EBRBRFHNIEHXE

AR
LERERE

IASE AU T 18964 . FAE201H AL . = AAEAR, AIE AR IV RE, RIFAG NI T
L, = HEREIHES BRI, T & =AML R 19524 F119564F i 1Bt & 1
FERPGIT, AT ARZE M) L R P SRS TR, B HFEMAE, Ll
PR BERLRIE BEAERL, B A SO R JUT ARk M LR G R B bR g . ARJ2 N H Tk
FBIL R VL TR RN N B FEFRAIAT 1942 B A 74 TR B, AT 164 [ 5K 2 R
FI3A N TRE2ER, A STME L s b AL TR RE S, A 164ME 1 5 i shut A 134
B TREERE. HATaRm e R4 H 2% 4212500044 (0351400044 ARHE, 9400448574, 1200
L), Hop TR AL 50%
AR IE KA TR E A N AR AA B IR I T UL RGR 7y, — 7 A R A4

T AR AR R I AL Se, o5 TR B O T AT A SR AR N A R R 5 T A —
RO EE R

— BRAERRKGLEKII LG, FERAFR AL IR B AR

FEFARFNIAA IR, ERASERAB DR T H Q] A B AR (. “IR
KRB R GEAL” AL, “B5 P, BOW NS, S HEEE” R R
R ERE . R BB RO R R IBALG . X P BN R
NERENATEFRBOE T ESL A . L “IEAE 7 Jafl, Bbeamifl, ARMEAERIYE T 22T
Bentli, A MO IUER AR MU ARG R 2 2] e )RR e R ) A5 T e RS . AT Kk
ALY, Hea R, WEERERCON “Hi IR, AR BEORY, BaL A RO EE
AR BRI, BN R R BT AR BN . e b kAR, HL T
S, HMARSAAEEOR, FRL CESR™ B, BT 1999 R I T AR L AR SORE )\
TURIEE” G JPEURSE BRI, IR, PRI, BTSRRI,
IR SCRARBIRE, S il IRANE I R HIRE, TR SCVRIERIE, AL ST A A

AR, TGN A A R VBRI, Gl SRS, Bt — D T
MG “=AFER7, MR A5HEMOHET . HhREREE 02 REy,
KOHF MO, BUFrEE LR M A, WA FIN, $2 2 HEsh A4
BRI “ =AEAR  BIRA A Ber MR A a2 A, I iR H
by B RRRMFAR . FEICIEAE b, BACER I T RIIR IR H bk TR LR B R

61



A BUERUEBL, BPEEANE . R RRBINEDHI A BIRIAR, MOV RIERIRE, B &
v RAMRRE, RS B RRPPRG -, RAEPEREIASCERRE I <98 E M. FE R,
TFCR . AU S RNA R, AE A R IR AR BB AT e,
FFAEAE T3 T IE B B S K

=, HERHEEY G, ABFEREARALSAEEN
WA GO SEBL IRt E” 2 AT, Db, FATEEAT TR SO

G RBT R IR 2R 0] T 19984 200 L4EHEAT T I R 4 A Bl 9 O BE 7R oIl I 1T T
PEo 199842 ARk H SR 35 1) — RIBAT, B RG2S, L HONEOR 1504
R34S, IRIEE 3296, Horp Tag IS VR pdiIE R 44 96 o 200 158 2 12 I HEE AN 56 36 2% 7)
I SR M T BT, B R ZR B BRI 2 0 Bl B2 30 % LA b 7E4 P, T
v O30 S REEERN R R R A S RN, B NS (AU 300 AR AR
v EAREE) LSRR RS AR TS, ISR L SRR (AR . AL R X
G 558) ASCE RSN T8 T REREEA T B

BRI S . 20014F, BB TR R, avba. NDBIE L iy e B
RGN TREH, AN S D AR R8N TS AN Ll AEEL], EROR IR T
SEEBER ) 2B A T, O R B S A TR BE, B R U LR B Fn3h ) 5 e s TR
FRE It AT B TR B . IR S RERISE AR PRI 1 T 384 TR s 4R it AT, H I
SRR GRATI A TR BAh, BASRFER BT TRk, SO R Bl TS TR
TR HE ATBOE B, W TRAREOR . SUEEREAMECR, [FR e TR I TR
VAR ImIREE AR . S, QHUE EELE, BRSO BAT B R EAR U A NPT
Bz, B D LA, EREN @R, A B BRER RAE
BLH, i TSR 4

=, VPR DNAEE AN g B i PR I, AR SRt
AT TR AR RE ) E2e Ml Td NAL I K . HRERAIAT2 / 3105 ARk 2 28 24 A,
Forp50 9% FIARX 22 0o B A R A IR LR 0 50k, ) LA ilar Ak “ IR
YRR, TR ARSI, L SRR ERTTUERN B, il A 2T
Fibi~ LA S A OT RERMIT A o S A R OT T st SR B, SRR SR —
TARHF ) XI5

=, EVSCERBEN TR, Bl B

CHESER” RIRMBEE G L EEK 211 TR 985 TR MSCRE N, Bk
JR T HEREAR A S SR T O ML RO B . BRI S = G T
ZHAE B R CORUEVEAG 7, CRMIEL, BN ROl T K AL
PPAL, SCHCR AR PPN . B, SO MO HEBRASEE T “ S B2 AR A
BiRdE” .

62



FEIX LS SR RO e, BB S M i Atk WS I bl H TSR
Atk BT SEEE Le] N RS R 17 %6 A R 240 %6 DL b o Horh A EE S a5 [ 3 PASSCO
HMILAYBOLD A1 SE5:, W] 27 AE B e h 25 e Bl S, w23 4PASSCOR] 2H 75 11 504 /e A7 5k
5o WIKEE S T 2B AT SEI0 0 068 . HEr 3. i LT, HUbR. fh2 il TR0 s st
ATER AN SEAT T 2442 F eIE RS AE H RO ], S50 5 A R A% TF U 4

FTARGH B R “ TR DO, EFUIPUELI000° -T2k,  ATRIN 480044 7 5L >, B
JEHUBRHE T SEHERIEBOR . B REFEH]. QB LB TR . SRR ARG
AR RAE TREMNZRrb 32l BRABZEMA. B 0. ey BE. . B AR, BB, EAICA
Dy £UIEl. LA TYIZR. 20014E TREIZR AL 58 IR I ZRAT 5515 235 07 22 1 o

PR TR AR SR RAT AR S Y], USRS BRI B A 7 SE B e b i SCE b T
o AT JRIEEAGNETERYE, RAVS TR TR L IRAE, @O S %, B
s s BN, 38T I A A RMGES), SCEPRPAIPEPIH , AR AR )
SRR AR R AR AR S IO T, KR TF-me S R G Hks o o

M. REMEEE, EXESIH—REIHEE

FAZ 20014027 AT U SeAT 5e 3 R 27 7 ke . eV B i B B U, &
VIR o X HCRHES) T AR RN “ LA D el RBARII . 340028 A (R 1
WPRUACS AR IE TR, — S T ELRPE IO ARG TAROKRERE . 00K, Ao il Al T
WA E B A S I, HEsh 2 MR AR, AT EUMAT 2 10 B B RAIERARL.

HEATAN5E 38 22 IS LK, #9810 T 4R SO BRI SCREABC A, X L8 2270 il
A REIFEA N R . HEATAISE B2 I EEH 12 — RS E AN, ks |
2, BEKRE, EATERNERERF LI KA, HEIREDI A RSB A Bk
B AR BK L BRI ELRE RS, LA BRI R DR ST
I NEH AR SENCE; TORHEEE PR . BATRE], SATE Rk
(i, A BRI ey, AN BN GRS UL & s OB, 8 BT IR T
FARSSIRANT, IXBEHAT R T IAEA G 1K) ARt — 255 I e 3%

T, FFREMA—RAEREREGE, HEEER R

TS SRR A SRR, Rl @ NA R TR 5t (RSP A, BN HERE [ P fb 2R
» REBACEPH ANA BT AR MBI N AR, W AR R — Kbl . 20004E8 H, Ak 53¢ H
R AR T BRSOl AN U BE P, IR0 M e . SRR K2
MEEFR T RAURRIA R, JATHUR R R “4+2+43” IAA IR, HiTOA = w2124 %
EZINAIH , Jo)E CAT 120 JIRFEIAME IRz, LA 8T T i s SO N2 R I . IRAE S R
REE AT A FAEZUm 2 m [, A AR 11—

63



21TV, H A A s BUMAAE B B 22 S o 200 H SEiPAER, 52 B B0E A A &
(53

(1)) 2 R LA R A AR R AAEIE,  RKORFETH T IRARHUIE TR 2B HAL . A A B3R /KT R
BRAL R HERE, PRI IRTS T PACETH H SR 2. 24235 TC VA AR AR I S 4 o 5 28 R fi 2
RERAB T, PEEBeE S 78 E Tk aE .0 (110, A SEEGM. RAL JC, HATOSHIBA,
Hh L R S 105K [ B 25 44 K A R I B L o 8 Rl A YRR (GM) I FRARH U 2% et ar. 7 rh [
R — A PASR =,

ERCESR AR — 22 e AN E A0 KA A, B IR B, a5t pAAT
BE, EERGEAEA N E RS HAT, BB B B 5 INEEKUBC, AR Bl
FIER TR, MRl e b D EAS ORI 2 5 e, WU 22 Be o LR KA JE K
o Mg HARIRINVR S 5 R R 27 DR JoA 5925 L DY e o SR B TR A5 E SN2 0T
TAA SR T REA AN WA T 24 A SR 51

RN, 2AASAE 9857 TH H s LI, SZRFBUMME AN CHH . HAMERRISCE, Hird
HAREEHCE KFWIAE N80T RFEHAMESZ R, BHEN1001 1444 . AR #4EW
W E#%, 200 V4R RAERAE L1200 A, B 242 BURHE N 4 [ B BT /N % o

N RIEBEmMERHEE, RIFLEPAIRS

N T HIREL B AR, AURL BES . RBUDMSE - HIEE RN, R R ST
FEedn . TRAF SN CHEF NG . AASCET I, BRITBIEF RN, EIF8 T35,
SRS EIR BHLAEIE U, AL “REMGEARIEY , BUCSCRE SR R S AR [ (R
R« AR I (B AER T F 5 A LB A — 25 40) MRl [, 38kt v HE 25K R B A 3
s BN FUPEESE, DULEERSA RN R, RmIASCEI NS R RA
e D HEAT AR 2 SE B, R SAAE S S AR (KR P A 2B AT K

AR TR AR R A Ip AL G N FEAl, AEIEBR A2 7 iR 5, R
W AR PVRRAT R 5 i, TR T A Qi raafr UG TR R . 200052111, #r i6
M T I BACARHEEANH VA, 5T, 20014E1H, HA MW LilAgim R «
RS TAELT A7 o 4R20004 F1200 145 FAZ 7359 47 25 AN 3 fi Tl 48 SCNIE 0 4 [ 1 R
F AR SCZ 5, 20024 AT 45 T A8 SCHeP Ik o 4B F R AL T8 50, JB A e R
HIEBR B AR AR PG T ST 2001457, AR 2228471 “ 55 14 m i A
SRR b, B R BIIL R I RGERTG 552, 20014E8)], {EFTRA200 114 At
FAREEFE T, FRBNLA N R BRIASRAS 88 42 [ 3T H (RoboSot) 1% 200149 H, 1 “4x[H
R ERUFERETEAE” 1, BG4 2oml, AT, A AT 20014E9 H
 AER2Um LA RIS o b, BRI ERBASR T RIAE 22 5 7 AT d F . T
T FARERITIE 3. 5Pl 2002424 7, 756 [ PUHEIRI 28T “ 55 DY i 4 BR i 55 Dk ik
387 b, B HAEBACR B R R B R X NIE S I INSE S, B DU K RS £

64



%y 20029E3 H, AR AESINAESE I B R AAT IV “ 5526 JRACMEE i KA B RE P it 56387
o X FE PR TSR T 4 BROREAE H ir m K SR TR, AERBRETANE S 3082 BATHIZE
Beqib b, 27 S 64 FIBARE N R TE,  BAR S A LS (KBt 2835 A5 A Bk %2

HARIBAE TRREE WL B AR R P AT T — 2ot g, (H5 E KRR, SRR H 7
HE FHbsAHLE, SRR BRI, Rl S — R AL, IR 2. il
ALK S N 2 S0 BN A BR A AR RAT ke, AR, IR, BRI 52
TSR A RN s 1) S O S5 2808 TR A R AN DL 807 e A A TRV T A PR3
AR AT ) DR o

65



TEHEPHIMZHF FAREHFEHHEEER

ANRM -« BRE

HRENERZERERITE

wH. BfEEIA

HERM A, BV AR, AT TV AR LINEEE . AT = R RNk
YU e AR i P9 A 4 R E

SLIRIEN

CPURIPERERE+/\AS A — 3, IXWRRAS A — I 00 A TR AR A T S SR U JEOR ) —

1975 T2 B85 1550 1955

]

10M Micrn 500
(ransistors) ® aonn  mips)

1M & Eentlum X =5

Hlilalﬂﬁ L g=res =t ]y
100K a8 B EE 1.0
- B2 EE
10K SOEE 2.1
‘EU-D-I;I

- Tular: | .01

66



Phy=ical and Economic Lamit

3
=
[
—
-
=
—
o
—
=
wn
=
3]
e
o
]
—
=

1980 1990 2000 2010
Year

Hr FETE )

A 5 B G R AR . (AT R T Y B b S0 A LU B 5 64 (1 A e
I a) o IXUEIFE AT TN R K, BRATTRT LU WAty SE 4R Sl A B, DA 24 SR s S D FEFr 48
JEAE K

Optical Bandwidih

L
=

Experimertal
|

-
=

ity (Gh's)

|
-t_______.

-]

o
]
L18]
-]

Commerci=

FHRERAE (Metcalf) v

W28 RIS Ton? o X HnSE T H WEANEZM N GFEND . xRas 6 T4
ik y=n (n-
1), BInANHH I ORIR A 2 8] AR EAE IR Ay o B ndE R 20 S 00 &R K, T BAy AT
PAZYAETn? o 1L NS DA « 224548 (Bob
Metcalf) M Far4a ). A5 A2 RAE BE TR 2% R SR LK I3

67



Com ml MIQNAAN . ALV SEHUAI SN AR, (H R 22 RARIE N BLF-3E F 3% FfAs R 4
L EZE o o1 N ] TN S T

ZERFRARIE I 2 B L 78 55 P M RS LS B B R AT W AR A AL o AT NARRE U I mll E R
o A AR T B 2 HE T RS AN R T A 2 R B A (. A SE FENets
cape A w]Amazon. comA F] 85 VF 2 2 F) RO ZERFRARIR AN AL LA v At 575 (10 i s SHEms B [ 47 11 55

A

WENRFE S O T N W] 2 ST AR 702 s 204085 J5 — - AF AT o S 80T R AN
FEINE EAR G R o VR 2 R AN A DR B AT BOH 25 17l o Rensselaerfig i 4
M7z —o TS AAE . AT TR B AN T e il AR A KR . BRAT PSR
PR A I I 52— HABREH FPE R WAL F R, (ORI R, Hh 2K

Vv
2

JPRAE 0 4 K2 B By gt i E N AE S Kot — NS B SN BT A R IR, B Bl Kk
JTBEAGEIR DN IRE PR RS o IR ANRERE N SE B R EE I8 BUTATE N S ERAEACRE R 1
AL, R R IE SRR AN AR AR 22 70 U . 2001
20024 LI B AN ANHGEI 164N, FoR AU FTH AL 22 2E, AT BT T e A B th 2
TN T AELRRESE ) o BRAE IS RS B T 69407 En i 2 B, IXSe B AT LLRISR 98 B K27 )
WHURBE I H . HHT, e LREEE6. 3% IKH LK . BRAE 9 2% R 273 51 T 24375 1) Bl
Fize HAT, BRAE MR ITAARETH M2 H .

FERPIB BOR RG2S PR EE 51T, 904FARSE Bl fpd BR 1 K27 2RPT . 1990-

19994 HRPT5 | H F) F 41 SR (4 -

68



o ARRRIYFJRE A SR E R

o GUERESE DU RR A R4 X 4TRFR

o IO B P RO T

« FERHIEHL: B ESREEN A AT B TR

* BEOLEORANME AR

HESCEERE P A R R AU RE PN B2 R, ot i — 2R IEAE
AT R FERAE . AR RIS EPE I8 2 BRI R GV AL A AE AT

FEEHE

K RIS R BUMAE N 32 A AR R AR AR R B ARy o RN AR T
it 4 (BADFERED ? AR UE, 0, IR SFE LA . At 2 5 2
RERAX Ay AR EAHE, HHME, ERRAALIR. KEEAHAANE
We? fisgsra, SAENIBCN “FM7 , AT “RE” A ZEZBINNIRE . X BAR
(LR ERSIP S N 117] P 8

16 TRERN F AR BT 1
O TRV A TR, e, ABSEE RIS Al L5 S, AN AT R
o IREE = BAFE N BAUFISLIHIT. skEEA M N ZIH 20 PHEE . Sk = TREE
SRS IRl & 2. AR, WETEAE Ry, AR SCE T, ks
gt ZWARECEE R . XSS R B RROAS 28 22 ORI, S AN A ke 4o

IR ENLRS, A NSRS B T R/ SR BNV XA KNk
ATLEFHAE A REE, A T ENLG A 2, MRBAL P SRIGESE . YRR A Al )
TR TR B R 2 itk . 1P 2 P2 SRR AR 2 R FIRE R v, Al X TR & T (0 e 46
] e A LT L.

BATVIRAEFNE AT ELf (P RGN 22 SRS, AN R A TR SR IR o AR 2 e R ARy )
) A R AR A 27 ) (1) 27 2 5 BN ST AR IX 2 TR T R 2 2] I 4%

A N I OG TR B 858 B2 2 A T Ay DRI PR s I, S A o R kg 0 4 FH o
IH T 2R3 () (R ERFE . S S BE TP ROA T U JLAME “24/ NI 2% 2 K161+ (m
FHHTE2002903 H31LH) , X282 AR Ut AR A 23U AR B AR 22 > BREE 1) AE 5 1 1 441
o RO BB RE T P AR SRS 2], R N2, R Ais 2% A2 22 TR I AH HLA
o, AN AR S 2O A B

Rensselaer (s 4 ZU = MG, 43wy o) DL SRR 21 T K ) 20, K
FiE:

* 19954F, #EHHA#% (Theodore Hesburgh) AR H G4

< 19955, WHAFNBEERL

* 19965, Verizoni#fi5 23w %

* 19974, Pew AR NN HHH

* Pew L (1) 25 AR T 2243880 /5 55 7T

N TR A PIE R EGEN, RPUEIR T KPR TFE, X B HE:

69



« TR (1100%4%E)

- Y)E (750.\)
- fh2 (650N)
« THEMTATT - (650N)
« B (300 A

JaK, K EBE BN BV 2 HABARE SRR, U T, HENL, R
S 1R DT I

BRI B2 UERE, 25 B30 PHR UHR FAN30 403850 . s A AR ZE ] 12
F15AN 8 W (BRI A8 644N 22 28) kAR LI v, /%5 . BAFE KA AN
» LR 7 A2

< 205340, [l G

< 4000%f, /NS TGS

< 104050, Wie

< 1573%%, r4E3)

< 15535k, NJFRE (3 X

« 50Hh, KA

L ORHEG A E LR EAER L, BATH UG BRE A Sehe B4k 7 iRa B4R 9% (K [h)
o A TR B

s R

B AN S AN
AERRF T 6N SEHT I AN

2/ e NG S

2N P (LIRS, i) 2555

PUNCE R

904EARK, ML, TFENFIRS TR R Y E T A KYEREE OCT50 N HE) OBk & % 20
FHCEL W e & TR R e . X BRSO SR SLI IR, (AN HI LK
KRG, HRHGEICLERLSR A BT A= . Hik, ES RN AS A I, HE
B, XSS AR LR IRNEC WA NS F L. R HENL. RE T
TR AT LG B « A0 (William Jennings) FTi, XU S il (i fR s

PEIBISE T E—15009 ] 2-4244 24/

KA 535 5 —120079% ] 2-364 247

TEPL S E—120095 R 2-3644 274

LITECSK 5 E—15005% ) 2-4444 247

Pt E—36007L R 2-7244 244

AR E

P EZ

70



FCAt iy — L5 045 -
TSRS A
THEBLEER . ML FIRAE R S
RIS
HL

AU L2
(LGRS ZN
ey

L AR
Py

CREESE 0
N TR R ¢
BRI

MBSz —AE, B, AR ARG TR A P 2 =R, BRI o
HEH WA

N

KI5

B 25 >

AT H S

2T

3 M 1) it

VYRR F B R R KRR E A=W R —, ER R R TR

(PEUEiR R T ey

AEREAL Y Foda R

BY TR

AL YRS

e

fipp o i) L

atEB I, DIBSE FIRRR I EE Rt e DL A ARV SEP LT ORI 25 0T 4R 10t AR
IR SRS 5 (A AR A (MBL) KIS ARATT By, R, i AN ()55, 24 2E 48
TR IE H I B 20, TR, s LA T IR IR g 2 1], O BE AR P A2 AN (R4 ith 22 13
1R = W2 A0 A R | = W

UM e TR e eyl TR 2 —o NZERMENUR MiazhPik, BB m it
S, RBOREC T, FRRIEEE TR 8. ATt ] LU TG B s R /e — 4
Mebrrbifiash. Fsk b, RS B o8 O s g, ORI T S EAT T A S B
P

71



FATE W] LUE PR &, AER AR b 2N DA B T S SE LG i . 3RAT
T SIS R MEAT, PR AU T B R R, U AT B R R
Jai B o
A DRI T 2 Ay BN R L SRS S5 4911
&7 http://www.jackmwilson.com/JavaJackPrograms/SquareWell.html
PiRIZ B http://www jackmwilson.com/JavaJackPrograms/Pendulum.html
VFZ NI RS 85 B3 1 B2 2 A e e S i BeG . S2br b, R8s
8 3 FHARDRS 22 A P IV 22 AR Ge T H AR 2 A 2 el 2 S AR SR R 9 G B s
£ Ui % : 10000056 78
THEHUIK % : 250005 7T
Tk 75 dir - 55 CHANE 280
ML BT BT TER 1000054 250058 7T
B2 BT 500 44 2 A= A
R4 AR B FH 2036 J0EE 536 T
ARG TR REAN 2 A 246 22 10002300036 7, PRI - BEAN I H I S 1) /b 3
G, oL b, XILHRHB G2
fwas AR R E R BN AR G R e DU B T3 ik, AR 27
LRI .
®  THEHLN
A5 I3
WX
A4 RIRHI )
P SN
B ALk
R SCATRE RIS IE ) I b
XFTRE— TR, AR & BIPPAGFRitE. it
G5 W 22 R RS
ELN IR
R 1 27 A B
i P I L )2 A g
FAR TR A
FEMIANZ )
BTSRRI AL
® EEAELLS TR B L)
PGSR Nty
® HONfRm: MR
® R HUNKI SR
®  [RIAEE A ) L

S L1k W

72



PEAL A —4F
L ESTE i
SCH B A 24
ANBTEAT A ) B
ECSEHL AR 45 SR W AE FLA URAR 045 -
AR
TR PR i e
POM VAL e
AUz ] Fss
THEHLRE ) FISE B RE 42
A T 5 X0CE
IREZNMHEER A T RSB EHERL, KR (HART)
Bi] 430 P K 2% (http://www .science.uva.nl/research/amstel/)
T2 A 1R M A7 K2 (http://www.science.psu.edu/facaffairs/strategic.htm )
(http://www.psu.edu/ur/archives/news/GE.html ) (http://dps.phys.psu.edu/about.htm )
MV L Z AR I 37 K25 (http://wwwi.eas.asu.edu/phy 132/ )
EVER ‘22 9 M 37K 2 (http://physicsstudio.indstate.edu/ )
TN EE TR 22 (S5 25 IRk LE ) - (http://www.cob.calpoly.edu/Evan/polyplan/polyplan.htm)
(http://chemweb.calpoly.edu/phys/ )
R Z AR AN 37K 2% (http://www . physics.ohio-state.edu/~ntg/26x/2064 _pictures.html )
Ba] 30T P K 27 (http://www.wins.uva.nl/research/amstel/ )
B2 UK 24 (http://einstein.unh.edu/academics/courses/ )
K F . CurtinPE 12 K2 (Australia) (http://www.physics.curtin.edu.au/teaching/studio/ )
IEHFER AR 24 (http://www.aps.org/meet/CENT99/BAPS/abs/S3455002 . html )
BHE R 24\l 2% Bt (http://einstein.mines.edu/physics 1 00/frontend/main.htm)
JNEE R IEHL VK2~ (http://ace.acadiau.ca/math/boutilie/ )
SIS L fr 3T K 2 (http://www.cs.sbee.net/physics/redesign/final_report/reportb.html )

SHE. TR, FEERM& RS

FESE ] TREA 2 B B TREAZ BB 2 b, AR (BURED) 5 BESE 2 s B e BT
e PURSCAE M, Sl “ BATAT RO Y2 P e A, JA AR EAT DY -4
DIt o AT A WA R 2 A B/ B LIRS, MG RAEEMHR.
R AV Z TR PR T, A LTI B . A7
J T FET G4 F R AR B e SR AL B

TEBAETNZ ARG I 2 P I 22 58 24 ) R R Je AR R 55 35 4003 Rk FRDHI PR 2% S 34

B,

73



The Studio at a Distance A

Any place

(‘ Satellite ‘)
< Courses 4

e

Same time

, Virginia Tech
‘. Math Emporium

Traditional
Courses

Same Place

sOnlinenet Wi S0N.COm

TR SR 5 2 90 AR SRR R I B A s S e — o DL BRI EIR LU T & oy SJ B
LA TR ) ) RERERE o ARG PR R AN R, B SR A7 AR AR 5 1R I TR) R 1 (1]
INf [ 4) 27 ) o S8 AR Pk (RS IR A g RS IR, 2 A RVEAEARAATING [R], AR b 2
o AR IR UREE EAR AT DT RIEE 25 (1) R R, (H 200005 2 [ IS B I 7 22 534h, ha
JE R A F (Virginia
Tech) FFRMEC RO ERutger s & M BERIML Ly, BESE SOVF22 A AEAT RN TR) 21—
AR B AR 22 2], PRI — AN AN BRI TR), F ZEAE A [ a5 ) 27 S AR

BHWETTR T —AEEE M LIRS I ALN U FE LAY S5 D A8 i TR A AR FE A 20 ZEAT&T
ANFNSCRE R, ABSEELT BEARVES0/ 2045 1Y (1) 27 S o AP A 7 80% 1) S 20 V& B F20%)
TELRITES) . LR AR e AL, X R Ul BB 2 Rob i, [FNff—
ANER S [R]D BE AR 26T B .

B AE ML AT R T At AE TBMAS W) FIAT&T 2 WA B i (] (4856, B ZAlifh e N 2]
RIEA WA A2 TP AR S5 B ROk A o A IR BE B P2 IR Sl — R 55 A F), Al e AE
AR AR AIE— A 90TFAR, 1A FR R A MR A 1) B R o At ELAR T-20004F 25
TRz, AR F) AR EELE AN v SR AT 5 Fride e o B A bas A, A RR: SRR
Ao

A AR S IR B AR -

® il FRAEM R R T I AZ B A ) I 2 A T B AL R ., X Leh i
SR A PR TP T 338 9 29 A I 42

o [[EEI M RS SIAH S A

74



A 2 WAARRL) 4 25 FO6 AL RO A8 H]
N HAE B R RS EUE. BTERES . SO B AR SR R T A TR

¥ H

72 5 O AT AT Ui

PO 5 2 A R L IR AS

NS

WY E = 0 N A A

Wb TR IR 3R A

2/ “pass the floor” [¥IHE ) FRVEMATTLESE Bl Hh ke 2By S A H
PR AT BR B2 AR D i R

FEAR e IR BRI T AR i v () 28 A g

®  FLAT BRI s R A RO A (1) A

N TSR R, BATTREE T N RS . AU T RAT A AR A 1 AR AL
HEREHER AT A RIS . i, FRATERREE R A R IR T ARG R, AR R EE oAt
Ji o BATHEIOTE SSBAE TR EHEAR, THAHRRERE BHAR L, 2324851, 1H
RIS IS A -

BATREREAE OIS AT THEMIRSVP U R B L idstE i Bl 19934F, itk Telecon/a ]
iR CRHIERAT IR s 19964F, USDLAA A5 3% RIS Tl 5 K #16
Yo ATV RIANA SN2 55/ SRR I SR KSR 22 2R 944N, IR SE 2 (12442 . 3dT)
EE) PR ERBE TG E T E, AT SEAEn FARNE T, EHREAH.

IBMZy 7]+ Lockheed Martin/a®]. AT&TZyw]. Lucent/A7]. Con
ED/AH] . GEAH]. UTC/AH]. Pratt&WhitneyAnl. #FFA4-AF . Intel/AH]. Applied
Materials/A#] . MatsushitaA#] . Bugle Boy/AT]. AlbanyEPr AT . Key

Bank 24w FIILA— L6 0 ]
fEUmass A w], FRATEA AR ITH MVIP, FATREEFRHER = MEIE AL . VIP
FRBL PR AT -
o [HEMNHRFINAT
o i H AN TR A
o IR
® LR
JBRAE P 488 K2 8 Al IE AL 120004 0 JREME 1 IS PBURY o "B TR AT K2 1) J D Al
Z FFENTI,  DRIHAR PR B T B o d 22 d K IR E S K77
®  2001F2002°#4F 419164 N
Ui I www. UMassOnline. net
200144 K IT 73
AT 5% T8 ORI 5 IR
WIIMITI (Massachusetts Information Turnpike Initiative)is’&

A3225)7 KT ITEISR I SMITI L A VEIK G R ILBI R MBH &

75



B 28 ) BT N7 Z0E LA T
25/ 2E AL ISR T A
o B 2 VAN 1 e VA N TR O
AEERKOR XA 124 0 R 7 &
3N JT 2001410 H 15 H KA (1) 5 LT A HH A HOE VPN & 20E 7T &
T B — R4S X 4 K2 BT AR ST A
HE G — BRE W KE D R R — BB B
O AR RN — IR D90 288 K 22 BT AR T 2 A — 2 Ar i 27
WANVEE J7 % SRS TAEX, 5 USRS 137 0 ke I HLX Lekth 738 V) R 2%
N|&%35 = g= TN
o [FEEARYL
5 BB+
Eiaga
R
R ARt et -1
A
S 5E A S A,
i 2 T B AL
HRHBINEE 2t
TSR 5 TR
WG Ft AR
FRR} G B A+ kL /A fe
HE B
TR E M HE &
DR A 5 B AT 1) 2 A Akt S 2t 1
NUE < 38 N A 27 ) 5 I VR R A 42
115 R 995 BE AR
10. P IR AR
11. BEEWHAE
12. JEHL A NIE
AREEAL B AL
LR
RS A VRN e Ui BE B 222 L
5 B 222 L
& BEORI 24 kAl B 2l
B SR AR R4
FHRMEAR BB A P I W 4
WAFHEFONE

© 0 N> w o

S A o R

76



8. HARATINE
9. B S

10. fr B BORIEAHATE

11. ¥ 2% I A AR

12. FEE IR B REAIE

13. 2 AR NI AIE

14. FEDX AR 5 H AR
15. JHl 2~ B2

16. UNTXGA IR

17. I ZARIERIAUE

18. IR IR

19. N EAE IR
RPTHIJERAE D9 28 K27 R AR AL -
L TSR

2. ISDNHMIIZx i

3. AR

4. WBZFA L (LGSR AT AL/ B0
5. JT4EMA R

6. 55 1. H: Prometheus and Intralearn
7. BBEAAR

8. Blfrsk 2]

9. HARBHL (24D

10. PR} A £ R 2%

11. UREE I

TR B BE 15 PR I8 % LU 3R

1. DAL (5000003 70)

2. ISDN#M2x i 18 (5000036 7t)

3. M ANHIAE K (20003 70)

4. M4 (20003 I0)

DL EAT R Han A e 7 g 5 AR INTU, RSVPERVIPAH LU 2 A %5 Y . BAEH
HEME 2T, FKERAREX S L TR AT S5 RS T .

XEAEFZS A HAT UL LA hREmIp] 7. BIEE TR T ig 45 AT TR, L =48
t, JRAl TG T SRR A T A ILINCG LearnLincBE it T B, %Rt

L. IR B S ((E3E & x50

2. PERIE L 2

3. WAL

4. 20004FFK: BRI RS RCERD\

- AEANERE

77



s LA EEERAE
® [BM, Ford, GE, Lockheed Martin, Pratt and Whitney, Ford, Consolidated
Edison, NY Power, J. P. Morgan, Carrier, OtisZEAHEZN
® uki: http://www. jackmwilson. com/eBusiness/Syllabus—Spring2001/
® LRI, (5 BRI B AL
® /NFEE. BB AEAEEUR . AT
® 2001404, LI (T MERAEM-L T AR )
ILINC LearnLincy a2 3] RGeHEAML,
g —aE—RE—Rd
19944 Hh — 44 2R LB b AP 44 18 A AP T SH R U I 6 1 7 € it
B AT&T ALK S5 3 156 (IRPTAIF 7 Hh L
AR GLEOREETIS T S
iRk b
BNV 2 ) R 5 S 2R 2 ) PR S R 5
TRAT TR K27 BB RN 23 A 4 vy i A S e R PR
AR N
AL
I ILINC LearnLinc# 4467
LEN LI AR AT FICobleski 11 &% 2
Cobleskill 2 2~ WH ZU SRensselaer Zifi A -+ 2E HE4T & 1F
BATBAR NG 2 RS EFEARA AR . 199852 J10HM1TH, £E5002 AP ki
AR 45800044 2 5 S T ERIURIE o H8 BE KER KA B N K « B4 (Lionel
Baldwin) #f, IXRIZKA L LLREEIIMURRE. B2 H “ DEAFMAK” . Eaf:
o [
® NIk
® JHIITLINC LearnLinc#XfF[F7ELTR T
o Ik
ARV A W BEZ 25 RARY B 2 24 4 % tHRens selaer M SR T K24 A AR IR “ K
AR SR r 1T, 3T
® AR/ / TLINCI 2 Hidfs
TSDNFI B I %)
SLTE IR i (B I TR] N 2 FF4R
A AEEUR
o il
A ZE N U 1A ZE P2 280 URRE U6 BH T 800516 TR 1 S 0 B SR n AT g 37 20 B T I AR 2 AR
WAL MU A B . S5 AL RPTAT], Intel A7), Applied
Materials/A ], Matsushita/Aa]FIIBMAA] o HFESE B A5G M RMIT AL W4 « B4Rk
(Shyam Murarka) ##%. FB « HF/RHF (Leo Schowalter) #HFZA KT « #-814F (David

78



Duquette) FHZUHRM . H/RME HIRA— iR SCERER 17 HaBAN T TR UM R . 1200 1
— AN BJRAENS T T3 TR SRS — A A bl . IR EAR S Fig
HABTRFEAHL:

SR /38 / ILINCIR 4 Kb

ISDNFH H. I M

ProShare. PictureTel. Panasonic% mif& %ML

I | |
60 |~ -
= T Cu T
£ - —— — -
< o}l -
i
2
Q
I 20} —
o
2
S o
L
20 |- =
| I |
0 500 1000 1500
(km)

The Profilimeter trace above comes from the class and shows dishing of the titanium liner relative to the adjacent
recessed copper metal. An electrochemical interaction between the copper metal and the titanium accelerated the

normally low polish rate of titanium to produce the negative dishing.
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ELEARNING IN ENGINEERING:
THE INTERPLAY OF TECHNOLOGY AND PEDAGOGY

Jack M. Wilson
CEO, UMassOnline

Abstract

Over the last decade in the United States and throughout the world, the progress in computing,
telecommunications, and the cognitive sciences has led to major changes in engineering education at
all levels. It has changed undergraduate education through the introduction of new formats such as the
Studio Courses or Computer based courses in Engineering and Science that have been adopted at so
many schools. Even when the format of undergraduate courses has not changed, the courses now
incorporate the use of sophisticated computing tools that had only been available to the research
engineer or the practicing engineer working at the leading edge during the 1980's. The change in
technology also led many universities to make changes in curriculum as they experimented with far
more integrated programs that introduced engineering students to engineering early in their course of
study and thereby provided a tangible justification of the study of the sciences, mathematics, and
computer science courses that provide the tools for the engineer.

The most profound changes may be occurring in the continuing education of engineers. The rapid
change in technology epitomized by Moore's Law and Gilder's Law makes continuous learning an
imperative for all practicing engineers. Paradoxically, the rapid pace of change both makes continuous
learning more necessary and far more difficult.

The author will review how computing, communication, and cognitive science advances have driven
change in engineering education from his perspective as a faculty member for 33 years, as well as his
service as Director of a Research Center, Dean, and Provost at Rensselaer Polytechnic Institute as well
as his new position creating a fully online university for the Commonwealth of Massachusetts.
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INTERNATIONAL ENGINEERING EDUCATION
ACCREDITATION

Richard O. Anderson
SOMAT Engineering, Inc.
Detroit, Michigan

Abstract:

The Accreditation Board for Engineering and Technology (ABET) is the sole agency in the

United States authorized to accredit engineering education programs. ABET has extensive
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international experience on six continents, primarily based in Substantial Equivalency visits (SE),
Mutual Recognition Agreements (MRA’s) and Memorandums of Understanding (MOU’s). It is
ABET’s goal to assist agencies around the world in developing their own accreditation systems in
order to improve the worldwide practice of engineering.

There are many different models, distinct from the ABET model, in use for accrediting
engineering education programs, and this paper will describe and compare some of those models.
These vary from accreditation systems that operate within one country to systems and agreements that
are multi-national, regional systems. Accreditation systems that are adaptable and exportable to other
countries will ultimately increase the professional mobility of the engineers who graduate under these
systems.

What might the future hold for those countries that have yet to develop or fully implement their
own accreditation systems? ABET has numerous requests from countries around the world to assist in
the development of accreditation systems in those countries, and to recognize the fledgling
accreditation systems with MOU’s and MRA’s. How can ABET assist in these efforts? ABET has
had limited contact with accrediting agencies in the PRC, and it is hoped that our contacts will

increase to our mutual benefit and to the benefit of the engineering profession.
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ENTREPRENEURSHIP EDUCATIONFOR ENGINEERING
STUDENTS

Frank L. Huband, Executive Director
American Society for Engineering Education

Abstract:
Engineers have often been considered the implementers of the ideas of others. The role of the
engineer has been considered to be to "design under constraint," where others have established the
products to be designed and the constraints. Engineers can do more. With effective training and
experience, engineers can identify social needs and creatively develop products and services to meet
these needs.

Throughout the world, a number of innovative engineering faculty members are grappling with
the issue of how best to motivate and prepare engineering students to play this more creative and
socially valuable role. Dr. Huband will discuss some results from these efforts.
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3. RESEARCH ISSUES IN DISTANCE EDUCATION AND
LIFELONG LEARNING: OPPORTUNITIES FOR CHINA-US
COLLABORATION

Dr. Eric R. Hamilton
Director, Division of Research, Evaluation and Communication
National Science Foundation

Abstract:

Life-long learning, and especially workplace learning, is an increasingly prominent domain of national
policy and research attention in the past several years. This paper considers the focus that a small
sample of national governments (China, USA, Korea, Japan and the United Kingdom) and
international organizations (OECD) has applied to workplace learning. Issues of maintaining the
productivity of the workforce through longer work life cycles and through a succession of structural
changes in various professions are critical to the global economy and comprise the fundamental logic
behind the increased attention and resources by national governments. E-learning assumes an
increasingly ascendant role in the future of workplace learning.

Three frontiers in e-learning include a) technological change, b) research in learning in distributed
settings, and c) pedagogical developments at the intersection of a) and b). The primary developments
at the technological frontier include bandwidth increases and synchronous communication and
collaboration technologies. At the next frontier, workplace learning through collaborative online
settings creates new opportunities for social creativity and problem solving. Research on self-
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regulated learning, metacognition, and procedural and strategic learning are contributing to a view of
workplace learning as not only an opportunity for imparting new information and knowledge bases to
workers, but to generating new knowledge and collective intellectual capital in a workplace setting.
These developments in bandwidth, synchronicity, and knowledge about learning and knowledge
generation in collaborative online settings are creating new frontiers in online pedagogies and

development of instructional tools.
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4. DISTANCE LEARNING AND THE NATIONAL DIGITAL
LIBRARY
S.

Dr. Jane Chu Prey
Division of Undergraduate Education

6. National Science Foundation
7.
8. Abstract:

Continuing the work of the Digital Library Initiative, the National Science Foundation is
supporting projects that cover the Science, Mathematics, Engineering and Technology Education
content areas. The National Science, Mathematics, Engineering and Technology Education Library
(NSDL) offers, via the Internet, high-quality proven materials for science, mathematics, engineering
and technology education.

10. This effort is designed to provide and support excellent educational materials for any and all
students, teachers and the general public. The NSDL is expected to support education at all levels
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“including preK-12, undergraduate, graduate, and life-long learning by providing anytime, anywhere
access to a rich array of authoritative and reliable interactive materials and learning environments.”

11. One of the next major questions that needs to be addressed for the Digital Library Initiative
and NSDL in particular relates to the inclusion and participation by the international community.

12. This presentation will provide a current and historic overview of the NSDL with examples of
engineering education projects. The serious questions of particular interest to the international
community will also be presented.
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Real gross domestic product per capita, for selecte dcoortries 1 1960-96
{1996 1.5 dollars)

United South Hether- Unitad

States  Canada Japan Korea  Austia  Belgium  Denmark  France Germany’ kaly lands  Horway  Sweden  Kingdom
1960 13 797 R 4508 1,458 7590 BA6S 9590 4,280 988 Tl B850 3,356 4508 ara
1961 13882 9545 G119 1,488 8 263 064 10,1490 2740 10251 Thad 2875 8,704 9005 Q860
1962 4500 10348 G429 1467 2410 239 04T 2167 10f04 a094 a2 8958 10363 10000
1963 4001 10f84 5842 1,579 a7 arka 10536 488 10yar 484 2405 9228 10Rd4 103N
1964 1585 11,183 G558 1,687 .60 10309 11492 10000 114M B34 10p7E 9817 11508 10819
1965 1638 11507 G814 1,71 Q361 10579 11986 10389 11579 BA46 10463 10047 11336 11020
1966 TI0E 12371 fiadct 1,902 Q820 10840 1213 0@ 12IM 9308 106X 10342 11868 11168
1967 17462 12406 8316 1968 10040 11098 f@ddr 112610 1209 088 11p8R 10806 12IvT 11348
1968 1aped  12gv0 azm 14 10435 11p2z 12p62 0 11654 12p46 10489 1AV 11046 12RS00 11766
1969 18448 13386 10281 382 11psz 1238 13A02 0 12362 13461 11026 12331 1447 13081 11956
1970 18288 13523 1137 153 119 13030 13777 1101 14003 11524 1IgE0 11896 1307 12191
1971 18626 13546 11412 2897 12346 13500 14D47 13454 14283 11SB5 13280 12040 13042 1I367
1972 1943 14470 12312 IoTd 13036 14284 14700 13828 14796 11923 13861 12474 14219 12762
1973 0366 14395 12898 3074 13588 180S0 15148 14888 15425 1211 14131 12999 14768 13AT0
1974 0050 15852 12564 3266 14010 1818 14336 14823 15436 13080 14590 13590 15095 13435
1975 19768 16030 12896 3415 14D96 15344 14703 14814 15288 12711 14487 14078 15522 13340
1976 WA 16794 13260 3767 14767 16173 15710 15382 16090 13462 15083 14967 1530 13713
1977 HMaE1 17087 13707 4091 1543 16232 15p18 15806 1BEEY 13802 15312 15437 15326 14044
1978 39z 17804 14299 4408 15454 1G6BGZ 16102 16265 1T207 14270 154V 1B0FF 15548 14532
1979 2R 18310 14859 4851 16214 17006 16A31 1670 17A2S 15peT 1518 1B F15 0 16011 14822
1980 33 18343 15259 4456 16HST  1TFI1 0 16A38 16805 18040 15h53 0 15A80  1R4ET 16347 14476
1981 DB 18782 1550 4860 16597 174ET 16304 17009 18024 15584 15AO0 17584 16326 14383
1982 29818 17861 15898 4936 16758 17731 16809 A734r ATRET 15A03 15497 1RAE0 16470 14440
1983 22593 18344 16258 S48 1PNz 17Fi4 173 ITIv4 18245 15728 15A4D 0 1812 1G67E0 15063
1984 a4 19314 16788 S8 P37 18174 18110 ITEN 1834 16099 16O 19132 1T 423 15470
1985 4500 20048 1742 G142 17746 18348 185V ITFET 19264 1GA06 16413 OFD 1T 0 160D
1936 518 I0s0E ITRIT 6784 ITA33  18F13 19540 18028 19702 16351 16T 15 18094 1GR4T
1987 200540 21082 13467 A1 18205 19039 19ATS 18444 19800 17448 IVD0Z M0 18S01 17400
1988 WATE 1p4T 1957 8255 18801 19833 19791 194¥3 IDRDS 18083 1V3S: I0DA00 18p33 18223
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Souree: Science & Engineering Indicators - 2000
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United Kingdom
Finland
South Korea

France

Spain

o 2 a4 & a 10 12

First university degrees per 100 24-year-olds
NOTES: Natural sclences include physics, chemisiry, astronomy,
and earth, atmospheric, ocean, blalogical, agriculiural, as well as
rr'la‘thafna‘tlc—s and compuier sciences. The ratio is the number of natural
and anginesernng degrees to the 24-year-old population.
China's data are for 1985 and 1990. Othar countrias” data are for
1875 and 1988 or 156899. f

Source: Science & Engineering Indicators — 2002
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Share of R&D expenditures financed by government
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Billions of 1.3, dollars

Year SE (6D (65 |70 |75 (B0 (85 |90 |91 (92 (93 |94 |95 (96 (97 |98 |99 |00

Federal 21 |56 |74 |73 7.9 |13 25 26 24 22 21 20 21 2] 22 22 20 12

Cotnpany 24 (44 |64 | 10 15 30 ST 21 20 24 24 27 109 ] 121 | 133 | 145 | 160 | 178

Total 4.5 10 13 17 23 43 a2 107 (114 | 116 | 115 | 117 | 130 | 142 | 155 | 187 | 180 | 197

Source: IMNEF Science & Engineering Indicators 2002
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See appendix tables 4-5 and 4-26.
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NOTES: Foreign R&D refers to R&D performed in the United States
by U.S. affiliates of foreign parent companies. Overseas R&D refers to
R&D performed abroad by foreign affiliates of U.S. parent companies.
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Source: Science & Engincering Indicators — 2002
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