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THREE YEARS OF PROGRESS AT THE COLLEGE OF ENGINEERING,
| SEOUL NATIONAL UNIVERSITY

by
Professor C.E.Lund
Adviser in Engineering
Seoul National Uuiversity

It has been a rare pfivilege to return to the Engineering College after an absence of
-approximately 22 to 3 years. When one of yduf fellow students requested an article
covering my impressions of the changes which have ozcurred during this period, I accept-
ed without hesitation. Little did I realize at the time, that such a task-was greater than
1 had anticipated.

My first visit occurred in the fall "of 1955. Upon my present return I have had the
-opportunity of observidg and to compare relatively the tremendous prograss which has
taken place, not only at the Engine aring_CoIlege but througilout Korea as well. Obviously,
‘my primary and despsast interest concérﬁs the Engineering College, its staff members,
and its students. Many of the present staff have had an opportunity of activély participating
in both the academic and the administrative fields principally at the University of Min-
mesota. Dzpending upon the staff membsr’s field of interast, the accomplishments varied
from programs covering the observations of procedures used in classroom' and Iaboratory
activities fo obtaining a Master of Science or Doctor of Philosophy degree. During their
-stay at the Universi‘ty, which varied from six months to 4 years, I had the privilege, as
College Level Adviser in the Institute of Technology, to be closely associated with Korean
’participzints. We mutually solved many of the problems which arose from time to time.
‘We also participated together at spacial functions such as dinners, picnics, special outings,
ranging from 2arly morning breakfast -out in the countryside to a 15-day tour of
the Sfate of Minnesota_. Stéak fries, Weinér roasts, boating, and other American cus-
toms, hovs%ever new to Koreans, wers some of ths activities engagel in outside of the
University academic atmosphere. Some members had the opportunity of staying in thé

rural areas for a few days, where they lived as a member of the family. This enabled them

"t(/) learn firsthand the custom and the activities which the American farmers are engaged
in. Through these varied activities, they were able to bstter understand 'tha Americans
and it gave us the unusué} 0pp0rtu?1ity of a beatter understé.ndihg of the Koreans. We

~- have the greatest admiration and the deépest respect for the people who were repreéen;c*"-

atives of vour country. The fine impressions they left us will be long remembered. During

my present stay in Korea, I continuously receive requests from American friends in
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the United States to extend their greetings and good wishes to the diffexjent staff members »

who since have returned home.

Upon returning to your Engineering College, I was surprised at the great progress that
has been made since 1955. In place of bombed-out buildings, broken windows, no elect-
ricity, no water, interior bullet-scarred classrooms and laboratories, there are reconstruc—
ted buildings with the interiors completely refinished. The devastation resulting from
the wanton destructive forces of the war is fast being replaced by sparkling interior con-
uditions with up-to-date modern facilities. The presence of the broken radiators, piping;
danghng electric wires, improvised office doors of rough lumber, decrep1t laboratory fur-
niture, and broken plumomg in 1995, provided a dismal and discouraging picture. All
this has been completely changed. Such change has reflected itself on the staff and the .
students from an attitude of dispair and hopelessness to one of hop eagerness - to pro-
gress, and definite tuture oojectxves. An atmospnere of cneermlness appzars everywhere
w1tn an entirely different tempo existing. The gloom and dlscouragement which was un-
derstandable in 1905 has practlcally disappeared today.

A program of landscaping, which has been undertaken during this period,has beautified
the campus with a variety of trees, shrubbery and flowers. Terracing of the rugged slopes
behind the buildings, which were used by the Army personnel for the training of bull-dozer

operators and consequently destroyed the natural contour and vegetation, has added to the
campus beauty.' In addition to the aesthetic value, the terracing prevents excessive flood:
waters and erosion of the hillside and protects the buildings against damage during the
rainy season. The mountains in the back ground provides a protect;ve influence to add

to the campus atmosphere.

Laboratory equipment has been continuously arriving ‘and more is being received to -
establish the urgenfly needed facilities tor the training of the undergraduates. As buildings /
are being completed, according to a well estabiished program, the different divisions of
Engineering will leave their present temporary quarters for the permanent ones. This
will enable the completion of the installation of a considerable quaht’ity of equipment, '
now on hand, which has be\,n in storage due to lack of permanent quarters.

Tne splendld and 1mpress1ve progress which has been made’ during these past three ye~
ars could not have been accomplished without the competent leadership of Protessor Hwa-

ng, Yung Mo, former Dean. His emong and unselfish ‘interests, loyalty, and devotion to

long hours of hai;d work, énd with the ‘excellent assistance and cooperation~of his staff,is exe-
mplified in the results thathave been attained.Certain accomplishments will serve as monﬁ—
ments for years to come as a tribute to these able members of the Engineering College.I can c~
onfidently say that your new Dean Kim, Moon Sang will continue such leadership and do eve- -
rything within his power to continue the progress of the past. During the short of 2% mbhth,s,
— 13— ,’
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I havé ha:l many conferences with him and he has expressed his desire to continue building
your College to’ one of the best in Asia. His slncerlty has been shown by the seriousness
and the hard wrok he has given his new office since his appomtment.

To many, the program with whlcn I am concerned  is considered an “aid” program.
However, ‘tnis may b° the case in cértain respects, but it covers a great deal more. This
program is unique m that it is a cooperative venture between the University of Minnesota
and Seoul National University with the International Cooperation Admininistration, an
agency ‘of the United: States Government, sponsoring or fnrnishing the financial assistance.
The Offif:e of the Economic Coordinator is the locel atlministrati‘ve unit of ICA -which
renders us every assistance possible to complete this mlssmn. As education primarily

1nvolves individual human beings and its success is dependent upon the intellectual
quahtles of the p=ople connected tnerew ‘th, we are gravely concerned in working with
the individuals concerned in this program. Thls involves improving the status of the
staff wherever possible througn the interchange of ideas; attending the University of
Minnesota or some other appropriate institution; the rehabilitation of the physical facilities;
the establishment of ' adequate laboratory facilities which is of basic importance to
Engineering 'vtraining; and the improvement of the curriculum and level of instruction.
We are the first to reahze that this is your University and your College As such, certain
customs and inhzrent local traditions must bz respscted as the progress in.the future is
wholly dependent ‘upon’ the pe ople of your college and vour country. .Consequently
our duties are confined to acting in an advisory capacity only, with every. precaution
taken to awoid any dictatorial attitude. Obviously, the financial assistance is a necessary
and irnportant part of the overall program without which we can not suceed.For example,
in the United States as Well as in your own country, we are called upon ‘many ‘times to
assist a friend NhO has been unfortunate in losmg his possesmns ‘through some form of
tragedy or mishap. This assistance is rendered to help reestabhshmg ‘the individual in
society. It is a form of a rehabilitation program sponsored by individuals for a person
. who had no control over the devastating forces. Similarly this program may be cons1dered
in th; same category.However instead of individuals, the United ‘States has united 1ts
people to assist your country which has had the unfortunate experience of belng all but
destroyed by those forces who do not believe in the principles of a free world. We would
" be inhumanitarian if we did not willingly offer such assistance as necessary to help
restore .the economy of your country.
The future of your Collge is dependenf-upon both the wisdom and experience of the
senior faculty and upon the vigor,drive,andveagemess of junior staff members. Many of the

—14 —



latter,with ths active support of the Daan and sénior_ faculty have hal excaptional graduate 5
stu:ly abroad. The future of your College is depandent upon the energetic younger sl:aff
member whose ‘minds are ‘resh, act1ve and eager to a'ivance the sciencs of engmeermg ‘
The 1mprovel training they na.va received as compared thh the past provides them with
modern ideas and tools.to work with. It is my sincerest hope that, as we do in Universities

in the United States, every opportunity will be madz available to thess younger members ’

to take an active part in the acalemic, administrative and other areas of your College.
‘We older members.must assist anl provide sound guidance o these younéer men and
allow them full academic fresdom to pursue their ressarch and advanced work. However,,
as a word of caution to the younger men;the older staff memders have learne:l, through

years of experience, many lessons which are not available in text books, so heed thelr
alvice seriously. Likswise w2 older. m2mbars must realize- that to prograss, w2 must

adjust our established way of thinking to the acceptancs of new ideas and new methods
without seriously v1olat1ng basic common sense and good judgement. A

As th: English language is raplclly becoming the universal language, I would like to

advise that every student attempt to master the Engllsh language prior to graduation. The
opportunities of thz graluate engineer will bz greatly expanded and greater horizons of

activities w1ll be available if English is \fluently spoken. It is bezing . continuously
observal today, that the Korean stu:lent who has a gooi command of the oral English
languag\,, in aldition to_realing and writing, in given praferencs, when c=~rta1n oppor-
tunities arisz Enggneerlng activities are world—mde today, as dlstance becomes a minor
factor with passenger travel being on the threshold of the jet-age.
With raspect to Korea its2lf, remarkabdle changss have affected. Consumable goods are
' plentlful today,whereas three years ago there was a great scarcity. The scars of bombed—out
bulldmgs are fast faimg away and replacei with new ones. Shopping centers ‘have been
established and enumberable new small shops have come into existence. The City of Ssoul
appears to be considerably cleaner and on°“ may walk in corhparati\r’e safety today without the
fear of bemg contmuously molested Beggars and ruffians have ‘all but disappzared. I reg-
ret to see the heavy increase: 1n motor transprtation which in many mstances is replacing the
traditional oxen pony or hand drawn vemcles. I also regret to observe so-many of the
women adopting the western style dress, as the traditional Korean dress is beautiful and
delicate and ‘very becoming to the Korean women. Pedestrian neglect of motorized traffic
fngntens me each day as I observe so many accidents and .many possﬂ)le tragedies. A
campaign by every medium possible, press, radio, schools, community meetings, as to the
potential hazards of the motorized traffic will provide the best assurancs against pedestrian
fatalities. No- doubt most Korean people are not aware of the mass and the combined force
of a velncle not baing able to stop instantly. Strict adherence to- crossing the streets only.
at des1gnatetl peiestrian crossings, should bz taught all pedestrians. I am quite surprised -

— 15—



v

at our own students, who are englneers and who know that, “Force equals Mass Times Acce~
leration”, ignoring the oncoming automblle and refusing to yield the right of way on the
road unless the driver blows his horn Ioudly. If the enginesr ignores or do not understand
the implications, it is doubtful that .we can expzact the villagers or children to understand.
More strict regulation of the taxi drivers, jitney and bus drivers, will materially aid in
reducing these hazards. These latter drivers show little or no consideration whatsoever to
the podestrxan or other drlvers of automob le. It1s. comforting to see thata campaign is
bemg conducted by the ROK police to improve the traf f1c conditions.

The people of Korea arn to be admired and respected in the manner in which they
have accepted the past and present economic conditions. Their sacrifices and their tolerance

in continuing to look forward to improvements can be observed each day. Unusual hardships,

» poor housing, and a meager existence is one of the unfortunate aftermaths of any war,

and only through combined efforts of the government and its people can this be overcome.
To add to the economlc problems, many paople of the North ' have magrated into Korea
to breath_e the free air and enjoy the 1ndependent freedom of their own people.. This

super-imposes additional responsibilitiés and contributes to the task of restoring minimum

_living standards. The ROK 'Governme'nt is doing everything possible to combat the

inflationary conditions through the stabilization of the Hwan during the past year. Housing
is being improvad as rapidly as possible, new industries are being encouraged, electric
power supply is on the increase, increassd rica production is being promoted through
improyed methods and fx‘rigation systems,and the educational' systems are being expanded.

When one considers that only flve elapsasd s1nce the ending of the confhct, and how

totally the country was destroyed, the progress during this period staggers one’s imagi-

nation.With continued efforts and the cooperation of Korean people, one can only by the
experience of the past five years, projeot the vast improvements which may be expected
in the next five years.

Korea is a beautiful country and is of interest to a great many American Tourists. Improved

fac111t1es covering hotels, restaurants and transportatlon would provide a graat inducement

for the tourists of many countries to visit the many historical and cultural places of
interest.It would also be one means of assisting theeconomic conditions in Korea.

My stay here in Korea is being enjoyed as I gain graater experience and become better

’ acciuainted'wiﬁl Korean customs. Everyone is extremely hospitable - and my bassociation

- at the College is extremely interesting. President Yun and his.staff, and everyone at the

Coll*ege'of Engineering, have been most kind and cordial to me since 'my arrival. This

makes my assignment more pleasant and provides the impstus to - assist in every way.

- possible. My personal and sincere wish'is that Seoul Nationali[fniversity and its~ various

Colleges will continue to grow, not only physically, but by stature and reputation, as

- the most' outstanding University in the Far East. -
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o

‘2 EM 341.

MA 201. 202

PY 201. 202

MS 201. 202
or

AS 221. 222

PE 201. 202

3  EM 342
EM 343
MA 401
ME 301
PY 401. 402
PY 403. 424
PY 407
PY 410
SS 302

4 EE320
EM 430

- PY 419
PY 518

PY 520

PY 530

SS 491

Engiheering Mechanics B (Dynamics)

CiJRRiCULUM FOR BACHELOR OF SCIENCE IN NUCLEAR - ENGINEERING

Engineering Mechanics A (Statics)
Humanities
Calculus I. II
Gen<\§ra1 Physics
Military Science

i

or
Air Science
Physical Education
Technical Electives

Strength of Materials A

Differential Equations _

(Advanced Calculus or Advanced Differential Equations) 4
Engineering Thermodynamics I .

Intermediate Physics I or

Intermediate Physics II

Introduction to Modern Physics

Nuclear Physics I

Contemporary Civilization

Electives. Military or Air Science

Elements of Electrical Engineering
Fluid Mechanics

Introduction to Nuclear Engineering
Radiation.Hazard and' Protection
Physical Technology in Radioactivity
Elemeﬁtary Nuclear Reactor Theory
Contemporary Issues I and
Elective in Humanities °
Technical Electives

Electives. Military or Air Sciencs

COURSES FOR UNDERGRADUATES IN NUCLEAR ENGINEERING

PY 210. 202 GENERAL PHYSICS

. Co-requisite MA 201 ‘ : ,
Required of sophombres in Engineering. A study of General Rhysics in which an analytical
approach to the Principles of Physics is used. Emphasis is placed on problem solution and
engineering applications.Recitations, demonstrated lectures, problem drill,and laboratory

~work are  coordinated to give a working knowledge of the basic principles of physics.
PY 201, mechanics, sound, and heat; PY 202, electricity, light,and modern physics.

0 2
3 3
4 4
5 5
7 g
1 1.
0
18 17
Credits
2 0
2 0
3 0
0 3
0 3
4 4
3 0
0 4
3 -8
3 3.
20 20
4 0
0 2
2 0
3.0
0 3
0 3
3.8
5 5
3 3
20. 20

5(@3-4)fs;fs



PY 401 402 INTERMEDIATE PHYSICS 1 433 fs
Co—requ1s1te MA 401 L it

‘Mechanics (401), heat, and sound (402) on an 1nt\,rme:hate level. Intermeixate Physics I,
together with Intermediate Physics II' (403.404), constitutes on integrated study of classic—
al physics at the next level above general sophomore phyics, Lectures, problems,and one
recitations, and Jaboratory - each week. . ) ' .
PY 403, 404 INTERMEDIATE I o 4 (33)fs
Co-requisite: MA 401 '
Electricity and magnetism (403),and optlcs(404) on an intermediate level. Intermedlate%‘g
Physics II,together with -Intermediate Physics I, constitutes an integrated study of classic-
al physics at the next level above general sophomore physics. Lectures, problems rec1‘cat1—-
on. and one laboratory each week. . , : i

PY 407 INTRODUCTION TO MODERN PHYSICS 3@0)fs
Prerepuisites: . PY 202 MA 202 ‘ :

A brief survey of the importants developments in atomic and nuclear physics. Topics oov—
ered include; atomic and molecular structure, determination of the mass and charge of io-
ns, origin of spectra, iron accelerators, nuclear reactions, and cosmic rays. Particular att-
ention is paid to the practical appliCaHons of these developments.

PY 410 NUCLEAR PHYSICS I - 4 (3-3) f s
Prerequisite: PY 407 ' .

‘An introductory treatment of the properties of nuclear particles and their 1nteract10ns W1th
mater. glons1derat1on is given to natural and artificial radloacthlty, nuclear reactions,
fission, and the structure of simple nuclear. A three-hour laboratory is included.

PY 419 INTRODUCTION TO NUCLEAR ENGINEERING v 202-0)f s
, Prerequ1s1te PY 410 ' ,

A survey of the engmeermg apphcatlons of nuclear energy. Tne principles and practlcas
-of isotope separation, production of. plutonium, and nuclear reactor opﬂratmn are studied
alond with the peace-time uses of products and by-proiu"ts of nuclear reactors. Major

engmeermg proolems 1nvolved in each phasz of the stuly are defined and the special
methods of approach’ indicated.

PY 518 RADIATION HAZARD AND PROTECTION 3.(3-0)fs
Prerequ1s1te PY 410 . : , '

‘The hazards from external exposure to ionizing radiation are evaluated. The dosages
resultmg from the ingestion of radioactive materials are- computed. The precautionary
‘methods usad in radioactive work are presented. Sclected biolozical effects-of . ionizing
radiation are studied. _ | : ,
PY 520 PHYSICAL TEC HNOLOGY IN.RADIOACTIVITY 32 fs
Prerequisité: PY 410 . :
‘Emphasis in this course is on Ia.boratory practu:os in detecting,handling, and quantxtatwﬂly
measuring ralioactive samples The preparation of samples for raixoa"tlvxty measureme-
nts and the calculation mathols uszi 1n analyzing such data “are summarized. At least

three hours of laboratory ‘practlcga per week.
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1] %4 (Volume
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z2ve=, 034, $4934, ¢+&—-4 7
22 SFEAF] gomAe FAA =%
o] o]8q Ave 9= d=—434 F
s FA=AS  H3g(percent)®]
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| ‘H,mzm I:Physi al-chemical properties of E.ocm,:mim :

LW

ﬂ (Tempe:atures in superscripts, °C]
m@mow,mwo Wsamm:% of | Enhalpy of Wm@ow Boiling H.,nmowm,sm <wwow.m:% Hmm?m%ﬁnm Bo.ﬂmmm,ﬂmn
Propellant - formation vaporization ressure point point ‘(centi- index . weig
gravity (kg cal/mole)|(kg cal/male)| (atm) °C) °C) poises) (o) M
vdrogen | 0T —2.01735.5 | igems | qzgease.ss | 2928 | =200 | g piggeenae d.awﬂ-»u».wﬁ 20182
26
Hydrazine 1.0024 12.05>° 10.2 2801 0.09356 113.5 0.0 0.90325 1.37022 32.05
i 3
Liquid 0.8131 5 , 20 o ,
ammonia 0,733+ —16.0718 £.56733 10.2 —33.35 —T7.7 0.266-33.5  1.30540.8 17.03
Hydrazine 26 P 118.5 | ,
hydrate 102" | —98.0 NEY 0.032"" | aTimm | —H0.8 f0gas | e e 50.06
Hydroxyl- 1 opa®t | —25.5 1 wmwwwsa 33.05 o
amine 204 ’ 1.4423.5 33.08
Liquid 1.4 ,
. o . . PR | 48.00
ozone — 30.4 a13. 296742845 8775 —112 251
Liquid -183
_ _ . 0.189=353 o7 . ‘
O,N%WOD A.__Pl o | mer.—ww 19, 74188 183 218.4 962 1.221-a88 32.0)
1.27 0t | 2. g7mass . : - ,
m<&.omms .
eroxide
H%ovﬁmnombn .A.?.w_e —45.2048 161" 0.02524.8 152.1 -7 1.27249.0 1.41422 34.02

— 26—



TABLE II-ENTHALPIES OF gases above 298.I°K

(No gas imperfections)

Temper- Enthalpies, Hz285.5,kg cal /gram mole
ature, T
(°K) H,0 H, l OH I H,N,O0 Ne NO 02
300 0.015 0.013 0.013 0.010 0.014 0.013 0. 09
400 0.826 0.708 0.723 0.507 0.721 0.728 0.730
500 1.658 . 1.403 1.428 1.003 1.413 1.451 1.456
800 2.511 2.106 2.134 1.500 2.126 2.189 2.212
700 3.39+ 2.808 2.840 1.99 2.853 2.947 2.989
800 4.308 3.515 '3.552 2.49t 3.597 3.722 3.787
900 5.249 4.225 4.210 2.991 4.358 4,515 £.603
1000 8.224 4.994 4.993 3.487 5.133 5.321 5.430
1100 7.225 5.870 5.737 3.984 5.922 6.140 6.267
1200 8.252 6.406 6.478 4.491 6.724 6.971 7.115
1300 9.327 7.151 7.248 4.977 . 7.533 7.809 7.972
1400 10.314 7.908 8.015 5.474 8.357" 8.656 8.839
1500 11.534 3.677 8.802 5.971 9.188 9.509 9.713
1800 |  12.675 9.452 9.597 6.467 10.024 10.358 10.589
1700 13.836 10.239 10.39 6.954 10.869 11.232 11.472
1800 15.021 11.538 11.210 7.461 11.718 12.101 12.351
1900 16.221- | 11.841 12.023 7.957 32.573 12.972 13.255
2008 17.439 12.657 12.847 8.454 13.432 13.840 14.155
2100 18.673 13.478 13.695 8.950 14.293 | . 14.725 15.058
2200 19.924 14.308 14.519 9.448 15.158 15.608 15.967
2300 21.188 15.145 15.374 9.945. 16.028 16.489 16.882
1409 22.416 15.938 16.:26 10.440 16.898 17.374 17.80;
2500 23.748 - 16.840 17.093 10.938 17.773 18.262 18.728
2600 |  25.146 17.696 | - 17.949 11.435 18.851 19,152 19.838
2700 | - 26.353 18.555 18.817 11.931 19.531 20.044 20.595
2800 | = 27.671 19.423 19.601 12.488 | 20.414 29.937 21.537
2900 28.995 20.295 20.569 12.925 21.299 21.832 |  22.485".
3000 30.330 21.173 21.46) | - 13.421 | 22,185 22.729 23.436
3100 | - 31.673 22.054 22.348 13.913 23.075 23.630 24.393
3200 33.021 22.939 23.239 14.414 23.961 24,531 25.352
3300 34,317 23.831 24.134 14.911 24.852 25.434 25.173
3100 | 35.738 24.725 25.034 |  15.408 | 25.744 26.338 |  27.285
3500 37.107. 25.62¢ 25.933 15.904 |  26.537 27.242 28.256
3600 38.431 25,525 25.835 16.402 27.531 23.148 29.228
3700 39.806 27.429 27.743 16.899 28.427 | ' 29.054 30.207
3800 41,248 23.338 |  23.653 17.395 29.322 29.951 31.187
3900 . 42,634 29,249 29.565 17.892 30.220° |  30.889 32.173
£000 .| 43.028 30.186 |  30.430 18.389. 31.119 31.779 33.162
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TABLE III -ENTROPIE OF GASES

| Tempera- Entropy, ‘ST, cal/ gram mole -°K

| ture , . -
T,CK) | g, HO | N, N NO O, -OH H e}

300 | 31.289 | 45.179 | 45.828. 36.654 | 50.407 | -49.043 13.om1 | 27.439 | 38.002
400 | 33.267 | 47.510 | 47.333 | 38.083 | s52.457 | 51.122 | 45.994 | 28.868 | 39,634
500 | 34.826 | 49.361 | 49.401 | 39.191 | 54.08¢ | 52.740 | 47.569 | 29.976 | 4£0.819
600 | 36.102 | 50.920 | $0.701 | 40.09 | s55.414 | 54.118 | 48.856 | 30.881 | 41.779
700 37.184 " | 52.280 51.822 40.862 56.592 55.315 49,948 31.647 | 42.587
800 | 38.129° [ 53.500 | 52.815 | 41.52%8 | s57.616 | 56.382 | 50.894 | 32.311 | 43.283
900 | 33.96% | 56.809 | 53.710 | 42.111 | ss.556 | 57-342 | 51.745 | 32.8% | 43.393
1000 | 39.721 | 55.83% | 5£.527 | 42.605 | 59.399 | 98.214 | 52.507 | 33.420 | 44.433
1100 | 40.412 | 56.591 | 55.278 | 43.108 | 60.135 | 59.009 | 53.212 | 33.893 | 44.928
1200, | 41.052 | 57.491 55.816 | -43.540 | 60.90) 59.743 53.856 | 84.325 | 45.375
1800 | 41648 | 58.344 | 56.625 | 43.938 | g1.573 | 60-438 | 5471 | 34.723 | 45.785
1400 | 42.208 | 59.148 | 57.23¢ | 41308 | e2.195 | 61-077 | 55.042 | 35.091 | 46.164
1500 | 42.738 | 59.921 | 57.807 | 44.649 | go 737 | 61.680 | 55.587 | 35.43% | 48.517
1800 | 43.23 | 60.861 | 58.347 | 44.959 | g3 333 | 62.246 | 56.098 | 35.754 | 46.85¢
1700 | 43.723 | 61.351 | 58.850 | 45.271 | ga.gss | 62.781 | 56.636 | 36.055 | 47.156
1800 | 44.179 | 62.039 | 59.3%5 | 45.554 | g4.355 | 63.289 | 57.088 | 35.339 | 47.444
1900 | 44.812 | 62.693 | 59.808 | 45.823 | g4 g95 | 63.771 | S7.491 | 33.608 | 47.719
2000 | 45.026 | 63.313 | §0.249. | 46.078 | g5 75 | 64.231 | 57.909 | 36.863 | 47.980
2100 | 45.428 | 63.919 | £0.668 | 46.319 | os 757 | 64.675 | 58.333 | 37.104 | 43.226
2200 | 45.813 | 84.472 | 61.071 | 46.551 | pooqyo | 65.007 | S8.T11 | 87.336 | 43.462 |
2300 | 46.785 | 65.070 | 61.457 | 46.772 | oo o590 | 65.508 | 59.937 | 37.557 | 48.687
(2400 | 46,544 | 65.805 | §1.827 | 45.982 | gnogon | 65.817 | 59.451 | 37.767 | 48.901
2500 | 46.891 | 66.135 | 62,184 | 47.187 | 47 940 | 66.273 | 59.803 87.971 | 49.109
2600 | 47.226 | 65.633 | 62.528 | 47.382 | g7.509 | 66.358 | §0.140 | 38.168 | 49.308
2700 | 47.552 | 67.137 | 2.860 | 47.569 67.936 | 66.719 | 60.470 | 38.353 | 49.497
2800 | 47.867 | 67.618 | 63.181 | 47.750 | gg 050 | 67.071 | 60.786 | 38.53% | 49.687
2900 | 48.174 | 68.074 | 63.491 | 47.925 | gg.573 | 67.411 | g1.095 | 38.708 | 49.858
3000 | 48.471 | 68.529 | 63.792 | 43.093 | g5.a77 | 67.99 61.396 | 38.%77 | 50.030
3100 | 48.795 | 68.971 | 64.082 | 48.255 | g9 173 | 68.305 | 67.638 | 39.039 | 50.194
3200 | 49.039 | 69.399 | 64.364 | 48.413 | g9 4g7 | 68.613 | 61.971 | 39.197 | 50.354
3300 | 49.314 | 69.815° ) 64.638 | 43.567 | g9.739 | 68.909 | 62.243 | 39.350 | 50.509
3400 | 49.580 | 70.217..| 64.90¢ |.48.7'5 | 7p.01p | 69.198 | 62.5:5 | 29.498 | 50.659
8000 | 49.847 . T0.818 | 65.163 | 48.859 | 70.272 | 69.480 | 62.775 | 39.842 | £0.850
- 3600 | 50.095 | 71.007 | 65.414 |.43.000 { 79.507 | 69.753 | 63.029 | 39.782 | 50.947
3700 | 50.342 | 71.881° | 65.660 | 49.136 | 70.775 | 705018 | 63.277 |, 39.918 | 51.085
8800 | 50.585 | 71.757 .| 65.899 | 49.270 | 7y 0717 | 70.281 | 68.520 | 40.051 | 51.220

© 3900 | 50.821 | 72.109 | 66.132 | 49.400 | 71.950 | 70.537 | 63.759 | 40.180 | 51.351
4000 | 51.054 | 72.458 | 66.380 | 49.527 | 71.481 | 70.787 ( 63.989 | 40.306 | 51.472.




TAB

4

laximum volume specific impulse

liquid oxygen

~

- ) Reaction ch=| Specific Volume -
. Bcent | amber, temp- im;iulse, specific 4
Propellants Formula ¢ erature * - [impulse, Id /62.
P 2ight) (°K) (Ib-sec/1b) |(Ib-secdcuft)
V.
Liquid hydrogen and | Hz—Os
l.quid ozone | | |
Liquid hydrogen and 1-| H2—0Oz
iguid oxyge .
lquid oxygen v 54.0 3450 274.0 321.7
H -drazine:zand N H¢—O3
liquid ozone ' '
tawc ozo ~ 57.0 3190 265.5 282.0
Hydrazine and NyH4—O,
liquid oxygen : - .
q . yger . - 35.0 2815 - 245.0 310.0
Hydrazine_and N;H,—H,0, .
~ hydrogen_peroxide
Liquid - ammonia and | NH3—O;
liquid ozone
Liquicil ammonia and Nes—0, | | 0 i 77
zliquid oxygen
T . - 21.0 2490 227.0 257.5
.Liquid ammonia~and NH,—H,0,
.} whydrogen peroxide
. 60.0 3010 248.0 289.8
Hydrazine hydrate NoH¢H,0—03 :
and liquid ozone
) 61.0 2750 235.4 252.3
Hydrazine hydrate NgH4 H;0—0, -
an1 liquid oxygen '
. . 246 . 2.2
Hydrazine hydrate and - |N,H,.H;0-HgOq -5 ! 225.0 78
hydrogen peroxide
. ) . 950 R 7.
Hydrraxylamine and NH;OH —0; 82.0 2 245 307.5
liquid ozone
Hydroxylamine and NH:OH 0, 85.0 2170 240.7 287.3.
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The Moving Finger writes; and, having

writ.

Moves on: nor all your Piety nor Wit
Shall lure it back to Cancel half a Line,
Nor 3ll your Tears wash out a- Word of it.
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Indeed, the Idols I have loved so long

Have done my crédit in this World much

Wrong:

Have drown’d my Glory in a Snallow Cup,
And sold my Reputaion for a song.
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