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Editorial Note 

This issue of RADIO SCIENCE is de\~oted to the (partial) publication of 
the Report of the United States National Committee of URSI to the XIVth 
General Assembly of URST, heJd in Tok:yo, Japan, September 9- 20, 1963. 
The total USNC- URSI report describes the United States' work in the fields 
of all seven URSI commissions during the triennium 1960- 62; this issue of 
RADIO SCIENCE includes the reports of US Commissions 1 tbrough 5, and 7, 
the report of US Commission 6 having been published elsewhere. The report 
for Sub-commission 6.1 (Circuit Theory) will be found in the March 1964 
issue of IEEE Transaction on Circuit Theory; that of Sub-commission 6.2 
(Information Theory) in. the October 1963 issue of JEEE Transactions on 
Information Theory, while that for S ub-commission 6. 3 (Electromagnetics) 
appeared in the April 1964 issue of RADIO SCIENCE. 

C. G. Little 
Central Radio Propagation Laboratory 
Boulder Laboratories 
National BUl'e~tU of Stn,ndards 
Boulder. Colo. 

L. A. Manning 
Radioscience Laboratory 
Stanford University 
Stn,nford, Calif. 



Com mission 1. R adio measurement methods a nd 
standards : 

R eview of developme nt s _______________________ _ 
1. Atomi c [frequency an d t ime inter val standards. 

Ri ch ard C. M ockleL ______________________ _ 
1.2. Atomic beam standards ________________ _ 
1.3. Optically pumped st andards ____________ _ 
1.4. Molecular heam masers ________________ _ 
1. 5. Atomi c t ime __ ____________ ____________ _ 
1. 6. Frequcn cy and t im e in ter val comparisons _ 

2. R F a nd mi crowave power measurement s. G. F . 
E nge n and N. T . Lal'sen ___________________ _ 

3. Standa rds and measurement s of attenuation, 
impedance, a nd phase sh ift. Period covered: 
Sept. 1960- Dec. 1962. R W. Beatty _____ _ 

3.1. At t enuation standards an d measurements _ 
3.2. Impedance standards and measurements __ 
3.3. Phase shift standards and measurement s __ 

4. Pulsed and C'W sinusoidal voltage and current 
m easurements. M . C. Selby _____________ _ 

4. 1. Pulsed vo ltage an d curren t ______ _______ _ 
4.1.1. Low voltage ampli t udes ______ __ _ 
4.1.2. High voltage amplit udes ____ ___ _ 
4.1.3. F req uen cy, bandwidt h, an d t ime 

intervals ____ _____ __ ________ _ 
4.1.4. P hase and frequen cy j itter (in-

stability of parameters) ____ __ _ 
4. 1. 5. Pulsed current _______ _________ _ 

4.2. Sinusoid al CVV voltages and current s ____ _ 
5. R adio noise measurement methods an d stand ard s. 

W. W . Munfor d __________________________ _ 
6. 'Measurement s at millimeter and submillimeter 

wavelength . R . G . Fellers _______ ___ ____ _ 
6. 1. Devices and t echniques in free-sp ace tra ns-

mission __________ _______________ ___ _ 
6.2. D evices and t echniq ues in oversized \\'ave-

guide ___ _______ _____ __ __ _______ __ __ _ 
6.3. Miscella neous devices a nd tech n iques ____ _ 

7. P rccise measurement s of distance and of t he 
veloci ty of light using lasers. P et er L. BendeL 

Appendi x. M easurem ents Stand ards and Calibra
t ion Laboratories in t he Un ited States. C . E. 
\Vhite __ __ _________________ _________ __ __ __ _ _ 
P ar t 1 ________ _____ __ ______ ___ ___ __ ________ _ 
P ar t 2 _____________________________________ _ 

Commission 2. Tropospheric Radio Propagation : 
National Committee R eport ___________________ _ _ 
1. :\Iodels of t he t rop osphere. R . Bolgiano, JL __ _ 

1.1. Stratified st ructure _________ __________ _ 
1.2. Small-scale irreguJarit ies ___ __ ____ ___ ___ _ 
1.3. A tomi e and molecular phenomena _____ _ _ 

2. R adio climat ology. B. R Bean _________ _____ _ 
3. R adar meteorology and cloud physics. S. B. 

Big~r _________________________________ _ 
3. 1. Severe local storms ___________________ _ 
3.2. Hurri canes __________________________ _ 
3.3. For ecast and synoptic applications ___ __ _ 
3.4. H ydrology _______________ __________ __ _ 
3.5. vVeat her radar and satelli t es ___ ________ _ 
3.6. N on-precipi t atio n echoes (Angels) ______ _ 
3.7. M easurement of air motion b y radaL ___ _ 
3.8. Attenu at ion an d scattering ________ __ __ _ 

4. Tropospheric propagation affecting sp ace com-
municatio ns. D .C. H ogg _______________ _ 

4.1. R efractive effects _____________________ _ 
4.2. Absorp t ive effects __ __________________ _ 

a. Clear atmospherc---attentuatiolL __ _ 
b . Clear atmosphere-sk y noise ______ _ 
c. Precipitates- absorp tion an d sky 

no~e _____________ ____ ______ __ _ 
4.3. Scatterin g effects _____________________ _ 

a. Precipitates ____ _________________ _ 
b. Trop ospheri c scatter propagation __ _ 

Contents 

P ag" I 

523 

523 
523 
524 
524 
524 
524 

527 

529 
529 
530 
532 

533 
534 
534 
534 

535 

535 
5:35 
536 

536 

538 

538 

539 
539 

540 

542 
542 
543 

5'17 
547 
547 
548 
551 
553 

555 
555 
555 
555 
555 
555 
556 
556 
556 

558 
558 
558 
558 
558 

558 
559 
559 
559 

ii 

5. I nflu ence of irregulari t ies of te rrain and of vegeta
t ion on radio wave p ropagation. A. W. 

P age. 

StraUon__________________________ ___ ___ 560 
5. 1. E ffects of te r ra i n and vegetation on signal 

characterist ics _ _ _ ___________ ________ 560 
5.2. Scatterill g at angles near grazing incidence_ 560 

a . Backscatter _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 560 
b . Forward scatter ____ ___ ___________ 561 

5.3 . R efl ect ion from the ear t h at near vert ical 
inci dence__ ________ ___ ___ ___________ 561 

5.4. R adiation from t h e ear th and from foli age_ 562 
5.5 . In vestigation of t ranshori zon radio wave 

p ropagation over irregular t el'rain __ ___ 562 
6. Gui ded waves in t he t roposphere. J . B . Smyth _ 563 

6.1. Tropospheric Jayers________ ___ ________ _ 563 
6.2. Ground wave and VLF prop agation _ _ _ _ _ 563 

7. Radar st udies of t he sun , moon, an d pl anets. 
J . H . Chish olm and C. I-I. P ettengilL _ _ _ _ _ _ 565 

7. 1. The Sun ___________________________ ___ 565 
7. 2. The iVIOOIl ____________________________ 566 
7.3. The planet Venus______________________ 566 

Commiss ion 3. Ionospheri c R.a dio: 
Int roduction. C. G. Little___ __ ___ ____ ____ __ ____ 569 
1. Ionizing radiation and consti tu t ion of t he atmos-

phere . T. E. VanZa ndt __ ____ __________ 569 
1. Int rod uctioll ________ _________ ___ ________ 569 
2. The neutral atmosphere _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 569 

2. 1. Density an d temperature__ _________ 569 
2.2. Composi tion ________________ ______ 569 

3. So la r ionizing radiation ___ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ 570 
4. Theories of t he formation of t he ionospheric 

laye~_____________ _________ _ _______ 570 
4.1. The D-regioll _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 570 
4.2 . T he E -l'egiol1 _____________________ 570 
4.3. The F-region _____ ____ __ ___________ 570 

2. Geomagnetism an d t he ionosphere. S. A. Bo,,--
hilL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 572 

1. Ficld-alined ionization il'I'egulari t ies in E-
region ________________ __ ______________ 572 

2. Spread-F a nd its i nterpl'etation _ _ _ _ _ _ _ _ _ _ 572 
3. Geomag netic cont rol of t he F2 layeL _ _ _ _ _ _ 572 
4. Dynamo t heory a nd t he sq current syste m __ 572 

3 . I onosp heric storms. S. M atsushi ta_ _ _ _ _ _ _ _ _ _ 574 
1. I ntroduction_ _ __ __ ___ _ __ _ ___ _ __ ___ _ _ _ _ _ _ 574 
2. Ionospheri c variations duri ng geomagnetic 

dist u rbances_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 57-1 
2.1. Electron density a nd hcigh t varia-

t ions of t he ionosp here during geo-
magnet i c s tOl'ms _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 574 

2.2. Irregularities, spread F, slan t E s, t rav
eling dist urbances, and ionospheric 
motions, during geomagnet ic dis-
t urbances______ ___ ____ ____ ____ __ 574 

2.3. I ncrease of radio absorption during 
geomagnetic disturbances _ _ _ _ _ _ _ _ _ 575 

2.4. H ydromagnetic waves and electr ic 
currents in the ionosphere durin g 
geomagnetic disturbances__ _ _ _ _ _ _ _ 575 

3 . I onospheric v ariations caused by solar flares __ 575 
3.1. I onospheri c variations imme diately 

fo llowing sola r flares_____ ______ __ 575 
3.2. P olar cap absol'pt ion _______________ 576 

4. Radio, t he ionosphere, and IQSY. R W. Knechk 578 
1. Objectives of t ho U.S. IQSY program ______ 578 
2. Synopt icprograms_ ___________________ ___ 578 

2. 1. Ve rt ical in cidence ground-based 
soundings network ______________ 579 

2.2. Topside sou ndings_____ ___________ 579 
2.3 . Scatter radar soundin gE- _____ _____ 579 
2.4. F ixed-fre quen cy backsca tte r _ _ _ _ _ _ _ 579 
2. 5. Ra dio noise___ _ ____ _ _ _ __ _ ____ __ __ 579 

,/ 

I 

~1 

,I , 



7 

2.6. Rionwtr\' _______________________ _ 
2. 7. Whis tlc rs and VLF e mi:ls iollS (iono-

spherics) _____________________ _ 
2.8. Ion ospheric dr ifts ________________ _ 
2.9. Optical an d radio patrol o bsc rvaLio lls 

of t he S UlL ___________________ _ 

2.10. Geomagnetism __________________ _ 
3. S pecial experiments __ ___________________ _ 

3. 1. Con jugate poin t obser vat ionL _____ _ 
3.2. D-region studies ____ ,. ____ ___ ______ _ 
3.3. Stud y of ionizat ion rele ased by low 

ene rgy solar fl a re rad iatioll ______ _ 
3.4. Satelli te beacon observations _______ _ 
3.5. Moon radar st udies ____ ___ __ ______ _ 
3.6. Cos mi c radio noi se spectrum s t u d ies _ 
3.7 . Rocket measureme nts in the iono-

sphe re __________ __ ______ _______ _ 
3.8. Re lated sate ll ite E' xperimcnt s ___ ____ _ 
3.9 . Related radio propa gation cxpe ri-

nw llts ______________ _____ _______ _ 

5. The gu ided p ropagaLion of ]<; LF and VLF radio 
wa ves be lll·cen thc earth a nd t Ill' iono
sphere . D . D. Crombie a nd A. G. J can __ 

1. In Lrod li cLio lL __________________________ _ 
2. Thpore tical s l lldies ______________________ _ 
3. E xpl'r ime ntal sl lldics ____________________ _ 
4. Applications _________________________ - --
5. Conc lus ions __ __________________________ _ 

6. E l(' clro n di s lribu Lion dis lr ibutio n ill t he io no-
~ phc re . .J. W. \ \" r i!!;h t ___________________ _ 

J. Tn Lrod ucl ioll __________________________ _ 
2. D-rC'g ion _______________________________ _ 

~: ~~::~~!~:~ ~~~== === = == = == ======= == == == == = == 4. 1. The s lIbppak F- re gion _____________ _ 
'1. 2 . T lw s lIpmppak F-rC'g ion ___________ _ 

·1. 2 . I . Total elect ron con l e nt of the 
ionos phC'l"e __ ___________ _ 

-L2 .2. E le ct ron dens iL y pro fi lC's by 
rockct s ________________ _ 

4.2.:3. E lect ron disLri butions bv t il(' 
incolwrC' nt scaltrr lec h-
Iliqlll' _________________ _ 

7. SomC' misce llmwolls lopi cs ___________________ _ 
7.1. HF Dop pler sl lldics ___________________ _ 
7.2. High laLitude s tud ies _________________ _ 
7.3. High a lLiLude exp l o~ i o n s in l he iOllos phc rc_ 

Commission 4. l\lag nctospll c ri c R adio : 
National Commi ttee R eporL __________________ _ _ 
1.. Const itution of th e atmosphere a t magnetio-

spher ic lcvels. S . J . BaucL ________ __ __ __ _ _ 
1. Compos it ion ___ _____ ______________ - - - - - ---
2. T emperatul"e ________ ____ ____ __________ ___ _ 

2. Theory of magnetospheric radio scattering. 
H. G. BookeL ___ _____ __ _________ ___ ___ __ _ 

3. T errest ria l radio noise. William Q. Cri chlow 
and Robert T. Disney, _, ______ ___ ___ ______ _ 

1. Intr·od uction _____ __ ___ ____ ____ ____ ____ ___ _ 
2. Worldwide meas urcments ___ ______ ______ ___ _ 
3. Amplit ud e-probabi lity distr ib u t ion __________ _ 
4. Worldwide predictions ___________________ _ _ 
5. I onospheric effects ___ __ ___________________ _ 

5.1. Chan ges in atmosph eric noi se leve ls asso
c iated with high -alti t ude t hermonuclear 
explos ion s ________________________ _ 

5.2. Sychrotron emi ss ion from en ergeti c elec-
t rons in the upper atmosph er e ______ _ 

5.3. Thermal noise from the ionosphcre ____ _ 
6. W a veforms and fields, ELF, VLF, and , I F , ___ _ 

4. Geo magnet is m an d th e magnetosph ere. A. J . 
1)ess lrr,. _________________________ ___ __ ___ _ 

1. Introduct ion ____ ______________________ ___ _ 
2. The sola r w ind a nd the magnctosp lll're ___ ___ _ 
3. Quie t-day r ing cLirrent ____________________ _ 
4. Ceomag netic s torm effects ___ __ ____________ _ 
5. Short p eri od t rans ient variat ions ___ ________ _ 

5. Theo ry of radio and hydro magnet ic wave propa
gation in t he magnetosphere. H. G . BookeL _ 

P age 

580 

!i80 
580 

fi8 1 
!iRI 
!iRl 
!i8 1 
58 1 

58 1 
5R2 
!)R2 
582 

!i82 
583 

583 

58-1 
584 
.'i8J 
.,),-1 
ti86 
586 

589 
580 
fi89 
58!) 
.580 
590 
590 

591 

591 

!i02 
.,)~H 

59-1 
504 
.5!)5 

597 

507 
!i97 
598 

600 

600 
600 
601 
60 L 
601 
601 

601 

60J 
602 
602 

603 
603 
603 
604 
605 
605 

607 

iii 

6. Wh ist lers. D. L. Ca rpenter __ _______________ _ 
1. Field op erat ions _______ __ _________________ _ 
2. i\I ethods of spectrum a naysis _ _ _ _ _________ _ 
3. ::\ [ethods of scalin g ,,·h is tlers _______________ _ 
4. E lectron dens ity s t udies ___________________ _ 
5. Propagation of II" h istlcrs ___________________ _ 
6. F ixed-frequencyexperiments _______________ _ 
7. Satcllite s tudies ___ ______ _________________ _ 
8. Art ifi cially s timulated ionospheri c noise _____ _ 

7. :S umm ar y of research on VLF and ELF e miss ions. 
R oger i\f. G allet _________ _________________ _ 

1. The VLF emissions- their re' latiolls \yi t ll \\·his-
tlers and h igh energy parti ck ph en onwna __ _ 

2. Trends in the fi eld of VLF and ELF emissions 
s in ce 1960 __ __________________________ _ _ 

:3. ::\ lorpholog ical and s tatis t ica l st udies ________ _ 
4. 1\PW d il ·cction of resea rch- more sppcifi c a p-

p roach __ ________ ______________________ _ 
a . Progra m _______________________________ _ 
b. Some ncw r esul ts _______________________ _ 

8. EIH'rgctic part icles in the magll etosphe re. J ohn 
R. Win ck ler and Roger L. Arnold y _________ _ 

Commission 5. Had io and Hada r Astronom y : 
H,pv ip\I· of dc vclop nll' nts ___________________ _ 

I . U ni versity of Ala bama, Un iv('rs ity, Ala _____ .. _ 
2. C Ol"lw ll Uni \·ers ity , Ithaca, N . Y _____________ _ 
3. Air Force Ca m brid gf' H C'scar ch Laboratories 

Saga more Hill nadio Observato ry, Bedford, i\ l ass _________________________________ _ 
3.1 . Sola r s t ud ips __ ,. ____________________ _ 

a. Occ ulation of th e Crab ll pbu la ________ _ 
b. Solar ec li p se ]"es ult s _______________ __ _ 
c. VLF en v('lope of sola r bursts __ ______ _ _ 

3.2. TIydrog(' n-l ine obspr va t ions _____ _____ _ _ 
3 .3. :S ky kmperaturc measurem ents __ ____ _ _ 
3.4-. F lux measLlrcmcnts _______ ___________ _ 
:3.5. Atmosplll'ri c s t udies _________________ _ 
::L6. Co nference'S ______________________ _ _ 

4. Collin s Radio Compa ny, C('dar R ap ids, I OWL _ 
5. Ca rl H'g ip I nst it u t ion of Was hington, D ep a rt m f' llt 

of Terres tria l '.'fa!!;n e t ism, vVashing ton, I) .C __ 
6. U ni n ' rs ity of F lorid a, Gaincs ville, J<' Ja ________ _ 
7. H an·a rd CollegC' Ohser vatory Harva rd R a d io 

Ast ro nom y Sta t io n, Fort Da vis, T ex _____ _ 
7. 1. Solar radio burs ts ___________________ _ 
7.2. Addit ions to s tation fac ili tie8- ________ _ 
7. 3. Cos mic radio sources ________________ _ 

8. Har vard College Obspn·atory Radio Astron omy 
Group and Spacp Radio Proj ec t, Cambridge, ::\Iass ___ ___ __________________________ ___ _ 

9. Harvard College Obspr vatory, Badio J\[e tcor 
Projec t , Cambridge, Mass ________ ________ _ 

10. University of Illiu ois, Urbana, IlL ___________ _ 
11 . J et Propuls ion Labo ratory, Pasad ena, CaliL __ 
12. Lincoln Laboratory Massachusetts Inst it ute of 

Technology, L exington , J\lI ass __________ ___ _ 
13. University of Michigan, Ann Arbor, Michigan __ 
14. National Aer onauti cs and Space Agency, God

dard Space F light Center, Greenbelt , J\lIary-land _ __ _______ ____________________ _____ _ 

] 5. National Bureau of Standards, Bould er, C010 _ _ 
16. National Center for Atmospheric R esear ch , High 

Altitude Obscr vatory, Boulder , Colo _______ _ 
17. National Radio Astronomy Observatory, Green-

bank, W . Va _____ __ ______ ___ ______ _____ _ 
18. Oh io State University R a dio Observatory, 

Columbus, Ohio ___ ________________ ______ _ 
19. Stanford Radio Astronomy Institute, Stanford , 

Cal~ _______ _________ ___ ___ _____ __ ______ _ 

20. Un iversity of T exas, Austin, T eL ___ __ ___ __ _ _ 
21. U.S. Naval Research Laboratory, ·Was hin g ton, D.C ___ ______ ___ __ __ ____ __ ____ ___ ______ _ 

22. Yale Univers ity, N ew H av en, Conn _____ _____ _ 
Com mi ssion 7. n ad io electroni cs : 

R eview of develop ment s ___________ ___ ____ ___ __ _ 
1. Progress in micrO\ya\·e po,,·er tubes. J . F ein-

stci n _______________________ ___ _____ __ _ 
1. l<lystro l1 s ________ ____ ________ ________ _ 

P age 

609 
609 
609 
609 
610 
610 
612 
613 
614 

615 

61 5 

616 
6 16 

617 
617 
61 7 

619 

68 l 
631 
631 

632 
632 
632 
632 
6:32 
632 
632 
633 
633 
633 
634 

635 
635 

636 
636 
6:37 
637 

637 

638 
639 
640 

640 
640 

644 
645 

646 

647 

648 
649 

649 
653 

655 

655 
655 



2. Traveling wave tubes __ ________________ _ 
3. Crossed-field tubes ___ _________________ _ 
4. Fast wave illteractions _________________ _ 
5. Electron guns ______ ____ ___ ___________ _ 

2. 19GO- 1963 advances in th e state-of-the-art of 
10"'-noise beam-type micro\\'ave t ubes. R. VV. 
Peter ___ _____ ________________________ _ 

1. No ise reduction II1 bpam-type a mplifiers-
general aspects ______________ ______ _ _ 

2. Low-noise travelin g-wave tube amplifi ers __ 
3. Noise in multivelo city electron beams __ __ _ 
4. Emitters for low-no ise electron gu ns _____ _ 
5. E lectron-beam para metric amplifier ___ __ _ 
6. M-type low-noise amplifiers __ ______ ____ _ 
7. Standards a nd state-of-the-art summarie~_ 

3. D evelopments in semiconductor devices in th e 
Un ited States for the period 1960- 19G3. A. 
van der ZieL ________________________ -_ 

1. Transisto rs__ ___________ --_ -------_ 
2. H eterojunctions _____________________ --
3. Solar ceJls_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____________ _ 
4. Tunnel diodes _____ _ 
5. Varactor diodes __ _____________________ _ 
6. Field-effect transitors_ _ _ _ _ _ _ _____ _ 
7. Integra ted circuits __ _____ _ 
8. Tunnel emission devices ___ _ 

Page. 

655 
656 
656 
656 

657 

657 
657 
G57 
6.58 
658 
658 
658 

660 
660 
660 
660 
6GO 
660 
660 
GGO 
661 

9. Radiating diodes, lasin g doide~ _________ _ 
4. Parametric devices. R . Mafu se _____________ _ 

1. Parametric amplifi ers and other s mall-
signal devi ces _______________________ _ 

2. Frequency multipli crs _________________ _ 
5. :vIillimeter-wave techniques. A. Karp a nd J. 

Allison ___ _______________________ _____ _ 
1. Introductioll _______________________ _ 
2. Generat ion; a mplification __ ____________ _ 
3. Passive compolle nts __ _________________ _ 
4. D etectors ____________________________ _ 

6. Status of gas lasers. W. R. Bennett, JL __ ___ _ 
7. Noise in masers. H ermann A. Haus _____ __ __ _ 
8. ~ onlinear optical properties of solids. P. S. 

Pershan _______ ______ ___________________ _ 
9. Highlights .of progress ~n satellite devices. C. 

C. Cutler and J. R. PICrce ___ ___________ __ _ 
10. \Vaves in plas mas. A. Bers and P. Chorney __ _ 

1. Books and generated revicws ______ __ ___ _ 
2. l\i[acroscopic descriptio n of a plasma _____ _ 
3. F ree waves___ _______________ _ __ 
4. Plasma waveguid es ___________________ _ 
5. Electron beam \\·aves _______________ _ 
G. Stream-plasma instabi litics _____________ _ 
7. Experim ental in vestigat ions ____________ _ 

iv 

X'age 

GGl 
GGI 

GG! 
GG2 

G63 
6G3 
6G3 
G65 
GG5 
667 
669 

G7J 

67:3 
GU 
674 
G75 
675 
G7G 
G7G 
G77 
677 



~ 
I 

In ternational Scient ific Radio Union 
U .S.A. National Committee 

Chairman __________________________ Dr. J . P. H agen 
Vice-ChairmaIL _____________________ Prof. S. Silver 
Secretary __ _________________________ Prof. M. G. Morgan 
TreasureL ___________________________ Pror. A. I-I. Waynick 
Associate Editor of the URSI Informa-

t ion Bulletin ___ __________________ P rof. L. A. :Manning 
Junior P ast-Chairman _________________ Prof. W. E. Gordon 
E xecut ive Commi ttee _________________ The foregoin g, plus 

Dr. L. V. Berlmer 
Prof. H. G. Booker 

Th e National Committee maintain s th e followin g techni cal commissions: 

1. Radio :'IIeasurement Method s and Standards, Pror. A. A. Oli ner, chair man 
2. R adio Propagation in Non-Ioni zed M edia, Prof. A. T. Waterm an, Jr., chairman 
3. Ion ospheric Radio, Dr. C. G. Lit t le, cha irma n 
4. Ma gnetosph eri c nadio, Prof. I-I. G. Hook er, chairman 
5. Radio a nd Radar Ast ronomy, Prof. A. E. Lilley, chairman 
6. Radio ·Waves and Tran smission of Inrol·mation, Prof. L. A. Zadeh, cha irm an 
7. Radio E lectroni cs, Prof. :'II. Chodorow, chairman 

:'I1embers-a t-la rge : 

:'I lr . R. W . Beatty 
Dr. K. L. Rowles 
Nlr. K. Bullington 
Dr. J. F. Cla rk 
Dr. A. J . D cssler 
Prof. C. O. Hin es 
Prof. E. C. J ordan 

Dr. W. Prislcr 
Prof. V. lI . Rumsey 
Provost C. H . Townes 
Prof. O. G. Villard, Jr. 
Dr . J . R. Wait 
Prof. J. R. Win ckler 

Institu te of Electrica l and Electroni cs E ngin eers : i\ Ir. S. T~. Baile\', Pror. E. Weber 

U.S. Government 
D efense__________ DI·. L . H a rtm a n 
Ann"- ____ _________ :'Ifr . F. H. Dickson 
Nav;, _____________________________ :'Ilr. A. }I:. Schoolev 
Air j,'ol·Cl' _____ _ _ _ _______ _i\ lr. J. E . Keto . 
Co mm ercc___ _ _ _________ __ :\ 11". A. II. Shapley 
NSF _____ _ _______ D r.A.Roe 
FCC _ _ _ _ _ _1\ fr. E. W . Allen 

][onor"I"\'___ __ Dr. L. V. 13erkner 
E x-onido 

Officcrs of URST residcnt in th e Un ill'd tllales 
(including honorar~' pres idents and clulirm en of commissions) 
Foreign Secretary and Chairman of t he Divi sion of Ph ysical Sciences, NAS- NRC 

v 


	jresv68Dn5contents_i
	jresv68Dn5contents_ii
	jresv68Dn5contents_iii
	jresv68Dn5contents_iv
	jresv68Dn5contents_v

