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Foreword Written in 1973

This manuscript was written in 1967-68 following an invitation

from the University of Illinois History of Science Society to give a talk

on the history of the Physics Department. The talk was one of a series on

University science departments, to mark the Centennial Year of the University.

For the purpose of the talk the early history of the Department was stressed.
For five years since that occasion it has been my intention to revise the

manuscript to include a fuller account of the great expansion and accomplish-

ments of the Department in recent years. Events, however, have outpaced

my efforts and I only fall further behind. Hence I have decided to print

some copies of the 1968 manuscript with only a few changes and additions,

mainly in the form of footnotes.

The history of the Physics Department can be divided into three

The first period began

periods. Each has it distinctive characteristics.

soon after the University was founded in 1868 and extended through 28 years

to 1896. The second period, 33 years, was the regime of Albert P. Carman,

as Head, from 1896 to 1929. The third period began when F. Wheeler Loomis

came to Illinois as Head, in 1929.
Physics at Illinois evolved in the College of Engineering. ror

the first period my chief source of information has been A History of the

King.

ollege of Engineering, 1868 - 1945, by Ira O. Baker and E. E.

rrofessor Baker wrote of the early days from personal knowledge.

He entered

- "
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as a student of Civil Engineering, class of 1874, then joined the faculty and

served for 48 years, until 1922. For 39 years he was Head of the Civil
. |

engineering Department. For the second and third periods of departmental

nistory I have depended mainly on departmental records, supplemented by

my personal recollections and those of other old timers.

G. M. AlmY



http://department.il

FIRST PERIOD IN THE HISTORY OF THE DEPARTMENT, 1868-1896

On March 11, 1868, the University was formally dedicated and John
Milton Gregory was installed as Regent, as the chief executive officer
was called until 1894. Fifty students were enrolled in that first spring
term under a faculty of four, including the Regent.

In the Catalog and Circular of 18/0-/1 the work of the University is
divided into four divisions although the faculties were not formally organized
until 1878. The four divisions were Agriculture, Engineering, Literature and
Science, and Natural Science. Instruction in Engineering began in 18/0 and it
included a course in physics. It was recognized from the beginning that a2
knowledge of physics was fundamental to the education of every engineer.

Physics was not organized as a separate department until 1889. During
the first period, however, three remarkable men were at different times
in charge of instruction in physics. Their names were Robinson, Peabody and

Stratton.

Stillman Williams Robinson

On January 1, 18/0 Stillman Robinson came to Illinois as Professor of

WA 1

Mechanical Science and Engineering. Robinson was born in Vermont in 18 3¢

t age 1/ he began four years of service as an apprentice mechanic His
experience led him to seek an education in mechanical engineering In 1859

1eee st 1 £ _ * 4 : N ad i : » & _ 9 -
"“4415 CO flﬁd an i1nstitution ﬁf(FTng SUcn a course, ne dfﬁlﬁfﬁ L ( SLUQ\
civil engineering at the University of Michigan He set out on the
journey on foot, with eight dollars in his pocket, and arrived at Ann Arbor
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with $58, having plied his trade on the wayv. He was graduated

worked for the U.S. Lake Survey for a period and was Assistant Professor of
1-'rt I fy [ r | ' 1 { - | . " -
aining eEngineering and Geodosy at Michigan for the three vears

came to Illinois at 1870. He was then 32 vears old He had published

articles on a variety of engineering subjects and held patents on sevel
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At Illinois Professor Robinson taught all of the
wchanical and mining engineering. In his first year he also introduced
and taught a course in physics which ¢ontinued to be one of his major interests
All of the engineers took the physics course in their third year. According
to the 1872-73 catalog: '"Physics has been amply provided for in the New

uilding (University Hall) by the appointment of a Physical Laboratory and
Lecture Room to which the apparatus will be removed this summer ... In
with the lectures, Silliman's Physics is used as a textbook;
ny of the topics are more thoroughly discussed in other classes,
The following are the
luids
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special attention is paid to the portions remaining.
Properties and Laws of Solids,

Motion.
with mathematical discussion of

Force,
ecc.

Matter,

demonstrat

main heads:
and Liquids. Acoustics and Optics,
and instruments. Solar and Stellar Spectra,
Chemical Physics igscgiven in a special course of lectures
f four recitation periods
10T

lectricity.
Instruction in physics initially consisted of
per week. Professor Robinson soon introduced, in addition,
lectures and laboratory practice. In the lectures, to quote the 1874
catalog "Illustrative experiments (are performed) one evening each week in
ich the more costly apparatus is used before the whole class in such
experiments as are difficult to perform, and which are most effective when
prepared for an audience'.
le did not shrink from the difficult demonstrations. One of them
‘equired an array of 200 wet chemical cells to produce sufficient electric
irrent for his purpose. In another he set up an arrangement of prisms
d lenses to display spectra which covered the wall of the lecture roon
ind he discussed the relation of the spectra to current theories of ¢
physical constitution of the sun.
Laboratory practice was introduced in January, 1875. At that time
work in physics was offered in only two institutions in the
[nstitute of Technology and the Massachust
in 1871 and 1873, resps

Stevens
introduced
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1 y the student the week before he performed the experiment. ne st | '
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hat he was on the job is a quotation from the Daily Illin]

March, 1884, which is included in Roger Ebert's "An 1Illini Century': "T

e
':.fjl{“,‘.: showed some darkroom l‘f‘i["l‘l‘iﬂlt‘ﬂ[}; O1) ‘lﬂllllrﬁfl.'l_‘,’. The Tflf'lj‘:jf lanter WS
D working order, but had not been lighted long before some defect 1
he burner transferred the fire to the tubing. [hrough that it traveled into
oxvgen bag. [he rubber burned in that gas until enough CO, was formed
to burst the sack, when an explosion occurred. All were more or less
rightened, although none would own it. No one was hurt. The hydrogen was
not reached, or more serious results might have been expected". s is

nice bit of scientific reporting. And it is impressive, and alarming, that
the Regent (or anyone) ever projected slides that required, for illuminatior

an apparatus for generating, storing, mixing and burning hydrogen and oxygen.

- -

Now 1t 1s not to be expected that Regent Peabody made memorable

.

contributions to physics, for, in addition to teaching two courses regularly
ne had to run the University. His administration was not an easy one.

¥ L

major problem was the finances. The enrollments were rising and the faculty

was ambltious to expand the program. The General Assembly, though sometimes
7111ing to appropriate money for buildings, was extremely reluctant to
appropriate anything for faculty salaries and other instructional expenses of

»
o e B B & =

the University. It had been anticipated that the land-grant endowment woul

e |
,_i . B

1

_ake care of these. After a hard campaign Regent Peabody and the Trustees
secured, in 1881, the first small appropriation to be made for instructional
JSLS.

Naturally, it was difficult to employ additional faculty under these
circumstances. In Peabody's regime, 1880 to 1891, the faculty increased
from 28 to 39 and the student enrollment approximately from 400 to 60C

Another effort by the Regent to secure additional resources has
fa:ifi:uf'ring. He took an active role in securing in Washington the passag
of bills in 1887 and 1890 which provided the first grants to Illinois
support of university research, in this case in Agriculture.

1o top it all, the Regent, in this austere period, had almost no

lerical help or office equipment. He conducted his official corresponde
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:..‘-:‘.}1 T‘:;Hhi He }H‘I'HHH.‘II l\‘ IH.‘HI{‘ out all st udent class cards al L e 5T oy 1 1
ing of each term and entered the grades on the record at the end. And las
but not least in effort required, he brought about the change in name of
ingtitution in 1885 from the Illinois Industrial University to th
L Mlivers 1V Ol ! | | iih"i 5 - T]lt‘ t.‘ll.'lll}‘;t' was St I"Llll}’.]}’ Hl]]‘lp{)l'! el h*_,f facu | | \/ and

students and bitterly opposed in the General Assembly, especially in the

From 1885 to 1889 Theodore B. Comstock, Professor of Mining Engineering

ind Phyvsics, was in charge of the work in physics. In the spring of 1889

separate Department of Physics was established and Comstock was appointed

Head. At the end of the summer vacation, however, he unexpectedly failed

to return to the University. Regent Peabody asked S. W. Stratton, a young
s N

man who had been his undergraduate assistant in physics, to take charge of

the new department, with the rank of Assistant. It was a surprising appoint-

/

ment, even in emergency, for Stratton had just accepted an appointment as
Assistant in Architecture. But Peabody knew what he was doing for it turned

out to be a really excellent appointment.

Samuel WESlei Stratton

Samuel Stratton was born in Litchfield, Illinois in 1861. He received

LY

achelor's degree in Mechanical Engineering at Illinois in 188

)
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1885 to 1889 he was a mathematics instructor in the Universitv's preparatory

\

s

nool. As noted above, he was appointed Assistant in Architecture in 1889,
but was transferred to be Head of the new Physics Department before he took
up his duties in Architecture. He was 28 vears old.

e was an immediate succesgs in his new position. He was promoted €O

issistant Professor of Physics in one year, and to Professor of Physics and

P

tlectrical Engineering in the following vear. His great contribut
to expand the work in theoretical and applied electricity. In his second
year, he announced in the Catalog of 1890-91 that the University was prep

fer a full curriculum in electrical engineering. A vear late

entire ground floor of the east wing of University Hall had been mad:




an electrical laboratory, with a room for electrical measurements, a battery

room, a dvnamo room, a photometry room and a shop. The principal prime
mover in the dynamo room was a 60-horsepower high-speed steam engine. Its
din made impossible the use of the lecture room immediately above. Seven

or eight direct and alternating current generators of differing design

were also installed and connected to the steam engine through a jack shaft.

Instruction and experimental work in electrical engineering was well underway.
Electrical engineering remained a part of the Physics Department until it

was given a separate departmental status in 1898.

Stratton's work in the Physics Department attracted the attention of

the entire University, according to Professor Baker. Baker, in Civil Engineering,
was setting up at the same time the first concrete-testing laboratory in the
country, and happily breaking up blocks and cemented joints. His first
laboratory was also located on':the first floor of University Hall. Relief

for other occupants, however, was not far away. Engineering Hall was com-
pleted a few years later, in 1894, and all of Engineering including Physics
moved out of University Hall. The move could not have pleased the engineers
any more than it did the literature and language faculty and students who
were left behind.

Stratton in three years had given the work in physics new directions,

new life and great momentum. In 1892, however, he was lured to the new
University of Chicago where he began again as Assistant Professor and was promoted
through the ranks to Professor. Nine years later, in 1901, he left Chicago
Lo become the first Director of the National Bureau of Standards in Washington.
He served in that capacity until 1923. He then became President of the
Ylassachusetts Institute of Technology and, in 1930, Chairman of the M.I.T.
Corporation. He died in 1931, at the age of 70, closing a career in which

ne had made basic and lasting contributions to the development of three

universities and a great government laboratory.




Danie l_ William Hh} a

— —

'he first period in the history of the Physics Department closed with
the short tenure of Daniel Shea. He came to Illinois in 1892 as Assistant
Professor and Head of Department. He was promoted to Professor of Physics
in 1894. He was the first professor on the faculty who had been educated
to be a physicist, with AB and AM degrees from Harvard and Ph.D. degree
from Berlin (1892). For the first time the Catalog in 1894 emphasized that

.

one aim of the courses in physics was to prepare students to do research in

physical science. But no degree program in physics as such was yet offered.

[he faculty, consisting of Professor Shea and one instructor, must hay

been extremely busy with the general physics course and the seven or eight
more specialized courses in electrical science and engineering. The latter
had quickly become the most popular curriculum in engineering with 91 out
of a total of 305 engineering students enrolled in it in 1894-95. 1In that
year, the department also had the task of equipping its commodious new
quarters on three floors of the new Engineering Hall, and moving from
University Hall.

Early in 1896 Professor Shea resigned to become the first Professor
of Physics at the Catholic University in Washington, D.C. So ended the

r__J a

Ilrst period in the history of the department.

- - - . . e

[t 18 easy to see from the early history how Physics was firmly fixed
in the College of Engineering at Illinois. Robinson, the first Professor
)f Engineering, regarded physics as the foundation of engineering. He

originated, developed and taught the physics course during his eight vears

-

at Illinois. Regent Peabody, also a Professor of Engineering, continued
empnhnasis on physics. Then Stratton in a great burst of energy established

L

ull scale program in electrical engineering within the Physics Departme:

e

where 1t remained until 1898. Strong links between Physics and other depar!

ments in the College of Engineering have continued to this day.




SECOND PERIOD IN THE HISTORY OF THE DEPARTMENT, 1896 - 1929

e —

AJQEFC Pruden Carman

‘he second period was the 33-year regime of Albert Carman, from
1896 to 1929. Carman received a Ph.D. degree from Princeton in 1886,
and had held faculty positions at Princeton, Purdue and Stanford. At
[1linois, he had charge, for two years, of the Electrical Engineering
program, which had been started six years earlier by Stratton, and which
became a separate department in 1898 under Professor William Esty. Indeed,
one of Professor Carman's first tasks was to supervise the purchase and
installation of the equipment for the University's first lighting and
power plant, the Boneyard Plant located in a building which is now a part
of the Electrical Engineering Research Laboratory, near the Fire Department
Station.

T'ne faculty, program and facilities of the department were built up
rapidly during the first part of Carman's headship. Prior to 1896 the

-

culty consisted of the professor and, at most, one or two instructors.

A8

1909, Carman had brought in five young Ph.D.'s in physics, at ages 27/

to 34. They all continued in the department until their retirement or
leath in the 1930's. F. R. Watson came in 1899, W. F. Schulz in 1900,

T. Knipp in 1903, E. H. Williams in 1907, and Jakob Kunz in 1909.
nly one additional member joined the permanent faculty during the Carman

neriod - R. F. Paton in 1922.
A major accomplishment in this early part of the Carman period
was the completion in 1909 of the Physics Laboratory at Green and Matthews

treets (now the home of the Metallurgy and Mining Engineering

. . " . & ' ™ ™
)epartment). After extended discussion on need and proper location, and

great efforts in Springfield, an appropriation of 250,000 was obtained

1907, but only $220,000 was actually required to build the Laboratory

his worked out to be a cost of a little more than two dollars per square

. ’ " 1 y g . . v . Mo i by
less than 1/25 of the cost of a comparable building today. From the da)

F

contract was let in 1908, the laboratory was buflt, occuplied, and dedicale

. onaidered
8 period of 17 months, a feat which was apparently not considered

the time. but would be amazing today.
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The laboratory was really excellent for its day, thanks to the effort

and thought that was put into its design, especially by Professors Carman

ile planning it they visited twenty physics laboratories
in other universities.

The 1

and Knipp. Wh

argest single task of the department then as now was instruction

in introductory general physics. The two Principal general courses given

today are direct descendants of the two offered sixty years earlier. The

They also wrote textbooks and laboratory
manuals and published numerous articles on ingen ious lecture demonstrations
of physical phenomena.

faculty worked hard at teaching.

Physics was not widely recognized as a vocation or profession before

World War LI, except in the schools and universities. Fnrollments in advanced

undergraduate courses at Illinois were typically 5 to 10. A major in physics,

leading to a bachelor's degree in Engineering Physics, was not established

until 1917. The first degree was granted in 1923.
through June of 1929.

Only 15 degrees were awarded

Graduate education and research in physics, however, was given sub-
stantial impetus by the completion of the new laboratory in 1909 and by the
establishment of the Graduate School in 1908. The number of graduate students
in physics rose from 10 in 1907 to 30 in 1928. The first two Ph.D. degrees were
awarded in 1910 to E. B. Stephenson and E. H. Williams. Their respective
thesis topics were Magnetic Properties of the Heusler Alloys and The Nature
of Spark Discharges at Very Small Distances. Both were published in the
?hysical Review in September, 1910. By 1929, 36 students had earned the Ph.D.
degree in physics. Some had been undergraduates at Illinois and other state
universities but more of them came from the four-year colleges, including Knox,
Carleton, De Pauw, Lawrence, and Albion.

In the early part of this period the graduate students were full-time
instructors or assistants and had little time for research. The effect of
research on teaching was already a hotly debated subject. In a bulletin on
Academic and Industrial Efficiency, issued by the Carnegie Foundation for the
Mvancement of Teaching, academic efficiency apparently came off badly Al

| ake v following remarks in
&ny rate, Professor Carman was moved 1in 1911 to make the following ve

his annual report:
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breakdowns from this policy. Hence, we shall a
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view must be considered 1in "efficiency'"! Our instructor

L /)

have not made enough allowance

sroductivity for advancement.

'ill not be idle, and a certain amount of time

| ()

he aim to .ll‘\'ill1x‘l‘ . llt‘ SC1 Cnce o1

L - .

phyvsgics by instruction and invest lga-
{on, but we also have the

Lmportant and Interesting duty of giving instruction
ro meet the needs of the University courses of study. This has suggested a
conflict ol interest to various writers and there have been many emphatic
expressions ol opinion that teaching is being neglected in our universities.
do not believe that we do poorer teaching because we have at heart the
advancement of the science. In fact, when 1 think of one or two institutions,
where 1nvestigations 1in physics have been distinctly discountenanced, and
have seen the results on their instructors and

1

classes, T feel that investiga-

tion has 1Ls 1lnsplration even to elementary teaching. At Illinois, we have
hee uccing

g Heavy pressure on our instructors to be '"productive'.

ln teaching schedules, if we are to

.

In two cases this year, we nearly had nervous
ask for more help in the coming
young men of 24 or 25 years will not work for $1000 or less per
chance for scholarly advancement...The larger University
s have not been and
to work in physics will help

instruction, as well as yield results to science."
In the early twenties, Professor Carman secured approval, apparently
ne opposition, to appoint graduate teaching assistants on a half-

. . . . 1 - - o £ o/ NN .
asis to give them more time for research. The half-time salaries ot >400 to

yer year were hardly adequate for extensive participation in the legendary
rracurricular activities of the roaring twenties.
rofessor Carman made valiant but unsuccessful efforts to add tOo CRe
11ty in the 1910 to 1920 decade. :qumnrgﬂtky registrations 1n advanced
physics courses did not justify new faculty positions, for he argued that
e need for additional faculty should not he measured in terms of student
redit hours but rather in terms of the fields whi ch should be represented 1n
ydern department.
'he period from 1896 to World War 1 saw a revolution in many basilc
deas of ;Jf:l'!ij CB. ) Lays, radioact V1LV, and he electron were discovered
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radifation which ]Hld l"t‘l‘ll lnll‘mlu,_-vd bv Plan k
- . ;
Rutherford established the
welear atom by experiment .
nuc L e . ¢ and Bohr uged {t {n his tl
pectral radiation T ‘ S s i Aeteie
and specily adiation.  The development of physics at 11 |
G TR y841C8 at lllinois suffered somewhat
from the fac . € faculty, assembled at the tur A
; e . i | 1IN 0f the century, had
ween educated primarily x -
heen e« ed | arily in the old school In which the phenomena of t
2nomens: . mactter
!'\: - I : 11 tlll r“ “ reé ;
and radliactlion ac ecelved their hlgl]t*qt |
: : evel of underst | £ 1 *
standing and unification
in terms of the theory of the luminiferous |
8 ether, in the -
. 2 works of such
ntellectual giants as M - 1t ' |
intellecty N 18 Maxwell, Hertz, Kelvin, Helmholtz. and Poincare
Jakob Kunz
[he stubb 2ptici | LC > ] | | | |
[he ubborn skepticism with which the imaginative, radical, and :
!
|3 ldaonr £= 217 ' > ' . e - - . . - )
half-proved new ideas in physics were received were Cypilfied in Professor )
\
Jakob Kunz, who received his Ph.D.

degree at Zurich in 1902 and came to

T1 1 44 1 ¥ {.-} y - v -
[1linois in 1909. He was in many ways the intellectual leader of the

i
T "

He taught most of the graduate courses and directed more
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nan
half of the 30 Ph.D. thesis researches completed prior to 1929
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in 1914, after the initial great discoveries of Einstein, Rutherford and
;
. - . : . - . . 3
ohr, Kunz published "An Attempt at an Electromagnetic Emission Theory of Light, \
: sfaced LC} ! foll ‘ afere > b 1te 's Theorv of Relativity: \
WwiNlich Ne preraced with the rollowing rererence to cinsteln s 1heory OI KRelatlviiy. §
"When a physical theory which is mathematically complicated and is only .
dil approximacion cuts so det}plv in our fundamental notions, and renders the \
P : :
L]
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phenomena so incomprehensible, the freedom of advancing other theories should :
\

be granted. In the following, a theory will be developed which agre
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)f relativity in manv features, but gives an entirely different aspect (O (D€
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world.

Professor Kunz and his students made substantial contributions 1n
experimental physics. He developed the science and art of making sensilt ive alkalil
hydride photocells and encouraged their application, notably in stella:
p?;ulurn:_etr:; with Professor Stebbins 0Ol the Astronomy Department and in the
photographic recording and reproduction Ol speech by Prolessor [vkociner.

He was, however, more interested in the basic laws 0l the photoelectric elfect
by 1917, he had made his peace with the quantum interpretation of the elfec

)
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and reported a series of experiments which verified aspecls pred
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| lesearch Laborator)
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and suggestions and "for the very good time spent in an excellent company of

human scientists.” Professor Kunz was himself a very human and engaging

scientist.

Floyd Rowe Watson

Another member of the faculty in this period who made a special contribu-
tion to applied physics was Floyd Watson. I refer to his work in architectural
acoustics which he began in 1908 and which he continued long after his
retirement to California in 1939*%. His interest in acoustics began when the

University Auditorium was completed, and the Physics Department was asked what

could be done about its atrocious acoustics. You may think that the Auditorium's

acoustics are not very good now, but listen to Professor Watson's description
of the situation in 1908:

"If an observer stood on the platform and clapped his hands, a
veritable chaos of sound resulted. Echoes were heard from every direction and
reverberations continued for a number of seconds before all was still again.
Speakers found their utterances thrown back at them, and auditors all over
the house experienced difficulty in understanding what was said. On one
occasion the University band played a piece which featured a xylophone solo
with accompaniment by the other instruments. It so happened that the leader
neard the echo more strongly than the direct sound and beat time with it.
?layers near the xylophone kept time to the direct sound, while those farther
away followed the echo. The confusion may well be imagined.

"Thus it seemed that the Auditorium was doomed to be an acoustical
norror; that speakers and singers would avoid it, and that auditors would attend
entertainments in it only under protest. But the apparent misfortune was in
one way a benefit since it provided an opportunity to study defective acoustics
under exceptionally good conditions and led to conclusions that not only allowed

the Auditorium to be improved but also indicated some of the pitfalls to be

avoided in future construction of other halls."

In 1908, Professor Watson began a systematic investigation of the acoustical

properties of the auditorium and their improvement. He had no previous special

“Frofessor Watson enjoyed his 100th. birthday on April 23, 1972,
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ers in diameter. The light beam served as a tracer for the

{requency Nissing sound from the arc which was also moderatelv well directed

Y

he mirror. DY means O sultably placed mirrors on the walls and ceiling of

Auditorium, Che paths of the echoing sound could be traced through one

four reflections. Lhe uses oI plane and parabolic reflecting boards to

trol the echoes were 1nvestigated Sabine’'s methods of determining
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verberation times were used and elaborated.
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oncentrated in advanced physics. I'he competition among universities
ood graduate students was as Intense as it 1is today, though on a much
| (he average number of Ph.D. degrees 1in physics at Illinois 1
e early 1920's was two Per year. ‘rofessor Carman remarked that the
- production of Ph.D."'s in 1921-2? was 21. In the middle 1960's,
\OTON ely 1000 Ph.D. degrees in Physics were awarded annually in the United

pproximately 35 at Illinois. Thus, despite the relatively small gcale

yperation in the Physics Department in the twentlies, Illinois was producin

f the total number of Ph.D. physicists than it
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LHE FIRST CENTURY OF THE PHYSICS DEPARTMENT, 1929-1968

Francis Wheeler Loomis
'he third period

e —————ty

in the life of the department began in 1929 when
Wheeler Loomis came to the department as Head.

It 18 a long and eventful
vast differences between
and the department of the early thirties.

: pfrind. 'here are, of course, the present department
World War I1
Nevertheless, the new outlook, values
loomis established and which still prevail,

violently interrupted
irs development.

and atmosphere which

give the entire period a remarkable
continuity and unity.

In this period, Wheeler Loomis was Head of the Department for 28 years;

1029 to 1957; Frederick Seitz for seven vears, 1957 to 1964; and G
from 1964 to 1970.% P,

M. Almy
G. Kruger was Acting Head from 1941 to 1946 and Almy

periods 1in which Loomis was on leave to administer federal

defense laboratories. Almy was Associate Head from 1952 to 1964%.

George A.
Russell was appointed Associate Head in 1968.

Loomis was 40 years of age, Associate Professor of Physics at New York
iniversity, and on sabbatical leave in Europe at the time he was offered

the position at Illinois. He came

to visit, and somewhat to his own surprise,

he decided to accept it. He has said that though the department had been

rather static for some time, he was attracted by the fact that both Chemistry

-
-

L)

Mathematics at Illinois had been built up to rank among the best depart-

— - |
! 1 T
— -"--5 a & A

the country, and by the personal qualities and the evident support
of

1

he Dean of Engineering, Milo S. Ketchum.

Wwheeler Loomis is very widely known for his talents and accon

L Y Ll N Ty _..\'l’ -
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in science administration, in which he was almost completely absorbed atter

, . - - - , v & L r e
about 1940. His substantial contributions to physlcs aleg less well known

- N

e present generation of physicists. His principal field of resean
s - w ] L_': T ’
was molecular spectroscopy, in the heyday of the branch ol physics. Lel

* , - . discovere , isotope effect
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spectra of the fodine molecule in a remarkable series Ol pPapeis Detwe
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and 1930, 0Of special interest was the explanation, in 1928, of alte (

' ) vidence O the
Wissing lines in the optically excited spectiruil, @it f irly « ;
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Al retired 1o 1970 and Ralph O, Simmons was ap)
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aenious development was the use of ma . One
LIS gnetic rotation of p01 i

y reduce the many- ariz

.

line, overla in ed ]‘ight
: - . | PP1ng spectrum bandsg to a single repre
-jve line for each band. This simplification of senta-

the spectrum enabled them

+end the analyvsis to high vib |
txiehttnL b = rational statesg |
of the mol ecul
es and

vo improve the determination of the molecular 5t ey Ty greatly
| SC1lcs.

- : ! \ |
one of Loomis’ students at Illinois was Polykarp Kusch (Ph.D 1936)

oho later at Columbia did experiments on the precise measurement of th
- ML DE _Ehe

magnetic moment of the electron for which he was awarded a Nobel Pri
' rize in
1955. His thesis research at Illinois was on the molecular spectrum of
m o
cesium. Kusch interpreted much of the spectrum, but some unsolved feature
:

rankled 1in his mind for about thirty years and he finally came back to them

1n the summer of 1967 Kusch sent Loomis, as a present on his 78th. birthday

2 manuscript entitled "An Analysis of the 6250 Angstrom Band System of Cs

. | 2-H
when Loomis came to Illinois he promptly brought in four young

instructors: J. H. Bartlett and G. M. Almy in 1930, P. G. Rruger and H. M.

Wott-Smith in 1931. Excellent equipment for the study of atomic and

molecular spectra was obtained and research in the field was vigorously

pursued. Forty Ph.D.'s were graduated in the next decade as compared with

3 in the previous 20 years. This progress was made in spite of the great

depression which closed in on the University in 1932 and slowed the progress
of the department for five years. The constralnts were vividly described

by Loomis in his report of the Yyear 1934-35:

"The department, whose operating expenses have been reduced to a
starvation point for over three years, suffered a financial crisis this
winter and pretty nearly had to close Up: [t was rescued, temporarily, DY
the allotment of $2200 from general and engineering funds ... It is almost
lmpossible to convey an adequate tdea of the extent to which our work, both
in teaching and research, has been hampered and nade inefficient kmcfi how
all progress has been blocked by the {nability to buy necessary articles.

1
- - v = i[_ 11\:1‘.111 t.
' » 4 ! l'n It'hl‘tllkh L1
7€ should have had pretty nearly to cease activity
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boom years, 194 _
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Finding jobs for the graduates was not easy. In 1936, two of the Ph.D.'s

red appointments at the National Bureau of Standards by competing in Civil

ervice examinations which were open to high school graduates. Kusch did well,

got a rare postdoctoral research appointment, with John Tate at Minnesota.
salary, as I recall, was $1000 per year.

[n spite of hard times, physics was exciting. 1932 was an especially

great vear. In the colloquium in 1932, reports on current research included

the discoveries of the neutron, the positron, and the deuteron; the first experi-
ments on the disintegration of elements by fast protons (Cockroft-Walton and

Lawrence); and on Milne's ideas on the expanding universe.

Nuclear and Particle thsics at Illinois

The depression eased and the department pushed rapidly into nuclear

physics along lines that can be traced continuously to many of the present

activities in the department.

Loomis' annual report in 1936 describes the building of the first Illinois
' egyclotron, a two-million-volt machine, as follows:
"The most important new development in the research of the department
this yvear has been the construction of the cyclotron by Professor Kruger,
Mr. Green and a group of helpers. Plans for it were laid last spring. Most
of the material was ordered during the summer, which Professor Kruger and
Mr. Green spent in California, studying and assisting in the similar work
of Professor Lawrence. Construction was started in September, and, due to
the energy and enthusiasm of Professor Kruger and Mr. Green, the main appa-
ratus is already complete and in operation. That is, a beam has been
obtained and brought out of the magnetic field. This has involved the
design, construction, and getting into operation of a formidable array of
very complicated apparatus, and it is quite a triumph to have succeeded
80 quickly."

The Mr. Green referred to is George Kenneth Green, Ph.D. Illinois,
1937, who, twenty years later, played a central role in the design, con-
struction, and operation of the 30 billion-volt AGS proton accelerator at

the Brookhaven National Laboratory.

Plans for the second cyclotron were begun about 1938 under the leader

ship of Professor Kruger and the machine was completed in 1943, In the

late 1950's 1t was extensively remodeled and modernized, mainly by Jentachke,
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‘\[It\ﬂ. .'lnd Yavin. B}P ]968r 33 ph-D.

thesis researches were completed or
{1 Process in the cyclotron laboratory¥
Jjohn Manley joined the department in 1937 and Leland Haworth { 19138
- n
hey built a Cockroft-Walton type of nuclear accelerator.

With theéir
rudents, researches for three Ph.D.
S

theses were completed before Manley
and ygworth left for war research in 1941. In 1943, g group of physicists

including Manley, backed a truck to the door of the Physics Laboratorv

and disappeared into the west. The machine turned up after the war in

highly secret Los Alamos.

Maurice Goldhaber came to Illinois in 1938. He had been one of

chadwick's bright young men at Cambridge during the early days of the

~eutron. At Illinois, he initiated a fruitful program in nucléar physics,

using radioactive sources and relatively simple equipment. He and his

physicist wife, Gertrude Scharf-Goldhaber, were not allowed to join the war-
related research projects because of their foreign origin. Goldhaber,
nevertheless, figured out the conditions for sustained neutron-induced

nuclear fission and attempted to secure materials to test his ideas and

' |_,--l|_
':a..i..\._,l..l

ations 1n the basement of the Physics Laboratory. But he found

the atom-bomb people completely unresponsive to his request for a little

purified uranium.
With his students, Goldhaber did a large part of the basic research

| : - ‘ iiate post-
that was completed in the department during the war and the immediate p

.7 ™

“ar years. In the ten years between 1941 and 1951, he directed the research

-

i ne chaven National
Of more than 20 Ph.D. candidates. In 1950, he joined the Brookhaven Natlc

T ' : rent : 1 § g 3ﬂd.
Laboratory, where in 1960 he became Head of the Physics Departme

tn 1961, the Director of the Laboratory.

3 B “ , with an
Donald Kerst came to Illinois as an Instructor 1u 1938, w
' | - - ~celerator,
‘Dtense desire to design and build a magnetlc induction acce

(1am -heorilist who JlSC"
: ed N J- . a1 young theorilis
-ater = the betatron. with Robert berber IR |

L 4 _ 14 O a [‘lngﬂf‘[ that

' “Or -eds
B eam - *)r'blt [CII 1'11,1“&.%1!. .-
would focug and hold a beam of electrons 1in a circular <

| . Q40 e first
of t} . .»a later, in July, 1940, the
thousand of turns. Less than two yeart

!
Vet .
Atron was in successful operation.

1970,

of d in
e “Yclotron was closed down and dismant led
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. which the current in a a1 was an ele
ot in whilc single pair of : ctro-
mas nd

0 distributed as to gi
nas 1mu1taneously ful f{

anding the electrons into circular motion
7 )

focus ing then

d in .
and accelerating them to an energy to a fine

\ similar design was used in the second betatron

a 1941, In the 300 MeV machine
in 19

[ : : gulde fields,
-hereby accomplishing a great saving in the amount of iron re
' q

uilred in the

sccelerating magnet.

The practical limit on the size or energy
»f iron required 1in the accelerating magnet.

two MeV machine in the trunk of his car. The 300 MeV betatron required more

than 300 tons of finely laminated iron. For this reason, acceleration by

magnetic induction gave way in large circular machines to the use of the

synchrotron principle.

The second betatron, 20 MeV in energy, was installed in 1942 in
the Abbott Power Plant Building, for want of a better place to put it.
The war was on and attention was turned to developing the machine for
practical use in x-ray radiography. X-rays are produced when the 20 MeV
electrons are made to impinge on a tiny metal target mounted within
the doughnut-shaped vacuum chamber in which the electrons are accelerated.

g : : | -
The betatron thus became an excellent and unique x-ray machine for detecting

£ - : - : : e much as twelve
flaws in material or mechanisms equivalent in thickness to as

inches of gteel.

| ; engineered and
For this practical purpose, the Allis-Chalmers Company engiiee

built 4 push-button 25 MeV betatron.

' , s o d 1 ~tment of the
Professor R. K. Hursh in the Ceramic Engineering DeP3

| rcelaln doughnut-

i

"- L " # *_a—-' -y ; o
nsS COU]d be fused

could be per-

EDI‘ th.f
83 1 ' . e

dPed betatron vacuum tube, to which 81355 all
The tubes

] b - -
PUrDoge of leading in wires to the electrodes.

This CLYP€
manr' y 1 - . 1-.]d
‘Ntly gealed off at high vacuum and product
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- : shape-
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form

of glass, waxed together LO

11 the three functions

of the betatron 1s the amount

Kerst readily carried the first
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the extensive field photon-induced nuc leai

ron scattering (at 15 MeV) were done
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Rerst was drafted to work at Los Alamos In 1943 but the work at

requisitioned and diverted

Alamos the first of the commercial 25 MeV betatrons O
o 9

explosions. Betatronsgs were also dilivered
Rock Island Arsenal in Illinois and

ma Ilmarc . + . ' . % o P .
nalmers continued to manufacture machines for use in radiography and

A good deal of attention was given at Illinois in the late forties
use of 25 MeV x-rays f 2dic T
use | <J) fevV X=rays Ior medical purposes. The work was led bv Dr.
Quastler who did some careful experiments on the relative biological

y Bl =

5 Mo/ P o y - . . | 1
s of 25 MeV x-rays and the much lower energy x-rays and radium gamma ray

. * IR D43 - . ‘ i . : . ’
in use. rloneering experiments were also done on the distribution of

dosage 1n tissue-like material when irradiated by the vervy penetrating
x-rays and electrons. Quastler also attracted young physicists working

laboratory 1into research in medical radiology. Several of them

went into important positions at medical centers. Gail Adams went to th

sity of California in San Francisco and later to the University of

noma. John Laughlin went first to the Illinois Medical Center in Chicago

ater became Chief, Division of Physics and Biophysics, Sloan-Kettering

ite and Attending Physicist at Memorial Hospital, New York. Lester

and Lawrence Lanzl headed up a research program at the University ot
ind Jaques Ovadia did similar work at the Michael Reese Hospital
120 .

he 1940's, 25 MeV was very high energy and the betatron was

S

h a number of firsts. William Koch did the Iirst phoTOI1SS10MN
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ments on the isotopes of uranium and plutonium, during the war and
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ighly secret conditions. Later on the betatron was used to break

processes bv Hanson, Kerst,
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ecker, Duffield and Almy. The first experiments on high energ

hv Hanson, Lyman and thelr students
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Ry 1950, when the 300 MeV betatron was completed, it was in competition
with a number of machines. Important contributions have been made at Illinois,
however, in meson physics, in photodisintegration of nuclei, and in an exten-
sive series of significant experiments on the interactions of photons and the
isotopes of hydrogen and helium. The faculty involved included Bernardini,
Goldwasser, Hanson, Robinson, J. H. Smith, Roester, Duffield, Sutton and
Hummel. Altogether about 65 Ph.D. thesis researches have been completed at
the betatron laboratory, almost equally divided between the 25 and 300 MeV
machines.*

In the late 1950's, the billion-volt accelerators at the national
laboratories moved to the center of the high-energy stage. Several of the
faculty who were working with the large betatron, augmented by later additions
to the faculty, formed '"user groups'" who commuted to the Argonne National
Laboratory in Argonne, Illinois and other laboratories to do experiments which
are then analyzed and computed with facilities at Urbana, Goldwasser,
Wwattenberg and Sard had major responsibilities in these efforts. This
kind of activity will be intensified as the 200 billion-volt accelerator under
construction near Batavia, Illinois comes into use. Goldwasser has been involved

for yvears in the national planning that has led to the authorization of the

giant accelerator. In July 1967, he accepted the position of Deputy Director

of its home, the National Accelerator Laboratory.

An additional major program in nuclear physics is that of Professor

Frauenfelder, who first came to Illinois in 1952. His style has been to

maintain a flexibility that has enabled him to initiate research on new

phenomena and problems quickly and productively. Examples are the Mossbauer

effect and a wide range of applications, experiments to test fundamental symmetry
principles, and an experimental search for the hypothetical

and elusive particle known as the quark.

*Research with the 300 MeV betatron was terminated in 1969. Use of the 25 MeV
machine continues. Research is well along on the design and construction of

a superconducting linear accelerator which can be used for low energy experiments

or as the accelerating element in a microtron design.
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5. Robinson

W. Sherwin
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S. Allen
Longacre
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Ascolil
Lavatelli

pernardini

L.’ coldwasser

. Koester, T,
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vear of appointment

and particle physics

Years at Illinois

1930-1970
1931-1970
1937-1943
1937-1945
1937-1938
1938-1950
1938-1947
1938-1956
1938 -
1938-1945
1943-1951
1943-1945
1943-1944
1944-1949
1949-
1946-1961
1946-1956
1946-
1946~
1946-1960
1946-1949
1947-1965
1948 -
1948-1957
1949-1965
1950-1956
1950~
1950-
1951-1959
1951-1967
1951 -

}lr-;l‘*.r’l'

at |

Location on Leaving Illino

! | iTJfl} S ,

{ I-iIltI-lll'_J]*u'l_: T )

D101 |

Retired
Retlired
Bennington College

E IS

A d - 0 o d ’
1'111 irT-lUS oL 1LEel)
Westinghouse Electric

Rrookhaven Nati

Brookhaven National Lab
General Atomic, California

Iniv. of Cal. Med. Center

Ohio State University

University of Buffalo

»w
D

National Bureau of Standar

Aerospace Corporatlon, Lal

General Atomlc, a1 T,

AerospaxarEﬂirporqttoﬁ.ﬁa:

. : ot o -3
?\1: L""-‘--L.:.l .[_.-'.--"l

Rrookhaven

General Research Corp.

Svracuse University
MR

DESY, Hamburg, German}

CERN. Geneva, Switzerliand

Accel.Lab. Batavia Ill
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will be described later. An unusual addition was made in th
: € case
;;Jents,;lhkt}. e was allONg a gruup of (;erman and Austrian SCi&ﬂtiStS

:-persuadfd by the military to come to the United States as a counter

inducements. Jentschke was assigned to the Illinois Electrical
.'J.. E

fﬁng Department. He began to slip over to the

i

cyclotron laboratory in

jings and was soon on the Physics Department staff. He took a leading

pthe cyclotron research and development program until 1956. Then he

g0 to Hamburg, CGermany, where he designed and built a unique, successful,

! [ 4

juctive 6 BeV electron accelerator. He became the Director of the associ-
ratorj:. known as DESY (Deutsches Elektronen-Synchrotron). In 1970 he
pinted Director of CERN, at Geneva, Switzerland, the Furopean high-energy
ator laboratory.

T recovery and rise of science in the universities after the war owed
deal to the new policy in the federal government to support basic

' | | - - 4 : e » wav. The
B in the universities. 'me Office of Naval Research led the way i

DR contract with Illinois was written in 1946 and the support was
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Solid State T
p01ld state and _l__gﬁ |l'l]1l3£!‘r"!llit"t' Physics

N i‘.lﬂtl" 'C"Lil‘u - : Yy | .
ek ucatlon and research in solid sCtate and low temp t
e T mperature

physics began at Illinois in 1949 under the leadership of Frederick 9
v : ‘’rederick Seitz.
It had strong initial support from Loui Lde '
8 Ridenour in hisg s ‘
8 strategic position
1as8 become the broade
program of its kind in any university.

as Dean of the (Graduate College and |
st and strongest

IThe seven founders of solid state and low temperature physics at

[1linois came to the department between 1949 and 1951. Fred Seitz, the leader

of the group, came in 1949 from the Carnegie Institue of Technology. With him
came Robert Maurer, and a new Carnegie Ph.D., Dillon Mapother, who initiated

experimental low temperature physics at Illinois.

and David Lazarus joined the department as Instructors, with the ink scarcely
dry on their Ph.D. diplomas. James Koehler came a year later in 1950. 1In
1951, John Bardeen was persuaded to come from the Bell Telephone Laboratories
to Illinois. These seven men laid the foundation of solid state and low

temperature physics at Illinois.

John Wheatley also came to Illinois in the early days of low temperature
physics at Illinois, in 1952, as an Instructor, but not initially as an expert
in low temperature research. He was attracted by an interest he had in common
with Robert Hill, a nuclear physicist in the department, namely the study
of the angular correlation of nuclear radiations at low temperatures. Thelr
chief problem initially was that neither of them knew much about low temperature
techniques. Wheatley overcame that deficiency handsomely. The study of low
temperature methods and phenomena became a passion with him. He ranks at the
top in the achievement of low temperature, and he has done fundamental and
unique research, particularly in the properties of liquid Helium-3 and of
mixtures of Helium-3 and Helium-4. To our great regret, he resigned in
1967 to go to the University of California at San Diego

john Bardeen, before coming to Illinois, had completed at Bell Labs
the research on semiconductors which led to the invention of the trasistor
and later to the award of a Nobel Prize to Bardeen,” Brattailn, and Shockley
(1956). At Illinois Bardeen was appointed jointly in Physics and Electrical
Engineering. He initiated and developed an excellent and productive semi-

conductor laboratory, located in the Electrical Engineering Restarch Labora-

[n the same year, C. P. Slichter
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porting stall conslisted OI approxim * d proiessiollal

clerical, mechanics, draftsmen, electronics elerator technicians
glassblower, cryogenics technicians, storekeepers, lecture room and Ceachlrg
laboratGIT ﬁESlEi:ﬂJ&:._Qflﬂﬂlﬁg cqulpmernit peracors, computd
nuclear data analysts, and professional engineers and physicls
Two highly competent women have occupied the position oI de] : 11
secretary since 1912, )

Mrs. Bess Matteson since 1959. Mrs. Mattes Jas

L

betatron lagboratorv from 1951-1959. Se¢ Farial servi S

a total staft

—
L -
-
’_——
./
L]

T
-
4
3
~
N
K ]
s
-
[—
» —.-_‘.
_3
p-
-
—
-
r
F
¥
.

printing shop originally set up by Mrs. Margar
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since 1964 by Mrs. Naomi Garman. Both of
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editorial service as well as management of the pri 2 Opi |
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SUPPUIKIHH SEIVICES. He Ccami Lo Lhi eLal
the beginning of construction of the | ratory and thi 0 M
in 1951 he became the Business Manager for the Department and
0f rapid expansion built up for the whole departm (1)
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‘..tvi¢..‘ nonacademic and student assistant personnel, contract and t
gran

nﬂt°ti‘t1°“""1th seml-independent service groups for the betatron laborat
ator
; and pnrticlc physics operations. y

In anticipation of the opening of the
~ Materials Research Laboratory in 1965,

Flora assembled and trained a

; business staff, with James Pence as Business Manager, which smoothly took

f over the business operations of the new laboratory as it became independent

~ of the Physics Department.*

Fred Wise and Frank Witt, who occupy positions designated Physical
. Science Technical Supervisor, have provided essential expert services to
the Department and the Materials Research Laboratory. Wise has been in

charge of shop services since 1959. Witt came to the department in 1950.

b

E

; He is an inventive designer of cryogenic and vacuum equipment. His most ‘

widely appreciated contribution was the early development of a steady supply

. of liquid helium, which is required as a refrigerant by solid state and low

. temperature researchers continuously at the rate of hundreds of liters 1

3 n

. per day. ;
!

The Problem of Space for the Physics Department

4 The Physics Laboratory at Green and Mathews Streets, completed in |
~ 1909, provided ample space for the Department until about 1938. At that
;Qtime the Department secured a garage on Goodwin Street to house the
:icyclotron. It was modified and expanded, and named the Nuclear Radiation }
:%Iaboratory. From 1932 to 1954 a series of alterations in the Physics :
Elaborat0ty'brought marginal space into use as research laboratories and |
Eofficeuuntil every nook from basement to attic was converted 1nto

1ﬂlible space. The net assignable space grew Lo a total of about 65,000

lqusra feet.
# A State appropriation of 81, 500,000 was secured in 1945 to build

- m MDV betatron and the laboratory in Stadium Drive to s A
bet S A% Karst's insistence, the building was named the Physics

_ Ldborutory, rather than Betatron Laboratory; he predicted correctly
}&. hﬂildin; would outlast the betatrons.

=l %@l‘r |

L3I

-1: ,-'q

{n 1969, James Pence became the Business
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In the 1950's, with rising enrollments and the development of solid

state research, the need for additional space had become really

31957 an appropriation was obtained to build half of g Physics
Green Street, east of Goodwin Street.

acute. 1In

Building on
| The entire building was planned in
detail and one half was built, its west wall consisting of the exposed

Jioncrete'blocks which later became the walls of interior rooms. The half-
building was occupied in 1959. The second half was built in the 1961-63
}ienniumJ It was occupied in September, 1963 and the old building, the
E%hysics Laboratory, was vacated. The new Physics Building contained approxi-
i;tely 113,000 square feet of usable space and was built at a cost of
gpproximately $4, 300, 000.

a During the seven years between planning and occupation of the

. Building, 1956 to 1963, the Department and its work had expanded

i, all respects by more than the increase in usable space provided in the
{em'building. When all came in who had remained in the old Physics
i:-oratory during the construction of the second half of the new building
the Department was about as crowded for space as it ever had been.

| The situation was relieved by the building of the Materials Research
fé'oratory: completed in 1965. It is a research laboratory for solid state
;1ences and is connected to the Physics Building. About half of its space

£

@s allocated to Physics faculty and graduate students in solid state and
i temperature physics. Four other departments also were assigned space
n M.R.L.

| Fred Seitz took the lead in establishing the interdepartmental M.R.L.
th great effort, skill and endurance he brought about an arrangement in
ich the Atomic Energy Commission and the Advanced Research Projects

ency of the Department of Defense, through two contracts, supported both
d)road research program and the amortization of most of the cost of the
Llding. In 1963, as Seitz disengaged from active participation in the

i of the Physics Department and Materials Research Laboratory, Robert
E.r'wll appointed Director of M.R.L. and George Russell became the

i*ilt. Director.
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Numbers of Graduates in Physi
—— ——— e Y82 C8 in Illinoig

The Program in
- 1968 ranges from introductory physics courses in which approximately 2200

1

- gtudents enroll each semester to Ph.D. thesis research in which approxi

" mately 150 students are engaged at any time. A major aim in all of the re

. search which has been undertaken in the department has been to Provide Ph.D

. candidates with the knowledge which will bring them to the frontiers in their

_E L et fields and the experience which will enable them to carry on the

~ advancement of their fields.

‘ The first bachelor's degree in physics was awarded in 1923. Through

~ June, 1968, the total number of baccalaureates was 1012. The rate in the

1 late 1960's is approximately 65 per year. This is somewhat more than one
per cent of the national output of bachelor's degrees in physics.

l The Ph.D. degree in physics has been awarded to 509 candidates,

" including the June, 1968 class. The first two Ph.D. degrees were granted
in 1910, the 100th. in 1943. In the late 1960's about 40 Ph.D. degrees

iin physics are awarded per year, which is approximately three per cent of the
*national output.

' A kind of education which has expanded greatly since World War Il is
postdoctoral education and research. Since 1946 more than 300 young Ph.D.'s
mostly from other universities and many from abroad, have held research
appointments in the Department for periods of one to three years.

mPurposea of these appointments are the acceleration of the research program

| t deal
#ave usually been realized. The postdoctorates have contributed a grea

to the research accomplishments of the Department and have g ;
Ry d them CO
their ability to strike out independently in research. e €af o

1€ educational output of the Department.
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Argonne National Lab
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NO. OF PH.D. DEGREES PER YEAR

Numbers of Illinois Ph.D. Degrees in Physics Through 1972

The plot below shows the number of Ph.D.

degrees in physics granted
ndar vear from 1910 through 1972, g

per cale - and also the cumulative total
aumber of degrees through_tlw same period. The total through October 1972
ig 681. The steep rise C'lt'tif?[' World War II is apparent and the leveling off
or reduction in the 19/0's is beginning to show.
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