
also the growth inhibition brought about 
when cells come into contact with another. 

Since, as cancer gene expert Tony Hunter 
of the Salk Institute puts it, "any negative 
regulator of the cell cycle is a potential target 
for inactivationwand therefore cancer de- 
velopment-the discovery of these inhibi- 
tors raises the possibility that they might them- 
selves be tumor suppressors. Mutations in these 
genes might, for example, contribute to the 
development of the 50% of human cancers 
in which mutations inp53 itself do not occur, 
although this has yet to be demonstrated. 

Researchers clearly still have a lot to do to 
pin down the role of the cell cycle compo- 
nents in causing cancer. One of the biggest 
gaps in their knowledge concerns the iden- 
tity of the targets of the cell cycle kinases, 
information they want to help understand 
exactly what turns on DNA synthesis and 
moves cells through the cycle. So far one 
such target has been identified, and it's an 
important one from the point of view of un- 
derstanding cancer: the protein ~roduct of 
the retinoblastoma (Rb) gene, which is an- 
other tumor suppressor. 

A few years ago, researchers in several 
labs found that Rb suppresses cell growth by 
binding to a transcription factor and pre- 
venting it from doing its normal job of turn- 
ing on gene expression. That block is re- 
lieved when the cell cycle kinases are acti- 
vated and add phosphates to Rb, causing it 
to release the transcription factor (Science, 
14 June 1991, p. 1492). More recently, sev- 
eral groups have evidence that the D and E 
cyclins and their associated kinases are par- 
ticularly important in overriding Rb's inhibi- 
tory effects, and moving cells from G1 into 
DNA synthesis and cell division. But, pre- 
dicts Harlow, whose own research includes 
Rb, "Rb is not going to be the only one [cell 
cycle target]." 

Indeed, there are now numerous links be- 
tween the cell cycle and g~owth factors on 
one hand and tumor suppressors on the 
other. Add the idea that intrinsic defects in 
the operation of the cell cycle can also lead to 
cancer, and it's clear that cell cycle research 
will be going around at a high rate of speed 
for a long time to come. 

-Jean Marx 
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TECHNOLOGY 

Researchers Try to Build Time 
Machines for Microwaves 
66 

Ginger Rogers did everything Fred As- 
taire did," say feminists. "She just did it back- 
ward and in high heels." Physicists trying to 
"time-reverse" beams of microwaves have a 
vivid appreciation of how difficult it can be 
to do things backward. These researchers are 
trying to design reflectors that undo distor- 
tion in a microwave signal by sending it back 
to its source exactly as it was originally trans- 
mitted. A simple mirror won't suffice; all it 
can do is change a signal's direction. Instead, 
the reflecting medium has to shape the out- 
going beam so that it precisely reverses every 
motion of the incoming beam. If the original 
beam came from the left, for example, the 
outgoing beam has to angle to the left; if the 
original beam fanned out, the outgoing beam 
has to converge; if the original beam got dis- 
torted, the outgoing beam has to be distorted 
in reverse-so that it will lose the distortion 
on the return nip. 

Just as Ginger Rogers might have turned 
an ankle or toppled a lamp during a grueling 
routine, physicists trying to master this feat 
have gotten used to set- 
backs. But in the 1%) 
couple of years, several 
of them of them have 
taken a crucial step: 
They've developed ex 

I 
otic materials that car. 

Equipped with a PCM, a satellite could beam 
data unerringly to a ground station; a radar 
system could turn a weak reflection from a 
distant object into a powerful, directed probe. 

These goals have been tough to achieve 
for microwaves because phase conjugation , 
requires each incoming signal to, in effect, 
reshape the "mirror." The PCM has to record 
the contours and phases of the incoming 2 
wavefronts by temporarily changing its own 
characteristics, such as its index of refrac- g 
tion. The outgoing beam will then pick up 
this "phase information," acquiring exactly 3 
the same contours and phase-but in re- ; 
verse temporal order-as it passes through Y 
the altered regions of the PCM. 8 

2' 
In a common scheme for time-reversing 5 a 

an optical signal, called four-wave mixing, g 
other beams help to record the phase infor- 5 
mation, then write it into the outgoing $ 
beam. The incoming beam (wave 1) inter- 8 
feres with a "pump" beam (wave 2), creating g 
a pattern of light and dark regions within the 
PCM that encodes information about the 8 

serve as wave-reversing 
mediums for microwaves 
-plasmas, stacks of tiny 
polysilicon pendulums, 
and liquid suspensions of 
graphite fibers. None of 
these materials so far pro- 
duces a time-reversed sig- 
nal strong enough fo- 
practical applications 
But Harold Fetterrnanof Return to sender. In four-wave mixing, incoming microwaves inter- 
the university of Cali- fere with a pump beam (right) in a special medium, perturbing it. The 
fornia, Los Angeles, for perturbations scatter a second pump beam, time-reversing the signal. 
one, thinks he and his 
colleagues are on the track of what he calls "a incoming beam. This interference pattern 
definitive experiment in opening up the reshapes the optical properties of the PCM. 
technology." When a second pump beam (wave 3) travels 

Motivation for this work comes from ear- through the medium in the opposite direc- 
lier successes with visible light. Phase-conju- tion from the first, some of it gets imprinted 
gate mirrors (PCMs), as they are.called, have with a record of the incoming beam's charac- 
found dozens of important applications in teristics and leaves the medium as the phase- 
the visible spectrum, from undoing distor- conjugated wave (4). Because the pump 
tion in laser beams to reconstructing images beams can be far more intense than the in- 
that get scrambled when transmitted through coming beam, four-wave mixing yields a 
long stretches of optical fiber. For phase con- valuable bonus: The PCM can exhibit "gain," 
jugation of microwaves, the potential appli- amplifying the original signal to generate a 
cations are, if anything, more numerous. far stronger time-reversed beam. 
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AJrhougb this scheme, developed for ' , $&mt,imt ekaebics gfmp at Lincoin W, &&st Boris Tsap-re wy a ism, me+'fwn: " ' 

risible light, is attractive for microwave ra- , threedimensional arrays of pendulums that 
from minuscule frames- a diation as well, it has pwved diacult to put - 4 

into practice. The cenrral problem is that the Fetterman has high hopes for hkj new '? 
phase-conjugating rw$iym must be “pan- E M ,  which UCLA's Kristpfer Pister pro- - : 
linearn-its rehcdve propaties have to duces by micromachining blocks ot polysil- i 
change in response to incoming radiation. icon, then coating the pendulunis with a film '? 
And while that condition is easy to meet foy of metal. Although m&mg ehese devices is 3 
visible light, which can elicit nonlinear be- - painstaking work, Feftemm insists thalt this 

. 

hvior from crystals, semiconductors, and r solution isn't as, extravagant as it sounds. . j 
high-pressme gases, it's not so easy far mi- - "You&n'tnedalotofpendul~perwave- 
c m v e s .  AT those lower frequencies, with length [about three centimeters] ta get fan- 2 
their low& energy 1&vels, nlatter is b- tastic gain--five or 10 is enough,"Fetberman = 

e l y  unresponsive. 'The problem with 
' 

predicts. He and hi collaborators are now . 
most matter is &at it b m e s  very well be- . building arrays of:pe~dulums,for their first 
have$ [at] low fnqaendies," says Calvin . < r ,  :.. r d  oftesa. I- *L - . <  

- ,  

W e r ,  a physicist $r che Unbersity of 1f one a ano th~bf  these d i d a t e  mate- 
California, Dmk. t%ls leads to a practical FCM, the job of 

Damier d m e  other p ysi- ft CO with satellites 8 
ciststlroc&t~sawtheansw rin get a whole lot 
plams, dose m&ile electric 1 easier. The slab, 
&qp &ah them highly respon- turhlent plasma of 
siqe to the elamomapetic field of 7 Earth's ionosphere 
mictowa~es and other radiation. now limits dkta rate -. 
fi'Plasmas are nonlinear at virtually and sametimes shuts 
evey single frequency," says ware maklmr. - down communication, 
h i s ,  and unlike solids, their Amys of miltimew- but a PCM on a satellite could .. 
densities can be adjusted to improve kmg pendulum -Id simply cancel o a  the distortion. The P 
their nordinear prqmties. More- ~ e a S ' ~ i ~ ~  m@ ~m givlltld station would emit a "guide beam" 8 
over, a p h d . s  nonlinear responge -j"gating 4,- 

+$; Id>;  

that would get ddistwed ah Its way up; after 
should be as quick as a microsecond, g.&j a; -%%! * smlking the E M  andl behg enceded with 
says M a r t i n Y . G d b ,  aplasma theorist at act like an arra? oT tmy weamer vanes- idxmatim, the t i m e - r e d  wave-fronts 
the Unive~ity of G o l d  in Boulder. actually moving in respo~ l~e  to microwave wmld %mt back along dxe same path to the 

A little over a year ago, b i e r  decided - energy. Co&uceive ellipids or rods a milli- m d ,  shedding distortion akmg the way. 
to tat thQse predictions in a hydrogen plas- meter a so long, suspended in a matrix that SiariMy, a PCM placed near the usual radar 
za;t The plasma did w e m e  a phaseconju- doesn't k b  microwaves, w d  tend to dish abng an airport approach path could 

, gat$ signal in h r t  &- &ut the signal was align 6 the smmg microwave electric field c a d  weak radar echoes, boast thm, and 
weak, because Doderbad to hold the inten- in, say, the maxima of an interference pat- d them mighr  back to &e planes, 
sity of his pump beams to levels well below tern. The result would be an optical "grat- beby'kightening" thetargexsseenby the 

:, those needed to produce gain. In fact, far. ing," cmsisthg d regbm in which the rats radar -ern by orders of magnitude. 
Erom being unrespomfve like other materi- A were either a l i i  a ~ m d a d y  oriented. Mitrowave phase conjagation au ld  also 

:' ah, phmas seem tobee littletw sensitive to. Galculatiom &ow' ufi;at &is kind of grat- be a key to visionary sch- for couectihg 
' m-imowaves: Thek strong nonlinear re- ing can handily sane 8 beam, cmt-  solar energy in space, &en b r i n g  it to . 
, w n s e  tends to generate electromagnetic in- ing a time-reversed -1. And h u g e  Earth in the form of mia~wave h. To 3 , mb&sies&it can throw dfrad'lation, mask- these solids or wpensiaas M t  be pw target the intense f i i cmves  precisely, the 5 " 

irrg he phase-conj- signal. ro insabilities like t h e  .in plasmas, $rep ground station wmid d up a probe beam; 
1 Still other factors qmld stand in the way should withstand pow& pump beams, the solar collectmwdd respond with a vast- , . " 

a f ~ f a c t i c a l p ~ a ~ s ~ s a y 4 C h a n J o s h i o f  opening way, Fetterman estimates, to ly more powerful phase-conjugated beam. <$ 

'r-~UCLA, who has pkczKjugated infkred gains ash&% amillion. On the other hand, Without phiwe w-s pinpoint ac- 
light in plasmas. ' A  plasma t d  to he beo- &e mds would .pe+ ta the interference curacy, says ph- *an Rostoker of 1 " nwgeneous. .. aqd.to ftown--rifects that q pattern much w e  sZojv1y- than a plasma, the University d W a ,  Irvine, who has 

. w e  the reflected tcleam b i e r  b s e 1 f  taking about: a secoIld to spin-still s&- stdied ttese ermgy &emes, "you maybe , 
', emerged skeptical from hisexperiepce of dig- cient, perhaps, for communicating with sat- miss, d g a s  New York." 
, ging -=e& phase-conjugate ~igrrals- out of dikes, which m v e  slowly across Ehe sky. 

b&k&ound noise, but he isn't cbing the In Fkaermm's fiwr effm to test t h i s  
. door on plasmas. He thinks that with better promise, he arzdhisstudmtsRobet~~and 
'&mave equipment &an his Ming now Bradley Bobbs beamed a s& into a me- 
prinrrits, he c d d ~ u ~  w?' some of the in- dium & up of gmphite rods su@ in 
stability and achieve beam phase conjuga- heptane and mineral oil. That was enmgh effect, the ~ i e m  is, me's h e  most effi- 

' 

tbfi&er the plasm se& down. for a proof-of-principle The group was able cknt m y  ts produce the time-reversed 
haven't lived up Q expecta- to produce phase c o n j e  in one dimen- wave?'" Agrees Fetterman, "There are ex- 

' tioxwbfari IX=LPtFs &ttemgmrem@m up- sion by time--@ a in a wave- tra~dnary &- you can do with [a PCM 
6% a w q  &bent class guide. Bix the pump bmm h a d  the oil for microwaves]. . , if the bIasted dung waks," 
+eTfCmii%y cmxbtive exeea&dy, prompting. F ~ a m  and an- -James Gbm 

rods, Petrermm says kig original mtiwtion other thiwmiq d G t d m i a ,  ts9 AngeIes 
was aimgle curiosity. wed to be in the (WLA), c&bo- Russian sci- James Gkmx is a science writer in Chicago. 




