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The "Clock Paradox" and 

Space Travel 

I n  the pages of Nature there have ap- 
peared recently exchanges of correspon-
dence between McCrea ( I ) , Dingle ( 2 ), 
and Crawford ( 3 ) .  Dingle maintains 
that there will be no difference in age 
between a returned space traveler and 
his twin brother who stays home, while 
the other authors maintain that such a 
difference will exist, in just the amount 
computed by a straightforward applica- 
tion of the Lorentz transfor~riation of 
special relativity. Dingle's argument is 
based on an  old difficulty known as the 
"clock paradox," which stems from an 
apparent ambiguity in the answer to the 
question: If all motion is relative, how 
does one decide who traveled and who 
stayed home? 

McCrea and Crawford have in my 
opinion clearly won the argument, and 
perhaps further remarks are superfluous. 
However, because of the considerable in- 
terest aroused, it may be worth while to 
restate the situation in new words and 
all in one place; hence this article. I t  
has three sections. I n  the first, the "para- 
dox" is stated and resolved, using only 
inertial coordinate systems; in the sec-
ond, a treatment of accelerated coordi- 
nate systems based on the principles of 
special relativity is given; in the third, 
the possibility of practical implications 
for space travel is kxamined. 

The "Paradox" and Its Resolution 

The  apparent difficulty in the "para- 
dox" can be stated very simply. T h e  twin 
brothers B and B' are in relative motion 
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with the velocity u.  If B co~isiders him- 
self a t  rest, he  concludes from the usual 
formula for the time dilatation that the 
watch carried by R' will registcr a time 
interval 

while his own watch registers a time in- 
terval At. If R' makes a journey a t  veloc- 
ity v and returns home at the same veloc- 
ity, his elapsed time (as measured by his 
watch or by his own physiological aging) 
will be smaller by the factor 

than the elapsed tinie experienced by B, 
who stayed home. However, if "all mo-
tion is relative," B can just as well say 
that he went on the trip while R' stayed 
a t  rest, and he can state that he is the 
one that should be younger. If both state- 
ments were correctly derived from the 
principles of special relativity, there 
would indeed be a paradox and one 
would conclude that the theorv is not 
self-consistent and must be rejected. 
What we shall show is that the first 
statement is correct while the second is 
wrong; there is no true paradox, and the 
result that travelers live longer than 
stay-at-homes, while sometimes called 
"paradoxical," is really in the "strange 
but true" category. 

T o  examine this matter more closely, 
we must set u p  the situation in greater 
detail. Suppose that R is a t  rest a t  the 
origin of an intertial coordinate system S.  
while B' has the same relation to an in- 
ertial coordinate system s', and that the 
two coordinate slstems are in relative 
motion with a velocity v. Suppose also 
that the watches of the ~ I L Obrothers are 
set so that they each read zero when the 
two origins coincide, which defines fhc 

atarting polnt o f  thr trlp. The coordi- 
nates and time\ in the t n o  systems are 
then related b~ the Lorentz tranc;forma- 
tlon 

Fro~ri these equations, and from thr 
fact that the brothers are located at theit 
respective origins, we find for the rela- 
tion between times observrd a t  the loca- 
tion of B (where s = 0, 

while a t  the location o l  H' uhr re  
u r = O ) ,  we find 

t - yt' (1.) 

T h e  quantities in these equation\ nrr 
clock readings t at  coordinates u in S, 
and t' and x' similarly defined in S', 
while the rquations give the relations br- 
tween these quantities a t  local i~ed ?vents 
which are percr~ved in both systems. \lie 
may picture each system as carrying a 
long line of measuring rods and clocks, 
with observers to note down the clock 
reading and distance coordinate when-
ever an event occurs. These of course do 
not actually exist, but we are allowed to 
use them in discussion since the Lorentz 
transformation is constructed in such a 
way that all relations between vvrnt\ 
(such as the sending and reception of 
light signals) perceived where there are 
actual observers are consistent u i th  ob- 
servations that might be made elsewhere. 

Now imagine a very simple evrnt in 
which R' merely looks a t  his watch. notes 
that it has the rending t, and also ob- 
serves the reading of the particular clock 
in S that coincided with his location a t  
that instant, obtaining for that the ~ n l u c  
yt, as given by Eq. 4. This event nlone 
is not sufficient to determine the relative 
elapsed time as seen by B and B'; it must 
be correlated with another event. which 
is a watch reading made "simultnne-
ously" by R. 

Here we run into trouble in the inter- 
pretation of the word simultaneous. First 
consider the situation from the stand- 
point of R. One of his corps of observers 
reports ( a t  any time after the event) that 
he saw B' read his watch when he uen t  
by, and reports his readings of t and t'. 
which are the same as those noted b) B' 



at: the same time and place. B can then 
say: "When B' looked at his watch, he 
saw the reading x; my own observer read 
the time as yx on his local clock; that 
clock is synchronized with my own 
watch; therefore, if I had looked at my 
watch when it indicated the time yx, 
that event would have been simultaneous 
with the event consisting of B' looking 
at his watch." Second, consider the situ
ation from the standpoint of B'. He says 
to his observers: "One of you was next 
to B when your clock read x, which is 
the time when I read my watch. What 
did you see on the watch of B?" The 
result, from Eq. 3, would be x /y . There
fore, if B had looked at his watch when 
it read x/y , B' would have considered 
that event to be simultaneous with his 
own watch-looking event. 

Thus, to one event at B', there corre
spond two different "simultaneous" 
events at B, depending on whose idea of 
simultaneity is accepted. This result is 
well known, and is not considered trou
blesome so long as B and B' are in rela
tive motion at a distance apart; because 
of the symmetry of the situation, there 
is no way to decide who is "right," and 
there is no meaning in such a decision. 

The usual next step is to have one of 
the observers reverse his motion, so that 
ages can be compared directly when the 
two come together again. However, the 
argument is just as cogent if we have 
them come to a state of relative rest, 
where age comparisons are meaningful 
even at a distance, and this approach is 
used because of its simplicity. The end 
of the trip will be defined by having one 
of the observers (say B') come to rest 
relative to the other. 

Now an element of dissymmetry is in
troduced, since B' is the one who has to 
push the firing button of his decelerating 
rocket and whose accelerometer will de
flect, while nothing will happen to B. 
This fact is used in a way which does 
not involve any arguments from general 
relativity (except insofar as it may give 
meaning to the concept of an inertial 
system) or any discussion of accelerated 
coordinate systems. The important thing 
is that, once B' has stopped, he has dis
sociated himself from S' and attached 
himself to £ (with a shift in the zero 
point of his time scale, of course); the 
system S' remains unchanged. (We may 
note here that a reversal, rather than a 
stopping, of B' can be treated by having 
him transfer to a third inertial system 
S" moving in the opposite direction; this 
more complicated procedure leads to a 
result for the round trip consistent with 
what we get for the outward part.) It is 
also postulated, as is usually done and as 
seems physically reasonable, that acceler
ation as such does not change his clock 
reading. His readings of x on his own 

watch and yx on the clock in S at which 
he stopped are, one may say, transferred 
bodily into S, and he and B can then 
compare notes with no ambiguity since 
they are at relative rest and since both 
use the same definition of simultaneity. 
Both B and B' agree that the ratio of 
elapsed times during the trip is that given 
by Eq. 4, and there is no "paradox." 

Looking at the situation from another 
standpoint, one might inquire about the 
interpretation of a signal sent out by Br 

at such a time that its arrival at B is 
simultaneous (in S') with the stopping 
of B'. Such a signal, seen by B and in
terpreted as indicating "the end of the 
trip," would lead to a wrong result (to 
the usual "paradox" in fact) . However, 
if B is more careful, he will realize the 
discrepancy in concepts of simultaneity 
and correct for it. From Eq. 2 we find 
that the difference in t between two 
events occurring at the same value of t' 
and at locations a distance Ax apart (in 
S) is equal to v&x/c2. The distance A* 
in the case being considered is yyx, the 
length of the journey in S; the events 
are the arrival of the signal at B and the 
stopping of B'. The time correction 
v&x/c2 has the value (v2/c2) yx, or 
[ y - ( 1 / Y ) ] * . When this is added to x/y , 
the observed value of Tat the arrival of 
the signal, the value t = yx for the time 
of stopping of B' is obtained, in agree
ment with what was seen directly by ob
servers in S. What will B' think of this? 
He sent the signal with the expectation 
that it would reach B when he reached 
the end of his journey, but when he gets 
into communication with the observers 
in S after the trip is over, they tell him 
that the signal arrived before he stopped. 
He resolves this apparent dilemma by 
realizing that when he jumped from S' 
into S he had to replace the concept of 
simultaneity in S' by that of simultaneity 
in S, the difference introduced thereby 
being equal to the "time correction" al
ready defined. 

At the cost of some repetition, we re
turn to the question: How does one dis
tinguish the stopping of B' from the 
starting of B, when the change in rela
tive velocity is the same in both cases? 
Physically, the acceleration is felt by B' 
and not by B; mathematically, the ac
celeration is treated as a transfer from 
one inertial system to another, and here 
again the distinction is just as apparent. 
The essential symmetry of the treatment 
is clear if one notes that the concept of 
simultaneity is used in that inertial sys
tem in which both of the brothers are 
initially and finally at rest. 

By a simple but interesting transfor
mation, it is possible to relate the age 
difference of the brothers to their changes 
in velocity. For symmetry, allow both 
brothers to move, with velocities corre

sponding to Yi and y2. Then the differ
ence between their elapsed times £/ and 
12' is given by 

* i ' -* a ' = J [ ( l / Y i ) - ( l / Y a ) 1 d * = 

[ ( I / Y O - ( I /Y*)] t -S td[ ( I/YX) - ( I / Y * ) ] 

Since we have postulated that yt•= y2 — 1 
(that is, both brothers are at rest in the 
system in which t is measured) at the 
start and finish, the first term on the right 
vanishes. If the velocity changes are 
thought of as discontinuous (being ex
pressed as changes in 1/y) , the second 
term becomes a sum, giving: 

* / - ^ = 2*A(l /y 2 ) - 2 * A ( 1 / Y I ) 

This illustrates both the symmetry of the 
treatment and the importance of changes 
in velocity. Note that only the magni
tudes of the velocities enter, and that the 
motion need not be confined to the 
.v-axis. 

Accelerated Coordinate Systems 

It is of some interest, although not 
necessary for this problem, to inquire 
what happens in an accelerated coordi
nate system. In the treatment given in 
the preceding section, the system S' was 
not accelerated, but the traveler simply 
left it, like a man jumping off a train. 
Now we suppose that the train slows 
down with the man on it. The coordinate 
system (that is, the train, or a line of 
space ships if you prefer) carries meas
uring rods and clocks by which times and 
distances are measured. It is accelerated 
by applying power to the wheels or firing 
rockets at times considered simultaneous 
in itself. We start again with Eqs. 1 and 
2 and suppose that the acceleration oc
curs suddenly at tf = 0. We now stand 
in S and watch the process. We note that 
the acceleration does not now seem to be 
simultaneous; Eq. 2 shows that, at each 
t, it occurs at an x given by x = (c2/v)t. 
Thus the acceleration looks like a wave 
traveling with the velocity c2/v. (The 
fact that this velocity is greater than c is 
not objectionable since the wave does 
not convey a signal.) 

An acceleration wave in the form of a 
step of finite amplitude will not retain its 
shape since the wave velocity varies with 
v; therefore we deal at first with a step 
wave of infinitesimal amplitude dv. The 
new Lorentz transformation after the 
wave has passed is 

x'=(y + dy)[x-(v + dv)t] ( 5 ) 

r = ( Y + d Y ) [«-^*] (6) 
where t' retains its meaning as a time 
considered simultaneous in the new S'. 
However, it no longer corresponds to the 
clock readings in the new S' except at 
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"\'= 0.'i'o see this, xve note. that ,I clock 
at  a given .v' does not change its reading 
suddcnly \\-hen the acceleration occur,, 
I\ hile I' does make a sudden change.. 7'11t. 
I,ltter is computed by subtracting Eq. L 
from Eq. 6, evaluated at  th(. appropri- 
ate place and time in S-that is, a t  z -

1 i ' / ~ )t ,  with the rcsult that t' at a given 
point changrs cuddi:nly by the arnoulli 

'I'hc clock readirlg at  x', \\,hich ~c sh,~ll 
call T', does not suffer a corresponding 
instantaneous change, so that a differ-
cIlce between 7" and I' appearq: 

.\ similar trcatnilrnt applit-d to ICqb. i 
;~ild5 shows that the change in r' at  a 
given point (say a given scale division on 
an actual measuring rod in S'j is equal 
to zero. This is not trivial; I' is not de- 
fined as a scale readirlg but as a coordi- 
llate in terms of which the Lorentz trans- 
formation is valid; scale rradings, like 
clock readings, cannot change suddenly, 
but their interpretation as coordinate5 
can. For example, suppose that an  ac-
celeration were made to take place as a 
xvave tralreling with a velocity ( in  S )  
other than c?/ t .  Then there ~vould  be a 
change in .r' a t  a fixed scale rrading in S'. 
The  observer in S' ~vould  intcrprrt this 
as  an  actual physical expansion or com- 
pression of his system arising from the 
fact that the acceleration no longrr oc-
curs simultaneously a t  all points in his 
system. I n  other words, the sprcification 
that the acceleration be simultaneous ac- 
cording to t' is necessary if Tve require 
that no "strains" be introduced into Sf.  

T h e  concept of an  acceleration wave 
\vith velocity c v z ,  in S gives a simple pic- 
torial representation of the generation of 
:t 1,orentz contraction with no discon-
ti~luouscoordinate changes. Consider a 
measuring rod in S' with an apparent 
length 1 in S .  The  time interval in S for 
the Tvave to pass the length of the rod 
is l/[(c'/z;) - 1 , 7 .  During this interval, 
one end is moving faster than the other 
11y the amount de. and the apparent final 
changr in length is 

According to the Lorentz contraction 
1 - l ' / y .  Diflerentiating this, \ \ e  find that 

in agrez~nent \vith the result obt;~inr.d 
from the way? picture. 

I t  is now of interest to find out xihethcr 
Eq. 7 is consistent with grneral relativity. 
\vhich says that ttvo clocks, a t  a distancc 
v' apart in a s ) \ t f ~ m  suffering accelrra- 
tion (1'. will appvxr to diffrr in rate by 
rhr amount ar.z.'/c< and therefore will 
acquirc a diffrrcmcc, in sradinq r'du/c2 

i f  thc 'tc t t.it.lat~on cont~nueb jurt long 
enough to produce a I eloclty ( hanqe du' 
'The velocit) change du' is a small in( le- 
ment of vrlocity from rrst, as seen In the 
obscr\rt-r in the accelerated systrm; to 
find the corresponding change in t h ~  
vclocity L. as seen by an outside obscrvcr, 
\ \7 (x  diffcrerltiate the relativistic formula 
for the composition of velocities, with the 
result that dr) = ( l / y 2 )  du'. The  change 
111 clock readings, expressed in tcrrns oi 
d r ,  1s th~re fo re  in agreement \ \ ~ t h  Eq. 7. 
and u c  have derived the chanqr in clock. 
rates in an  accelerated slstern using- spe- 
cial relativity alone. The  general~zation 
to 'i gra~i ta t ional  field requires, of 
course, the use of the equivalence prirl- 
ciple of general relativity. 

Noby tve wish to consider the effrct of 
finite change in z!, ~vhich can be 

thought of as taking place b!- rnearls of a 
jt3t of superimposed infinitesimal step-
!\ isr at  celeration naves. The  resulting 
cornpositr I\ ave can be jtrpu i\e a t  onl! 
one point because the wave velocit) 
varies ~ i t h  11. I n  the casr of a stenwise 
increasr in e1 (assumed to be initial11 
positive) at  r = 0 and t = 0, the wave 
will spread out in the forward directioll 
as t increases, and cannot be defined for 
x < 0. t < 0. In  the case of a decrease 
in z: a t  the same place and time, the .ivavc 
is spread out behind at  earlier times, and 
cannot be defined for r > 0, t > 0. I n  
order to generate such a wave, the firing 
of the rockets in the line of spacr ships 
defining S' must be scheduled differently 
at  different points; if the acceleration ib 
instantaneous a t  one point, it must 11,~ 
spread out, according to local clock rend- 
ings, and the rate of acceleration mu,t 
be correspondingly reduced, at othc.1. 
points. This corresponds to thr  fact that 
each velocity increment must occur s t -
multaneously in t', while the clocks do 
not continue to indicate t'. 

ilfter the con1wle1.e acceleration Tvavc 
has passed, the total change in clocl; 
readings is obtained by integrating Eq. 7. 
I f  the relative vrlocity change?, for ill-
qtanre, from 0 to :,, \vr find 

tanh ( t i !(j) 


'l'his is not to be confuscd xvith the "tilni. 
correction" used earlier, ~vhich has the 
same value only whrn 7) c. T h e  "time 
correction" is the result of a discrepancy 
in the estimation of simultanrity in two 
different coordinate .systems with rela-
tive motion; Eq. 8 represents a desyn-
chronization of clocks in the same co-
oldinate system. 

Finally, Tve i n q u i ~ e  \+hat  elation this 
has to the "paradox." When B' stops, 
suppow th ~t he brinqs hi5 wholr coordi- 

il'lte system to rcst ivith him, and then 
compares the clock in his system ; ~ t  the 
location of B with the I\-atch of B. This 
clock is out of svnchronization ivith his 
ocvn by the amount she\\-n by Eq. 8, but 
he is presumed to be clever enough to 
knoxv this (or  to find it out by meas-
urement after he has stopped),  so he cor- 
rects for it, and the actual valur of Eq. 8 
does not enter into the result. H e  micht 
just as ~vel l  have used the already c-xist- 
irig systrm S, in lvhich he is at  rest aftttr 
stopping, and simply taken the reading 
of the clock opposite which he stopped 
to be elapsrd time as estimated by B. 
which leads to the same result and is 
equivalent to the choice of Eq. 4 for t l ~ t .  

rrlation bct\\.ern thv t,laprtd t i~nv \ .  

I~nplications for Space Travel 

The great recent interest in the "clock 
paladox" is based on its possible conse-
quences fol travelers in space; this tram 
~ c r n d s  in popular appeal the mole basit 
matters of principle involved. Therefore 
let u, look at  it from that standpoint. 
Flrst, could an 'tc~eleration tolerable to 
human beings, acting for a reasonable 
tlme, produce velocities great enough to 
qive an  appleciable time dilatation? T o  
answer this, we must find the distance z 
( in  the rest systrm of the starting point) 
traveled in time t' ( in  the traveler's rest 
system) ~vhi le  the traveler feels the con- 
stant acceleration a'. We first find tht' 
velocity 1% by integrating thr srlation 
dt' = ( l /y2) du' (introduced in thr prr -
crding srction j, noting that tlirf/dt' = a'? 
\vith the rcsult 

a' 

is c = t anh  - t' 

C 


If .\ is measured in light years, t' ill 
years, and a' in units equal to thr  normal 
gravitational accrlrrntion at  thc uurf:rc,t* 
of thr c,arth, thrn 

. >1his is a remarkable re,ult. For ex-
ample, a man traveling for 21 yean 
under a constant acceleration of 1 g 
tvould go a distance of 1.2 x 10Vigh t  
years! If he  then reversed his accelera- 
tion, he ~vould  finally come to rest at  a 
point 2.4 x 1 O Y  light years distant from 
I~ i s  starting place, having spent -1.2 year.; 
of his life on the trip. T h e  results arc 
less dramatic for shorter trips; even for 
~ a t h r r  high accrlrrations (on a hu~na i l  



sca le ) ,  thy  relativistic t i m e  nlodifications 
are negligible for travel wi th in  t h e  solar 
system. For example ,  a m a n  going t o  
Neptune  and stopping there,  at a n  ac-
cc,leration o f  10 g, would spend 5 day> 
o n  t h e  trip bu t  would gain only 1.5 mill- 
Utes o f  t ime .  

T h e n  there is the  question o f  the  
energy involved.  T h e  m a n  w h o  travels 
for 21 years at 1 g reaches a value o f  y 
equal t o  1.2 x l o B ,  at which  point his 
kinetic energy is utterly fantastic. I f  his 
vehicle weighs ( a t  rest)  1 ton ,  t h e n  its 
energy content is equal, i n  round n u m -
bers, t o  the  energy released i n  the  an-
nihilation o f  10" ton ,  o f  matter,  or i n  

the  fi5slon o f  10" tons o f  u idn lunl ,  I t  

~ z o u l d  b e  sufficient t o  m e l t  t h e  entirc. 
( r u s t  o f  t h e  earth t o  a d e p t h  o f  about 
30 miles. T h e  m a n  w h o  makes  t h e  m o r r  
modest  trip t o  Neptune  at 10 g reaches 
Y = 1.0025, and the  kinetic energy o f  hi\ 
1-ton ship ( 2  x 1017 joules) corresponds 
t o  that  released i n  t h e  fission o f  about 2 
tons o f  uranium;  because o f  t h e  limited 
c2fficiency o f  rocket propulsion, the  actual 
enero,y needed would be m u c h  o,reatci 
T h e  use o f  such enero,y quantities i n  n 
rocket ship is so far beyond any foresee- 
able practical l imits ,  and t h e  t i m e  gain 
in tha t  case is so small, tha t  ~t is hard t o  
picture a practical case o f  space travel 

Image of the Scientist 
among High-School Students 

-4 Pilot Study 

M a r g a r e t  M e a d  a n d  R h o d a  M P t r a u x  

I h ~ \  btudy 15 based o n  ,in anal>sis 01 
nation-wide sample of essays writ ten 

by hio,h-school students i n  response t o  
uncompleted questions. T h e  following 
rxplanation was read t o  all students by 
cach administrator. " T h e  American ,4s- 
w c i a t ~ o n  for the  Advancement  o f  Sci-
ence ( I ) ,  a national organization o f  sci- 
entists having over 50,000 members ,  is 
interested i n  finding out  confidentially 
\\hat you think about scirnce and scien- 
t15ts. T h e r e f o r e ,  you are askrd t o  $\rite 
In your o w n  words a statement which  
tells \\ hnt kou think W h a t  you \\rite is 

There, is a great disparity between the large 
amount of effort and money being devoted to in- 
teresting young people it1 careera as scientist5 or 
engitleers and the small amount of information we 
have on the attitudes those young people hold 
toward science and scientists. The Board of Di-
rectors of the AAAS has on se\.eral occasions dis- 
cussed this disparity and the desirability of learning 
more about what high-school students actually 
think o: science and scientists. This paper is one 
lesult of those discussions. Hilary Deason. director 
ol the association's Traveling High-School Science 
Library Program, made all of the arrangements 
with the high schools and supervised the collection 
0 1  the students' essays. The analysis of those essays 
and the preparation of this report were the respon- 
aihility of the two authors. Margaret Mead and 
Rhoda hfktraux. Dr. Mead is associate curator of 
anthropology, American hfuseum of Natural His-
tory, New York, and Dr. Metraux is a research 
I ~ l l o \ \ ~at Cornell Medical College, Yew York. 

384 

c~ontidcritial. 1-ou art, not to sign your 
n a m e  t o  it.  W h e n  you have tvritten your 
statemcnt you are t o  seal it i n  a n  en-
velope and $vrite the  n a m e  o f  school o n  
the  enirelope. T h i s  is no t  a test i n  which  
any one o f  you will b e  compared w i t h  
any other student, either at this school, 
or at another school. Students  at more  
than  120 schools i n  t h e  Uni ted  Statcs 
are also complet ing the  statement and 
your answer and theirs will b e  consid- 
ered together t o  really find out  what  all 
high-school students think as a group of 
people." 

I n  general, the study shows tha t ,  while 
an official image o f  t h e  scientist-that is, 
an image that  is the  correct answer t o  
give w h e n  the  student is asked t o  speak 
without  personal career involvement-
has been built u p  which  is very positive, 
this is riot so w h e n  the  student's per-
sonal choices are involved.  Science i n  
grneral is represented as a good th ing:  
\\,ithout science w e  would still b e  living 
i n  caves; science is responsible for prog- 
ress, is nccrssary for the defense o f  the  
country, is responsible for presenling 
inore lives and for improving the health 
and comfor t  o f  the  population. H o w -
ever, \vhe~l  the  cluestion becomes one  o f  
personal contact I\-ith science, as a career 

In \z h ich thc tlnit2 dllatatlon can b e  c o ~ i -  
\idered imuortant .  T h i s  conclusion. o f  
course, does not  detract f r o m  the  interest 
o f  t h e  fundamental  principles invol\~c-d 
i r ~the  "clock paradox" ( 4 ) .  
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choice or ~ l i r o l v ~ n g  the choice o f  a hus- 
band,  the  iinaye iq overwhelmingly nega- 
tive. 

T h i s  is not  a study o f  w h a t  proportion 
o f  high-school students are choosing, or 
ifill eventually choose, a scientific career. 
It is a study o f  the  state o f  m i n d  o f  the  
\tudents among X\ h o m  the  occasional fu -  
ture scientist mus t  go t o  school and o f  
the  atmosphere ~ z ~ t h i n  which  t h e  science 
teacher mus t  teach I t  gives us a basis 
for reexamining the  way  i n  which  sci- 
ence and the  l i f e  o f  t h e  scientist are be-  
ing presented it1 the U n i t e d  States today. 

Objectives 

O u r  specific objectives i n  this study 
were t o  learn the  following. 

1 ) W h e n  American secondary-school 
students are asked t o  discuss scientists i n  
general, without  specific reference t o  
their o w n  career choices or,  among girls, 
t o  the  career choices o f  their fu ture  hus- 
bands,  what  comes t o  their m i n d s  and 
h o w  are their ideas expressed i n  images? 

2 )  W h e n  American secondary-school 
students are asked t o  th ink  o f  themselves 
as becoming scientists (boys  and girls; 
or as married t o  a scientist ( g i r l s ) ,  what  
comes t o  their milids and h o w  are their 
ideas expressed i n  images? 

3 )  W h e n  the  scientist is considered as 
a general figure and/or  as someone the  
respondent ( t h a t  is, the  student wr i ter )  
might  like t o  b e  ( o r  t o  m a r r y ) ,  or,  alter- 
natively, might  no t  l ike t o  be ( o r  t o  
m a r r y ) .  h o w  d o  ( i )  the  postive responses 
( t h a t  is, i t ems  or phrases, n o t  answersj 
cluster, and ( i i )  the  negative responses 
( t h a t  is, i t ems  or phrases) cluster? 
1.) W h e n  clusters o f  positive responses 

and clusters o f  negative responses arr 
corllpared and analyzed, i n  u;hat respects 
are the  t w o  types o f  clusters of responses 
( i )  clearly distinguishable, and ( i i )  over- 
lapping? 

5 )  Is a generally positive at t i tude t o  
the idea o f  science, a n  at t i tude which  w e  
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