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The Evolution and Physiology

of Human Color Vision: Insights
from Molecular Genetic Studies

of Visual Pigments. J. Nathans in
Neuron, Vol. 24, No.2, pages 299-312;
October 1999,

Genetically Engineered Mice
with an Additional Class of Cone
Photoreceptors: Implications for
the Evolution of Color Vision.

P. M. Smallwood et al. in Proceedings
of the National Academy of Sciences
USA, Vol. 100, No. 20, pages 11706~
11711; September 30, 2003,

Emergence of Novel Color Vision
in Mice Engineered to Express a
Human Cone Pigment. G. H. Jacobs,
G. A. Williams, H. Cahill and

J. Nathans in Science, Vol. 315,

pages 1723-1725; March 23, 2007.

Primate Color Vision: A
Comparative Perspective.

G. H. Jacobs in Visual Neuroscience,
Vol. 25, Nos. 5-6, pages 619-633;
September 2008,

Scientific American, April 2009
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Smart Sensors to Network the
World. David E. Culler and Hans Mul-
der in Scientific American, Vol. 290,
No. 6, pages 52-59; June 2004,

Breaking Network Logjams.
Michelle Effros, Ralf Koetter and
Muriel Médard in Scientific American,
Vol. 296, No. 6, pages 56-63;

June 2007.

On a Theory of Network Equiva-
lence. Ralf Koetter, Michelle Effros
and Muriel Médard. IEEE Information
Theory Workshop on Networking and
Information Theory, Volos, Greece,
pages 326-330; 2009.

57

Al WS Al 5 2531 Ll
s padaill loslall oy ¢ s Jaxa
Ragtl 5l flasf Bl

oo g sl lia 5adaS cauall b i Y
a2l T LY LSRN il agdl
Al Talall SUISaY! o gily 3l
Llol yulsd §yae e slaie¥] (Ko ¥
L & Ll waas e s ‘L“r“-“'”

sia Ladlas 8 luas Lags Lasl a5y
Lolat!) 1L oSl 7 iall A
s dags bl s lagusy R .
oo Ll 38 Lol TS0 SIS0l
Liscailil alale: il 2 il
Ll il i o s Joo 15 e a3
ALl ol e olashal] 3803
Jalaill e IEs Slas Y slSuidl siag
s Y Lgad JL@S‘;” S ¢ dnterference
L1 & Ll s Loyl 130 Lgadl g
Ko laliiels Yol Lalindad ddues
oo Qpalial) laadl i oittng 3500
S0y myy AEL L sl Ha
K all el oI SUI] s
pasall el ge alaat wly Lstak
s Lalels

ol e Ll Nl sl Luel s
ad @L’L.ﬁu WY Jas] clal old ol
s gy Aaasasail] 155 cpolis
Lo o il el aaady L
Jas] (K g ety g e Ll
O

306 ol 81 el B i . (S
Joe LI IS ) Ja3 o pdgi Y
YL LT Supal! Zplall olCusl
el A Lyt pip 8 o Sl
s el ¥ B 6 &y s LS
Al S Sl o gl oy <3
a5 Eas Lals Al Shs s
. Lol Lo dala

Scientitic American, Apri 2010

New Tools («)

(2010) 675 PHEN

saas3 o Laghaal] e ot olls, Y Gl
o Jle sipms iy (o cbe Ll
13 sy Gl pakALe & gasns oy
il seall oyl LSy o ¥lasl Gl
bandwidth dayadl & & :J:q (aaiil] 8
G all a3y JLasO elf ] T 30
ol g sdge Iy Lo sl $<ll

Massaa cil gl
S Buie LELI olKudll s
wrall o s a3 ST Y] e¥ladl e S
AL Fa LS 38l b gue o sual
il el ¥l e Lla¥] Casall
:Jl_wJ}_J_\.ujA Lo . Llol ugan o as
i gt ol adieal L (gill eslolall
usaoll Spadl sae Lo Juall 1ia saiay
i Lasd Jadll jlake fleg S il) (8
o st Jusy Tl S
A Loy Sl b 3 S psan
laglad] Jii June o Tl lusslal)
Lpae I Lpany e 35l jualilly
gl el
oY ggaa Jo Jyoadl Lsaal )|
cloglall ellis Jo a8 S el d s ya5al
K bia oLl &l canal yig
il seludy upasolass b Lpiuasss
o = ST eSS (ol waad e
Lo o of elld ) il Lalal] i€l
Sl wns JKll el LI
o 5 A scblit] @GLesBY pgns
p s Jlaly - aailly elaslall o
SUISL 50 (JBU Juw ey laglall
AL LIS 33 e ol a3l g Ll
Jirog Jashll ;allls wloslall gy
(S (Jalill] 5t wloglall a3y e
3yually e all 8 elabii Liaas o)
L. o1 s sl JosS il
i L) ol Ly psansall o gl
Gl JS Loy (bt g (g9 Loy
Jare Jass o Blalial o lladl wasdl



Majallat
A1@loom

6/5 (ylaasdl 26 uwladl
2010 guigs /gals

Lol

Wikl yadd (Sas A

98 ) gl ol gab

OILl $ic¥] ol ._";La_,;f&_;.uJ&h/ﬂ#wbbﬁu)’b%#xﬁfdj
.hgjylwﬂ/fj'wJW/Wgﬂ/abjyldﬁ.@'&}ﬁJ@/u{/.&Jjﬁ § yddlf

Byl) ola Kol ud (i ol (g
LAttt b L o o

bl I3 Jalad g analy
S s Jolaill 3 5t L3aa s
a1 ]y (g3 Sll ol
oy puan 1 SUASY Lgat]y = Ml S350
Ll il 5 auiy dugall oLyl
il o e flaay =5y all olayo
s el LY 1im &ygan o

AL Jgo Usdio

ool ymdisll 8 ple 8y s gy aa )
Lo 35l Hall Gl Lalis
alogs gl B s s o e
o 3 i g Lany e Js a3y 4
s sa iy (o M 3 all 3 L
0 99 0m gl ysacll Sl
o s olus paaaall Jiu Lugals g
olalas¥) sda
E TP O O
e Wl ppadl (e el Ll 5
Ll 3y ity e
T Ledie g A ghadl ol 51y,
sl 518 2008 alall 3 slsall o
laall) Lliall Csmadl e o)l
slaall pas wie gl puall g3 5352l
03) 9ag cLogs 62 il S (sl

COULD FOOD SHORTAGES BRING DOWN CIVILIZATION? (s)
The Problem of Falled States (x+)

3 Lt e 3] il s
doles S ully L0 ot gl 5
sl Al slalasi Bl A e
Tl ol 13 Jangy - ol 3
f;ea_& Guso slaa] i e .Ql;:.i(l ‘s.lcu.n
Lo i) Tl len) hns
FAIERTIR(E R B WS o o
5,55 st a8 Liabae ) & willyy
o el I3 8yladall L
e 330 51 5 Lgaam s Y i
st e o) JLai¥) 3,85 sall Jass
5 oS U1 L SEslall Ll 0o
o a1 138 e ity &5 Liaa
S Sl o S Sy~ LS
el I e Aty 2805 e el
L7 ool Mt Lgigan Jlial
ol B, e e L, Linges?
Sl sl e Tl ases Lo
ool () Gl ) L5y laad (o
pabaial 5 (S )31 ) LS — i il
1Ll 8 laeadl CSTN aaly
bl & wyd B e el il
Liudly Ly Lel 30 L sl
i i Ul dy Lag BBl
Ly cslalati) e Wtk BRI 3ty
.i'-_'é-'“ ol sali ol 5555 e e pas
20 o8 elld pay - lasingg olaiSa
o el aid SSall e 451 5,55 Ll

o EUD)! 9 Lo i
Glakall Y350 o U laud
o lla ga 5 il
s 9l

OSas AL Jgully 030
L Y19 B b1 s
alull g ool jaadl g
jaady

Gladi g slall 8 yadil) ()] ®
gLyl duel ) 3l
Bl 5yl s
3938 5285 s I sy
Ay L5 le Al

JA i 431 LOlSl| (50 W
o0 B4 3k 86 g 39l
L SO Al Jo ga
csbagsadl Hlugil (5o Aluaken
bl AL sag () (S

Gyl aiiislew 920

58



s aladall (e ganl i JUdbsi

553301 &y ggans Dubie Py da§
;§5J5;AJI o Suadill s Hauadl

29

200512 ygudill

S Ul a5 Jlogpeall o aal
Sacls 2008 ale A_plall Jpall dil5 5
Jind (g3l o3lall psialy A an il
Ol ¥ cptl 15550 el 45,
)l 5 I 3 et e LS
Allall 3 Gy pnell 1 25 Al
ole oy 3l dueLoall 801 i 3
38 o (i pga sl B 1994
giall e YT 4 gy sl dyall
I Lypan plan b cpal
Ll b 6 i) 8 slad) Al sl

(2010) 6/5 PHEN

Ly SV ol il o 030
el ) eein 2008 ale s 825133
LY e L) g5ina

s g 4] e QI a5 e
o8 gl sl Wl e p
s g ell oy plill Lde Y] jlaal aaias
26 gladl pa dua f sl Gla e
By ) petl) ) paiils Lsel
dLslall Jyall sae olayl 2008 ale ilaall
12029 [ 00 Sdiall (s 6 Jganl] ]|
RS PRUT U ARt Q- JUVO |
Al Ll 3sbyl plaa oS ot alaayl
Llaadl LI 98 ) paial ) e
3 e g 5Lagd) i (n s
Lol Ldl yaall e Sasua s Ul
A o3l S gl oS e e
A G ¢l a5 pdiall 030 3
Jsalls iy ppall sl 132 b (g S
0S5 e wagill a2t e o] LGl
Ll o s Ll

oo Satl 5 aas Laaie Jgadl g
oely uan il oed) i e bl
L l¥ delaia¥) sleaadly 134l
2685 Lo Llle g daiall ke i 5 anlaslls
3L i e Ll clesSall
olagSall 3 58 Lasiey . Lgiacha e
allailly 0l oy dal ol L, (<5a
O Jgall (Sas dinae LS5 sayy . cKatll
Lae aa Y 5 skl (o iy (I o
s Gk LI L1 BN i e
SYRUN[RSPRV S PV Xri U | PO LN
)LLQ C.a'_).n." RY) JA@J

siwd! e slall LA Joull 554
sl M 1y ma 3a3 Ly gl
Sago Las (a5 Pl ol juadl
ST IG| PRy S P POUR | I B B |




[alsa)yl @@lml gyl
o
daadl aL?.JYI u.@

i gkl dasally Seladl soadl ﬁ‘t’«‘.’
S Gpaadd) ) gadl ~:,‘_i (A yd

adladl Jga 3 | 9o JSYI pasead) Jgall 8 £ 9l Bl

Ui gals 2550 (jisiall Jasyl aanll  Uigale 775 il yalls o gilas (udll palauifl sas
e 8 8 9

e 1111118001

Ll aall 95-&-‘-” ‘_-_9')—"-4 IlllllllllllllllillllIlIIilIIIIIIIIIIIl!llilIIIIIIIIIIIIllllllIIIIII[IIIII]Iilljllllllll[llllIilll!lilllllll!
sl 108 el G Ja\l 100 90 80 70 60 50 40 30 20 10 0

1997

c__\IJJJ;:_‘s;.ﬁ.PJL!JIE’.ﬂ}_AJ
B e
Ligats 3080 [jlSeudl oot saadl L gals 980 :dadadll jadd (;gibas il gelaudil sus JjJ_\;L,J_,,uJ_m adlall
'8 8 8 00 .....I‘S "-‘:‘:"-“'“l?#"-'"“":“s.'J—‘J“
f"" N"NW S Wl e e g
Laga 62 salladl 6 Jau 1 dastiadl o gaadh (953 IAMIRISHRNRIAREELRN R RARE AU ARRE R (saadl slaad) dlas
60 50 40 30 20 10 O

ab1) G gals 3650 (lSuull Jlaal sandl (g gakl) (gals 1200 :daiaill yalli ( golag cuddl polawil as
ittt

dad gl duashl saaad s ad ralladl g Ja gt A1l gaall (49)5a

2017

aod) slianl o ige il cuds
Al adll 3y gyenla 1y 1 Koo
el il )l g e goge
wdaall s 58U (g2 3ble
O st 3,35 51l Lpas cad
Sl ¥l elosio (4o Lo e g Losuall sia
o Bl Duas sulga M agas =5lS
cipsh iy oslsall iashyaadl ola3
o p Ll gl & daasll £ L)
Jaalad] LS I (ool il 3,1 al
2l aadll SLYl 35,00 al3a b
2858 ¢ B yaead ol ;) yaind oleld ;Y] sda
5 el Lgilla ) spa3 30l el
' Sl slmall e
g Y ol s A ey

L3l ol jlaf 3 ) paal
il b olala e o sl llall
S ¥ asas o Jaiall jue b ellil
838 jlse e (139 o () L s
b Jamdi el il e Slalaty]
o ST Dylall BLAYI s Lalasy
sde 3alylly tale JS da i (ypale 70
el elays sl il el 5y

Numbers That Go the Wrong Way (#)
FAILING STATES [+¢)
A New Kind of Food Shortage (#++#)

il o (Rl
Lale Eadt le Lllall 1, Lin na3
Lralaw Bl inad A Lo gdll = ol 014
oyl L] Tadie b dasas
slall gl (Ll 35laf ypaal
Gaady e Joall SLa ¥l e &bl
1305 . a ¥ & il Calaa¥] (e o e
— Ll al e 103l Taghiie oLl
salatl Lt L Y5l i U JLiS
15lis) 51 ¢(SARS Luylss) Loasirgl
oelis &yl ol g — abl
Jaals (o Jba (S ) sl L) ey
Sl s el s wand Gl
S Cigead (Jgall e SIS sue oSES 13
il o) 5kl el Loyl

R gl o a5
sl i alll g s ¥ o)
iy Loy — 2008 5 2007 i o paadl llsl
(i e Ll — 513500 a3 5 o
il sl 5,50 Lo 357 3060 g s
oy lua i Lelds )| oug b o3 il all
aydiadl 058l e SEI Gl (8 8ue

(2010) 6/5 P

U.8. Department of Agriculture, 2008; USC’GﬂiyJ Bj.'mu E J.m{i :

Talile e
adleadl 8 gaio J i ple S S
L_ré‘__’{gw-li Al g&._ﬁ‘,ls dascugag
el alladl Jgad et g Julad olac)
Lulaisl g Lislaial | pisgo 12 e
e
Rl b Ly il 2ual
31 T 1o il
Juadil gl (1 S pdladl
olas Al dvaall olayull Wiy
2007 ple g6 (lalull 038 gals
Jbgall =
L“,hj.udl [
gylam
Jh e
@alpdl w
Rl sl g3l & gpa m
oluilad) m
GL!JI Jalun
uLu.uSL_l =
gl il &340 @
bost
QS
(pladls) Layssm
&Lﬁ =
el Lygs m
L g =
Jasl gl m
pbulm
L
<3y Sy B
«The Failed States Index 2008,» : jduall
by the Fund for Peace and the Carnegie

Endowment for International Peace, in
Foreign Folicy; July/August 2008

60



(215 cbaat]

i) ol b Dl Jolgal

0 LAY b el Lutinng . Jgall JgY (gmsany cadasS ASES 5 pulBANI 6 puil i
Jole (51 3t ohuiochl (0 Ll iAoy el g 51 9 ol 0 S-S0 S
s i ol IS g e gk Jaf ga yiST pdns el 8 iy 3 s Lgaa ual g
ol Al 3lai L gl Sunl gk Jyuandl GUA] dasly caal p gall LiEY) pali
208 g gyl gal) (s o) Jaglall (SR gl dasuln CilALaS daf il o s

B3yl ok gl g ok (s s il g dussdacall g yilf (ol g (ylsundl

Syl M gl
Mol gt g il

o il

61

ddals Jgu

sotb 1l g LS wupsadl chala o]
st olas] 3 LBYATy Bl s
b Syl 5uaill Yyl g o
e olaie¥l s unll ULAL Lgillae
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Scientific American, February 2009
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Two's Company, Three's a Crowd—
Can H;S Be the Third Endogenous
Gaseous Transmitter? R. Wang in
FASEB Joumai, Vol. 16, pages 1792-
1798; November 2002.

H,S Induces a Suspended Anima-
tion-like State in Mice. E. Blackstone,
M. Morrison and M. B. Roth in Science,
Vol. 308, page 518; April 22, 2005.

H,$ as a Physiologic Vasorelaxant:
Hypertension in Mice with Deletion
of Cystathionine Gamma-Lyase. G.
Yang et al. in Science, Vol. 322, pages
587-54G; Uctober 24, 2008.

Pancreatic Islet Overproduction
of H,S and Suppressed Insulin
Release in Zucker Diabetic Rats.

L. Wu et al. in Laboratory Investigation,
Vol. 89, pages 59-67; January 2009.

Scientific American, March 2010
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96 News Scan

Plasma antennas disappear
when shut off.

TECHNOLOGY

The Rise of Instant Wireless Networks
By Michelle Effros - Andrea Goldsmith - Muriel

Médard

Wireless networks that form on the
fly bring communications to the most
foreboding environments.

ENVIRONMENT

Could Food Shortages Bring
Down Civilization?
By Lester R. Brown

The biggest threat to global stability is the
potential for food crises in poor countries
to cause government collapse. Those
crises are brought on by ever worsening
environmental degradation.

MEDICINE

The Double Life of ATP
By Baljit . Khakh - Geoffrey Burnstock

Famous as an essential energy source
inside cells, the molecule ATP also
carries critical messages throughout
the body. That dual role suggests fresh
ideas for fighting diseases.

MEDICINE

The Art of Bacterial Warfare
By B. Brett Finlay

New research reveals how bacteria
hijack our body’s cells and outwit our
immune system-and how we can use
their own weapons against them.

MEDICINE

Toxic Gas, Lifesaver
By Rui Wang

Though lethal, hydrogen sulfide turns
out to play key roles in the body-a
finding that could lead to new treatments
for heart attack victims and others.

97 Ask the Experts

How does the Coast Guard find people
lost at sea?
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4 PHYSICS
Adventures in Curved Spacetime
By Eduardo Gueéron
The possibility of «<swimming» and «gliding» in curved, empty space
shows that, even after nine decades, Einstein’s theory of general
relativity continues to amaze.
14 INFORMATION TECHNOLOGY
Real Money from Virtual Worlds
By Richard Heeks
Online fantasy games enable developing world entrepreneurs to
make a living by trading stashes of make-believe gold for hard cash.
22 EVOLUTION
The Evolution of Primate Color Vision
By Gerald H. Jacobs - Jeremy Nathans
Analyses of primate visual pigments show that our color vision
evolved in an unusual way and that the brain is more adaptable
than generally thought.
32 MEDICINE
Boosting Vaccine Power
By Nathalie Gargon - Michel Goldman
Modern insights into the immune system have revived
interest in a set of ingredients that can supercharge old
vaccines and make entirely new ones possible.
42 ENVIRONMENT

Local Nuclear War, Global Suffering
By Alan Robock - Owen Brian Toon

A nuclear war between India and Pakistan could cool the globe
and starve much of the human race.
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