Y ,  and o f  t h e  arti- 
ficial satellite. I n  general, none  o f  these 
programs has immedia te  economic or 
national de fense  purposes; rather, their  
support b y  various governmental and pri- 
va te  agencies reflects a general under-
standing o f  t h e  ul t imate ut i l i ty  o f  all 
physical knowledge. A l though massive 
public support o f  science undoubted ly  
entails some undesirable consequences, 
t h e  very technologic resources t h i s  m a d e  
available for scientific purposes m e a n  t h e  
opening u p  o f  research areas othenvise 
inaccessible. Scientists i n  all fields should 
b e  aware o f  this opportunity. 

T h e  purpose o f  this no te  is t o  suggest 
one such possibility: a geophysical pene- 
tration o f  t h e  earth's crust. I a m  n o t  a 
geophysicist, nor a m  I qualified expertly 
t o  discuss t h e  novel engineeling prob- 
lems  involved.  Nevertheless, a compari- 
son o f  such a n  exploration w i t h ,  say, t h e  
artificial satellite project ( w i t h  regard t o  
basic scientific wor th ,  t o  possible practi- 
cal uses, and t o  the  expense o f  developing 
t h e  technology involved)  would seem im-
mediately t o  confirm t h e  suggestion t h a t  
crustal penetration should b e  thought 
about ,  discussed, and evaluated b y  t h e  
scientific communi ty .  I f  the  consensus 
is t h e n  tha t  such a project would  b e  valu-  
able and feasible, w e  m i g h t  expec t  o n  t h e  
afore-mentioned general grounds t o  find 
support forthcoming.  

T h e r e  appear t o  b e  m a n y  geophysical 
problems tha t  could b e  profitably inves- 
tigated b y  a physical penetration o f  t h e  
earth's crust and b y  a n  examination o f  
t h e  composition, properties, and physical 
condit ion o f  t h e  mant le  be low t h e  M o -  
horoviEiC Discontinuity. A m o n g  these are 
the  following. ( i )  Knowledge  o f  t h e  vari- 
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ation o f  t h e  earth's magnetic field below 
t h e  surface could show whether  its origin 
is i n  t h e  crust or,  alternatively, is t h e  
result o f  magnetohydrodynarnic mecha-
nisms i n  t h e  core. ( i i )  Knowledge  o f  t h e  
temperature variation below t h e  surface 
is important  for  discussions o f  t h e  earth's 
heat  balance, radioactivity, and evolu-
tion. ( i i i ]  Knowledge  o f  pressure, t e m -  
perature, and density conditions at t h e  
outer boundary o f  t h e  mant le  are l e -
quired for t h e  numerical integrations i n  
geophysical theories o f  Earth,  V e n u s ,  
and hlars. ( i v )  Geophysical theories o f  
continent building require knowledge o f  
the  ultrabasic mant le  material and o f  its 
relation t o  t h e  basalt layer and t o  t h e  
granitic continental basement.  ( v )  Pene- 
tration o f  t h e  crust could shed light o n  
t h e  validity o f  the  isostasy concept;  t tns 
i n  t u r n  has important  and practical geo- 
detic consequences. ( v i )  T h r  earth's 
crust apparently has a n  unusually h igh  
radioactive content;  i t  is important  t o  
determine whether  this is actually so, 
and whether  the  radioactive elements 
have  b e e n  fractionated o u t  o f  t h e  mantle.  
( v i i )  Knowledge  o f  the  composit ion o f  
t h e  mant le  and,  hence,  o f  b y  far t h e  
largest part o f  the  earth's mass is o f  great 
interest for astrophysical discus,ions o f  
cosmic abundances. Furthermore, as i n  
any  scientific exploration, one  cannot 
estimate i n  advance t h e  importance o f  
t h e  n e w  and unexpected phenomena and 
conditions tha t  would  b e  encountered; 
for example ,  i t  was  suggested t o  m e ,  n o t  
necessarily i n  jest, tha t  t h e  mant le  m i g h t  
prove diamondiferous.  

T h e  site o f  t h e  research shaf t  would b e  
chosen so tha t  t h e  d e p t h  o f  the  Mohoro- 
viEi6 Discontinuity was there a m i n i m u m .  
W h i l e  this indicates drilling f t o m  a n  
oceanic island, t h e  logistic convenience 
o f  a continental location would  also b e  a 
factor. Presumably seismic and volcanic 
complications should b e  voided.  Sedi-
mentary  overlay per se is uninteresting, 
and ground water and other seepages 
could b e  avoided b y  seeking exposed 
Archean rock. I cannot adequately judge 
t h e  relative importance o f  these factors. 

I t  is, however,  clear tha t  present well-  
drilling technology would  b e  inadequate 
t o  achieve t h e  vertical d e p t h  required- 
perhaps 10 miles. O n e  might ,  instead, 
imagine a small-bore (perhaps  12 inches 
i n  diameter,  30" down-slant)  sha f t ,  

drilled in to  t h e  granitic and basaltic rock 
b y  remote-controlled equipment .  T h e  
power transmission f r o m  surface t o  drill 
could b e  b y  electric cable; rock removal,  
b y  bel t  or hydraulic means.  T h e  t e m -  
peratures encountered should n o t  b e  ex-  
cessive (perhaps  a f e w  hundred  degrees 
centigrade);t h e  ex t reme pressures would 
probably require t h e  use o f  heavy  drill- 
ing m u d s  for hydrostatic compensation. 

A l though est imation o f  costs for such 
a project is extremely di f f icul t  unti l  pre- 
l iminary site surveys and a technologic 
feasibility study have  b e e n  m a d e ,  I m i g h t  
point ou t  tha t  the  large-scale rock tun-  
neling o n  t h e  surface costs perhaps $ 1  
mil l ion per mi le .  W e  m i g h t  expect  tha t  
t h e  proposed small bore, t h e  use o f  m o d -  
ern  remote-controlled instrumentation,  
and especially t h e  absence o f  complicat-  
ing seepage and ventilation problems 
would  greatly reduce t h e  cost f r o m  tha t  
o f  conventional tunneling.  S o  this cost 
m i g h t  well  b e  commensurate w i t h  tha t  of 
m a n y  m o d e r n  group attacks o n  other 
basic areas o f  science; as is indicated i n  
t h e  first paragraph. I should l ike t o  
thank  James  Garvey for m a n y  discus-
sions, and for encouragement i n  th i s  
matter.  

FRANK B. ESTABROOK 
Basic Research Branch, Los Angeles 
Ordnance District, Pasadena, California 

Teachers, Second Class? 

I n  t h e  letter b y  J. W .  Still [Science 
124, 408 ( 3 1  Aug.  1956)] there is a n  i m -  
plication tha t  is frequently m a d e  b y  
members  o f  university s taf fs .  T h e  con-
cept  here implied is tha t  one  cannot b e  
a n  e f fec t ive  teacher unless one  worships 
t h e  dei ty  o f  research. T h i s  is  t o o  rarely 
challenged by those w h o  teach  i n  colleges 
and secondary schools where research is 
l imited or does no t  exist. Perhaps t h e  
idea has developed because the  t o p  posi- 
tions i n  t h e  universities are o p e n  only  t o  
research personnel. 

W h y  is research ( o f  t h e  classical t y p e )  
essential for e f fec t ive  teaching? Does a n  
expert  o n  mice  give a better course i n  
general zoology o r  even  i n  m a m m a l o g y ?  
Does a protozoologist have greater in -
sight into t h e  evolutionary picture? I 
doubt  i t .  I n  fact ,  this m a y  o f t e n  b e  a 
detriment b y  distorting t h e  balance o f  the  
presentation. 

T h e r e  are individuals i n  any  university 
w h o  are strictly research persons, n o t  be-  
cause there is n o  need for t h e m  as teach- 
ers, b u t  because they  cannot teach.  W e  
d o  not  call t h e m  second-class researchers 
for this reason. B u t  o n e  w h o  teaches and 
does no t  d o  research is considered second 
rate. 

Actually ,  a good college teacher keeps 
u p  w i t h  a far  greater variety o f  scientific 
literature t h a n  the  professional research 
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