


American will soar into orbit around the earth. He will be

sealed in a small, cone-shaped space capsule mounted atop alln
Atlas missile. The missile will climb 100 miles in less th'an SiX
minutes, where the capsule will disengage and go into orbit. The
man will be alone in space.

Sometime within the next several years, the first
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THI 1S A SPACE SHIP FLOOR MAKER

The vehicle for this historic voyage is already in production under
the auspices of the National Aeronautics and Space Administration’s
“Project Mercury.” One of the methods of heat protection is a beryl-
lium heat sink, forged on two giant steel dies. Both dies are USS
Quality Steel Forgings. The top die (shown being rough-machined
on one of our vertical boring mills) will be convex, 20 inches thick
and will weigh 26,520 pounds. The bottom die, concave and 18
inches thick, weighs 27,700 pounds. Both are 92 inches in diameter.

Steel is the starting gun in the race to outer space. Space ships
and missiles couldn’t get off the ground without it. And Steel de-
pends on men like you. Send the coupon if you would like to find out
about the many engineering financial analysis or sales career op-
portunities at U. S. Steel. B e i ik

@ United States Steel
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This mark tells you a prod nade
of modern, dependable Steel.

United States Steel Corporation
Personnel Division

525 William Penn Place
Pittsburgh 30, Pennsylvania

Please send me the booklet, “Paths of Opportunity.”
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Who is eligible?

College graduates, with a degree from an
accredited college or university, who are 1. 5.
citizens 20% to 27% at time of application.
Male applicants may be married or unmarried;
female applicants must be single and have no
dependents. Applicants must complete written
and physical examinations for commissioning.

What kinds of engineers

are needed most?

Aeronautical, electrical, mechanical, civil,
architectural, industrial. (Also graduates with
any degree who majored in nuclear physics,
engineering physics or meteorology.)

What is Air Force
Officer Training School?

A precommission training course of 3 months’
duration at Lackland Air Force Base, Texas.
Officer trainees upon graduation receive a com-
mission as second lieutenant. They are then as-

signed directly to duty or additional training.

RS

Does the Air Force

offer career opportunities?

Yes. Technically trained officers have a particu-
larly bright career outlook. They have good
opportunities for graduate study.

How can further information

be obtained?

Write to OTS Information, Box 7608, Wash-
ington 4, D.C., or inquire at any Air Force Re-
cruiting Office, listed in the telephone directory
under “U.S. Government— Air Force.”
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2 Civilian Career Opportunities %
‘: The Air Force also offers challenging jobs for :
% engineers as civilians. Write to Directorate of %
: Civilian Personnel, Hqg. Air Force Systems Com- ':
% mand, Andrews Air Force Base, Washington 25, %
I D. C., concerning opportunities for individuals :
% with degrees in aeronautical, electrical; elec- %
: tronic, and mechanical engineering. Write to :
% Directorate of Civilian Personnel, Hg. Air Force %
: Logistics Command, Wright-Patterson Air Force :
% Base, Ohio, concerning opportunities for individ- %
: uals with degrees in industrial engineering. :
I****************************:
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“We Won’t Take Chances
with Customer Confidence. ..
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...our Atmosphere
Generator Systems
incorporate

JENKINS VALVES”

Gas Atmospheres, Inc., Cleveland

“A reputation for reliability has made us the larg-
est exclusive producer of packaged gas systems
for industry. Care in choosing our components
has helped build that reputation. We incorporate
Jenkins Valves in our systems because our cus-
tomers know there’s nothing better to be had.”
Gas Atmospheres, Inc. of Cleveland and scores of
other producers of industrial equipment employ
Jenkins Valves to prevent trouble and costly

maintenance for their customers. At the same
time, they build respect for the quality of their
products.

Of course, valves of less quality can be had for
a little less money. But the real money-saving
truth is that Jenkins Valves, so widely known for
reliability and long life, COST NO MORE
than any good valves. Jenkins Bros., 100 Park
Avenue, New York 17.

JENKINS

MOST TRUSTED TRADEMARK IN THE VALVE WORLD

VALVES Z%=

' Sold Through Leading Distributors E verywhere'
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A “stream-of-action” environment with unusual growth
possibilities should be a major factor in a choice of
career. And that’s an excellent reason for considering
carefully the opportunities existing in Sikorsky Aircraft.

We believe that our company is just the “right-sized
stream”. Young engineers can enjoy diversified, small-
group activities, as well as stature opportunities in a
field that is wide open to the expression of imagination
and professional competence.

Sikorsky Aircraft is the company which pioneered the
modern helicopter. Our current program is far-ranging
and is recognized as one of the broadest and most
challenging in the entire aircraft industry.

Work associations are stimulating and in an atmosphere
of progress. Assignments could include joining an elec-
tronic team of twenty to thirty associates—or—working
with a highly selective group of four or five on interest-
ing problems of radiation, instrumentation, auto pilot-
age, automatic stabilization, etc.

If you want to enter this “stream-of-action”, the time is
now. Opportunities for personal progress have never
been greater.

For detailed information about careers with us, please
write to Mr. James L. Purfield, Employment Supervisor.

-~ SIKORSKY A

DIVISION OF UNITED AIRCRAFT CORPORATION

IRCRAFT coaresy
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Loose Leaves

from the editor’s notebook

With this writing
we bid a fond adieu to the hallowed halls of Ketchum. We take leave
of four long years of cramming at midnight for the test we will flunk
tomorrow. We say farewell to FAC at the sink. We remember classe:
dull and interesting. We think of the lifelong friendship formed. Of
three meetings on the same evening with two hourlies the next day
And most of all, of the many things learned, both in class and out

And so, alma mater, farewell.

1

)

And as we wipe
the tears from our eyes, let us first congratulate Lowell Brooks and
Ron Steinberg and wish them the best of luck with the magazine next
year. We know that all the students will support the Engineer as in
the past and we hope that it will continue to be the true voice of the
College of Engineering.

Now, for the matters
at hand. As you delve into this issue, you will notice that it salutes
the many activities of Engine School. The cover depicts a balanced
student, one with academics and activities. Inside, you will find an
article which salutes twelve Juniors and Seniors who were selected by
an impartial committee as having contributed to the success and
advancement of the College of Engineering by their extracurriculas
activities. Also in the spotlight is the staff of the Engineer. Th:
individuals mentioned in this article have contributed much time t
the success of the Engineer and deserve all plaudits possible. And, ir
the center of the magazine, you will find a photo-story of this year':
E-DAYS.

For the
technically minded, we present another fine article on low temperatures
by D. K. D. Timmerhaus of the Chem.E. Department. Humor rears its
ugly head with an article plagiarized from the California Engineer en-
titled High Heel Wobble. Now you can find out just how those sharp
spikes can support a sharp shape.

And of course,
we have business as normal with our sections. In Alumnews, you will
read an interesting story of a CU graduate, living in the U.S., who was
honored in a Russian photo magazine. This Today tells of some very
interesting happenings in the world of science and technology. For Your
Library reviews some very interesting reference books. Tangled Teasers
for Twisted Minds subjects your cerebrum to stimulii which can supple-
ment your $$$. And, Engine Prep tells of the Engine Physics and Aero.E.
departments and gives a report on the state Science Fair held at the
Bureau of Standards in April.

So, we wish to thank
all for their help and support this year. It's been fun, interesting,
challenging, and exasperating to produce the Engineer. We now pass
the headaches on to the capable hands of Lowell Brooks. Good luck,
Lowell, it’s all yours.

Tom Clark
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Bringing space down to earth...this
laboratory space capsule is designed to measure
man’s physiological and psychological limits and
test life support systems under simulated space
flight conditions. Now scientists will be able to
study, simultaneously, the space flight stresses of
high altitude, acceleration, heat and isolation.
Developed and being built by Garrett’s AiRe-
search divisions for the U.S. Air Force’s Wright
Air Development Division, this ground test space
capsule is an example of Garrett’s research leader-
ship in life support and secondary power systems
for space vehicles for long duration flight at zero
gravity. Development of these life support systems
utilizing cryogenic gases and efficient turbine

THE

OUT OF THE LABORATORY

drive secondary power systems using solar or
nuclear energy are opening up vast new worlds
of exploration and career achievement for engi-
neers in the space age.

A world leader in the development and manu-
facture of major systems and components for
aircraft and missiles as well as advanced flight
vehicles, The Garrett Corporation provides an
orientation program lasting a period of months
for the newly graduated engineer, working on
assignments with experienced engineers in labora-
tory, preliminary design and development projects.

Should you be interested in a career with The
Garrett Corporation, write to Mr. G. D. Bradley
in Los Angeles.

CORPORATION
AiResearch Manufacturing Divisions

Los Angeles 45, California » Phoenix, Arizona

OTHER DIVISIONS AND SUBSIDIARIES: AIRSUPPLY-AERO ENGINEERING ¢ AIRESEARCH AVIATION SERVICE ¢ GARRETT SUPPLY » AIR CRUISERS
“RESEARCH INDUSTRIAL® GARRETT MANUFACTURING LIMITEDe MARWEDEL ¢ GARRETT INTERNATIONAL S.A.¢« GARRETT (JAPAN) LIMITED




IMPORTANT DEVELOPMENTS AT JPL...
PIONEERING IN SPACE RESEARCH

The Jet Propulsion Laboratory has been assigned
responsibility for the Nation’s program of unmanned
lunar, planetary, and interplanetary exploration. The
obijectives of this program are to contribute to mankind'’s
fundamental knowledge of space and the space environ-
ment and to contribute to the development of the tech-
nology of space exploration. For the next ten years, as
larger booster vehicles become available, increasingly
versatile spacecraft payloads will be developed.

JPL will conduct the missions, utilizing these spacecraft
to orbit and land on the moon, to probe interplanetary
space, and to orbit and land on the near and far planets.

Earliest of these spacecraft will be the “Ranger” series

now being designed, developed and tested at JPL. The
mission of this particular series will include first, explora-
tion of the environment and later the landing of instru-
mented capsules on the moon.

Never before has such a wide vista of opportunity, or
a greater incentive been open to men trained in all fields
of modern science and engineering. Every day at JPL new
problems arise, new theories are advanced, new methods
tested, new materials used and new principles discov-
ered. This creates a stimulating work atmosphere for
trained individuals and an unlimited field for constructive
development of a long-range and rewarding career.
Wouldn't you like to take part in it?
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@ JET PROPULSION LABORATORY
Operated by the California Institute of Technology under contract with the National Aeronautics and Space Administration
PASADENA, CALIFORNIA
Employment opportunities for Graduate Students in these fields
INFRA-RED « OPTICS » MICROWAVE * SERVOMECHANISMS + COMPUTERS * LIQUID AND SOLID PROP
ULSION * STRUCTURES * CHEMISTRY
INSTRUMENTATION * MATHEMATICS + ENGINEERING MECHANICS * TRANSISTOR CIRCUITRY AND SOLID S'Il'JATE PHCYSEICS
Send professional resumé for our immediate consideration. Intérviews may be arranged on Campus or at the Laboratory




CRYOGENIC

THERMOMETRY

DR. K. D. TIMMERHAUS and JERRY GREEN, (Ch.E. “61)

Introduction

Inevitably during any discussion
of low temperature problems several
related questions always seem to
arise. These are:

(1) How do you measure temper-
atures under these severe con-
ditions?

(2) Is there more than one method
for measuring these tempera-
tures?

(8) Under what conditions is one
method recommended over an-
other?

(4) What are some of the advan-
tages and limitations of the
various methods?

This paper will attempt to answer
these and other questions and also
hope to arouse the readers’ curiosity
both in this and other phases of
cryogenics.

The accurate measurement of tem-
perature, especially under cryogenic
conditions, 1s not an easy task. Un-
like properties such as length or vol-
ume, temperature can not be meas-
ured directly. It must be measured
in terms of another property. The
more important physical properties
that have been utilized at this time
for cryogenic thermometers include:
(1) pressure of a gas; (2) equilib-
rium pressure of a liquid with its
vapor; (3) electrical resistance; (4)
thermoelectric emf; and (5) mag-
netic susceptibility.

The importance of choosing the
thermometer or method which is most
applicable to a specific situation often
is not obvious. In some cases only one
type of thermometer may be used.
However, generally, this not true and
the choice should be carefully con-
sidered with respect to the following
characteristics: (1) accuracy; (2) re-
producibility;  (3) sensitivity; (4)
stability; (5) simplicity; (6) Joule
heating effect; (7) heat conduction;
(8) heat capacity; (9) convenience;
(10) cost; and others.
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Various Temperature Scales

As noted above, the measurement
of temperature is dependent upon a
physical property of a substance. As
a consequence, the resulting tem-
perature scale is also dependent upon
this substance. Thus Fig. 1 shows that
a mercury in glass thermometer and
various other thermometers, cali-
brated for the same range, will give
the same values at the fixed points
used for calibration but will differ
substantially at intermediate temper-
atures. In order to overcome this
difficulty Lord Kelvin introduced a
temperature scale which was inde-
pendent of the working substance.
This scale is valid throughout the en-
tire temperature range and is called

the thermodynamic temperature
scale.
Kelvin's thermodynamic scale is

based on the concept of the Carnot
engine. However, since the Carnot
engine is merely a concept, not an
actuality, it is necessary to measure
the thermodynamic temperatures on
the ideal gas scale. This is done by
measuring the temperature with a
constant volume gas thermometer and
correcting the results for the non-
ideality of the gas used. Extremely
accurate temperature measurement
with a gas thermometer, however, is
very difficult and requires very costly
equipment. Consequently in 1927 the
Seventh General Conference on
Weights and Measures adopted a new
temperature scale referred to as the
International Temperature Scale.

Ficure 1

This scale did not supersede the Kel-
vin scale, but was adopted for its
greater ease of reproducibility. This
scale specified: (1) the values for the
fixed points; (2) the types of instru-
ments to be used in realizing the
scale; (3) the equations to be u._%ed
for interpolating or extrapolating
from fixed points; and (4) the experi-
mental procedures recommended.
This scale was revised slightly in 1948
with the advent of more accurate
measuring devices. The definition of
this latter scale is given elsewhere.’

Table 1 lists the presently accepted
standard and primary fixed points
and the numerical intervals assigned
to them. These values define the
equilibrium temperature correspond-
ing to a pressure of one standard
atmosphere.

In addition to the standard and
primary fixed points, a number of
secondary fixed points have been
established for calibration and other
purposes.

As noted earlier the International
Temperature Scale is defined by four
fixed temperatures (below 630.50°C)
and a formula which gives the tem-
perature-resistance  relation of a
standard strain-free platinum resist-
ance thermometer calibrated at these
fixed temperatures. From the region
of —183°C to the ice point the tem-
ppr:nurc-rcsistun('e relationship was
given as

R,=R, [1#At B2+ C (t-100) t3] (1)

where R, is the resistance at the tem-
perature t°C, R, is the resistance at
the ice point and A, B and C are
constants determined by calibration
at specified fixed points. Further de-
tails are given in reference.®

It will be noted that the Interna-
tional Temperature Scale does not
extend below the oxygen point. Sev-
eral attemptst have been made to
establish a standard platinum ther-
mometer scale below this point, but

9



Table 1.

Standard and Primary

Fixed Points*

equilibrium

Standard | Triple point of water
Primary
its vapor
Between and

(b) ice

(d)

()
gold (gold point)

Fixed point, temperature of

(a) Between liquid oxygen and
{oxygen point)

rated water (ice point)
(¢) Between liquid water and its
vapor (steam point)
Between liquid sulfur and
its vapor (sulfur point)
(e) Between solid and liquid
antimony (antimony point)
() Between solid and liquid
silver (silver point)
Between solid and liquid

0.01 273.16
— 182497 90.18
air-satu-
0.00 273.15
100.00 373.15
444.60 717.75

Temp., C | Temp., K

630.50 903.65

960.80 1233.95

1536.15

1063.00

in this region variations among dif-
ferent samples of platinum become
much more serious than at higher
temperatures, and this coupled with
the difficulty of obtaining a satis-
factory empirical formula for the re-
sistance has resulted in several low
temperature scales. One such scale
between 11° and 90°K is the one in
use by the National Bureau of Stand-
ards based upon the gas thermo-
metric calibrations of a group of
platinum resistance thermometers as
established by Hoge and Brickwedde.”
This scale has been used to calibrate
the vapor pressure, triple point and
solid-solid transition temperature of
oxygen. Other low temperature scales
that are of interest include those of
the University of California, the
Physikalisch-Technische Reichsanstalt
and the Pennsylvania State Univer-
sity. A comparison of these scales be-
low 90°K }ms been made by Scott®
who found the maximum deviation
from the University of California
scale to be approximately 0.060°C
provided all scales used the same
fixed oxygen point.

Practical measurements of temper-
ature in the range of 1°to 5¢ K are
nearly always referred to the temper-
ature scale based on the vapor pres-
sure of helium-t. Here again, the
existence of several liquid helium
vapor scales has plagued the worker
at low temperatures. However, by in-
ternational agreement in 1958, a new
scale designated as the Ty scale was
recommended for general use. Values
of vapor pressure vs. temperature in
the T4 scale are given in 7.

The temperature scale below 1°K
as used by most laboratories is based

10

on a “magnetic scale.” The tempera-
tures here are usually denoted by T*
and are determined by measuring the
magnetic susceptibility of paramag-
netic salts and using Curie’s Law to
extrapolate to the very low temper-
atures. The procedure used in relat-
ing these magnetic temperatures to
the absolute temperature scale will
be discussed later.

Before discussing the various low
temperature thermometric devices it
may be well to consider a few selected
“fixed” points of more immediate
concern to the low temperature engi-
neer or scientist. These fixed points
are always liable to fluctuate in the
light of further experimental evi-
dence. However, their accuracy in
terms of the thermodynamic tempera-
ture is probably as well known as the
internationally accepted fixed points
given previously in Table L

Table I1.

Gas Thermometry

If the equation of state, that is the
function relating pressure, volume,
and temperature, ol a gas is known,
the gas can be used to measure tem-
serature. 1f one of the variables is
reld constant and a second is meas-
ured, the third can be calculated from
the equation of state. In thermometry
it has been found most advantageous
to hold the volume of a fixed amount
of gas constant and measure the pres-
sure. The temperature of the gas is
then fixed. When properly corrected,
such a constant-volume gas thermo-
meter very closely approximates an
ideal gas thermometer, and is used
to fix points on the Kelvin scale.

In its most sophisticated form the
constant-volume gas thermometer is
the most accurate temperature meas-
uring device available, and also one
of the most expensive. Instruments
which are accurate enough to be used
to establish fixed points on the Kel-
vin scale are both complex and costly
and hence, available at only a few
large scientific centers. There are,
however, many simpler forms of the
constant-volume gas thermometer
which are suitable for everyday lab-
oratory calibration work. A few ol
these more inexpensive and practical
types will be described in the follow-
ing paragraphs.

One of the simplest forms of the
constant-volume gas thermometer is
the form used by Simon. (See Fig. 2).
The bulb, which is at the low tem
serature to be measured, is connected
»y a fine capillary to a Bourdon type
pressure gauge maintained at room
temperature. The bulb has a volume
V and the pressure spiral in the guage
a volume v, which can be considered
constant. The entire system is gener-
ally filled with helium gas at one
atmosphere pressure.

Fixed Points Below 90°K

Fixed point oK Reference
Lambda point of helium 2.17% 8
Boiling point of helium 4.215 7
Triple point of equilibrium hydrogen 15.81 9
Triple point of normal hydrogen 13.95 9
Boling point of equilibrium hydrogen 20.27 9
Boiling point of normal hydrogen 20.39 9
Triple point of neon 2457 9
Boiling point of neon 97.17 9
Triple point of oxygen 54.36 9
Triple point of nitrogen 63.14 9
Boiling point of nitrogen 77.85 9
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FiGure 2

, PO

If the volume of the capillary is
assumed to be negligible and if the
gas can be assumed to be ideal over
the temperature range to be meas-
ured, then the temperature is given
by the eqguation

a5 pVT: ©

pr (v 1 V) -pv

where the subscript , denotes room
conditions and p is the pressure in
consistent units. This simple device
can be (iuite accurate at low temper-
atures since then almost all of the
gas will be in the bulb. At higher
temperatures, however, a substantial
amount of the gas will be in the
volume v, and the thermometer will
be rather insensitive to T. The sensi-
tivity of this type of thermometer can
be greatly increased at low tempera-
tures by making v large in compari-
son with V. This results in a non-
linear gas thermometer for wide tem-
perature ranges. At low temperatures
the latter thermometer becomes more
sensitive to T, but at higher temper-
atures it is more sensitive to room
temperature Tp. I the ratio v/V
is made sufficiently large, such a de-
vice can have an accuracy of #0.05°¢ K
at temperatures below 30°K.1°

A more accurate and costly gas ther-
mometer is the type which utilizes a
mercury or oil manometer to measure
the pressure. This is the most com-
monly used type, and there are as
many variations of this type as there
are laboratories. A very accurate
;ulzipl:lti(m of the constant-volume
gas thermometer is the differential
thermometer. As its name implies,
the differential thermometer is used
to accurately measure small differ-
ences in temperature. A good example
of this type of thermometer is pro-
vided by White.1?

A summary of the precautions to
be observed with any one of these
yractical gas thermometers is given
I)elow:

(1) If a pressure gauge is used, it

should be of precision quality
with errors less than 0.1 per
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cent of full scale, and have a

range of zero to about one
atmosphere absolute. Care

should be exercised to account
for changes in atmospheric
pressure.

The temperature of the pres-
sure guage oOr manometer
should remain fairly constant
especially if the volume of the
thermometer bulb is compar-
able with the rest of the warm
volume and the temperature
being measured is relatively
high. At very low temperatures
the problem is not significant.
A correction for contraction of
the thermometer bulb may
have to be made at tempera-
tures above that of liquid
nitrogen.

Uniform bore tubing should
be used to eliminate capillar-
ity corrections.

A temperature gradient in the
connecting capillaries should
be avoided; otherwise a diffi-
cult volume correction may be
necessary to obtain reliable
results.

If a gas thermometer is to be used
for extremely accurate determinations,
some additional corrections are neces-
sary. A (‘()mplcte and rigorous treat-
ment of gas thermometry corrections
is given by Beattie.!! It is beyond the
scope of this paper to delve into the
theory of these corrections.

Due to the difficulties inherent in
gas thermometry, a more practical
method of measuring extremely low
temperatures has been devised. This
method is based on the variation of
the vapor pressure of a liquid with
temperature over a limited range.
Vapor Pressure Thermometry

The pressure exerted by a saturated
vapor in c.quilil)rium with its liquid is
a very definite function of tempera-
ture, and, as such, can be used to
measure the temperature of the
liquid. With a good pressure-meas-
uring device, the vapor-pressure ther-
mometer is an excellent secondary

()

Table III.

standard since its temperature re-
sponse depends upon a pllysical prop-
erty of a pure compound or element.
Many formulas have been derived
which relate the vapor pressure of a
liquid to its temperature. These form-
ulas are semi-empirical in that the
constants must be determined exper-
imentally. Tables have been pub-
lished, however, giving vapor pres-
sure as a function of temperature, and
it is usually easier for most work to
consult one of these tables rather than
to use the formulas.

One of the great advantages of
vapor pressure thermometers is their
extreme sensitivity in the range over
which they can be used. A tempera-
ture of 1 degree will result in a siz-
able pressure change. (See Table I1I).
This great sensitivity, however, also
leads to the one great weakness of the
vapor pressure thermometer. It is
good only over a very limited tem-
perature range. These thermometers
are accurate only in the area of the
normal boiling temperature of the
liquid used. The result of this is that

several regions are inaccessable to
vapor- pressure thermometry. For
example, the range from 40° —

50°K is above the range of neon and
below that of oxygen and nitrogen.
Within its limits, however, this type
of thermometer is very accurate.

The apparatus for vapor pressure
determinations is relatively simple.
There are many variations of vapor
pressure thermometers, but one des-
cribed by Scott and shown in Fig 3
will suffice as a common example.
Any type of accurate dial gauge or
manometer can be used and in the
proper range great precision is ob-
tained. For example, a mercury man-
ometer which can be read to (.1 mm
will yield measurements that may be
accurate to 0.0001 degree while a
sensitive differential oil manometer
may detect changes in temperature
of the order of 10-% degree.'®

A s])e('i:tl l)mblem occurs when
working with liquid hydrogen. Lig-
uid hydrogen occurs in two forms,

Characteristics of Some Vapor-pressure Thermometers!=

Pressure=100 mm Hg

Material T. K dp, mm Hg
dt °K
Oxygen 149 15.9
Nitrogen 63.5 17.6
Parahydrogen| 15.0 50
Helium 2.63 180

Pressure==760 mm Hg | Pressure=1000 mmHg

dp, mm Hg dp, mm Hg

T g | == EHsl . .y |dp.mm Hg

dt °K dt °K

90.18 80 92.9 95
T35 88 799 110
20.3 225 212 277
4.2 720 4.52 867
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ortho and para. For vapor pressure
determinations it is necessary to con-
vert this to what is known as equili-
brium hydrogen which consists of
99.89; of the para form. This con-
version can be accomplished by using
a suitable catalyst such as hydrous
ferric oxide gel.

At low pressures the vapor pressure
thermometer, like the gas thermo-
meter must be corrected for the ther-
momolecular pressure. This effect can
be minimized by using tubes 145 cm or
more in diameter. Readings of vapor
pressure recorded [rom a “liquid
column” pressure gauge are subject
also to gravity and temperature cor-
rections. Another precaution that
must be taken is to insure that the
desired point of measurement be at
a lower temperature than any of the
surrounding apparatus.

The vapor-pressure thermometry
equipment discussed to this point has
been concerned primarily with labor-
atory instruments. It is generally not
necessary to use a specific device to
measure the temperature in a storage
vessel or container since the vapor
pressure ol the boiling liquid is often
used directly to determine the tem-
perature of the surface. Tests have
shown that there is a tendency for
stratification of  cryogenic  fluids
with a resultant increase in tempera-
ture with increasing depth. Convec-
tion helps to reduce the stratification
tendency but it is often quite unpre-
dictable causing erratic temperature
readings.

Resistance Thermometry

Since the resistivity of an element
or compound varies with change in
temperature it has in many instances
been used as a simple and reliable
temperature measuring device. Many
elements or compounds, however, are
not suitable for use in low tempera-
ture resistance thermometry since
they lack one or more of the desirable
properties of an ideal resistance ther-
12
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mometer. These pr()S)ertics i'll(‘ll{(lel"

(1) A resistivity that varies linear-
Iy with temperature to sim-
plify imcrpo%lation.

2) High sensitivity. )

(3) High stability of resistance so
that its calibration is retained
over long periods of time and
is not affected by thermal cy-
cling.

(1) Capability of being mechan-
ically worked.

Resistance thermometers available to-
day for low temperature work are
generally weak in at least one of the
above properties.

There are three general types of
resistance thermometers: (1) pure
metals; (2) alloys: and (3) semi-
conductors.

Pure Metals. According to Matth-
iessen’s rule the total resistivity of a
pure metal is given by

R'r = Rr —+ Rt (3)
where R is the total resistivity, R,

T
is the residual resistivity and Ry is
the resistivity due to thermal vibra-
tions. The residual resistivity is due to
static imperfections such as chemical
or physical impurities. The resistivity
due to thermal vibrations is propor-
tional to the temperature down to
temperatures in the vicinity of a third
of the Debye temperature (Ov). Be-
low this R, decreases more rapidly
with temperature. Between ©v/10 and
O»/50 the resistivity due to thermal
vibrations is ’m)porti(mal to the tem-
perature to the ntt power where n is
determined experimentally (3<n<5).
The sensitivity is the first derivative
of total resistivity with respect to the
temperature, i.c., the slope of the R

vs. T curve. For pure metals at ver\T
low temperatures this slope is quili'
small, resulting in poor sensitivity.
This is a result of R,>R; and it has
been shown theoretically and exper-
mentally by Sondheimer that Matth-
iessen’s rule is not valid if such a
condition exists. Consequently, it is
desirable to have metals as llmre as
possible in resistance thermometers.

In the construction of a pure metal
resistance thermometer it is import-
ant to remember that mechanical
strain on a wire also increases its resi-
du.al resistance. A good wav to avoid
this is to support the resistance ele-
ment on the same material when it
is being manufactured, e.g., nickel
wire on a nickel spool. Another meth.
od that is quite satisfactory will be
described later for a platinum ther-
mometer.

Platinum thermometers are the best
known ? and most reliable thermo-
meters in use today. The standard one

the National

which is calibrated by
Bureau of Standards delines the In-
ternational Temperature Scale from

—183°C to 630°C. It can be used
to measure down to 20°Kk with ac-
curacy; beyond this the slope of the
resistance vs. temperaturc curve be-
comes almost constant, as shown in
Fig. 4.
There are several high

types of precision platinu:

successful
thermo-

meters made today. The standard
one in the United States roday was
first described by Meyers in 193215
It consists of a platinum re about
0.1 mm in diameter wound lirst into

diameter
notched
ong and

a helix of 0.5 mm outsid
and then wound around
mica cross which is 40 mm

5 mm in height and wid! I'his is
annealed to relieve suresses and
strains. The cross is housed in a
platinum tube that is scaled with
glass. For low temperature use the
thermometer is filled with helium gas
under a pressure of 3 to m of Hg
at room temperature to insure good
heat dissipation.

Platinum is considered » be a
secondary standard for the tempera-
ture range from 20° to K. Its
principal advantage is thai purity
of the metal can be reprod d from
batch to batch. Its Debye mpera-
ture is relatively low and highly
ductile. So far no othe etal has
been found which has a m favor-
able resistance-temperature irve. Its
rime limitation is its inaccuracy be-
{ow 20°K. The cost is also a factor
since an NBS calibrated platinum
thermometer costs around >900.

Indium has a Debye temperature of
100°K and has most of the character-
istics of a good thermometric mater-
ial. It can be obtained commercially
with a purity of 99.999 per cent and
can be extruded into wire as small
as 0.25 mm. White and Wood'® made
a study of the resistance-temperature
characteristics from its xu]x-nundm'l-
ing temperature of 3.4°K up to room
temperature. The resistance of their
thermometers went from 0.3 ohms at

R/R (27315°k)

-‘-‘.‘_’-‘ﬂ
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TEMPERATURE, °K
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room temperature to 50 x 10-% ohms
at 4°K with an error of -+ 0.25 per
cent due to reading. The thermo-
meters were found to be reproducible
when cycled from room temperature
to 77° and from 45°K to 4°K. Indium
appears to be a very promising ma-
terial for low temperature resistance
thermometers but more research is
necessary before its use will be wide-
spread.

Other pure metals have been used
for resistance thermometers. None,
however, have proved to be as suc-

cessful as the platinum resistance
thermometer.
Alloys. In the preceding section

on pure metals it was noted that im-
yurities were the limiting restriction
in many cases. This was caused by
R > R, which makes the resistance
almost constant with temperature.
This is true of alloys in most cases
but there are a few important excep-
tions. They are: (1) anomalous alloys;
(2) alloys exhibiting a resistance
minimum at low temperatures; and
(8) alloys with a superconducting
component.

Manganin and Constantan are two
alloys that show a large linear varia-
tion of resistivity in the temperature
region from 2° to 20°K. A Constantan
thermometer has a fairly constant
temperature coefficient of approxi-
mately 0.001 per degree in this tem-
perature range. Their main limita-
tion is that they are not reproducible
upon cycling to room temperature.
They also are affected in a nonre-
producible manner by magnetic
lields.17

A minimum resistance appears in a
large number of dilute alloys at tem-
peratures from 25°K down. This
phenomena was first discoverd by
de Haas, de Boer, and Van der Berg
(1984) in samples of very pure gold
and is shown in Fig. 5.7 A minimum
resistance was later also noted in Mg,
Ag, Cu, Al, Na, Ga, Mo, Co, and Ce.
This has been attributed to the traces
of impurity that are in the elements.
The exact minimum depends on the
impurities and the relative pmﬂ)or-
tion of each. There are several alloys
which have favorable resistance-tem-
perature  characteristics, and are
worth mentioning at this time. One
is an alloy of Cu 4 0.056 atomic per
cent iron and is useful in resistance
thermometry [or temperatures from
2° to 20°K. An alloy of Au -+ .019%
iron shows a good resistance temper-
ature relationship above 1°K. In
general this phenomena has a limited
use in thermometry for the following
reasons:

(1) Uniformity between specimens

is almost impossible.
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(2) The minimum usually occurs

below 7°K.

(3) External magnetic fields affect

the readings.

(1) The sensitivity is usually very

small.

Some metals become superconduc-
tors at low temperatures and when
alloyed with other metals can pro-
duce anomalous effects which are
useful for low temperature thermo-
metry below 10°K. Two examples of
this type are the leaded phosphor-
bronze alloy and the leaded brass
alloy.

A number of semiconductors also
have useful thermometric properties
at low temperatures. There are at
least three distinct differences between
semiconductors and pure metals as
resistance thermometers. First, the
sensitivity, 1/R (dR/dT), of a semi-
conducting thermometer in its useful
range is usually much greater than
that of a pure metal thermometer and
increases with decreasing temperature.
Second, the temperature coefficient of
resistivity of semiconductors is nega-
tive while for pure metals it is posi-
tive; for example, the dR/dT for a
typical semiconductor 1s—50x10-3/°K
at 273°K while platinum at the same
temperature is 4x10-3/°K.1% Thus
the resistance of a semiconductor de-
creases with increasing temperature
while the opposite is true for a pure
metal. Third, the resistivity is usually
several orders of magnitude greater
than that of pure metal. Consequent-
ly, a semiconducting thermometer ele-
ment is usually short and of rela-
tively large cross-section so that its
resistance will be readily measurable.

A few semiconductor compounds
such as Zn0 and Sn,0 have been inves-
tigated but their sensitivity, calibra-
tion, and cost have proved to be un-
desirable. The most promising semi-
conductors seem to be germanium,

silicon, and carbon. The latter, though
not strictly a semiconductor, is in-
cluded in this group because of its
similarity in behavior to semiconduc-
Lors.

Very {)urc germanium has a resis-

tivity which is too high for use at
lower temperatures. Small amounts
of an impurity are therefore added as
a carrier to reduce the resistivity.
Friedberg'® produced a thermometer
of poly-crystalline germanium which
contained .0019, indium which was
reproducible to 0.001°K as long as
the thermometer was not warmed to
higher temperatures. Thermal cy-
cling, however, occasionally affected
the reproducibility and tended to dis-
slace the calibration curve parallel to
itself. This defect seems to Ilmve been
eliminated by Kunzler, Geballe, and
Hull?* who have developed a ther-
mometer which consists of a single
crystal of arsenic-doped germanium.
Reproducibility was reported of the
(m%er of 10-*°K at the boiling point of
helium even after repeated cycling
from room temperature to 1°K. A
convenient worLing range for this
thermometer was from 2° to 35°K.

The principal objections to germa-
nium semiconductors as thermometers
are: (1) the limited availability of
suitable material; and (2) the lack of
a simple mathematical expression for
the resistance-temperature relation.

Carbon in one form or another is
perhaps the most widely used of the
high resistivity materials for low tem-
perature thermometry. T he most
common carbon resistance thermo-
meter used today is a carbon compos-
ition radio resistor manufactured by
the Allen Bradley Company. Clement
and Quinnel?!  have investigated
these extensively and determined that
the 1 watt size was the most suitable.
Unfortunately, many carbon resist-
ance thermometers experience the
same reproducibility difficulties under
repeated thermal cycling as do some
germanium resistance thermometers.
This seems to be caused by a re-
orientation of the carbon molecules
causing a change in the resistance
characteristics. Edlow and Plumb,*?
however, have found that some car-
bon resistors are very reproducible
when cycled between liquid helium
and room temperature if they are not
exposed to the atmosphere.

Recent work with another group
of semiconductors, namely thermis-
tors, has shown about the same advan-
tages and disadvantages as are found
in the germanium and carbon re-
sistance thermometers. Consequently
the latter are to be preferred because
of the greater calibration data avail-
able.
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Either a potentiometer or a Wheat-
stone bridge is generally used in the
accurate measurement of the resist-
ance in a resistance thermometer. In
the potentiometer, a standard resistor
and the resistance thermometer are
connected in series with a battery.
Successive measurements of the po-
tential drop across the two resistors,
which carry the same current, then
yields the resistance ratio of the two
resistors and permits evaluation of
the desired temperature. In the bridge
method, the resistance of the thermo-
meter element is measured directly.
The National Bureau of Standards
using a Mueller bridge with a stand-
ard four terminal resistance element
has attained an over-all accuracy cor-
responding to 10-* ohm.

L source of error most often en-
countered in resistance thermometry
is the falure to have the temperature
sensing element at the same tempera-
ture as the object being measured
because of heat conduction along the
leads.

Another possible error involves the
thermal contact between the temper-
ature sensing element and the surface
being measured. This contact may be
impaired quite seriously especially
under rarified atmospheric condi-
tions encountered either in vacuum
work or in outer space.

Thermoelectric Thermometry
When both ends of two dissimilar
metals are joined and their junctions
are maintained at different tempera-
tures a continuous emf is produced.
Thermoelectric  thermometry is en-
tirely dependent on this discovery of
Seebeck in 1821. In its simplest form
it consists of a thermocouple of two
dissimilar metals which develop an
emf when the junctions are at differ-
ent temperatures and an instrument
for measuring the emf developed by
the thermocouple. If the wires are
homogeneous, the emf developed in

Table 1V. Thermoelectric Potential Differences in Microvolts for
Several Thermocouple Combinations*?

Temp. °K Thermocouple Combination
" Constantan vs. | Gold-Cobalt Iron Y vs. Chiomel P vs,
Copper vs. Copper Constantan lhemel
4°- 20° 57.8 171.4 59 1
20°- 76° 646.9 1562.5 805 16
76°-273° 5545.6 8123.2 8252 |82

the thermocouple circuit is independ-
ent of the length or diameter of the
wires. On the other hand, if inhomo-
geneities are present in the wires and
they occur where there is a tempera-
ture gradient in the wire, then an
additional emf will be developed.
Variation of this parasitic emf with
temperature gradient changes may in-
troduce a serious error into the read-
ing of the thermocouple. However,
it should be emphasized that no emf
is produced by an intermediate metal
as long as the junctions are kept in
regions of constant temperature. It
follows from this that great care in
the selection of wire for thermo-
couples must be exercised to reduce
the effect of inhomogeneities.

‘arious thermocouple  combina-
tions used at low temperatures are
given below:

(1) Copper vs. Constantan
(2) Gold -+ 217 at.
% Cobalt vs. Copper
(3) Gold + 2.11 at.
% Cobalt vs. Normal Silver
(1) Iron vs. Constantan
(5) Chromel P vs. Alumel
Copper vs. constantan thermocou-
ples, in spite of their large change in
sensitivity  with  temperature, are
probably the most widely used ther-
mocouples for low IC!II])(:I‘illlll'(' work
because of their relatively good homo-

| 1 CONSTANTAN.

Y
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f_:(‘ll('il). IIL" 6 shows 1 :.t[)i(l de-

crease in sensitivity olf copper-
constantan thermocouple with de-
creasing temperature. | problems
of parasitic emf’s in accurate ther-

mometry are usually s

.'!llx)ltllnl
that they completely ou

cigh the

problem of decreasing sensitivity.
Another problem, howe which
must also be considered here is the
high thermal conductivity the cop-
per and its correspondi cat leak

ot was

effect along the wire. Thi
mection

also emphasized earlier i1
with resistance thermometc:s
The gold-cobalt vs. coj
couple produces a higl
electric potential differe
temperatures than the
constantan thermocouple
6). However, since the g« obalt is
an alloy it is more likely to have some
inhomogeneities which i1l cause
spurious emf’s and affect the accura-
cy of the reading. Neverthcless there
are applications where the larger cx_nf
more than compensates for the 1n-
homogeneity disadvantage. 1his is in
the measurement of temperature dif-
ferences at low temperatures. Cost
wise, the copper vs. constantan ther-
mocouple is less expensive than the
gold-cobalt thermocouple. Hu\\’c\"ﬂ‘.
with the ])l‘i('(' of "_"()l(](()l):l][ wire
only $.30 per foot for a 5 mil or 36
gauge wire, even this thermocouple
becomes rather inexpensive.
Gold-cobalt vs. normal silver ther-
mocouples show a high thermoelec
tric power and a low thermal con-
ductivity. The disadvantage of the
inhomogeneities in both the gold-
cobalt and the normal silver along
with the instability of the gnl(]-(()hﬂ“
in heating are g('l].('l‘:l”\ unn]wmuu'(l
by the high thermoelectric power.

thermo-
thermo-
at low
I )er * V&
See Fig.

Iron vs. constantan and chromel vs.
alumel thermocouples have not been
used very extensively in low temper
ature work even though they (-\lnl’.“
essentially the same thermoelectrnc
power as the copper vs. (nn\l';un:ll_l
combination. (This similarity 1s €Vl
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dent from Table IV.) The presence
of inhomogeneities is once more the
reason for the preference of the cop-
per vs. constantan thermocouple over
the former two.

For greater accuracy and sensitiv-
ity, thermocouples are often connect-
ed in series. It is apparent that a
2n-element  thermopile produces n
times the eml of a single thermocou-
sle. In his book Scott** points out,
iwwever, that the temperature error
due to inhomogeneities may be re-
duced by a factor of 1/n%2 since many
of the spurious emfs formed are just
as likely to cancel each other. Thus
the thermopile may serve as an ef-
fective way to get the arithmetic
mean of the temperatures at a num-
ber of points.

Thermocouples, in general, are
very simple and inexpensive to make.
They can be easily installed in com-
plex apparatus with little heat loss
because of their low heat capacity.
They are very responsive to tempera-
ture changes, fairly accurate over
large temperature ranges, and can be
read at a convenient location. How-
ever, in order to obtain the ultimate
accuracy from a thermocouple, ex-
pensive measuring equipment must
be used.

Since no two thermocouples, even
with the same nominal composition,
give the same relation between emti
and temperature, each thermocouple
must be individually calibrated. For
thermocouples in common use it is
customary to prepare a smoothed emfi-
temperature table by calibrating a
representative  thermocouple against
a known source for many tempera-
tures properly distributed over the
entire range. Accurate deviations
from this table may now be deter-
mined for any other thermocouple of
the same nominal composition by
calibration at only a few tempera-
tures. The deviation curve often is
nearly a straight line if the deviations
in emf are plotted as the ordinate
against the emf of the table as
abscissa.

The proper installation of a ther-
mocouple is many times just as im-
portant as the calibration. The most
accurately calibrated thermocouple
will not compensate for a poor ther-
mal contact or a temperature gradient
across a lead junction. The thermo-
couple must always be installed so
that it registers the temperature of
the region or object that is desired.
Tempering of the thermocouple wires
by bringing them approximately to
the desired temperature at some dis-
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tance from the cold junction is de-
sirable and helps to eliminate heat
flow along the leads to the junction.
(This problem is most likely when
one of the leads is copper). If this
heat leak is not dissipated before it
reaches the cold junction it would
cause the thermocouple to assume
a higher temperature than that of
the surface to which it is attached.
Good thermal contact is important
especially in vacuum work and can
be achieved by wrapping the thermo-
couple wires around the object and
then cementing the thermocouple
junction to the object. Epoxy resins
have been used very successfully in
this application. As a rule it is un-
wise to solder junctions to grounded
surfaces since this increases the dan-
ger of spurious emfs caused by elec-
trical leakage. By using a thin insu-
lation it is possible to obtain good
thermal contact and yet have the
junction electrically insulated. Care
with external circuitry is also essen-
tial for good thermoelectric thermom-
etry. Connections with dissimilar met-
als should be avoided. Where they
are unavoidable the connections
should be in a region of uniform
temperature. This precaution also
applies to all cxternal switches and
contacts.

Magnetic Thermometry

Up to this point the discussion of
low temperature thermometry has
been involved with temperatures
down to 1°F. This is essentially the
lower limit of vapor pressure ther-
mometry. To attain much lower tem-
peratures, the method of ;uliab:m:(‘
demagnetization of a paramagnetic
substance as separately outlined by
Giauque and Debye in 1926 must be

used. _
For a lucid explanation of the pro-

TEMPERATURE

cess of adiabatic demagnetization, con-
sider the T-S diagram on Fig. 7 for a
paramagnetic substance near absolute
zero.

The process starts with the salt
cooled to the initial temperature, T,
without a magnetic {'icﬂd. This is
represented by point A on the dia-
gram. The entropy in this state is S;.
Increasing the field isothermally to
H. brings the system to state B,
where the entropy S, is less than §,
since the state is more ordered. Then,
insulating the system and decreasing
the magnetic field to H, produces an
adiabatic change to state C, where
the entropy is still S,, and the temper-
ature T is lower than the original
temperature T';. The cycle may then
be completed by a warming of the
system ]bu(‘k to state A along the
curve CA. The temperature T may be
determined by equating the entropy
changes for processes A-B and C-A
if the heat capacity and the change
in the magnetization with change in
temperature under constant field are
known. This change is temperature
from T, to T can be proved math-
ematically through the application of
the Second Law using the tempera-
ture T and the magnetic field inten-
sity H as independent variables.

Before dealing with experimental
methods for the attainment of tem-
peratures below 1°K, it is necessary to
answer an obviously important ques-
tion: How is the temperature de-
termined within this range?

The helium vapor pressure ther-
mometer below 1°K presents diffi-
culties in accurate temperature meas-
urements. Resistance thermometry has
been used down to 0.1°K with carbon
resistors and carbon strips on glass
producing good results. Below this
point, the only method of tempera-
ture measurement is magnetic ther-
mometry, whereby the substance pro-
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ducing the low temperature is its own
measurement device. For this purpose
an arbitrary temperature scale, known
as the Curie scale, has been devised.
The basis for this scale is Curie’s Law,
which states that the temperature is
inversely proportional to the mag-
netic susceptibility:

i B 004 )
where T* is the temperature in de-
grees Curie, C is a constant for each
substance used, and X is the magnetic
susceptibility. This relationship fails
at extremely low temperatures, but
for the materials used, it is sufficient-
ly accurate that measurements may
be made and then corrected for de-
viations from the law.

In order to convert from the Curie
scale to thermodynamic temperatures,
several methods have been proposed.
These methods differ only in Jle ex-
perimental procedure to be followed,
the thermodynamic principle for each
being the same. At temperatures be-
tween 1° and 0.3°K the absolute
temperature and T* agree quite
closely. Appreciable departure occurs
below this as is shown in Fig. 8.25

The apparatus used in adiabatic
demagnetization experiments consists
of a unit in which a paramagnetic
substance, usually a salt sample, can
be cooled to temperatures near 1°K,
magnetized isothermally, and demag-
netized adiabatically. The demagneti-
zation unit used by the Kamerlingh
Onnes Laboratory in Leiden is shown
in Fig. 9. In the operation of this
apparatus the salt sample is cooled by
liquid helium which is surrounded by
liquid hydrogen. The hydrogen is
present to absorb the heat leaking into
the apparatus from the surroundings.
The sample cools to the temperature
of the hc{ium surrounding the sample
tube, which is near 1°K, since the
helium is boiling under reduced pres-
sure. Helium gas is then admitted

16

into the sample space and the entire
unit is placed between the poles of
an electromagnet. The salt s then
magnetized, with the heat liberated
during this process being transferred
to the liquidI helium by the vapor in
the sample tube. After magnetization,
the helium is pumped out of the sam-
ple area and the magnetic field is re-
moved. The salt sample, which is now
thermally insulated from the rest of
the system, cools adiabatically. The
temperature of the system is found
by means of the two coils inside the
unit, which comprise an inductance.
The magnetization of the salt is
measured by these coils with the aid
of an external balancing unit. The
temperature found by this method
is in degrees Curie.

A number of substances have been
used in adiabatic magnetization
studies. Among these are many salts
of the rare-earth elements and a num.-
ber of more common salts. The min-
imum Lemi)erznure attained with the
adiabatic demagnetization of 2 para-
magnetic salt is 0.0014° + 10 per
cent.*% This value was obtained by
De Klerk, et al., in 1950 with a mixed
crystal of chromium potassium alum
and aluminum potassium alum.

While temperatures in the range
near 0.001°K are extremely low, these
are not the minimum témper:uurcs
which have been obtained to this
time. The method for obtaining even
lower temperatures is that of ((lcmug~
netization of nuclear magnetic mo.-
ments. ‘The theory is similar to that
for paramagnetic substances with the
chiel difference being that the nuclear
magnetic moments are only 1/1000
as large as those of paramagnetic sub-
stances. The result of this change of
magnitude is that magnetic fields
1000 tmes as large as those used in
.?alt Stl:l(ll(fs are necesary for the order-
mg of the magnetic dipoles. Numer-
ous other difficultjes are encountered
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in attaining temperatures in the

micro-degree range.

However, these difl ties were
surmounted in 1956 wh 1 lt‘lll‘]))ct‘l"
ature of approximatel 0.00002°K

non, R()l)—
xperiment
. of about
ligned by
field. The
iieved by
111 copper
salt sam-

was obtained by Kurti,
inson, and Spohr. In th
the nuclear spins in a 1
0.75 grams of copper we
means of a strong magnce
necessary conditions wert
contacting a number ol
wires with a paramagne ‘ '
ple in the form of a sluriv. T'he slurr?
was cooled adiabatically | temper-
ature of 0.01°K. The wi were then
cooled to this temperal by heat
conduction out of the wiics into the
slurry. The wires were n magne-
tized, with the heat produced in .[hlS
process also being transierred into
the slurry. Then, upon removal
of the magnetic field, the temperature
of the wires fell to approximately
0.00002°K. Recently Kurti*? has an-
nounced the attainment ol a temper-
ature of 0.000001°K.

Conclusion .
One of the most difficult engineer-
ing problems in any field is the accur-
ate measurement of temperatures. In
principle,any physical property whu'h‘
Is a function of temperature can !)C
employed for temperature measure-
ment. In practice, however, the list 15
greatly restricted by the requirements
of the specific application. Thus for
the measurement of low temperatures
the thermometers usually vmpluy'd
fall into the following categories: (1)
gas thermometers; (2) vapor-pressure
thermometers: (3) thermoelectric
thermometers; (4) resistance thermo-
meters; and (5) magnetic thermo-
meters. This paper has disc ”‘,‘c‘l. the
uses, ranges, advantages, limitations,
and precautions of these five thermo-
meters under cryogenic conditions.

(Continued on page 46)
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WANT TO LEARN AS YOU EARN?

Here's a chance to put theory to practice ... to appraise what you have
learned in relation to what industry requires on the job. You'll get a
better idea of where you can go in your chosen field...and perhaps
the route to take after graduation.

If you're a junior, senior, or graduate student of chemical or
mechanical engineering, or chemistry, you may be given a regular plant
¥ or laboratory assignment, important and challenging work, keyed to
your education to date. You'll get the same personal, interested training
as our permanent employees.

¢ A summer job with Du Pont can be an important step toward a
good job with us after college. You learn about us and what kind of
company we are. We learn about you.

Jobs for students are limited, of course, so write soon to Du Pont,
Room 2430-2 Nemours Building, Wilmington 98, Delaware.

(There are some jobs, too, for freshmen and sophomores, as lab
assistants and vacation relief operators. They should apply direct to the
Du Pont laboratory or plant of their choice.)

u J JUNT BETTER THINGS FOR BETTER LIVING ...THROUGH CHEMISTRY

BIG s, pan OV6

WORK WITH DU PONT THIS SUMMER




d

€

By CHUCK WAHL

This article is respectfully dedi-
cated to all of the coeds and other
members of the opposite sex who
gave so generously of their time
and talents in the interests of sci-
ence and the pursuit of knowledge.
They often served at rather late
hours and under trying conditions,
but without their whole-hearted co-
operation this article would not
have been possible.

For vears, since the advent of the
custom known as social dancing, one
problem has remained foremost in
the minds of engineers. This prob-
lem deals with the means by which
a member of the female species en-
gages in this custom—her foot-cover-
ing or shoes.

There are many types of shoes
which are worn to special dances,
among which are Keds, slippers,
flats, high heels, and spikes. These
last two types are by far the most
important. Generally they are worn
only for the dressier occasions when
maximum appeal is being made to
the male ego. The best way to dif-
ferentiate between spikes and high
heels is to have a subject walk on a
modern moving escalator using the
shoes in question. If the heels of the
shoes become embedded in the steps
of the escalator, the shoes are spikes;
il they do not, the shoes are ordinary
high heels. Unfortunately, the mor-
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tality rate among the subjects wear-
ing spikes is rather high which makes
this method of testing somewhat im-
practical. For our purposes the sil-
houettes below would suffice in show-
ing the difference between spikes and
high heels.

Heew Spike

Figure 1

"T'he basic problem concerning high
heels, or spikes, as the case may be,
is to determine the inherent heel
wobble present in high heels while
dancing. Since the first public ap-
pearance of high heels, this problem
has puzzled the best of engineers.
We hope that the results of this re-
search will enable others to eliminate
the annoying vibrations encountered
when dancing with a girl shod in
high heels, for it is these vibrations
which prevent the establishment of a
stable state olf equilibrium and close
relations.

Optimum Conditions

Ideally, the conditions
for the determination of

necessary
high-heel

wobble would be the following: one
twenty-piece  orchestra capable of
playing slow or fast music superbly
with or without blindfolds: one iso-
lated room completely void of any
outside interruptions, equipped with

a smooth dancing area o! at least
four hundred square feet. an auto-
matic temperature control and an
automatic internal indirect lighting
system whose brightness wries  di-
rectly with the intensity ol music:
an analog computer; a 1 al engi-
neer; and a ravishingly beautiful
brunette suitably attired I some-
what shorter than the e cer.

In actual practice these iditions

must be altered consider to ac
commodate the use of n ior but
nevertheless readily available com-
ponents, such as: a threespeed rec-
ord player and several ims  of
records; an empty living n; sev-
eral fellow engineers and protrac-
tor; a typical engineer; and a college
coed. In addition a pair ol lour-inch
spike heels with spike len idjust-
ment, helmets, and steel-tocd shoes

are needed.
Collecting Data
While the couple danc he ex-

traneous engineers should busily
occupied in measuring angle
formed when the heel « s into
contact with the floor. H ver, no

data should be taken unti e engi-
neers become adept at ds ng the
deadly high heels. In tl ase of
spikes, the wounds inflicted can be
mortal. To make the si ion as
general as possible, a few picces ol
classical music should be icluded

among the record albums serve as
a control on the different types of
dance music. Each type ol Music
should be played at each of the three

speeds on the record player: 78, 3314
and 45 rpms. The mass of data inn'r.»-
duced by this variation in ~]x((-(l\ Is
neecssary to provide points
from which to calculate. 1f a lour-
speed record player can b obtained,
it should be used. The addition ol
1624 rpm speed oftentimes Inu\'idc\
some very interesting results. Simce
changing  the speed may cause €X-
treme confusion on the part ol the
dancers, it is wise to choose people
who are very adaptable.

more

Several years ago a group ol curll
ous engineers headed by Doctor Ann
Nonamus did some rescarch on the
subject of high-heel I'hey
succeeded in plotting the rough graph
ol Radians of Heel Wobble versus
Fempo times Weight shown below.

\\()’)ll[('.
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Curve showing the results of the espermants

Figure 2

In addition they obtained an ex-
perminental equation for the amount
ol wobble in radians:

Wobble (radians) Their equation
Wobble — (1/s + M2 -+ ht/10) L
(t +hp +a) F

Figure 3
shoe size

(radians)

where s =

h — height (feet)

t = music tempo

I. = length of heel (inches)
M = mass
hp = height of partner (feet)
a == arca of heel (square

inches)
F — finagle [actor

This equation very logically shows
that the amount ol wobble incurred
is directly proportional to the length
of the heel and inversely proportion-

al to the resultant area ol the sole in
contact with the floor. In our experi-
mental work there were several
places where their original equation
broke down. First of all, since mass
is reasonably constant, it can be con-
sidered a proportionality factor. Sec-
ondly, we found that the graph is
more nearly correct when we consid-
er the summation over a closed inter-
val. Thirdly, we found that there
were three other factors which had
a direct bearing on the equation it-
self. They are: d, the distance be-
tween the couple; M, the marital
state of the couple; and D, the type
of dress worn by the female. There-
fore our revised equatien is as fol-
lows:

TN
Wobble * M2 ’ / [Lﬁfﬁ L dMs ]Jth
(radians) tehpta (5]

Siow Shert

Figure 4

Revised Equation
where d is measured in millimeters
and D and Mg lave certain constant
values for individual cases. A table
of the various combinations appears
below.

I'ype of Value Marital Value
Dress of D State Ms
Sheath 392 First 828
Date
Cockutail 246 Third 717
Date
Formal 241 Semi- 17
(semi-
ruffly)
Formal 38 Steady 10
ruffly)
Formal Unknown Lavalier 5
(floor e
- 5
length) Pinned 2
Pinned 2
Engaged 1
Married 0

The findings we have presented
here are by no means exhaustive.
This is a relatively new branch of
mechanics and there are still many
unanswered questions. But in this
one field, at least, pure science has
finally come inte its own; the mate-
rial compensations for research in
this area are almost immediately
forthcoming.

—Courtesy of The California Engineer

- every step...
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The Colorado Engineer announces

OUTSTANDING

GEORGE STRECKER is completing
his degree work in combined electri-
cal engineering and business. This
23 year old senior has been President
of the AES, General Chairman of
Engineers’ Days, President of Tau
Jeta Pi, Assistant Business Manager
and Section Editor of the Colorado
Ingineer. In addition he has par-
ticipated actively in Slide Rule Fol-
lies, AIEE-IRE, Eta Kappa Nu, and
Sigma Tau. Presently George is an
instructor in the Applied Mathemat-

ENGINEERS

DexNis Grave is a 21 year old
senior in chemical engineering. Dur-
ing his four years at the University,
Dennis has been active in the Ameri-
can Institute of Chemical Engineers,
the Society of Military Engineers,
Alpha Chi Sigma, AES and AES
Control Board: Engineers’ Days, Tau
Beta Pi, Sigma Tau, and Phi Lambda
Upsilon. Dennis, or D.J., has re-
ceived, among other honors, the Be-
ginning Physics Achievement Award,
AIChE Sophomore Chemical Engi-
neer Award for highest scholarship,
the Tau Beta Pi Honor Junior
Award, and the L. E. Whitlock and

ics department and has an overall
grade point average of 4.00. George
plans to attend a graduate school,
probably Tulane, to work for an ad-
vanced degree in mathematics. Col-
lege teaching is indicated as his
eventual field of endeavor. George,
when pressed for a comment, urged
all students to take courses of a con-
troversial nature that don’t have pat
answers, so that research will help
vou develop answers.

Standard Oil of California scholar-
ships. Upon graduation in june, he

plans to work for the DuP Com-
pany for the summer. In all he
will continue his education 1 hieve
an advanced degree at the California
Institute of Technology m 1 Na-
tional Science Foundatio low-
ship. Dennis, when asked com-
ment  about his past fou s of
undergraduate study, said hat I
feel is most important in hool is
to take your education seri , and
to put the effort into the lemic
and professional phases vou

owe yourself.”
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Dave GREEN is a 22 vear old stu-
dent in the combined program of
Architectural Engineering and Busi-
ness. 1o broaden his education, Dave
has been president, treasurer, and
historian of Sigma Tau, treasurer of
Pi Epsilon, secretary of Tau Beta Pi,
and active in the AES. Dave has also
received a Tipton Scholarship for an
extra year of non-technical study at
the university. Presently Dave is an
instructor in the-Applied Mathemat-
ics departinent and plans to spend
this summer working for Proctor and
Gamble. Dave believes that the en-
gineering students in  particular
should “apply themselves and take
part in activities which are a very
important part of college life.”

Tuomas Crarg, this vear’s editor
of the Colorado Engineer, is an En-
gineering Physics major. Besides be-
ing a writer and section editor for
the Colorado Engineer, Tom is a
member of Tau Beta Pi, Sigma Tau,
Sigma Pi Sigma, American Institute
of Physics, and the Radio Club. Tom
is planning to attend graduate school
upon his graduation from the Uni-
versity in June to major in Astro-
Geophysics. In  the meantime he
plans to work for the National Bu-
reau of Standards in Radio Astron-
omy.

CoLOrRADO ENGINEER—May, 1961

Troy MArTIN is the 27 year old
AES Finance Councilman on this
year's AES Council. While working
as a half-time rescarch technician in
the Physics Department, Troy has
found time to be the president of
Eta Kappa Nu, treasurer of AIEE-
IRE, and an active member of Tau
Beta Pi and Sigma Tau. In his spare
time Troy has managed to pick up
a 3.4 overall grade point average in
Electrical Engineering and Business.
Upon his June graduation, Troy
plans to work for the IBM Corpor-
ation in San Jose, California, setting
up a central instrumentation depart-
ment. Troy urged the students to
“Stress activities due to industry’s in-
terest in them.”

DaNx  SurHerLAND  has combined
active participation in other than
scholastic pursuits with scholastic
prowess to earn a 3.7 overall grade
point average in Mechanical Engi-
neering. This 21 year old senior has
been secretary of Tau Beta Pi, presi-
dent of Pi Tau Sigma, vice president
of ASME, and a member of Sigma
Tau, and the AES Control Board.
After his June graduation, Dan plans
to enter the Illinois graduate school
to work for a Masters Degree in
Mechanical Engineering.

LowerLL Brooks, recently selected
as next year's editor of the Colorado
Engineer, is a junior in applied
mathematics. He has been a writer
on the Colorado Engineer and is
presently the section editor. Tau Beta
Pi and Sigma Pi Sigma both claim
Lowell as a member. As a freshman
he won first place in the Analytic
Geometry Competition and last year
he shared a three-way tie for first
place in the Calculus Competition.
This summer he will participate in
the undergraduate research program
at C.U. under the direction of Mr.
Frank Krieth, probably in the field
of differential equations. Lowell
plans to continue his education to
obtain a master’s degree after his
graduation.

-
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MARsSHALL  GURIAN, year’s
Chairman of the Engineers' Days
Band, is a chemical engineering stu-
dent who plans to graduate next Feb-
ruary and then enter graduate school
in chemical engineering the following
September. Marsh has been active in
both all college and society activities.
As president of the AIChE, he was a
delegate to the national convention.
Marshall has also been co-chairman
of Slide Rule Follies, President and
Master of Ceremonies of Alpha Chi
Sigma, Secretary of Sigma Tau, and
is presently a Tau Beta Pi pledge.
In addition he has managed a 3.4
overall grade point average. Mar-
shall believes that a grading system
should be uniform and used as a
stimulus, and not mis-used as is pres-
ently the case in many instances. He
feels that a grade point is next to
meaningless as an evaluation of per-
formance.

Al Anglund is a junior mechanical
engineering with a 3 point grade
average. Al has been very active in
his few years at this institution as he
has been the Secretary of the ASMe,
Secretary of Pi Tau Sigma, Vice Pres-
ident of Sigma Tau, Special Events
Chariman for Engineers’ Days, AES,
and a participant in the undergrad-
uate research program under the aid
from the National Science Founda-
tion. Al plans to continue at C.U. to
obtain his master’s degree in mech-
anical engineering, later to obtain his
doctorate at some other university.
Al stated, “I feel that education is ‘a
dynamic process. Not only must the
student be dynamic in scope, but
must be dynamic in participation.
There is a direct sroportionality evi-
dent between laziness and failure.
We, as engineers, need to appreciate
culture and moral and s()(‘i:l} values
as we hold the tool of human destruc-
t_i(m and must use it to further the
h‘cc(lum. ;.md ideals of America. Upon
our decisions lie the fate of the
we must make
dom for all.”

! world,
the right one—Free-

JAck Bisnor, Jr., this year's Circu-
lar File Editor for the Colorado Engi-
neer, is a senior chemical vng‘in(-cri;u
.\lll(ltlll. Jack has participated \\'i(lcl:
in the activities of the college. His
past work includes Activities (hInun(Vil-
man for the AES Council, Humour
editor, section writer and contributor
for the Colorado Engineer, Special
Events Chairman and General Chair-
man of Engineers’ Days, Co-General
Chairman of Slide Rule Follies, Vice
President of Alpha Chi Sigma, and
member of the AIChE,

Jack plans to enter private industry
after his June graduation in the field
of technical sales or related work.

Jack believes that “not all of a stu-
dent’s education can be found in the
classroom, and for that reason univer-
sal participation and interest in the
engineering activities, both as a ser-
vice to yourself and college, is
necessary.”

FRANK PERRINO, th
elect of the AIEE-IRI
his fourth year in the
oram ol Electrical En
Business with a 3.4
point average. Frank

president
_Iini\hing
bined pro-
ering and
rall grade
been the

historian ol Delta Sigm is a Tau
Beta Pi pledge, and | een  very
active in Eta Kappa and the
Slide Rule Follies, in ac on to his
AES  membership. Fra s future
plans, which include his fe, 4 year
old son, and 2 year old daughter,
lean in the direction lid state

ineering.
llege of
ind that
s degree

work and possibly sales
Frank believes that th
Engineering is progressis
the program for the bache
in engineering should xpanded
to a five, rather than ur, year
curriculum. Frank that this
extension is necessary as gradu-

Il('ll( \

ates do not take additi course
work in their field and extent
of the fields has increas » make
this further education ncoossary.
FrowyN Erickson, a 29 vear old
acronautical engineering th year

student, has a 3.5 overall de point

I)( Cl

average. Ellwyn has president
of Sigma Tau, vice president and
secretary of the Institute of Aero-

nautical Sciences, cover editor of !_h(?
Colorado Engineer, and an active
member of Tau Beta Pi and .\l-ﬂ'S.
Ellwyn plans to return to school In
the fall to begin his graduate mtrk
in the field of political s i(-mc._hn'
his future career, Ellwyn is consider-
ing the Army Intelligence Corps. As
an instructor in the Applied Mathe-
matics department, Ellwyn has had
much experience with the entering
students and stated that he “feels
that a more serious approach must be
presented by instructors to the new
freshmen as to what should be ex-
pected of them, as the freshmen are

often inadequately prepared.” He
also suggested that the new \(lul("nl\
and present students ‘“‘must think

about a wider education than their

engineering specialization, since ev-

eryone needs a broad range.
(Continued on page 46)
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ENGINEERS' DAYS

In May of every year, the students
of Engine School take time from
their studies to celebrate their an-
nual Engineers’ Days. During this
time the engineering student honors
outstanding members of his college,
learns more about his field in the
departmental seminars, shows his
school to prospective engineering stu-
dents, and has a little fun at the E.
Days Picnic and Ball. Through the
combined efforts of members of the
Colorado Engineer, we now present

a review of the 1961 Engineers’
Days.

Convocation
Students trod across campus to

Macky Auditorium, May 5, under a
gray sky in a heavy downfall of rain.
The outgoing Associated Engineering

CoLorapo ENGINEER—May, 1961

Students President, Dennis Hicks, wel-
comed the students. Dean Hutchin-
son hastily but efficiently gave the
scholarship and memorial awards and
recognitions. Keys were given to the
newly elected Associated Engineering
Students’ officers for '61-'62, James
N. Counter 11I, Don G. Ellis, Larry
D. McGee, and Larry R. Houge.
Lowell W. Brooks and Ronald L.
Steinberg also received keys as the
in-coming editor and business man-
ager, respectively, for the Colorado
Engineer.

William J. Hanna, associate
fessor in the Electrical Engineering
department, was the recipient of the
Associated Engineering Students’ Fac-
ulty Apprec jation Award.

The Colorado Engineering Coun-

l)l()

cil chose to award its silver medal
for the outstanding senior to George
E. Strecker, a five year student In
Electrical Engineering. As runners-
up, Louis O. Cropp, a Mechanical
Engineering major, and Dennis J.
Graue, a Chemical Engineering ma-
jor, received certificates of merit.
Keynote speaker, James M. Ewell,
recently named to the Board of Di-
rectors of Proctor and Gamble, ad-
dressed the Engineers’ Days convoca-
tion on “The Dynamics of Engineer-
ing.” Mr. Ewell is a graduate of
Massachusetts Institute of Tech-
nology, receiving his B.S. in Chemi-
cal Engineering in 1937. Since then
he has been an employee of Proctor
and Gamble. In 1955, Mr. Ewell was
promoted to Vice-President of Man-
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ufacturing. In 1958, he acquired his
Qresem position of Vice-President of
Manufacturing and Employee Rela-
tions.

Mr. Ewell cited the development
in the engineering field today. He
{)ointed out that “Engineering is a
ive, growing profession” which is in
a constantly changing dynamic state
—both in width and breadth. For
instance, after graduation the engi-
neer is no longer restricted to straight
engineering but may utilize his edu-
cation in one of four ways: product
engineering, engineering of plant and
faclities design, technical sales and
writing, and management. The first
two ways represent straight engineer-

Mr. J. M. EwgLL

Seminars

Friday afternoon was set aside to
further the engineers’ knowledge in
a relaxed out of the classroom atmos-
vhere. The departments in the Col-
ege of Engineering separated into
groups for discussions of interest to
their individual fields. The Aeronau-
tical Engineering Department pre-
sented Dr. George Gamow, Professor
of Physics, University of Colorado,
whose talk was entitled “Chemical
and Nuclear Rockets.”

The Architecture Department held
a panel discussion on “The Future of
Architectural Character of The Uni-
versity of Colorado.” The panel in-
cluded: Mr. W. C. Muchow, a Den-
ver Architect; Mr. H. D. Wagener,
a Boulder Architect; and Professor
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ing, while the latter two stress per-
sonal relations.

In this ever changing realm, there
has been an evolution of a third man
in our scientific world. Besides the
scientist and the engineer, an engi-
neering technician has come into ex-
istence. Mr. Ewell explained that the
task of an engineer is gathering scien-
tific facts, laws, and developments,
then applying, using, and controlling
them. However, the engineering tech-
nician develops the detailed engi-
neering designs. The key to entire
and full engineering progress, as set
forth by Mr. Ewell, is the role of
the scientist, engineer, and engineer-
ing technician.

As a closing thought, Ewell
emphasized that the ground
engineers receive in sch only a
beginning and that in o ) make
a success of his career, 1 tion is
essential. He pointed to ct that
today an engineer is a *garded
and an appreciated me of soc-
iety. The engineer toda ssigned
responsibility early, give oppor-
tunity to make import cisions,
and given the chance 1 'r into
business. He stated “dy: is an
understatement of the of the
engineer and that th is a
challenge to those enter : engi-

neering field.

GEORGE STRECKER RECEIVING OUTSTANDING ENGINEERING AWARD

C. A. Briggs, of the University of
Colorado, who acted as moderator.

Mr. E. L. Mosley, of the Denver
Board of Water Commissioners,
talked to the Civil Engineering De-
partment on “The Roberts Water
Diversion Tunnel.” The Chemical
Engineering Department held two
seminars. The first was by Mr. George
Lof, a Consulting Engineer, “Devel-
opment of Solar Energy.” The second
was by Dr. Walter Weir, Director of
the Honors Program at the Univer-
sity of Colorado, “The Engineer in
Society.”

The Electrical Engineering Depart-
ment was host to Mr. Carl Stuehrk,
of A_T&T, whose talk was titled
“Engineers in Management.” The
Mechanical Engineering Department

resented Dr. R. C. Mercure, Jr.,
irector of the Ball Brothers Re-
search Corporation. His talk was

“What an Engineer Should Know.”
Banquet

The banquet was a complete suc-
cess, as the hundred people who en-
joyed the excellent food and wonder-
ful entertainment can attest. It was a
pleasant surprise to find the long-
winded speeches usually accompany-
ing these affairs replaced with a cap-
able singing group, the Mario Sing-
ers. This group which sings regularly
at Mario’s of Aspen in Denver, enter-
tained the guests with selections from
various Broadway musicals and oper-
ettas. Those who attended seem tO
agree that the banquet afforded a
good evening’s entertainment.
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STUDENTS

Evye Our
MECHANICAL
MONSTER

High School Convocation

The second day of E-Days 1961
began by introducing the future Uni-
versity of Colorado engineering stu-
dents to the campus. They started
their day with a meeting in the phy-
sics building that included several
introductory speeches. Jack Bishop,
master of ceremonies, introduced
Dean Stahl, who welcomed the stu-
dents and their parents, after which
Mr. Hanna, associate professor in the
Electrical Engineering Department,
congratulated the boys for having
considered engineering as their voca-
tion. He also told them a few of the
advantages of becoming an engineer.
Following Mr. Hanna, Dennis Hicks,
retiring President of the Associated
Engineering Students, spoke to them
on the advantages of coming to the
University of Colorado. He pointed

out that this was a good college from
which to obtain a degree, as there are
opportunities for good employment
upon graduation, and here one could
obtain a balanced education.

Following the introduction the stu-
dents and their parents were divided
into groups according to their pros-
pective fields. These groups were then
taken to the various engineering lab-
oratories for a briefing on require-
ments in their fields and for demon-
strations.

The mathematics placement test
was given for the two remaining
hours before lunch. While the stu-
dents were taking the test, the par-
ents met with Dean Stahl and a panel
of four engineering students to ans-
wer any questions that they might
have.

Many of the visitors ate lunch in
the University Memorial Center after
which they met on the terrace with
Alpha Phi Omega for a tour of the
campus, the residence halls, and the
R.O.T.C. labs. To end their day the
students were taken to the cyclotron.

Field Events

In marked contrast to last year's
weather, the skies were clear and blue
Saturday. So at 11:00 the engineers
gathered at Chautauqua Park in
South Boulder to continue their cele-
bration via the annual Engineers’
Days Picnic. In keeping with tradi-
tions of the past the picnic started
with a fine lunch followed by free
beer (or vice versa).

Later in the afternoon, the students
of the applied sciences pitted them-
selves agaimst one another in various
tests of skill known as the E. Days

MMMMM — Goop
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field events. As the events progressed,
it became increasingly evident that
the civil engineers were in rare form.
They took first in the Egg Toss, the
Tug-o-War, the Four Legged Race,
the Bat Race, the Pie Eating contest,
and came in second in Soft Ball. The
M.E.'s also made a strong showing,
taking second in the Tug- -War, the
Egg Toss, the Bat Race, the Four
Legged Race, and placing first in
Soft Ball and the Participation Poll.
The other first of the afternoon went
to the Colorado Engineer in the Beer
Chuggin contest, wﬁich ought to say
something for this magazine. Natur-
ally enough, when the points were
totaled it was found that the civil
engineers had won the field events
with a total of 30 points. The actual
highlight of the afternoon’s activities,
however, was the Miss Most Perfect
Body Contest. After much delibera-
tion our very qualified judges gave
the award to the lovely Miss Judy
Herschberger.

Final Results of the Field Events

Event 1st 2nd 3rd
Egg Toss (€1 M.E. Colo. Eng.
Four Legged Race C.E. M.E. EE
Tug-O-War CE M.E. & Aero
Soft Ball M.E. KLE

Bat Race C.E M.E.
Participation Poll M.E. Colo.Eng. C.E
Pie Eating e Chem.E. M.E.
Beer Chugging Colo.Eng. E.E. M.E

E. Days
QUEEN

Engineer’s Day Ball
Highlighting the weekend was the

Engineers’ Ball held in

Miller Memorial Ballroo
UMC. The theme “Exot

adeptly carried out wii
bands of blue paper, de
of angles’ hair, and ex
plants. The presentation
events trophy to the ci
was followed by the cros
Queen. That is, after a
It seems that Chi Epsilor
it upon themselves to “

Glenn

m of the

ca,” was
sweeping
te clouds

tropical
the field
engineers
ing of the
1all delay.
had taken
rrow” the

queen candidates for (I evening.
However, after being avorded the
honor of escorting the « idates to
the stage they agreed t« urn the
girls. So everything was -except
a notorious grouY know Alpha
Omega (formed the Thu before
the Ball) had stolen the b . How-
ever, being the gentleme: they
were, they graciously awa them-
selves the honor of anno ng the
Queen of the 1961 Engine Days,
Sarah Kiser. Attending S were
Elaine Thielking, Lonnie | And-
erson, Marlinda Mason, and oline
Beach. After the crowning, V/.C., R

R. Sandusky, awarded himsc! th(;

honor of dancing with the Ovz2n to
the music of Tasso Harris. A all
it was a very awarding even (if
you'll pardon the pun) an de-
lighlfuf)climax to the 1961 Eng:: cers’

Days.

Saran KISER



COLORADO
INDUSTRIES

JAY BLISS, (M.E. 63)

I'he Buck Instrument Company,
wated in Boulder, is currently {imit-
production to two precision in-
‘uments. Both are interesting and
usual. and merit the attention of

- engineer. Although the company

quipped to produce other instru-
ents, their pressure gauge and their
1bine-driven mirror used in fram-

- cameras receive most of their at-
ntion.

I'he common conceptions of the
echanism comprising a pressure
wee must be altered to understand

operation of the Buck gauge, as
extreme accuracy (readings with-
one micron pressure) necessarily
mands a greater complexity. For

i thing, the entire sensing unit is
[ fuzed quartz, as this material has
, measurable hesteresis, and will

not introduce inaccuracies from fa-
ticne. An electronic system accounts
for the translation of pressure devi-
ations to a visual scale.

As with a conventional gauge,

TEST PRESSURE CHAMBER —7
/

there is an evacuated chamber with
one surface designed to fluctuate
with pressure variations. One end of
a quartz fibre under torsion is fused
to this surface, the other end is
affixed to the center of a revolvable
gear. Further gearing allows for a
manual adjustment or a servo motor
to vary the torsion on the fibre.

A mirror is located midway on the
fibre; so any variation in pressure
will vary the torsion via the flexible
chamber surface and thus rotate the
mirror in proportion to the change
in pressure. At zero inches of mercury
the calibration on the manual torsion
adjustment will be zero, and the mir-
ror on the quartz fibre will be in such
a position that a light source will
reflect light off it and another mirror
onto two phom("clls. A meter indi-
cates a zero null when the photocells
reccive the greatest amount of light.
A variation in pressure will rotate
the mirror, reflecting light away from
the })h()m(‘cl[ so that it will not re-

/RE FERENCE PRESSURE CHAMBER

MIRROR— r
s . i - ~PRESSURE. INDICATOR

LiGHT SOURCE—) N V{] |_ / L ~GEARS

' TWISTED
MIRROR ——ay \.?.L WA??TZLI

: ‘,%‘,'BE ik MANUAL

I ke / ADIIS TMENT
PHOT SERV
SELLE— MOTOR

AMPLIFIE R~

CoLorapo ENGINEER—May, 1961

ceive the full amount of light. The
null meter will read the direction and
extent of the mirrors deviation. To
get a zero reading, the torsion on the
quartz fibre is adjusted by the man-
ual adjustment until the null meter
reads zero. The gearing ratio on the
manual adjustment is  so designed
that the amount of correction on the
torsion of the rod is read on the
calibrator directly as pressure in
inches of mercury.

The second instrument is used in
the framing cameras of Beckman and
Whitley. Although the unit is made
up of some ninety parts, it is essen-
tially a mirror rotated at high speeds
by an air turbine. The unit serves
as an intermediary in the camera to
relay the image from lenses to shut-
ter device and film.

The turbine rotor is :11)])1‘0xim:lu‘ly
the diameter of a quarter and twice
the thickness. With air ])mpulsion
the speeds attained with the rotor are
(‘l)]ll]);l]‘(lli\'(‘l}’ unimpmssi\'(’: helium,
because of its lightness, will drive the
rotor at almost twice the spccd for
the same amount of pressure, and
with this gas, angular velocities of
up to 18.000 revolutions per second
have been attained. To withstand
the forces at this speed, the mirror
has to be a highly polished and well-
balanced alloy-steel picce. The main
problems that make higher speeds
difficult are the tensile strength of
the mirror and the difficulty in find-
ing bearings that will withstand these
speeds.

The Buck Instrument Company
welcomes interested people to  visit
their company at Boulder Industrial
Park.




Malleable Puts More Muscle in Machinery

In the agricultural equipment field, reputations depend on building g R
products that can take rough treatment . .. and give real value. To do e |
it, agricultural equipment manufacturers rely heavily on Malleable
iron castings.

Malleable’s excellent ductility and shock resistance mean longer life
and fewer problems than obtainable with fabrications. Low start-up
cost for small quantities also is vitally important in this competitive

industry.
Put more reputation-building quality into your products at less cost
with Malleable. PROBLEM-SOLVING IDEAS

are yours free in Data
Unit No.115. For your
MALLEABLE copy, I»lh'k any member

of the Malleable Cast-
ings Council, or write
to Malleable Castings
Council, Union Com-
merce Building, Cleve-
land 14, Ohio.

« "

The versatility of Malleable Castings is reflected in the variety of ferritic and pearlitic Malleable tractor parts, from the tough, depen-
dable front axle bar to bolsters, lift arms, clamps, clevises, hitches, hinges, foot pedals, transmission planetary carriers and clutch parts.




Silicone Rubber Used as Sealant
on Mercury Capsule

\ room temperature vulcanizing
R1V) silicone rubber developed by
the Silicone Products Department of
thi General  Electric  Company,
vford, New York, has been se-
ccied for use on the Project Mer-
space capsule that will carry
{irst American astronaut into
Silicone rubber is used around
and bolts wherever structural
rial, requiring sealing, overlaps
atts together, to seal the capsule
st air leakage. The silicone rub-
s applied to conform exactly to
surfaces being sealed. It then
at room temperature to form
ong silicone rubber that is se-
v bonded to the metal surfaces.
s seal will withstand temperature
emes from minus 70°F. to above
F. and is virtually unaffected by
and other factors that cause
| deterioration of ordinary rub-
s and sealants.
I'he materials being used are des-
wed RTV-20 and RTV9). The
er is a pourable liquid and the
ra stiff paste. Silicone rubber is
dy used extensively in  conven-
1] forms for seals and gaskets on
siles and high-performance jet air-
ft, but the liquid rubbers are
itly expanding the usefulness of
materials.
I'he silicone rubber-sealed capsule
he carried into orbit over 100
es above the earth’s surface at an
it velocity of approximately 17,000
iles per hour. As it circles the earth
through the vacuum of space, well
bevond the earth’s protective atmos-
phere, the capsule will be exposed
alternately to the blazing heat of the
sun and to extreme cold as it passes
through the shadow of the earth. At
the proper moment in the orbit ])znll.
retrograde rockets will be fired to re-
duce the speed of the capsule and
initiate the re-entry sequence. As the
capsule loses altitude, the increasing
density of the atmosphere will heat
the blunt face of the capsule by fric-
tion until it glows a cherry red.
Approximately 15 minutes after
the liring of the retrograde rocket the
speed of the capsule will have de-
creased to about 400 miles per hour
and a small drag parachute will be
deployed to slow the (‘upsulc still
further. At the proper moment, the
main parachute will be automati-
cally opened to allow the (‘zil)sulc and
its crewman to settle gently to earth.
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THIS
TODAY

BILL ROBBINS, (E.E. "63)
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New Laboratory Vacuum System
Available from Cenco

A new light weight compact lab-
oratory vacuum system for research
laboratories, industrial production
and pilot plants has just been an-
nounced by Central Scientific.

Ideal for high vacuum depositions
of light weight metals, this system
features an implosion-proof, 18-inch
diameter, aluminum bell jar vacuum
chamber with a large plastic window
which offers full visibility of the
chamber’s interior while in opera-
tion. A 19-inch diameter pump plate
is flanged to the Cenco Three-Way
Valve which is connected to a high-
speed diffusion pump backed by a
Hyvac 14 mechanical pump. ‘1 he sin-
gle lever operated Three-Way Valve
prevents costly errors due to opera-
tion of conventional valves in the

Pump With Unusual Design

Hailed as “the pump that never
gets wet,” the Randolph Pump (made
by the Randolph Company, Hous-
ton 19, Texas) operates on a prin-
ciple designed to eliminate all con-
tact of moving parts with the fluid

being pumped. Intake and outlet
are one continuous flexible tube

which passes through the pump body
where it is exposed to the squee-gee
action of ball-bearing rollers.
By selecting tubing material suit-

able to the liquid being handled, a

30

wrong sequence. A water-cooled baf-
fle minimizes backstreaming from the
diffusion pump. Insulated feed-
through electrodes allow high and
low voltages from the two built-in
power supplies to be introduced into
the evacuated bell jar.

The pump stands 71-inches high,
it is 30-inches wide, and it is 32-
inches deep. Operating on 115 volts
A.C. at 30 amperes the system can
pump to one micron of mercury in
five minutes or less with an ultimate
vacuum of 2 X 10-%* mm of Hg. The
system’s two built-in power supplies
provide 500 volts A.C. at 80 ma. and
12 volts A.C. at 100 amps. The cool-
ing system maintains a flow of 0.1
gallon of water per minute.

For additional information about
the new Laboratory Vacuum System,
write to Central Scientific, 1700 Irv-
ing Park Road, Chicago 13, Illinois.

wide variety of corrosive, sterile, and
abrasive liquids or gases can be
pumped without contamination or
injury to the pump.

The pump’s versatility has resulted
in its immediate acceptance by many
diverse industries utilizing pi'oc(*sse‘s
where corrosion, contamination or
abrasion were once a problem.
Among these industries are firms en-
gaged in the production of bever-

ages, biochemicals, electro-plating,
foods, frosted glass, paper pulp,

pl1;11'1.11;1(‘(:{1li(':lls. photo - engravings,
])lilstl'("l‘t‘sll.h‘. synthetic fibers, textiles,
and TV picture tubes.

Sub-Miniature
Precision Differentials

Smaller than a penny the two-
spider-gear design was developed by

the Instru-Lec Corporation to permit
extreme miniaturization for such stra-
tegic installations as fire control,
navigation, missiles, and aircral
Made entirely of stainless steel,
each differential employs six nia-
ture ball bearings which conlorn to
ABEC 7 tolerance requirciients.
Backlash is held to 8 minutes less,
In'(*uk-:m‘:n)’ torque to 0.02 nee-
inches, and balance is maintainced at
all times. Instru-Lec sub-miniature
differentials are available witl ther
0.0779 or 0.0935 inch diamet hafts
with overall lengths up to 3 inches.
Pitch and number of teeth on end
gears can be selected from wide
range. End gears are made h flat
blanks that are parallel ithin

0.0002 inch.

FLEXIBLE
TUBING

0=
OUTPUT
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A Desk Calculator for
Every Student
I'he Type 2 Curta calculator is a
new lightweight calculating machine
introduced by the Curta Company,

14435 Cohasset Street, Van Nuys,
Calilornia, for educators, researchers,
students, and technicians who re-
qu i ]m-('isv “on-the-spot” answer
f¢ ery type of mathematical oper-
mbining the accuracy, speed
rsatility of a large desk calcu-

| vith the p(n'lzlbility of a pocket
slice rule, the Curta has a capacity
ol 11 digits on the keyboard, 8 digits

indicator dial and 15 digits
sponding to 999 trillion) in the
dial.
cision made of stainless steel
ligh grade anodized aluminum
the cvlindrically shaped Curta
ly 2 1/16 inches in diameter by
inches high (about the size of
shing reel) and weighs only 12
es. Easily held and operated in
hand, the Curta is noiseless in
tion, rust and corrosion-proof,
does not require an external
r supply.

210 Foot Crawler Crane

When engineers undertake the de-

of crawler cranes for extraordi-
Iy high work, one of the first
biems they encounter is that of

m weight. That is, how to build a

m, 200 feet or more in length,

is light enough to be suppm‘t('d

v crane platform of reasonable

size, but still strong enough to lift
substantial work load.

Built in the conventional manner,
that is steel angle lattice construc
ti a 210 foot boom of the strength
required would have more weight
than could be counterbalanced by
a mobile platform of any practical
size. Therefore, to be satisfactory the
answer must involve reducing boom
weigcht  without sacrificing boom
strength. Such an answer can be
found by taking advantage of the
unique properties possessed by
tube.

The outstanding features of tubu-
lar construction are demonstrated
again and again by the greatest en-
sineer of them all-—-Mother Nature.
'he bones of animals, fish, and birds

hollow by Nature’s choice—provide
maximum strength for load bearing
members while holding weight to a
minimurm.

In the fabrication ol
long members such as

extremely
the cranc
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The main barrel assembly con
tains the 11 digit horizontal keyboard
with color coded setting knobs and
movable white decimal markers. A
number set on the keyboard remains
unaltered until a calculation is com-
pleted. A driving axle with the
unique step drum and reciprocal cog
system passes through the center of
the machine and is actuated by a
short radius operating handle de-
signed for high speed operation. The
knurled carriage contains the revolu-
tion counter, result dial and addition-
al decimal markers. A single lever
will clear the two dials either simul-
taneously or individually.

A continuous tens transfer and re-
versing lever permits short-cut tech-
niques in the basic operations of
multiplication, division, addition,
subtraction and in multiple opera-
tions involving cubes, roots, percen-
tiles, and trigonometric functions.
Automatic stops prevent €rrors in op-
eration or damage from overspeeding
in fast operation.

boom, the structural characteristics
of steel tubes pl‘()vidc an advantage
in addition to their high strength-
low weight property. Their relative-
ly large cross sections pl'()\'i(lc a boom
stability not persent in a comparable
hoom of angular construction.

The Blu'yrus-liric Company of
South Milwaukee, Wisconsin, consid-
ered many different materials and
construction techniques belore decid-
ing on tubular construction. Seam-
less mechanical tubing of one of the
high strength alloy steels was selected

as being best suited for the boom
construction. To withstand the an-
ticipated stress forces, the material
was tested for 70,000 psi minimum
yield with 159;, minimum elongation
in 27. Close to 4000 feet of job-
matched tubing went into the largest
unit. a 210 foot boom, 40 foot jib
combination. The completed crane
extends more than twenty stories in
the air. The 210 foot tubular boom
has a maximum working radius of
170 feet, and the 40 foot tubular jib
can be attached to further extend
its reach.
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YOUNG ENGINEERS AND SCIEN
BEFORE YOU DECIDE . . .

SA/AID
CONVAIK

PICK UP THE FACTS!

At Convair, we know how important it is to
choose your first association wisely. We can
almost always help to make the decision a little
easier, whether or not you choose Convair.

No company can be all things to all graduates,
but Convair offers some unusual advantages that
should interest you. We’re a big company, but
provide many of the advantages usually consid-
ered unique to smaller firms. Our engineering
departments, for example, are purposely organ-
ized into small, specialized groups, achieving a
climate of individualism rare in a company our
size. Also, a large organization can pursue a vari-
ety of independent research and technical studies;
its resources provide an extra measure of stability.

Looking for real opportunity? Convair, as a
member of the General Dynamics family, offers
what is probably the most advanced and diversi-
fied list of programs and products in the aero-
space industry,

CONVAIR

-

Salary? You'll find us competitive right down
the line.

Location? Convair’s operating divisions are lo-
cated in California and Texas. Each has advan-
tages; all are in medium-sized metropolitan areas.

Associates? Distinguished men in your field
have chosen Convair as their company: the best
place to express their ideas and formulate their
careers.

Graduate study? Convair aggressively encour-
ages graduate study and participation in local
educational programs through lecturing and
teaching. g E

Yes, before you decide, pick up all the facts
about Convair. You'll find them in our new bro-
chure, “Engineering Opportunities.” See it in
your placement office or write for a copy. Address
Mr. H. T. Brooks, Engineering Personnel Ad-
ministrator, Convair General Office, San Diego
12, California.

A DIVISION OF

GENERAL DYNAMICS



Modern day papermaking has

grown from an ancient art to a mas-
sive technological industry in just the P
last one hundred years. The great
increase in the use of paper has
made advanced research programs
necessary in all facets of Jle iapcr RON COWGILL
industry in order to maintain a sup- (Chem.E. “‘61)
ply ol puf)cr which will be adequate
to meet the world's demands.
{ he Chinese, the first to practice
the a1t of papermaking, did so as long P
ago as 100 - 200 A.D. The processes
which they used were kept secret
un 700 A.D. when the Arabs in-
vaded Samarkand. At that time,
several Chinese  papermakers were E
captured, and the fong kept secret
became known.
I process which the Chinese
us was simple. They began by R
grinding bamboo stalks in water to
make a pulp. This pulp was then —_FROM ANCIENT ART
S| d on silk screens to allow the
W to drain off. After drying in TO MODERN INDUSTRY
the sunlight, the sheets were peeled
off. and the screens were pressed and
then finished by rubbing with smooth

day this art, which moved west

China without any improve-

has become a technologically
ned process. Wood is now used
«d of the original bamboo stalks.
W | is ('Omp()scd of appr()ximately
cellulose, 309, lignin, and
20, carbohydrates. Cellulose is the

fitrous material which eventually be-
comes paper. The fibers are bound
by the lignin, a chemical complex
similar in action to glue. The first

step in papermaking is to prepare the
wood for the pulping process by re-
moving the bark. This may be done
by one of three methods. In the
forest, the felled trees may be hand
peeled, or, while standing, a sodium
arsenate solution may be injected into
the trees causing the bark to fall off.
The most common method, however,
is to remove the bark in the mill
with high pressure water jets. Next,
the peeled logs are chewed into fine
chips of about 34 of an inch in
length, parallel to the grain of the
wood. The chips are then screened
and sent to storage bins before being
fed to the digesters.

The Kraft or sulfate process is a
wood pulping method based on a
technique designed to dissolve the
lignin and leave behind the separated
(*qllulusc fibers. This process can be
cffectively divided into three stages.
1‘.11‘\'[. the chips are cooked with a
lime liquor in an autoclave under

pressure. The liquor containing the o :
dissolved wood is then pr(x‘(‘sst‘d with CHANGING HUGE ROLLS OF PAPER ON MACHINE AT CROWN ZELLERBACH CORPORATION’S
§1. HELENS, OREGON MILL. MACHINE MANUFACTURES 9,000 POUNDS OF TISSUE AN HOUR.

a salt cake to recover the valuable
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chemicals, after which more lime is
added to bring the liquor up to its
original composition so that it will
be ready for the next cycle.

Three products result from lhi.\
process. Of primary importance is
the wood pulp as it is the main
constituent of paper. Secondly, since
the process is exothermic, the heat
given off can be used to produce
steam. This by-product is made when,
in the recovery process, the lignin is
burned in a smelter to separate it
from the lime. The lime sludge, the
third product, is reactivated by heat-
ing it in a kiln to slake it.

Another process of major import-
ance is the sulfite process. The major
difference in the methods used to
make the pulp is the difference in
chemicals used in the cooking process.
The Kraft process uses alkalis while
the sulfite process uses an acid in
the cooking of the pulp. In the sulfite
method, the cooking chemicals are
recovered within the cyle, and, in
most sulfite mills, the chemicals are
sent to by-product plants or used in
road surfacing.

The sulfite process has two stages,
liquor making and cooking. Liquor
is made by burning molten sulphur
and absorbing the resulting SO, in
water. Liquor and chips are then
mixed in the digesters and cooked

at about 75 pounds of pressure.

The two different f)m(-ewc.\ for
making pulp are equally important
in the papermaking industry. The
Kraft pulp results in a very strong
paper, as the German word kraft
suggests. The sulfite pulp is soft and
pliable and results in a finer type
of paper. Because both types of paper
are in demand, the two processes are
equally valuable.

After the pulping process has been
completed, the pulp is washed and
screened and then fed into a Hol-
lander beater. Beating is the most
important part of the papermaking
process because the beaters help to
fiberize the cellulose which ultimate-
ly gives the paper a maximum
strength. From the rough beater, the
pulp goes through a refiner known as
the Jordan Engine. The thickness of
the pulp (which determines the qual-
ity of the paper) as it comes out of
the machine is controlled by two
concentric cones.

Before making the final product,
many minor ingredients must be
added to the pulp. These ingredients
affect the final product in various
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I'HIS BATTERY OF CENTRICLEA CrowN

ZELLERBACH CORPORATION's P \NGELES,

WASHINGTON, PAPER MILL Ei1 SPECKS
FROM DILUTED PULP BY 1

SEPARATION

(CENTER) @

BREAD WRAP IS PRINTED ON COLOR

PRINTING MACHINE

{(Borrom) :

PAPER PULP IS MIXED WITH OTHER COMPONENTS

OF PAPER IN THIS GIANT BEATER PRIOR TO

BEING  FABRICATED INTO PAPER.
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ways. Sizing, which consists essen-
tially of abietic acid (a rosin product),
emulsified in water and soda ash, is
added to produce paper finish, and
alum is added to set the dyes and
sizes. Dves are added to impart color,
and alum is used to acidify the pulp.
This offets the basicity of the mixture
and results in setting the size and
dye in the paper pulp. Other addi-
tions give different properties to the
finished paper. Some of these are
clay, talc, Ti0,, Borax, Casein, starch,
and diatomaceous earth. These fillers
affect the reflective index of the
paper and cause variation in paper
brightness and printability. This mix-
ture of pulp and ingredients is then
fed to the conical blenders, and, after
being mixed by this machine, the
pulp mixture is ready for papermak-
ing.

Most modern papers are made on
the high speed Fourdrinier paper
machine. This machine is one of the
largest continuous process machines
in industry, and its construction is
one of the marvels of technology. It
consists of two divisions, a “wet” end
and a “dry” end. On the wet end,

In JROUND IS WORLD'S LARGEST YANKEE
¥ N A PAPER MACHINE AT CROWN
/ wacH CORPORATION’s ST. HELEN'S,
OREGON MILL.

Px ITY OF NEWSPRINT IS TESTED IN THIS

i o O Fr ity Ciai the stuff h()..\ receives the pulp mix-
X H Diviston AT CAMAS, WASHINGTON. ture and distributes its load to the
I ONE OF A SERUES OF LABORATORX head box. A uniform fiber-suspension

¥ VHICH ASSURES QUALITY CONTROL IN

NEWSPRINT MANUFACTURING. is obtained and maintained in the
head box. From this the paper pulp

flows onto a moving belt through a

B M)

115 ¢ XPERIMENTAL PAPER MACHINE AT CROWN slot known as the “slice” which deter-
ZELITRBACH'S DEVELOPMENT LABORATORY AT St / S

CAMAS, WASKESETOR. BN . DIPCICAYS. oot mines the paper thickness. At that

point, the removal of water is im-
mediately begun, and the paper pro-
gresses through a series of roles, felts,
and presses before being collected on
the final role.

SMAI SCALE THE PAPER MANUFACTURING PRO-
CESS ¥ IHE LARGE PAPER MACHINES, THUS
FRMITTING TESTING WITHOUT LOSS
OF REGULAR PRODUCTION.

Of course, the use of technology
doesn’t end with this raw paper pro-
duct. Machines designed to coat the
paper for various uses are next in
line, and, in some instances, the paper
goes directly from here into a print-
ing press.

Predictions indicate that paper |
usage will double in the foreseecable
future. The amount of paper to be
produced in the future will be deter-
mined and limited by educated men.
As long as we continue to do re-
search and to build better machines,
man will be provided with all of his
paper needs.
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Why America’s state highway
engineers give first choice to Modern High-Type

Asphalt Pavement:

MILEAGE BUILT ANNUALLY
BY STATE HIGHWAY DEPARTMENTS

,, |

N

HIGH - TYPE
BITUMINOUS

N

15,000

. / 158
|
,J\,//’/ I ‘ /1™ PORTLAND
| J : CEMENT
0 ~—1 ~ | | CONCRETE
40 AL 2 B 8B B U B BUYHNROIHS YR

SOURCE: U.S. Bureau of Public Roads
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The graph on the left shows you that in 1958 alone the use of high-typc
Asphalt pavement increased 6/8% over 1940. This is because advance
in engineering know-how, in Asphalt technology and in the develop-
ment of the mechanical paver have made modern, high-type Asphal
pavement the first choice of highway engineers. Its more economical
construction and low maintenance costs have saved many millions of
tax dollars and kept America’s wheels rolling.

Recent engineering advances have developed new, DEEP
STRENGTH Asphalt pavement which will provide even bet-
ter performance and greater pavement economy in the future.

The tax savings possible will amount to millions of dollars and will
mean more and better local and interstate roads for our nation.

Your future success in civil engineering can depend on your knowledge
of modern asphalt technology and construction. Send for your free
“Student Kit™ about Asphalt technology. Prepare for your future now!

DEEP STRENGTH
 ASPHALT PAYEMENT

Ribbons of velvet smoothness . . .
ASPHALT-paved Interstate Highways

THE ASPHALT INSTITUTE
Asphalt Institute Building, College Park, Maryland

Gentlemen : Please send me your free student portfolio
on Asphalt Technology and Construction.

|

|

} NAME CLASS
| ADDRESS,

| <TY STATE
| scHooL
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“IT’'S HERE—IF YOU WANT TO WORK FOR IT"

Even before Ron Spetrino received his engi-
neering degree from Case he had good job offers
from six companies.

He joined The Ohio Bell Telephone Company
—his reason: “I was convinced an engineer could
go further here—if he was willing to work for it.”

As soon as Ron got his feet on the ground
in telephone engineering, he was tapped for a
tough assignment. The job—to engineer switch-
ing equipment modifications needed to prepare
Cleveland for nationwide customer dialing of long
distance calls.

Ron wrapped it up in five months, and found
he had earned a shot at another tough assignment.
In this job Ron helped engineer a completely new
long distance switching center for Cleveland. This
switching center connected Cleveland with the
nationwide customer dialing network. It was
about a year later that Ron put the finishing

can possibly find.”

“Our number one aim is to have in all
management jobs the most vilal, intelli-
gent, positive and imaginative men we \

FREDERICK R. KAPPEL, President
American Telephone & Telegraph Co.

touches on the spees for this $1,600,000 project.

Today, as a Supervising Engineer, Ron heads
a staff of five engineers and is responsible for
telephone switching in much of the greater
Cleveland area.

He supervises the design and purchase of $3
million worth of equipment a year. And even
more important, he is charged with developing
the technieal and managerial skills of his staff.

Ron knows what he’s talking about when he
says, “In this business you have to do more than
a good job. We expect a man to be a self-developer.
We expect him to take responsibility from his
first day on the job and think for himself. You
don’t get ahead around here by just doing time.”

If you want a job in which you're given every
chance to prove yourself, and real responstbility
right from the start—you’ll want to see your Place-
ment Office for further information.

5
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SCIENCE FAIR

I'he sixth annual Colorado-Wyo-
ming Science Fair was held April 14
and 15, in Boulder, Colorado. The
117 exhibits were divided into two
groups; the senior high projects
<shown at the Bureau of Standards
and the junior high displays at Base
Line Junior High School.

I'he University Memorial Center
was the scene of the Saturday lunch-
con at which the winners were an-
nounced. Biological projects took
first and second prizes. Robert Col-

¢ll, a senior at George Washington
iHioch School in Denver, won his first
rize with “Albino Maize in Photo-
swnthetic Experimentation.” Kenneth
. Weaver's exhibit entitled “The
I [fects of Carnotite Radiation on the
Reproduction and Mortality Rates

Daphnia Magna” won his second

ize award, He is a sophomore at
Creeley High School. Both winners

i1l attend the National Science Fair
» be held May 10-13, in Kansas City,
issouri. John Hudson, a sophomore
sm Branson High, Branson, Colo-
«lo, was chosen alternate. His proj-

t was “The Centrifugal Action on
solidifying Material and Lunar Ring
John, incidentally, was the
1 junior high winner last year with

entirely different project.

alls.

In the junior high division, Alan
yudley from Skinner Junior High in
Denver won first prize for his “Radio-

tivity” exhibit. Second prize went

Mike Higgins from Lakewood for
his mathematical “Magic Squares.”

Prizes were also awarded in the
three main areas.

Biological Sciences, Senior High:
first, Robert Colwell; second, Ken-
neth Weaver; third, Edward Brady,
a sophomore from Kemmerer High,
Kemmerer, Wyoming, with “An Ex-
planation of Muscle Contraction
through ATP”; honorable mention,
William Lake, sophomore at Mache-
beuf High, Denver, with “The Res-
pirometer.”

Mathematics, Senior High: first,
Judith Rice, sophomore at Littleton
High, with *“The Hitchcock Trans-
portation Problem™; second, Barbara
Jones, senior at Cherry Creek High,
Littleton, with ““T'heory of Probabili-
ty”; third, William Orr, junior at
Cherry Creek High, with “Function

of a Complex Variable”; honorable
mention, Steve Kinney, senior at
Ouray High, Ouray, with ““Math

Magic.
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Physical Sciences and Engineering,
Senior High: first, John Hudson;
second, Ken Ogan from Ault High,
Ault, Colorado, with “Thermoelec-
tricity—A Power Source for the Fu-
ture”; third, Elizabeth DeVore, soph-
omore at University High, Laramie,
Wyoming, with “Chemical Properties
of Crystals”; honorable mention, Carl
Hanson, senior at Cheyenne Moun-
tain High, Colorado Springs, with
“Determining Possibilities of Supple-
menting Visual and Auditory Senses
with the Tactile Sense.”

Biological Science, Junior High:
first, Patrice Miles, Smiley Junior
High, Denver, with “Mystery of
Heredity”; second, Scott Dyer, Hor-
ace Mann Junior High, Colorado
Springs, with “Cobalt Chicks, Irradi-
ation of the Chick Embryo to Ob-
serve the Internal Effects, Mainly on
the Heart”; third, Dallas Sandy,
Grand Junction Junior High, with

“Tyrosinase as a Precursor of Me-
lanin: honorable mention, Karen
Higgins, Lakewood Junior High,
with “Lichenology.’

Mathematics, Junior High: first,

Mike Higgins; second, Dustan Os-
born, Cherry Creck High School,
with “Measuring Irregular - Shaped
Arcas™; third, Wayman Walker, Col-
lege High, Greeley, with “Complete-
ly Tetrahedral Sextuples™; honorable
mention, Stephen Flax, Hill Junior
High, Denver, with “Mind Reading
Computer.”

Physical Sciences and Engineering,
Junior High: first, Alan Dudley:
second, Virginia Freeman, East Jun-
ior High, Colorado Springs, with
“Experimenting with Vacuum™
third, Dennis Schatz, Hill Junior
High, Denver, with “Micro-Meteor-
ites Around the World™”; honorable
mention, Luke Danielson, Centennial
Junior High, Boulder, with “Galileo’s
Pendulum.”

Fifty-one judges from throughout
Colorado and Wyoming had the dil-
ficult task of determining these win-
ners. One of the judges, Harold Mar-
tin who works for the Dow Chemical
Company at Rocky Flats, was him-
self a top winner in the 1956 Science
Fair.

Approximately four lh(mszu}d peo-
ple saw the outstanding projects of
hard working students. Many of the
students are already beginning work
on an exhibit for next year. Tenta-
tive dates for the 1962 Science Fair
are April 13 and 14

Engineering Physics

Throughout the world engineering
physicists are in great demand. Find-
ing employment in industries con-
cerned with atomic power, communi-
cations, and other such fields, the
voung physicist has overwhelming
opportunities.

At the University of Colorado the
curriculum for a degree in engineer-
ing physics stresses broad training in
both the theoretical and practical
aspects of mechanics, heat, light,
electricity, and atomic and nuclear
physics. Of course, a sound basis in
mathematics is essential.

The engineering physicist is inter-
ested in applying his knowledge of
physics to practical uses. His train-
ing should give him a basic back-
ground for work in various fields.

The high school student who
wishes to go into this branch of

engineering should have a good apti-
tude for mathematics and science. He
must want to understand the how
and why of many objects and forces.
To the student with desire and de-
termination, engineering physics will
prove to be a challenging and re-
warding career filled with unlimited
possibilities.

Aeronautical Engineering

Students interested in airplanes,
missiles, and all forms of space-craft
should look into the rapidly develop-
ing field of acronautical engineering.
This new science which started with
man’s desire to fly has now grown in-
to a field whose industries employ
thousands of men and women in the
design, development, and manufac-
ture of all air and space vehicles.

Aeronautical engineers are in de-
mand both in private industries and
government agencies. The choice of
spcci:nltics is numerous, and the op-
portunities are infinite.

The high school student should
begin building a good background in
mathematics and science. He must
be able to work well with others as
he will definitely become a part of
a team. A creative imagination and
a strong determination are likewise
essential.

A student at the University of
Colorado may choose a major in
aerodynamics, structures, or propul-
sion. He may also study the many
fundamentals of space flight.

Aeronautical engineering is a
worthwhile career in which even the
sky is not a limit.
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ALUMNEWS

In this last article of Alumni news,
I am presenting a feature story about
an unusual educational project of one
of CU’s alumni. The acknowledgment
of this project was revealed to me
when Davio M. Bovpo, Jr., BS.
(Ch.E.) 1941, and Degree of Chem-
ical Engineer (1950), visited the Uni-
versity prior to spring vacation, while
on a trip to the Colorado School of
Mines to speak on process control.

Mr. Boyd, chief instrument engi-
neer for Universal Qil Products Com-
pany of Chicago, represented the In-
ternational Federation of Automatic
Control in Russia last June as vice-
chairman of the American delegation.
Previously in 1956, he was sent to
Heidelberg, Germany, on a lecturing
assignment at the University of Heid-
elberg. It was there that he learned
of the Russian science education from
a Russian scientist lecturing there.
Learning from Russian propaganda
that Russia’s science edcuation com-
pletely surpassed that of the United
States, Boyd desired to visit and in-
vestigate the science education in this
country. He learned from Professor
Dunning of Columbia University that
Russian engineering students are paid
to go to school and that upon gradua-
tion receive almost five times that of
a Russian truck driver. In the United
States, the average engineer upon
graduation receives nearly the same
pay and many times only half as much
as that of the U.S. truck driver.

If this country was lacking in
science education, what was causing
the lag and with what measures could
this lag be overcome? Seeking a solu-
tion to this question, Boyd visited
the Hinsdale High School in Ilinois,
but he found himself very impress-
ed with the science program. After
conversing with some of the members
of a ham radio club at the school, and
explaining the fundamentals of dig-
ital computer circuits and Boolean
algebra, he aroused the interest of the
students in digital computers and the
binary counting principles. Then with
some electronic equipment donated
by Boyd, they began building their
own computer. These young scientists
of Hinsdale High School and Junior
High School ranged in ages from 13
to 17. “Operation Snowball” grew
with donations and publicity.

Working fervently until after mid-
night many nights in the basement of
David Boyd, the youths constructed
a 15-word capacity computer with a
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word length of 10 bits. Relays and a
[lexowriter were donated by Pan-
ellit, Inc. for the adding and sub-
tracting units, shift registers, and
memory cells.

“()pémti(m Snowball” revolution-
ized when Control Engineering pro-
cured a donation of a $10,000 mag-
netic drum with 50 heads from
Bryant Computer Products. This was
the beginning of the transistorized
digital computer. Diodes, transistors,
condensors, and other component
parts were donated by many com-
puter part suppliers. After more than
two years of work and remarkable
progress, Bryant Computer Products
offered to put 250 heads on the mag-
netic drum to give a 8,000-word capa-
city. The result after four years was
an 8,000-word transistorized digital
computer with a possibility of 128
commands. Mr. Boyd laid down the
theory and principles for the project,
but the boys carried out the actual
construction.

Mr. Boyd feels that with attention,
inspiration, and assistance to our
youth the science education of the
United States can compete with the
tough educational system of Russia.

As an added note of interest about
Boyd, he is an expert photographer,
a sports car enthusiast who owns 2
Mercedes and has won a number of
cups and ribbons in rallies, and a
grower of orchids.

s 3 \
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OraL L. Moore, BS.(C.E) 1948,
has recently been named the General
Manager and Chief Engincer for the
Hetch Hetchy Project, Utilities Engi-
neering Bureau and Bureau of I.igfn.
Heat, and Power in San Francisco.
This new position entails responsibil-
ity for all engineering and construc-
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For Your

Library

BOB LOUTHAN, (E.E. ‘61)

From Dry Plates to
Ektachrome Film
Dr. C. E. K. Mees; Ziff-Davis Pub-
her Photo Research History;
hester, N. Y., 1961.
history of pholographic research
en by the late Dr. C. E. Kenneth
Mees, a pioneer in the industrial
cation of research, has been pub-
Jied by Ziff-Davis Publishing Co.
Entitled From Dry Plates to Ekta-
‘ Film — A Story of Photo-
Research, the new book is
en for the advanced amateur and
the photographic scientist. It pro-
ides a wealth of material about “the
theary behind the phmogral)h."
I he book has more than 150 illus-
ms and is documented from Dr.
Nees' long experience as director of

kodak  Research Laboratories in
Rochester, N. Y. The laboratories,
hich he founded in 1912, were re-
sponsible for such photographic in-

novations as amateur motion pictures
md new color photographic pro-
cesses.  Known world-wide for his
work in photographic science and as
m authority on complex color photo-
graphy processes, Dr. Mees guided
Kodak research for nearly 44 years.
From the beginning of his carly ex-
perimentation in photography more
than a half a century ago, Dr. Mees
held to his aim of adding to know-
ledge of the scientific theory of photo-
graphy. A milestone of this course
came in 1942, with the publication
of his book, “The Theory of the
Photographic Process.” :

In the new book are chapters on
the early history of photography and
on first applications of science to
photography. Accounts of research on
photographic image structure, film
sensitivity, developers, sensitizing dyes
and gelatin, illustrate the scientific
progress that led to modern photo-
graphy. The author also tells of the
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long search that resulted in cellulose
acetate for safety-base film.

Other sections of the book are
devoted to the history of amateur and
professional movies, sound recording
on film, color photography, and X-
ray research. Other chapters deal with
photography and the graphic arts,
photographic materials for scientific
use, and the role of Kodak Research
Laboratories after World War IL

A chapter on non-photographic re-
search problems d(raL' with subjects
such as camouflage, measurements of
visibility, synthetic organic chemicals,
and the manufacture of optical glass
and high-vacuum equipment.

Handbook of Instrumentation

and Controls
A Practical Manual for the Mechan-
ical Services Covering Steam Plants,

Power Plants, Heating Systems, Air-

conditioning Systems, Ventilation

Systems, Diesel Plants, Refrigera-

tion, and Water Treatment. By

Howard P. Kallen, 692 pp., 550

illustrations. McGraw-Hill. $15.00.

Planned to help the reader deter-
mine how to best select and effective-
ly apply instruments and control sys-
tems for mechanical services in com-
mercial, institutional, and industrial
buildings, this newly published hand-
book provides a wide range of author-
itative and quantitative data. The
book extends from basic facts on
instruments to thorough descriptions
of complete control systems: it should
serve as a guide presenting important
information needed to procure, spec-
ify or design equipment.

In treating instrumentation for
pressure, temperature, flow, li({uid
level, pH and conductivity, combus-
tion, and boiler controls, the needs
of the engineer who designs and de-
velops instruments, as well as the
:1])1)]lic;1tion engineer, were kept in
mind. Similar consideration for the
practical needs of engineers, techni-
cians, and others is extended in the
coverage of turbine-generators, heat-
ing systems, air-conditioning systems,
relrigeration systems, diesel engines,
and other controls.

Lengthy, complicated discussions
are omitted in favor of many quick-
reference data. Numerous clear illus-
trations and tables, charts, and
graphs are used to convey technical
aspects of instrumentation. Of par-
ticular interest is the presentation of
many control systems that are com-
pletely illustrated to _demonstrate
modern practice in the field. T'ypical
practical upll)li('ati(ms of all controls
are described.

Specialized phases, including boiler
and combustion controls,boiler flame-
failure safeguards, and the funda-
mentals of instrument system design
are covered. Also the book includes
newer developments such as control
systems for high-pressure steam power
plants, and controls for large central
air-conditioning systems found in of-
fice buildings, hospitals, schools, and
other commercial and institutional
buildings.

Howard P. Kallan is a partner in
Kallen & Lemelson, Consulting Engi-
neers, a firm that specializes in the
design of mcrh;mi('ull services systems
for commercial, industrial, and insti-
tutional buildings. Formerly, he was
Chief Mechanical Engineer for Fred-
eric R. Harris, Consulting Engineers,
and an Associate Editor of Power.
He is a member of the American
Society of Mechanical Engineers and
the Instrument Society of America.

—— Y —

Advances in Cryogenic

Engineering
Edited by K. D. Timmerhaus. Volume
6: 652 pp., illustrated, $15.00.

Plenum Press, Inc.

Cryogenics, the science dealing with
low-temperature phenomena, is ex-
plored further in Advances in Cryo-

genic Engineering, Volume 6, the
latest addition to this important

series. Volume 6 contains the Pro-
ceedings of the 1960 Cryogenic Engi-
neering Conference, held by the Uni-
versity of Colorado and the National
Bureau of Standards.

The most significant aspect of cryo-
genics lies in its ultramodern applica-
tions—notably in masers and in new
types of computers which have diodes
and transistors operating in the very
low Kelvin ranges, and perhaps even
more important today, in astronau-
tics. These aspects and many more
are treated thoroughly in the six
volumes of this series.

Advances in Cryogenic Engineering,
Volume 6, contains 65 technical pa-
pers by leading scientists in the cryo-
genic engineering field. The reports
are divided into the following general
sections: Space Technology, Applica-
tions, Super('ondu('tivily, Processes,
Transfer Phenonmena, Equipment,
Physical Equilibria and Rclaw(% Prop-
erties, Heat Transfer and Thermo-
metry, and Mechanical Properties.

This continuing series of volumes
enables every scientist and technician
interested in cryogenics to keep fully
informed of new developments in the
field.
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Changes are wrought all the time. So we thought you might like to see . . . .

The New Engineering Courses

Object of Courses

The object of the engineering
courses at the University of Colorado
is to train and develop men by means
of engineering. A thorough and sys-
tematic training in the science of
engineering is given, leaving skill in
the trade ol engineering to be gained
after graduation. Emphasis is placed
upon theoretical considerations for it
is realized that practical work can be
intelligently understood and im-
proved methods advanced only after
a thorough knowledge of the prin-
ciples involved has been acquired.
'l'ilc best possible training is given
the student so that he can attack the
problems which will confront him
with confidence and feel that his
methods are sound. Enough of the
trade of engineering is taught so that
the science of engineering can be
fully understood and to enable the
graduate to immediately assume his
place in the engineering world and
be of value to his employers from the
start. One might devote most of his
four years in college to becoming pro-
ficient at the lathe or in m:mipuilting
the transit but after graduation he
would qualify only as a machinist or
a surveyor and not as an engineer.
In brief, the aim of the College of
Engincering is to turn out engineers
with high ideals who are well equip-
ped for practical work and who will
continue to study to keep pace with
the rapid progress of the profession
of engineering.

Outline of Courses

Every minute of the student’s time
is considered valuable so none can be
wasted in repetition of the same work
in different courses or in studying
courses which are not strictly abreast
with the times. This requires frequent
changes in the work taught and a
widening of its scope. The courses at
the University of Colorado have been
changed considerably this year. A sys-
tem of options has been adopted
which enables a student to prepare
for the line of work in which he is
particularly interested, but giving the
essential courses to all, so that there
will not be danger of over-specializa-
tion. The four major branches of engi-
neering, ie., Civil, Electrical, Mech-
anical and Chemical, are subdivided
as shown in the accompaning outline:
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1. Crvi. ENGINEERING
I. Structural Engineering.
2. Railway Civil Engineering.
3. Irrigation and Highway Engi-
neering.
II. ELECTRICAL ENGINEERING
I. Power and Lighting Engineer-
ing. '
. Railway Electrical Engineering.

re

III. MECHANICAL ENGINEERING

I. General Mechanical Engineer-
ing.

2. Railway Mechanical Engineer-
ing.

IV. CHEMICAL ENGINEERING
It will be seen that a student taking
the Civil Engineering course can
specialize in Structural Engineering,
]{:lilwily Civil Engineering or Irriga-
tion and Highway Engineering, and
that there are corresponding options
in the other courses. The choice be-
tween the four major courses is made
at the beginning of the second year
but the choice between the sub-divi-
sions of the major courses is not made
until the middle of the third year
for Civil and Mechanical Engineer-
ing and the beginning of the last
vear for Electric Engineering. The
character of work taken each vear

will now be explained. '

The Freshman Year

ArL Courses. Throughout the first
year all courses are the same so that
a choice need not be made until a
student has had a year at college to
consider the problem. During this
year work is given in mathematics,
chemistry, rhetoric, and drawing.

The Sophomore Year

At the beginning the second vear
one of the four major engineering
courses must be chosen for it is dur-
ing this year that elementary work
in  strictly engineering subjects  is
given.

AL Courses. During this year all
students continue their study of math-
ematics and are given courses in
physics, mechanics, and the materials
used in engineering construction.
~ Civi. ENGINEERING. Civil Engineer-
ing students begin the study of sur-
veying, railway location, roads and
pavements, and timber structures,

AL ENcGI-
chanical

ELECTRICAL AND MECHAN 1
NEERING. Electrical and Me
Engineering students take p work,
and elementary courses in the design
and construction of mac! S

CHEMICAL ENGINEERINC Students

in Chemical Engineering .re given
advanced work in chemis by tak-
ing qualitative and quantisiive analy-
SIS.
Junior Year

ArL Courses. All studer ontinue
their study of mechanics during their
third year, take up the study of steam
engines and boilers, and given a
thorough course in technical writing.

Civi. ENGINEERING. Students in
Civil Engineering are given work in
geology, railroad location esses in
structures, the methods o nstruc-

tion of buildings and biidges ;n}d
make a study of the flow vater in
pipes and channels. During the sec-
ond half of the junior yea se who
specialize in Structural | neering
are given courses in the story of
architecture, methods and imaterials
of architectural constructic ind the
heating and ventilation of ' uildings.
Those who specialize in R ay (21\:11
Engineering are given work in rail-
way terminals and maintenance,
while those who specialize in Irriga-
tion and Highway Engincering take
up the location and construction of
canals, reservoirs and highways.
ELectricALl EnciNgerinG. All elec

trical engineering students make a
study of the types, theory, testing and
design of electrical machinery; the
relation between heat and work; and
differential equations.

MECHANICAL  ENGINeerinG.  The
mechanical engineering students are
given courses in machine design, ma-
chine shop, electrical machinery, the
flow of water, and relation between
heat and work. Those who take Gen-
eral Mechanical Engineering muk(.' a
study of the heating and ventilation
of buildings and those who specialize
in Railway Engineering make a study
of locomotives and air brakes.

CHEMICAL ENGINEERING. During ghe
third year all chemical engineering
students are given courses in physical
chemistry, one analysis, machine de-
sign, electrical machinery, and the
relation between heat and work.
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Senior Year

\r1. Courses. The senior year is
devoted to advanced work in the
special lines of engineering. All senior
students make a study of business law,
contracts, and specifications. In each
one hour a week is devoted
to the study of various engineering
projects, the history of engineering,
nd current engineering literature.
Exceptional students are permitted to
carry on original investigation along
lines in which they are particularly
1 iterested.

COUurse

Civir. ENGINgerING. All Civil Engi-
ring students are given a thorough
ning in the design and construc-
1 of bridges and buildings of steel

reinforced concrete, and of var-
ious concrete and masonry structures,

such as arches, walls and dams. Ad-
vanced courses are given in the cal-
¢ on of stresses in structures.
Courses are given in water supply and
sewage disposal systems for cities.
( Engineering students who spec-

ial in Structural Engineering con-
he study of mechanics and take
design and construction of
ol! buildings, mill structures and
tructures. Those who specialize
+ Railway Civil Engineering con-
tis their study of railway prob-
lems taking up railway operation and
I structures. In irrigation and
H ay Engineering more time is
devoted to structures employed in
th nstruction of highway and irri-

gation projects, and to the problems
in design and maintenance which
confront highway and irrigation engi-
neers.

EvectricaL ENGINEERING. All Elec-
trical Engineering students continue
the study of alternating current mach-
inery, steam engines and illumina-
tion. Problems in the transmission
and distribution of electrical energy
are given sonsiderable study. Courses
are given in surveying and in the
design of structures. Those students
who specialize in Power and Lighting
Engineering make a study of the in-
stallation and operation of railway
system, the location and design of
electric &x)wer plants and the installa-
tion and operation of telephone sys-
tems. Students who elect Railway
Electrical Engineering devote consid-
erabel time to the design of electric
railway equipment and the problems
of installation of eclectric power on
railways.

MECHANICAL ENGINEERING. All Me-
chanical Engineering students con-
tinue the study of steam engines and
steam turbines. Courses are given in
the theory, construction and opera-
tion of automobiles, gas engines, and
hydraulic machinery. The design.
construction and management of in-
dustrial plants are considered. A
course is given in compressed air and
its application to pneumatic machin-
ery. Those who elect the General
Mechanical Engineering course are

given work in power plant design
and study refrigerating machinery. If
Railway Mechanical Engineering is
elected courses are taken in the oper-
ation of railways and the design of
locomotive shops and terminals.

CuemicaL ENciNeeriNG. All Chem-
ical Engineering students study the
design of chemical plans considering
the chemical, mechanical and struc-
tural features. Advanced work is
given in organic and industrial chem-
istry, geology and steam engines.

Summary

This description of the courses
shows that a thorough training is
available at the University of Colo-
rado, in nearly every branch of engi-
neering. The teaching staff ranks
with the best in the country and the
laboratory facilities are excellent. A
very large percentage of graduates are
practicing engineers and are holding
»ositions of responsibility. There has
»een such a demand for graduates of
the College of Engineering that the
University has been able to locate
every man as soon as his course is
completed.

Now before you panic, realize that
this curriculum is 45 years old. The
above is reprinted from the May,
1916 issue of The Colorado Engi-
neers’ Magazine, the predecessor of
the Engineer. So realize that things
haven’t changed too much except for
scope.—Ed.
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those of you who wish to receive the Engineer

in the future, we present the following.

We ask only
in the name of your favorite finan-

t you rip, tear or cut out this coupon and enclose a draft made out
it to Boulder by the most convenient means.
use the U.S. Mail service.

We suggest carrier pigeon, dog sled,

cial institution, and ship ey

or floating bottle. If none of these seem practical,
Pate e o :

| enclose a check payable to the Colorado Engineer in the
Tt e T 8 D bt A BAS s SEREE for a subscription to the
Colorado Engineer.

] $1.50 for one year.

] $4.00 for three years.

[ $25.00 Life Subscription.
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Cryogenic Thermometry

(Continued from page 16)
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Meet The Staff

(Continued from page 37)

only comment on marriage is that
“Marriage is the best thing for peo-
ple with children.” His hobbies are
fishing, hiking, photography, and the
study of women, weapons, and war-
fare. He modestly admits (with a
straight face) that he is shy, quiet,
bashtul, well-behaved, and afraid of
females, and he hopes someday to
overcome these personal obstacles.

PATSY MURNANE

Patsy Murnane, office manager of
the Colorado Engineer, is a sopho-
more in Chemical Engineering. Fi-
nally graduating from Salida High
School, Salida, Colorado, she decided
to try her luck at the University of
Colorado. To prevent boredom  she
has become secretary of AIChE and
High School Convocation Chairman
of Engineer’s Days. She is also in-
terested in other things such as music,
most sports and the usual pastime,
males.

JEAN ANN CLARK

Jean Ann, or DOC as she is some-
times known, is the editor’s private
secretary. In truth she is also his
wife, for on Valentine's Day (roman-
tic, isn’t it?) they tied the well-known
knot. Doc is a sophomore Lit. major
m Arts and Crafts. Her plans call
for following Tom through thick and
thin and putting her foot down

his head) . o

GARY GOLDBERG

Gary Goldberg who lives in Den-
ver, Colorado, is a freshman in the
College of Arts and Scicnces. He is
majoring in mathematics and at pres-
ent has a 2.7 grade average. Gary has
worked as finanicial manager of the
Engineer for the past yeu

JEAN LABE

Jean Labe, IBM secrctary
magazine, is a freshman
Science. She is pinned
berg, Assistant Business
the staff, but she refus
ders from him inside
the office. Jean's majo

for the
Arts and
Ron Stein-
mnager on

take or-
wutside of
education

and her hobbies are hi-li. miniature
golf, swimming, and bo o (if no-
body keeps score) . She in Den-

ver and has no plans fo immedi-

ate future beyond 1984

SUSAN PETERSEN

Susan Petersen is a Sophomore
from Pueblo, Colorado. She served
as a secretary the last rt of last
year and is currently a s ary. She
is a member of Kappa | pa Gam-
ma, national girls’ fratcinity. Ele-

mentary education is S S lll&l]()l".

e

Outstanding Engincers
(Continued from p 24)

civil en-

the

DaLe CuURTIS, a junio

rcsp(m\:‘“ for

gineering, was
planning and execution ol last years
An acuve

Engineers’ Days Banquet
Iso proml-

member of AES, Dale is a
nent in the American Socicty of Civil
Engineers, currently holding thf’
treasurer’s position. He is also prest-
dent of Delta Sigma Pi. Future plans
include a major interest in hydrmfl—
ogy with possible graduate study 1n
that field. His plans also include
his wife and four-month-old daugh-
ter. Dale believes that “One of the
contacts an engineer has with other
engineers is through the ]nnl't'-“i“““l
and other activities in the social and

business world,” and stresses the ”."-
portance of active Purli(il’““‘”‘ m
these groups due to the direct cor

relation between effort put mto the
group and benefit derived.
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Monorail "Airtrain” — a compact, high-
i transportation system that will be
matic and practically noiseless.
truction is now being planned by

ling U.S. cities to provide efficient,
w-cost urban transit. Lightweight

Monorail design demands strong,
weight-saving metals. Logical choice:
Nieckel-containing materials such as
nickel steels for the basic structure,
nickel steel castings for underframes,
trucks, other load-bearing assemblies.

And Nickel Stainless Steel is a natural
for skin and trim on cars—its excellent
strength-to-weight ratio permits thin-
ner gauge body shells for dead-weight
reduction, its handsome finish stays
virtually maintenance-free.

How Inco Nickel helps engineers make new designs possible and practical

When engineers design a transit
svstem, a nuclear ocean liner, or a
gas-turbine ear, chances are Nickel,
or one of its alloys can help the equip-
ment perform better. Nickel-contain-
ing metals can provide valuable
combinations of corrosion resistance,
ductility, workability, and strength
at extreme high and low tempera-
tures. Over the years, Inco has
developed new alloys and gathered
data on the performance of materials
}uu_.ler demanding service conditions.
I'his data is available to help solve
future metal problems.

Write to Inco Educational Services
—:—usk for List “A”, You'll find descrip-
tions of 200 Inco publications cover-
ing applications and properties of
Nickel and its alloys.

'l'ho”I_ntgrnational Nickel Company, Inc.
67 Wall Street, New York 5, N. Y.

s& INTERNATIO

The Tnternational Nuke‘l Company, Inc., is the U.S. affiliate of The International Nicke
— producer of Inco Nickel, Copper, Cobalt, Iron Ore, Tellurium, Selenium

38 billion light years — that’s how far
this 66-story telescope can “see” into
space. Nickel in steel gave engineers a
material tough enough to maintain pre-
cision in the rotating mechanism even
with anticipated 20,000 ton load. Nickel
used in steel members provided high
strength at minimum weight to support
the giant reflector.

Magnetic memory. This tiny part takes
advantage of the unusual magnetic be-
havior of a twisted high-nickel alloy
wire. Interwoven wire can store thou-
sands of “bits” of information magnet-
ically, ready to answer the computer’s
call. When twisted, this high-nickel
alloy shifts magnetization direction
from longitudinal to a helical path.

NAL NICKEL

] Company of Canada, Limited (Inco-Canada)
, Sulfur and Platinum, Palladium and Other Precious Metals.




Since finals are a good two days
away and the girls are all getting a
suntan, you might as well relax for
a few minutes and earn some money.
All you have to do is ask your next
door neighbor’s wife how to work a
few simple problems. Then you write
down what she says and drop it in
the Engineer office by May 26,
1961 A.D.

Along with the answers to the
yoblems you should include the
method of solution as this is also
considered in judging. Actually they
are not very hard even though you
might think so at first glance. Ten
dellars will be given for first place,
four dollars for second, and only one
little dollar for third place.

The winners of the last contest
have not been picked yet but they,
along with the winners of this con-
test, will be notified by mail. The
uicker you get your solutions in,
31(- better your chance of winning so
start working now.

The first problem is an exam
question whic}x is given to all seniors
at one of our neighboring univer-
sities.

1

Three farmers rented a pasture for
a fixed amount, each to pay in pro-
portion to the stock pastured. I‘Lirst
month, A put in 3 horses and B and
C each some horses, B paid $6, A and
C defaulted payment. Next month,
each put in one more horse, G paid
§7.20. A and B defaulted payment.
Next month, each put in one more
horse, A paid $5, B and C defaulted.

Required:

(1) rent of pasture per month

(2) number of horses B and C each

put in during the first month

(3) amounts A. B, and C owed

for unpaid service.
x * x
9

The faces of a solid figure are all
triangles. The figure has nine ver-
tices. At each of six of these vertices,
four faces meet, and at each of the
other three vertices, six faces meet.
How many faces does the figure
have?

x x *

The third problem is in keeping
with the modern trend in the Physics
department. :

3

A new kind of atom smasher is to
be composed of two tangents and
a circular arc which is concave to-
wards the point of intersection of the
two tangents. Each tangent and the
arc of the circle is 1 mile long. What
is the radius of the circle?

48
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If your sights are set

Scientist photographs the development of experimental “lunar”

on space survival-

plant at the Republic Aviation Corporation’s “Lunar Garden.”

~you'll find Photography at Work with you

Solving the problems of a human
being living in outer space has
become the task of scores of engi-
neers, chemists and botanists. And
serving them as a valuable working
tool is photography. It records the
growth of experimental plants and
fungi that can well become the
space voyager’s food supply. Through
autoradiography it can show the
absorption of cosmic radioactive
material, trace its circulation within
the organism.

There’s hardly a field on which

you can set your sights where pho-
tography does not play a part in
advancing work and simplifying
routine. It saves time and expense
in research, on the production line,
in the engineering and sales depart-
ments, and in the office.

So in whatever you plan to do,
take full advantage of all the ways
photography can help.

CAREERS WITH KODAK:

With photography and photographic
processes becoming increasingly

EASTMAN KODAK COMPANY
Rochester 4, N. Y.

important in the business and indus-
try of tomorrow, there are new and
challenging opportunities at Kodak
in research, engineering, electronics,
design, sales, and production.
* Ed =

If you are looking for such an
interesting opportunity, write for
information about careers with
Kodak. Address: Business and
Technical Personnel
Department, Eastman
Kodak Company, &
Rochester 4, N.Y.




Q. Mr. Boucher, with all the job inter-
views a graduating engineer goes
through, how can he be reasonably
sure he has made the right choice?

A. This is a good question because
few seniors have enough work ex-
perience in industry, government
and educational institutions to
allow them to make a fully rea-
soned choice. However, I think the
first step is to be sure that short-
term factors ‘like starting salary
and location don’t outweigh long-
range factors like opportunity and
professional growth. All of these
factors should be evaluated before
making a final commitment.

Q. But you do feel that starting salary
is important?

A. Very much so. If you are mar-
ried—it may be an even greater
consideration. But you should also
look beyond starting salary. Find
out, for example, if the company
you are considering has a good
salary administration plan. If there
is no way of formally appraising
your performance and determining
your appropriate rewards, you run
the risk of becoming dissatisfied
or stalemated due to neglect of
these important considerations.

Q. What considerations do you feel
should be evaluated in reaching a job
decision?

A. Let me refer you to a paper
written by Dr. L. E. Saline, now
Manager of Information Systems
in our Defense Systems Depart-
ment. It is titled “How to Evaluate
Job Offers.” (Incidentally, you may
obtain a copy by writing as di-
rected in the last paragraph.) In
it, Dr. Saline proposes six ques-
tions—the answers to which should
give you much of the information
you’ll need for an objective job-
offer evaluation. He suggests you
determine . . .

® to what degree will the work be
challenging and satisfying?

® what opportunities are available
to further develop abilities?

® what opportunities are there for
advancing in the Company (and
how dynamic the Company is in
the marketplace is an important
aspect of this question).

Francis J. Boucher

One of a series

Interview with General Electric’s

Manager-Manufacturing Personnel Development Service

How Good

Is Your Best Job Offer ...

® what salary potentials are pos-
sible with respect to the future?

® what about geographical location
—now and in the future?

® what effort does the Company
make to establish and maintain a
professional climate?

There is more to these questions
than meets the eye and I think
you would enjoy reading Dr.
Saline’s paper.

Q. What about the openings on de-
fense projects that are listed in the
various magazines and newspapers?
A. Presumably, there will always
be a need for technical manpower
in the defense business. But I
want to point out to you that most
of these opportunities are for ex-
perienced personnel, or personnel
with specific additional training re-
ceived at the graduate level.

Q. How do you feel about training
programs? Do they offer any particular
advantages over any other offer |
might accept?

A. I feel training programs are par-
ticularly helpful in easing the tran-
sition from an academic to a
business environment. Of course
they provide formal training de-
signed to add to the individual’s
basic fund of knowledge. They
also provide working experience in
a variety of fields and a broad
knowledge of the company con-
cerned and its scope of operations.
Upon completion, the individual is
generally better prepared to decide
the direction in which he will pur-
sue his professional career.
General Electric conducts a num-
ber of training programs. Those
that attract the greatest number
of engineers are the Engineering
and Science, Manufacturing, and
Technical Marketing Programs.
Each combines a formal, graduate-
level study curriculum, on-the-job
experience, and rotating assign-
ments. There is little question in
my mind that when an engineer
completes the Program of his
choice, he is far better prepared to

GENERAL @3 ELECTRIC

choose his field by interest and
capability. I might also add tl
because of this, he is more valua

to the Company as an emplo;

Q. Then you feel that a training pi
gram is the best alternative for
graduating engineer?

A. Not always. Some seniors h
already determined the spe
field they are best suited for
terms of their own interests
capabilities. In such cases, di
placement into this specific fi
may be more advantageous. !
fessional self-development for !
employees, as for all General E
tric technical employees, is
couraged through a variet;
programs including the Comp:
Tuition Refund Program for w
toward advanced degrees, in-pl
courses conducted at the grad:
level, and others designed to n
individual needs.

Q. For the record, how would

rate a job offer from General Elecir
A. T've tried to get across the need
for factual information and a los
range outlook as the keys to ar
good job evaluation. With respe
to the General Electric Company
seniors and placement offices have
access to a wide variety of infor-
mation about the Company, its
professional environment and its
personnel practices. I think quali-
fied seniors will also discover that
General Electric offers professional
opportunity second to none—and
starting salaries that are competi-
tive with the average offered
throughout industry today. From
the above, you can see that I
would rate a job offer from General
Electric very highly.

Want more information about
General Electric’s training pro-
grams? You can get it, together
with a copy of Dr. Saline’s paper
“How to Evaluate Job Offers”
by writing to “Personalized Ca-
reer Planning,” General Electric
Company, Section 959-15, Sche-
nectady 5, New York.
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