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This report summarizes the program of upper atmosphere research
carried out by the Aeronautical Engineering Department of the University of
Michigan in fulfillment of Signal Corps Contract No, W-36-039 sc-32307 with
the Engineering Research Institute of the University.
on July 15, 1946, and through extensions to the contract continued until
August 31, 1950, The program is continuing on Signal Corps Contract DA 36~
The report consists of new material and edited excerpts from
The excerpts are not shown as quotations

039 sc-125.

the project reports listed below.
-or noted in the list of references.

The purpose of the research as originallyvset forth in the con-

ATMOSPHERIC PHENOMENA AT HIGH ALTITUDES

Department of Aeronautical Engineering

1. INTRODUCTION

2. PURPOSE

tract was as follows:

a)

b)

c)

d)

"Develop the necessary techniques, and confirm them
by field experiments, leading to measurement of
pressure, temperature, and constituency of the atmos-
phere in the region of 30 to 80 kilometers altitude,
the upper limit to be extended beyond 80 kilometers
if phenomena are found which are considered by the
government to warrant additional investigation.

"Develop methods for measuring wind direction and
velocity throughout the altitude interval given in
paragraph (a) above.

"Follow closely the progress of other investigations
in research on other associated atmospheric phenomena
such as ozone tracing, cosmic ray phenomena, etc.,

and participate in and extend investigations into these
phenomena if deemed by the Government to be meteoro-
logically significant. :

"Pursue studies on the basis of information gained as
a result of the investigations under paragraphs (a)

The work was started
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and (b) above, leading to evaluation of the role
of observable upper atmosphere quantities in a
better understanding of meteorological phenomena
and weather forecasting.

e) "Assist with the evaluation, design and operation
of special meteorological rockets, and design, test
in operation, and evaluate the necessary instruments
and techniques for obtaining required data."

'3, PROGRAM

The first rockets to become available for high altitude experi-
mentation were captured German V-2's (A-4's). A program of test firings at
‘White Sands Proving Ground by Army Ordnance was inaugurated. Various
agencies interested in the upper atmosphere were invited by Ordnance to use
space on the V-2's for research instrumentation., Accordingly, a series of
experiments was planned by the Meteorological Branch, ESL, and the University
of Michigan to measure the fundamental variables of the upper atmosphere
that have meteorological significance,

The first experiments planned by ESL were:

_a) MEasuremenb-of the velocity of sound as a function
of altitude by observations of explosions of gienades
ejected from the V-2,

b) Optical tracking of smoke puffs from grenades ejected
from the V-2, Designed to give information on upper
atmosphere winds,

c) Optical observation of smoke trails generated on the
V-2 after burnout. (In cooperation with Edgewood
Arsenal)

The first experiments planned by the University of Michigan were:

a) Sampling of the upper atmosphere by means of bottles
carried in the V-2, Designed to give information on
the constituency of the upper atmosphere of importance
in the evaluation of mixing vs. diffusion in the
atmosphere,

b) Measurement of the ambient temperature of the upper
~ atmosphere by aerodynamic measurements on the V-2,

The early major effort at the University went into preparing
sampling bottles for V-2's, instrumenting V-2!s for aerodynamic measurement
of temperature and providing the circuits for the grenade and smoke experi-
ments. Through the courtesy of other agencies, space for sampling bottles
and a shadowgraph was made available on several V-2's other than those for
which Michigan was the cognizant agency. When the Aerobee became available
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the sampling experiment was designed for use with this rocket and several
flights were made. Also, work was started on the application of the probe
aerodynamic measurement of temperature to the Aerobee and the first flight
will be made in December 1950, During the same period ESL adapted the
grenade experiment to the Aerobee and made several successful flights.

Four V-2's and eight Aerobees were instrumented by the University
of Michigan and fired. A total of 46 sampling bottles were flown on these
rockets and on seven V-2's on which space was made available by other
agencies, The V-2's were also equipped with apparatus for the aerodynamic
measurement of ambient pressure and temperature. A shadowgraph was flown
on Signal Corps V-2 42 for which Edgewood Arsenal was the chief instrument-
ing agency. Table 1 summarizes the firings for which Michigan was the chief
instrumenting agency.

The major laboratory effort throughout the program has been
applied to the preparation of flight instrumentation and experimentation
subsidiary to the flight experiments. Three of the more important related
developments have been the construction and operation of a selective adsorp-
tion gas analyzer, the investigation of shock wave curvature and the
development of a flight magnetic recorder,

During the period February 1948 to February 1949 a related program
of research on the generation of smoke at high altitudes was carried on
under the supervision of Dr. C. M, Sliepcevich. The progress of the work
was reported in the Progress Reports for the period (see Section 4) and in
a Final Report dated February 1949.

4. REPORTS
The foilowing Technical Reports were issued:
a) Mills, R, G., Calculations of Pressures on Cones

Moving at Supersonic Velocities in the Upper
Atmosphere, October 1946.

b) Neill, H. W., Physical Status of the Atmosphere,

¢c) Leite, R. J. and Liu, V. C., Technical Report on
Analysis of Pressure Measurements Recorded During
the Flight of V-2 No. 25, April 1949.

d) Turner, E. B. and Liu, V. C., An Evaluation of
Shadowgraph and Schlieren Optical Methods for
Determining Temperatures in the Upper Atmosphere,
July 1949.

e) Bartman, F, L., Liu, V. C. and Schaefer, E. J.,
An Aerodynamic Method of Measuring the Ambient
Temperature of Air at High Altitudes, July 1950.
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The following Quarterly Progress Reports were issued:

Progress Quarterly

Report No. Report No, Period
3 2 10-1-46 to 1-15-47
b -3 1-15-47 to 4-15-47
5 4 L=15-47 to 7-15-47
) 5 T=15-L7 to 10-15-47
L 10-15-47 to 1-15-48
5 1-15-48 to 4-15-48
6 L4=15-4L8 to T-15-48
10 7 7-15-48 to 10-15-48
11 8 10-15-48 to 1-15-49
12 9 1-15-49 to 4-15-49
13 4=15-49 to 5-14-49
1, 5-15-49 to 6-l4=49
15 10 6-15-49 to 9-14-49
16 Interim 9-15-49 to 11-14-L9
17 11 11-14-49 to 2-13-50
18 12 2-14-50 to 5-13=50
19 13 5=14~50 to 8=31-50

A series of one page letter~type progress reports was also issued
monthly during the course of the work.

5. COMPOSITION

The primary objective of the air sampling experiment has been to
ascertain the amount of diffusive separation of gases in the atmosphere at
altitudes between 30 and 80 km, In addition some work was done in attempt-
ing to detect oxides of nitrogen in upper air samples,

5.1 Sampling

It was determined that air samples of sufficient amount for known
methods of analysis could be obtained at ambient pressures up to 80 km
altitude in bottles of suitable size for rocket use. Therefore, no technique
for increasing the air capture by cooling was developed. The bottles used
were 500 cu. in. steel oxygen breathing bottles.

5.11 Preparation of Sampling Bottles

The bottles were found to be quite suited for the purpose of air
sampling. The original welds were found to be vacuum tight and did not open
upon impact after the rocket flight. For the V-2 flights the bottles had
additional protection from opening upon impact by a specially designed steel
Jacket. See Fig. 1. The sampling bottles were prepared for evacuation by
soldering the sealer and opener components directly to the bottle wall., The
bottles were washed in water and alcohol or acetone and dried. The bottles
were then evacuated on the preflight pumping system shown in Fig. 2. They
were pumped for 24-48 hours while being held at a temperature of about 150°C.




Fig. 1. Sampling Bottle and Shield Assembly (V-2 only)

Fige. 2., Vacuum System for Evacuabting Sampling Bottle
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This was the highest temperature that could be maintained for any protracted
period of time due to the presence of soft solders in the construction of
the sampling bottle. While on the pumping system the bottles were tested
for leaks by means of a General Electric helium leak detector. The bottles
that showed leaks were removed and the faults corrected. The botiles were
finally sealed off from the pumping system by means of a modified C-clamp
which was used to pinch the 1/4 ineh copper tube through which the air was
removed from the bottle. This 1/4 inch tube had been previously tinned with
a thin coat of soft solder so the bottle was sealed vacuum-tight by appli-
cation of pressure and heat to the modified C-clamp., After seal-off from
the preflight pumping system the bottles were monitored for possible leaks
by means of a small hot-wire Pirani gage soft-soldered in the neck of the
sampling bottle, Sampling bottles were checked carefully for possible leaks
in this way before installation on the rockets themselves. The character-
istic of the hot-wire gage is shown by Fig. 3. Although the gages are not
suitable for measurement of pressures less than one or two microns mercury,
they are sufficiently sensitive to detect small leaks within a few days
after seal-off from the pumping system.

5.12 Sampling Bettle Openers

Five types of openers were developed. These were:

\ a) Frangible glass seal-off tube. Never used on account
of fragility. (Fig. 4).

b) Spring-operated knife and copper "roof-top". Discon-
%inued ?ecause of uncertainty in trigger action,
Fig. 5).

¢) Pyrotechnic-operated knife and copper "roof-top".
Used successfully on many bottles. (Fig. 6).

d) Pyrotechnic-soldered disc. Discontinued because of
: complexity. Used on Aerobee SC-11l. (Fig. 8, 9, 10).

e) Motor-operated knife. Most promising because it
leaves an unrestricted opening. To be used on Aerobees
SC-13 and SC-17. (Fig. 7).

racsrone ue e,

—t——.

[ S
——

!

B H

il i

Fig. 3. Characteristic of Hot Wire Gages
Installed in the Sampling Bottles
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Fig. L. Glass Seal-0ff Tube

Fig. 6. Pyrotechnic-Operated Knife Fig. 7. Motor-Operated Knife
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\ SEALER SUPPORT; ~ SEALER SPRING mmn? )

X

- OPENER PLUG

FINGRON,

SOFY SOLDER
50 LEAD IRDIUM e
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Fig. 9. Fig. 10,
Pyrotechnic~Soldered Disc Sealer-Opener Detail of Opener Plug and Spring
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5,13 Sampli.

r Bottle Sealers

Five types of sealers were developed, of which two were flown and
one is to be flown, These were:

a)

b)

Cone-goldered type. Discontinued because of power
requirvement and complexity. Never flown., (Fig.
11, 12).

Spring-operated jaws with electric soldering.
Discontinued because of large amount of power
required., Mounted on V-2 25 but never flown due
to rocket failure., (Fig. 13).

Pyrotechnic hammer and anvil and pyrotechnic
soldering., Used on all successful samplings to
this date. (Fig. 14 and 15). Designed by
Picatinny Arsenal. '

Pyrotechnic-soldered disc, Discontinued because
of complexity and generated gas. Used on Aerobee

Pyrotechnic~operated jaws for cold-weld of copper
tube, Most promising from a standpoint of gas
gorption by bottle seal-off., To be used on Aerobees
$C-13 and SC-17. (Fig. 17 and 18).

Fig. 11, Fig. 12,
Cone~Soldered Sealer Cone~Soldered Sealer, Exploded View
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Fige 13, Spring-Operated Sealeyr

SQUIB
el _POWDER FOR
a3%% : GCOMPRESSION

s | o POWDER
N sa o (B3 2 FOR HEAT
Ara2 a"&qf /

AR \6' %

-SEAL~QFF
TUBE

~

HAMMER
ANVIL
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Fige 17. Laboratory Model of
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5.14 Sampling Bottle Installations and Air Scoop Arrangements

Several mounting configurations were used in the various flights.
On V-2!'s the sampling bottles were flown in the motor compartment between
the lower fuel tanks and the burner, in the instrument compartment just
below the nose cone, and in the mid-section between the fuel tanks. The
types of installation used are shown in Figs. 19 to 22, The mid-section
“installation was the one most widely used since it used space not adaptable
to other experiments, was the easiest for installation and resulted in the
least damage to the sampling bottles. Its big disadvantage was the require-
ment that the sampling bottles be available for installation a few months
before the actual rocket flight since this installation had to be completed
before the fuel tank assembly., This meant that sampling bottles could not
be replaced in case of leak development or damage during the rocket assembly.
All Aerobee installations consisted of three bottles mounted in about the
center of the nose cone with the bottle longitudinal axes parallel to the
missile longitudinal axis. Figs. 23 to 30 illustrate the Aerobee installa-
tions that have been used. Fig. 31 illustrates the installations contem-
plated for use on Aerobees SC-13 and SC-17,

In the first V-2 firings the air intake and exhaust scoops lay
close to the skin so that relatively little increase in pressure over
ambient pressure was realized., Fig. 20 shows these scoops. In addition
it was soon realized that there was a definite possibility of the samples
containing a certain amount of contamination from air carried along with
the rocket., This point will be discussed shortly. On later flights, intake
scoops projecting beyond the boundary layer into the free stream were used.
‘Fig. 19 shows the newer type intake scoop. Still later, an attempt was made
to increase capture efficiency of the sampling procedure by design and use
of supersonic nozzles and diffusers. Fig. 22 shows how V-2 50 was fitted
with one of these special designs and one of the earlier extended scoops
for comparison purposes. Unfortunately, both bottles were badly crushed
and burned on impact so that the samples were lost and no check on the
‘increased efficiency of the supersonic scoops was made., V-2 56 was fitted
with two sets of the supersonic scoops, but no samples were obtained. The
supersonic scoops were also used on Aerobees SC-3 and SC-7. Close-in scoops
were used on the remaining Aerobees with the exception of SC-1l where the
air was admitted through 1" diameter straight tubing that ran to the tip of
the rocket, except for the final spring-ejected tip. On Aerobees SC-13 and
SC-17, yet to be fired, the intake system consists of 1" diameter tube, 11"
long, with no curves or restrictions of any kind. The forward end of the
tubes is the most forward part of the rocket at the time of sampling so
that the ram pressure beyond a normal shock wave may be expected in the
tubes.

As a result of an invitation by the Army Air Forces, three com-
pletely non-magnetic sampling bottles were prepared for inclusion in the
Blossom II-A canister of V-2 39, The bottles were fabricated from brass
and each had a capacity of 250 cubic inches. The Picatinny Arsenal furnished
pyrotechnic hammer-anvil sealers of non-magnetic material. A photograph of
the bottles installed in the canister is shown in Fig. 33. It was planned
to take the samples before the canister was ejected from the rocket and
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Fig. 19. Sampling Bottle Installation in Motor Section of V-2
A -~ Modified Intake Scoop
B « Close-~in Exit Scoop
C - Sampling Bottle

_

e

Fig. 20. Sampling Bottle Installation in Instrument Compartment of V-2
Only the close-in exit scoop is shown.
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Flgo. 22, Ixterior View of Mid-Section Installation on V.2
This shows both old-type extended scoop
and newexr supsrsonic nozzle and diffuser.
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Fig. 28, Nose Cone of SC-11 .
Spring-ejected tip is not shown.

S

Fige 29. Fig. 30.
Brass Nose Cone of SC-l11 Spring-fjected Nose Cone Tip
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Fig. 31. Sampling Bottle Installation to be used on SC-13 and SC-17



2l

R

o
\@X@\‘@
FRER R
L

S SR
.

S
S @g

o

.
;@'f'&%?

%ﬁi

Fig. 32, Recovery of SC-3
This shows the minimum damage obtalned with
parachute recovery, The supersonic scoop
and diffuser shown were also uged for SC-7.
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Fig. 33. Non-Magnetic Sampling Bottle
Installation in Canister of Blossom II-A

lowered by means of a parachute. Unfortunately, no samples were obtalned
due to an extremely poor rocket flight, However, the parachute on the
Blossom TI-A functioned so that the bottles suffered only minor damage and
could probably be used over again.

On all flights the samples were taken during the upward flight of
the rocket, the timing sequence of the openers and sealers being controlled
by & timing c¢ircuit. The final timer developed and its circult are des-
cribed in Section 8,1,

Unlike the rocket experiments in which the data may be telemetered
to the ground during the rocket flight, recovery of the sampling bottles is
necessary to the obtaining of the sample itself. All of the sampling
bottles were recovered except the two bottles in the instrument compartment
of V-2 27. These two bottles were never found. In general, recovery was
accomplished within a few days after the rocket flight, although some samp-
1ing installations were not recovered for several months. In the V-2 it
was found that the mid-section installation was best from the standpoint of
recovery since the fuel tanks usually separated upon the controlled detona-
tion at the end of the rocket flight. This usually released the bottles
from their detachable mountings between the fuel tanks, Kven here the
mortality has been quite high as can be seen from Table 2. In the first
two Aerobee firings (SC-l and SC-2) recovery of the bottles in good
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Fig. 3h. View of V.2 and Sampling Bottles After Rocket Flight

Fig. 35, Typlcal Aerobse Recovery (no parachute)
This view shows the general crushed condition of the sampling
bottles after Aerobee flight where there was no parachute recovery.
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condition was hoped for by means of pyrotechnic separation of the tail fins
from the main missile body. Although two good bottles were recovered from
SC=2, the general crushed condition of the bottles on account of the high
velocity impact necessitated an attempt at parachute recovery. A parachute
mechanism was developed by ESL and has been used for the other six sampling |
Aerobee firings. Of these, parachute recovery was -not obtained for SC-4 and
SC-11, but for the others it has been highly successful and has resulted in
only slight damage to the sampling bottles.,

5.16 Extraction of Upper Air Samples from Sampling Bottles

After completion of the rocket flight and recovery of the sampling
bottles from the wreckage, the bottle installations were carefully inspected
for any information that might be useful to future flights. The bottles
that failed to collect upper air samples are listed in Table 2% with some
information on them and their respective rockets. More complete information
is given in Table 3% for the bottles from which upper air samples were ex-
tracted. The samples were extracted from the steel bottles by a mercury-
glass pumping system which made use of the so-called Toepler pump. The
extraction was originally attempted through use of a continuous "Archimedes
pump" which operated by means of a glass-covered iron armature mounted
perpendicular to the axis of the pumping system and a rotating external
magnetic field. A schematic of this system is shown in Fig. 36. This
proved to be unsatisfactory and was replaced by an air-operated Toepler pump.
The modification has been guite satisfactory and has enabled the transfer of
the major part of the upper air "capture" from each successful sampling
bottle to four lime glass vials without contamination by the outside air,

The transfer is made possible by means of a small copper diaphragm
of 0.003" shim stock soldered in the sampling bottle at the time of bottle
preparation. After the extraction system has been pumped and outgassed by
heating the vial system is closed off from the mercury diffusion pump by
means of a mercury shut-off valve, The sample is then allowed to enter the
extraction system on puncturing the copper diaphragm in the sampling bottle
by means of the steel plunger. See Fig. 37. The pressure of the sample is
then increased in the vial end of the extraction system by action of the
alr-operated Toepler pump and the magnetic mercury float valve which retains
the higher pressure in the vial portion of the extraction system, After
operation of the automatic air-operated Toepler pump for about two hours,
at the end of which nearly all of the air sample is in the vial end of the
extraction system, the glass vials are pulled off from the system by means
of a hot glass seal-off., Each of the upper air samples were transferred to
four glass vials in this way. The vials were labeled A, B, C, D following
the appropriate arabic numeral representing the extraction number (and not
the original bottle number). Vials A and D are all of 50 cc. capacity,
while vials B and C are 25 cc. capacity. The products of these volumes with
the vial pressures of Table 3 give the amount of air sample in each vial
available for analysis. From these figures it is seen that the amounts vary
from 9.1 cc NTP (vials 28A and 28D) to 0,29 cc NTP (vials 18B and 16C).

# For convenience Tables 2 and 3 are given at the end of Section 5.28.
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Fig, 36. Schematic of Sample Extraction System
The rotary pump shown was later replaced

by an air-operated Toepler pump.
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Fig. 37. Detail of Extraction System Showing Plunger Mechanism
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Fig. 38, Operation of the Present Sample Extraction System

After extraction of a sample from its steel sampling bottle a

leak check of the bottle was made by ralsing the mercury cut-off valves and
repumping the entire extraction system to a high vacuum, -The mercury diffu-
sion pump was then cut off from the extractlon system and the rate of pres-
sure increase, if any, in the extraction system was measured by means of the
attached McLeod gage. The leak rates are given in Table 3. Several sampling
bottles were found to have rather high leak rates so that thelr samples were
not considered valld and the sealed-off vials were rejected for analysis,
These particular bottles were not included in Table 3 but rather in Table 2,

5,17 P jon of the Upper Alr Samples by Sampling

Since the upper air samples from V-2 flights were obtained from
installations in which the scoops were located well back of the tip of the
rocket, these experiments were subjected to the possibllity that the upper
alr samples have been contaminated by ground air carrled along by the
interior of the missile., Rough estimates indicate that the air will be
discharging from an effective volume of about 100 cu, ft. during the upward
flight of the V-2, The time constant for this discharge (time for the pres-
sure to decrease to 1/e of its original volume) was estimated to be of the
order of 20 seconds. Against this, the V-2 at a helght of 225,000 feet
(68 km) and a velocity of 4000 feet/sec., is sweeping out an alr volume of
10 cu, £t. (NTP) per second. Thus the volume of alr swept out appears to be
somewhat greater (possibly a factor of 10 or more) than the rate of leakage
fyom the missile body above the sampling intake scoops. The conclusion to
be drawn so far is that this possible source of sample contamination can not
result in more than 10% impurity by ground air carried along by the rocket.
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However, aerodynamicists estimate that at the location of the
intake scoops the boundary layer is several inches thick at zero angle of
attack, Outside this distance the velocity is essentially that of the main
stream. The intake scoop tubes were made as long as appeared feasible
without structural modifications and it was intended that they should extend
outside the boundary layer. It is likely that air leakage from the compart-
ments above the scoops results in a thickening of the boundary layer and may
even cause turbulent flow, Thus it is possible that the intake scoop does
not actually extend beyond the boundary layer and that the air taken into
the sampling bottle is contaminated by the trapped air perhaps by as much
as 1 to 1 ratio of ambient to trapped air.

In regard to these views the attitude has been taken that if there
is appreciable diffusive separation in the upper atmosphere at the height of
the samples, the air taken in at the intake scoops should show a difference
from surface air since samples should contain some stratospheric air. This,
in itself, would be an important result. If no difference were found in
several flights, one would certainly expect little diffusive separation, If
there is a difference from surface air, the quantitative difference might be
questionable because of the possible contamination.

It appeared that sampling by means of the Aerobee rocket might
eliminate these objections since this would be a single-experiment rocket
and the design could be manipulated so that the intake scoops were well
ahead of the out-gassing ports of the missile body. For SC-1 the nose cone
was fitted down over the sampling installation and the scoops attached.
For the later Aerobees provisions were made to cut the nose cone about two-
thirds the way towards the tip so as to greatly increase the ease of assembly
and trouble shooting. By use of ring seals it has been possible to eliminate
any air leakage at this joint, Thus, if the Aerobee nose cones are sealed
and leak-tested forward of the intake:scoops, upper air samples will be
uncontaminated provided the angle of attack is not more than about 90°,
Unfortunately, in view of the sparse attitude data of the Aerobees, and
indications from the attitude data that do exist, it appeared that it would
be desirable to design an experiment to estimate the contamination from '
trapped air inside the nose cone in case a large angle of attack occurs
after fuel burnout,

An experiment was designed making use of the radioactive carbon
isotope Cl4 in the form of Cl40,. The CO, is contained in a 100 cc steel
cylinder at one atmosphere pressure and is opened by means of a pyrotechnic
opener similar to the sampling bottle pyrotechnic openers at an altitude of
35 km where the pressure is 1/150 of one atmosphere. Fig. 39 shows the
cylinder and opener mechanism. The cylinders were in the nose cone of the
Aerobee near the tip. See Fig. 26, The CO, should be sufficient to displace
the 15,000 cc of the unoccupied volume of the cone when the CO, cylinder is
opened at this altitude. It was calculated that .000025 cc NTP of the COp
could be detected by present Geiger counter techniques. Since the test vials
usually contain about .3 cc NTP, this means it would be possible to detect
0.,008% contamination by this gas. In this way it was hoped, in the design,
that such measurements would give evidence one way or the other regarding
contamination of the sample by air leaking from the nose cone either through
seals or through the intake tubing. This would also cover the case where -
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Fig. 39. Cylinder and Opener

there is a large angle of attack and the outgassing of the nose cone occurs
in the trajectory ahead of the intake scoops. The contaminator was installed
on SC-3, S5C-7, SC~9 and SC-1l but,because of failure of the device to open,
contamination checks have been restricted to bottle 77 on SC-3., The results
were quite encouraging since the beta-ray count gave a contamination of
0.002% with background at the same value. The beta-ray count was accom-
plished by isolating a part of the sample from bottle 77 at the time of
extraction. This was sent to Tracerlab, Inc., Boston, Massachusetts, for
measurement by standard Geiger counter technique.

There are still a number of possible sources of sample contamina-
tion. The first arises from small leaks in the sampling bottle before
sampling. Since the Pirani gages soldered inside of the sampling bottles
were insensitive to pressures less than one or two microns of mercury, it
is conceivable that the bottles may have leaked this amount. However, since
the collecting pressures were at least two orders of magnitude higher than
this value the amcunt of air contamination would not be objectionable pro-
vided (for the Glickauf analyses) the helium content of air in the pumping
room was not too much above normal.* Some attempt was made to store the
sampling bottles after evacuation in a room separate from the pumping room
containing the preflight pumping system, so that this possibility was reduced
considerably. In addition, it is important to note that such a contamination
would increase the helium to nitrogen ratio above and beyond the increase

# The leak detector reguired the release of a small amount of helium in the
pumping room a few minutes a week.
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that might be obtained from diffusive separation of the sample itself - none
was detected (Section 5.21 and 5.22),

A more serious possibility of air contamination exists in the
bottle seal-off techniques. All of the successful samples obtained used
the seal-off involving the pyrotechnique hammer sealer. The sealer appears
to evolve about two microns of gas in the sampling bottle when operated.
It seems reasonable that some of this gas will consist of gaseous hydro-
carbons from the rosin flux that was found to be necessary for successful
seals., The rest is probably water vapor and carbon dioxide. None of these
gases would affect any of the analyses used to determine diffusive separation
in the upper atmosphere. The outgassing of the pyrotechnic soldered-disc
sealer was more serious than for the pyrotechnic hammer sealer since the
amount of hot metal available for outgassing was considerably larger than
for the hammer sealer. Since this type of sealer was not successful on SC-11
- and since this model has been discontinued, these objections will not be
discussed in detail,

One objection to the sealers is the partial or complete loss of
oxygen apparently due to the hot metal at the time of seal-off, If this
loss were eliminated, as in a cold-weld seal, a measurement of the ratio of
the oxygen isotopes would allow a check on the internal consistency of the
analysis technique discussed in Section 5.27.

The slight contamination of the samples by oxides of nitrogen
formed at the time of the hot glass seal-off of the vials from the extraction
system is discussed in detail in Section 5.25. Suffice to say that it does
not appear able to nullify any of the interpretations of the analyses used
to determine diffusive separation.

- The possibility that some of the sample is atmospheric air that
has leaked in due to poor seals at sampling time has been discussed in
Section 5,16, The leak rate data of Table 3 show that this source of sample
contamination by ground air is considerably less than 1% except for bottle
63 (vials 19A to 19D) and bottle 65 (vials 18A to 18D), For the former the
contamination appears to have been about 8%, while for the latter 5¢. These
values are not enough to change the deviatlons given on pages 64 and 65 of
Table 3. ‘

Another effect that should be mentioned, as far as the Glllckauf
analysis is concerned, is the slight solubility of helium and neon in the
soda glass vials mentioned by Chackett, Paneth, and Wilson.l Examination
of the laboratory notebooks revealslittle possibility that any of the
samples extractions have been treated in a different manner than the others,
so that this question remains unsettled. Because of this there remains
a number of controlled sorption experlments which will have to be done
eventually.

Another possibility of sample contamination is discussed in
Section 5.19.

5.18 Establishment of Sampling Heights

The sampling bottle openers and sealers were actuated by timers
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described briefly in Section 8.1. The timing sequences were arranged so
that the bottles were opened at the height to be sampled and were then
closed after a period of five seconds. This value was calculated from the
"time constant" of the bottle and found to be adequate. Previous to the
flight the times for actuation of the opener and sealer were determined
from the rocket trajectory to be expected and the height of the atmosphere
to be sampled, The timing mechanisms were started at rocket takeoff. On
V-2 flights the timing circuits were monitored by means of one channel of
the telemeter system so that it was usually possible to check the actuating
times quite accurately. On the Aerobee flights the timing seguence was
monitored by means of pulse widening of the beacon transponder in the rocket.
This was done since there were no telemetering systems in the Aerobees.
Unlike the V-2 flights, the timing mechanism for the Aerobees begin operating
at booster separation rather than at the official starting time so that the
pulse widening times, in terms of official time, have to be adjusted by
about 2 1/2 seconds.

When all flight and ground equipment operated as intended, the
sampling heights were determined quite easily from the monitored timing
sequence and the official rocket trajectories issued by the Ballistic
Research Laboratories, Aberdeen Proving Ground, Maryland. On many of the
Aerobee flights optical tracking of the rockets was limited to heights
below the fuel burnout of the missile. In these cases the radar tracking
data were used., If neither were available the sampling heights were
calculated on the assumption of a vacuum trajectory after fuel burnout. As
can be noted by reference to the previous progress reports the sampling
heights originally given do not always agree with the data in Table 3, This
is explained, of course, by the procurement of more accurate rocket trajec-
tory data from the Ballistic Research Laboratories as a result of more
detailed calculations,

5.19 Sampling Efficiency

As was to be expected, the mortality of the sampling bottles was
quite high since the sampling apparatus required basic development, had to
be completely automatic, had to withstand large accelerations and had to
survive high velocity impacts with the ground after the rocket flight. The
efficiency of sampling is given in the following table: :

y=2 Aerobée

Bottle never found 2

Poor rocket performance L

Bottle damaged as a result of

impact 5 5
Failure of instrumentation to

operate properly 6 10
Total bottles without samples 17 15
Total bottles with samples : 5 9

Total bottles flown 22 2
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Some of the details of the sampling failures are given in Table
2. During the development of sampling procedure it was found that the
mortality of the sampling bottles on V-2!'s was decreased by mid-section
installations and, in particular, by not lashing the bottles to the missile
structure. This meant that the sampling bottles were freed from their
‘mountings when the main body broke as it entered the dense part of the
atmosphere. By virtue of this, the bottles often fell a few to a few hun-
dred feet from the main wreckage and not strictly with it. See Fig. 34.
For the Aerobee the loss of sampling bottles as a result of impact has been
almost completely nullified through the use of parachute recovery. The
mortality as a result of instrumentation to operate properly has apparently
been due to.a variety of reasons. It has not always been possible to ascer-
tain the reason for failure, Of the sixteen failures which have been
attributed to instrumentation, four of the instrumentations operated prop-
erly but failed to seal vacuum tight as was evidenced by their leakage after
extraction of the sample, For the rest, the sealers and/or the openers
failed to operate. It was not always possible to ascertain the basic
trouble., It may be pointed out that the design had been changed a number of
times even after becoming stabilized and flight-tested in an attempt to
increase the "capture efficiency” and to avoid alteration of sample consti-
tution. This has been no small matter in sampling bottle mortality,

It was deemed extremely important to evaluate all available
information on the performance of the rockets on the premise that their
performance might, in some way, affect the fourteen sampling bottles whose
contents were to be considered representative of the chemical constitution
of the upper atmosphere. Unfortunately, it has not been possible to deter-
mine all desired rocket performance and attitude, but the following infor-
mation has been obtained:

a) V=2 27 (bottle 32), There was an explosion of this
rocket at about 82 seconds, This appears to have
been a premature warhead blow-off since Doppler
radar, beacon and telemeter ceased functioning. It
was thought, at the time of recovery, that this may
have likewise disrupted the bottle operations since
the installation was programmed for bottle opening
at 80 seconds and bottle closing at 88 seconds., This

~does not appear to have been the case, since the
sampling wiring circuit was completely independent
of the other circuit. The possible effects of this
explosion as far as sampllng is concerned will be
discussed shortly.

b) V-2 35 (bottles 35 and 37). Rocket with excellent
performance., Bottle performance as planned.

e) V-2 40 (bottle 42). Rocket motor burned irregularly
at 43 seconds but it apparently corrected itself in
a second or so, Bottle performance as planned.,

d) V-2 44 (bottle 45). Rocket with excellent performance,
Bottle performance as planned.
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e)

£)

g)

Aerobee SC-2 (bottles 60 and 61). In the PRELIMINARY
RADAR DATA sheet issued by SCEL Beacon Radar Unit and
White Sands Annex, BRL, it was stated that "Examination
of ballistic camera films disclosed that the missile
was detonated at 67.0 seconds." There has been no
verification of this from the tracking telescopes since

" no tracking information was obtained at this particular

time, except from a single tracking telescope, Telescope
IV, Even from this tracking telescope the missile images
were faint after 60 seconds. The apparent angle of the
missile axis from the vertical as observed from telescope
IV was 350° to 357© between 60 and 70 seconds, and 345°
to 3520 at 71 seconds. The missile was nose up at 71
seconds when the image faded. It was impossible to
determine from the telescope 1V record at 77 seconds
whether the missile axis remained at 3500 or turnmed

nose down, Bottle No., 60 was set to open at 67 1/2
seconds and close at 72 1/2 seconds, while bottle 61

was to open at 72 1/2 seconds and close at 77 1/2 seconds.
Thus it appears that the missile apparently detonated
just previous to the opening of bottle 60 and it is con-
ceivable that it was nose down by the time of closing of
bottle 61,

Aerobee SC-4 (bottles 63 and 65). Nothing is known
definitely about the attitude of this missile at sampling
time since there was little tracking information after
the burnout at 42 seconds, The angle between the missile
trajectory vector and the missile axis was only a few
degrees at the time of burnout,

Aerobee SC-5 (bottle 68 and 69)., At the postflight
conference it was revealed that this rocket was stable
in the first 70 seconds of flight; thereafter, flight
instability prevailed with the rocket being in a
horizontal position at 100 seconds. The first report
on this firing gave some of the anglesof missile with
respect to vertical at the tracking telescopes, but the
attitude calculations of this missile have yet to be
recelved. From an examination of the data it appears
that during sampling times of bottles 68 (70.5 - 76
sec) and 69 (76 -~ 82 sec) the angle between the missile
trajectory and missile axis was at least 50°,

SC-3 (bottle 77). Tracking telescopes TI, TIII, and
TIV were able to follow the missile as high as the
sampling altitude. There is evidence of considerable
yaw of the missile after burnout, but it appears that
the angle between the missile trajectory and the missile
axis was not more than 20° at the time of sampling

(83 - 89 SGC)Q
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i) SC-7 (bottles 74 and 79). The Aerobes was tracked
very well for the entire flight. However, elevation
angles of the missile axis before 91 seconds are not
obtainable due to poor quality of missile image on the
film, Extrapolating several seconds for bottle 79
(opened 81 sec., closed 87 sec.), it appears that the
angle between the missile trajectory and missile axis
was about 15°, Extrapolating farther,it seems that for
bottle 74 (69 - 75 sec.) this angle is even smaller.,

Summarizing these investigations, it was revealed that, for
missiles V-2 27 and Aerobee SC-2, there were explosions of the rockets of
some sort shortly before the times of sampling. The orientation of the air
scoops with respect to the body of gas released at the time of explosion
can not be determined, but it is possible that some of this gas was captured.
Since the V-2 burns alcohol by means of liquid oxygen the combustion pro-
ducts, CO, and Hy0, may have also entered the sampling bottles since there
are considerable gaseous products available even after burnout. This in
itself would not affect the analyses described in Sections 5.21 and 5.22, A
much more serious possibility lies in the rupture of the high pressure
nitrogen lines used to actuate numerous mechanisms in the V-2, The effect
of such a contamination in the sample will be discussed in Section 5,21,

For the Aerobee it is not certain what the combustion products are
since it burns aniline by means of nitric acid with an excess of nitrogen
dioxide, NO,. These fuels are fed to the burner by means of high pressure
air or nitrogen. Thus, for the case of 5C-2, it is not known what effect of
the rocket explosion on the sampling may be expected., One can only treat
the analyses of their contents (vial 15A - 15D and 16A - 16D) with some
discretion.,

In Fig. 4O the pressures in the sampling bottles corrected for
volume deformation upon impact are plotted against mean sampling height. The
ambient pressure as a function of altitude (after Whipplez) is also plotted.
This plot shows rather vividly the inoreased "ramming" effect of the higher
velocity V-2 with respect to the Aerobee, It is rather interesting that the
-points for the V-2 flights are scattered along a straight line. Those for
the Aerobee flights (except for bottles 60, 61, 65) lie along another
straight line, It appears highly possible that the explosion of SC-2 shortly
before the opening and closing of bottles 60 and 61 may have increased the
"capture" of these bottles by virtue of the release of a large amount of gas
in the vicinity of the rocket or by causing the missile to pitch badly so
that the scoops were in the stream of the outgassing. The "capture" by
bottle 32 on V-2 27 appears to be quite representative of the performance
of the other V-2 sampling bottles. Thus, for bottle 32, this explosion may
have had no effect on the sampling, It is possible that the small "capture"
of bottle 65 was due to pitching and yawing of the missile; the scoop being
in the streaming shadow of the nose cone at sampling time,

The fourteen sampling bottles whose contents have been considered,
tentatively, to be representative of the constitution of the upper atmosphere
were emptied and the samples put into 56 vials. Of these, 38 vials have been
analyzed or committed for a specific analysis. The analyses completed to date]
are described in Section 5.2.
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- were found to have insufficient sensitivity and too large backgrounds to

5.2 Analyses of Upper Air Samples

Shortly after the beginning of the work on the sampling program
Professor F. A. Paneth of the University of Durham, England, heard of our
program and offered to analyze some of the samples, when obtained, according
to the methods developed by himself and his collaborators, in particular
E. Gluckauf during the past twenty or so years3 It was decided that some
of the samples would be sent to Professor Paneth and also that the Paneth-
Gluckauf analysis would be carried out at the University of Michigan. A
large percentage of project effort went into the construction and callbrationr
of this analyzer., The results of these two analytical programs concur in
that there is little or no tendency for the lighter constituents of the
upper atmosphere to separate out from the heavier constituents by molecular
diffusion in the region of the atmosphere sampled from 40 to about 70
kilometers. This indicates that the main factor in controlling the general
composition of the high atmosphere is a continual stirring which keeps the
composition (other than for the constituents ozone, atomic oxygen, and water
vapor) constant. It is hoped that these experiments can be extended to
greater heights, '

Analyses were also made of a few upper air samples by means of two
analytical mass spectrometers, one at the Westinghouse Laboratory and the
other at the National Bureau of Standards. The analytical mass spectrometers

answer any of the outstanding questions. The mass spectrometric technique
did, however, detect a new constituent which was interpreted as being due

to nitric oxide (NO). By means of a modified colorimetric method of analysis
this interpretation was found to be essentially correct and it appears that
its formation resulted as a small interaction between the sample and hot
glass during the sampling procedure. This effect is not large enough to
influence the results of the Paneth-Gluckauf technique,

Professor Beams and his collaborator, Dr. McQueen, of the Univer-
sity of Virginia made determinations of the nitrogen isotope ratio of some
of the samples. Their tentative results indicate an inconsistency with the
results of the two charcoal analyzers. Their analyses indicate considerable
diffusive separation in some of the higher air samples obtained. This
apparent discrepancy has yet to be cleared up.

It was found quite early in the analysis programs that a large
percentage of the oxygen in the upper air samples was depleted by sampling
technique so that one program had to be dropped. Also, an attempt was made
to measure the oxygen content of the atmosphere during rocket flight, but
this was not found feasible.

521 Charcoal Adsorption Analyses - University of Durham

The selective adsorption technique developed by Paneth, Glickauf
and others for the separation and measurement of small concentrations of
helium and neon in gas samples has been discussed in a series of papers over
the last several decades3, In brief, it is the separation of two or more
gaseous substances by fractional adsorption and desorption processes. That
is, when the total gaseous mixture is brought into contact with an adsorption
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unit the percentage of a gaseous constituent that goes into the adsorbed
phase and the percentage that stays in the gaseous phase are governed by
the particular adsorption coefficient for that constituent and that adsorp-
- tive material, If a series of adsorption units is used, the gaseous phase
is transported from one adsorption unit to the next, each adsorption unit
increasing the purity of the products as in fractional crystallization,
This purification comes about since the absorbent of one stage is connected
with an evacuated space into which the gases initially adsorbed can again
expand according to their distribution equilibrium., This is repeated again
and again as in fractional crystallization.

In this manner Gluckaufl found that for adsorption units composed
of 2,5 grams of hard nut charcoal it was necessary to have twelve adsorption |
units to be able to draw off 99% plus of the total helium (the helium here
may be contaminated by a small amount of neon -~ 0.5% or less) in a small
air sample for measurement by a specially designed Pirani gage. The neon
can then be drawn off and measured by continuing the adsorption stages.
Gllckauf devised an excellent method of operating the twelve adsorption units
together and operating the twelve evacuated chambers together., These are
connected so that mercury is raised and lowered at only two places but the
net result is that of a 12-stage Toepler pump. The technique consists of
first eliminating the oxygen together with a small amount of hydrogen, if
present, and/or organic matter by a hot copper filament. Any H,0 and/or €O,
formed are removed by solid NaOH and CaClp. In an air sample the remainder
then consists of nitrogen, argon, neon, and helium. The amount of this
mixture is determined by a manometric measurement of its pressure in a known
volume and the amount of helium and neon is analyzed by the Paneth-Gllickauf
charcoal technique, The measurement of argon requires additional work and
is described adequately in the recent paper by Chackett, Paneth, and Wilsonl,
In this manner the important ratios of argon, neon, and helium to that of
nitrogen plus argon plus neon plus helium are obtained (hereafter to be
called the argon to nitrogen ratio, the neon to nitrogen ratio, and the
helium to nitrogen ratio, respectively) and may be compared with the ratios
obtained for air samples gathered near the surface of the earth. Since it
had been established by Paneth and Gllickauf in a world wide survey5 that
these ratios can be considered to have the general nature of geophysical
constants their comparison with the corresponding ratios from samples
obtained at high altitudes give quantitative measurements of the net effect
of molecular diffusion processes with respect to mixing processes in the
atmosphere. Theory shows that the effect of molecular diffusion will be
such as to increase the helium to nitrogen and neon to nitrogen ratios with
respect to ground air but to lower the argon to nitrogen ratio.

Papers by Paneth® and Paneth and Gliickauf? give the results of
their analyses of the upper air samples obtained by balloons*, while the
papers by Chackett, Paneth, and Wilsond give the analytical results for some
of the upper air samples obtained by rocket. The latter results” are

# These samples were obtained by apparatus developed by L.H.G. Dines and
reported in Quar., J. Roy. Met. Soc., 62, p. 379, 1936.

# We have taken the liberty of publishing the separate analyses for vials
1B and 3B from figures furnished us by Professor Paneth,
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reproduced on page 64 of Table 3., The suggestion was made that the deficit
of helium in vials 1B and/or 3B and 16A may be due to the well-known slight
solubility of helium -- and, to a much less extent, neon, in glass. The
differences in these two vials being explained simply by a difference in the
technique of evacuating and degassing the sample vials. However, this does
not appear to be the cause of this discrepancy since these vials were handled
no differently from any of the others, It is possible that the helium
deficit detected by Chackett, Paneth, and Wilson in vials 1B (bottle 32 —-
V-2 27) and 16A (bottle 60 -- Aerobee SC-2) might be due rather to an excess
of nitrogen captured as a result of the rocket explosions discussed in
Section 5,19, However, the neon to nitrogen and argon to nitrogen ratios

do not appear to be consistent with this view since all of the ratios should
be affected by the same amount,

The general conclusion of the work performed by Paneth and his
collaborators at the University of Durham is that these ratios appear to
have about the same values as those for ground air (within experimental
error) even for upper air samples obtained as high as 67 kilometers. This
seems to verify the theoretical work done by Mar157, Epstelne, and Mitra and
Rakshit? that the diffusive processes are much too slow at these altitudes
to compete with the much faster and more efficient stirring by means of
large and small scale vertlcal convection,

5.22 Charcoal Adsorption Analyses - University of Michigan

In order to analyze the samples as soon as possible after they are
taken and in order to carry out the numerous tests of possible effects such
as selective adsorption on the walls of the sample bottles, storage flasks,
etc., it seemed desirable to construct our own analysis system based on the
techniques developed by Paneth and Gllickauf. Because of the additional
work required it was decided not to attempt the argon analysis. It appeared
expedient to proceed by making the apparatus much like that of Glickaufl and
to use ground air concentrations for calibrations. For additional calibra-
tion and absolute value determination it seemed desirable to construct a gas
blending system of the type described by LangerlO but with mercury cut offs
and mercury-filled fritted glass plugs. This apparatus was constructed.

See Fige. 41. The blending system developed a small leak in the interior
glass construction and repair was delayed temporarily until the gas analyzer
was completed. During the course of construction of the gas analyzer it was
found necessary to devise methods of introducing small amounts of pure helium
and neon for calibration purposes (this will be described shortly) and the
change in technique removed the critical need for the gas blending system.

Although the analysis system was modeled much after the apparatus
of Gluckauf unforeseen difficulties did arise., The period of construction,
stablllzatlon, and calibration continued for almost two years after the
decision to check some of the University of Durham analyses at the University
of Michigan#. The first difficulty that arose was the elimination of the
effects of residual gases in the portion of the apparatus between the last
fractionating steps and the Pirani gage used to measure the helium after

#

The details of this work is described in some detail in order to give
better appreciation of the results given on page 65 of Table 3,
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Fig. 41l. Gas Blending System

separation. The earlier works on helium analysis described a method using
the Pirani principle but which involved the measurement of helium pressures
as low as 3.8 x 10~% microns of mercury. In this method it is required to
operate the Piranl gage at liquid nitrogen temperature and to have activated
charcoal present in the bulb of the Pirani gage in order to adsorb residual
gases for which the charcoal adsorption coefficlents are much larger than
those for helium and neon, This requires a volume calibration and other
painstaking procedures. By reducing the volume of the Pirani gage to less
than 0.1 cc., it was hoped to operate the Pirani gage at 0°C;and,by the
elimination of stopcocks, torching the system, and using freshly distilled
mercury in the Toepler pump used to compress the helium into the Pirani gage,
it was hoped to eliminate the effects of residual gases, This, however,
turned out to be impossible. The next step was to build a new Pirani gage
with volume 0.5 cc which could be operated at liquid nitrogen temperature
but without the charcoal., Preliminary tests indlcated that the effects of
residual gases could be reduced to less than 5%, Before completing these
tests the final Pirani gage was broken and a new one had to be installed and
calibrated, When Ann Arbor ground air was analyzed the results obtained for
helium were 8,73 parts per million for the first run and 8.78 for the second
run., The generally accepted value is 5.2 ppm.

The discrepancy mentioned above was thought to be due to an error
in calibration of the Pirani gage caused by thermal transpiration resulting
from the temperature differential between the Pirani gage and the MclLeod
gage used as a standard, The effect of thermal transpirations is well known
from the kinetic theory of gases, This effect results when two chambers are
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connected by an orifice whose cross sectional dimensions are small compared
to the mean free path of the gas in the chambers. Since, at static equili-
brium, the gas transport through the orifice must be equal and opposite
between the two chambers it follows from kinetic theory considerations that
the relation which follows is

k. /T
Py Tb

Since the McLeod gage was at room temperature, the Pirani gage at liquid
nitrogen temperature, the two were connected by a 1 mm diameter capillary
and the mean free path was about 4 cm, it appears that thermal transpiration
could indeed account for the major portion of the discrepancy.

' In order to check this result the analysis system was altered so
that a known amount of helium or neon could be introduced into the Pirani
gage. See Fig. 42. In this way the Pirani gage could be calibrated without
making the necessary correction for thermal transpiration which at best was
quite approximate., When this was done a series of five ground air analyses
showed an average error of +5% for helium and -1.4% for neon when it was
assumed that the adsorption units used have the same adsorption cogfficients
as those for the adsorption units in the apparatus described by Gluckauf”,
The policy decided on was to establish an instrumental correction in this way
that could later be checked by analysis of accurate blends,

CALIBRATION

MA@I#W

TOEPLER

a-b  known volume

c evacuated chamber of
12th adsorption unit

d source of pure helium
or neon

e McLeod gage
£ mercury diffusion ‘pump

VARIABLE MERGURY
COLUMNS

Fig. 42. Gas Analysis Calibrator
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After check runs on ground air for helium wers made, the Pirani
(gage wire of tungsten) became very unstable, Investigation showed that one
silver-solder to tungsten connection had failed. Because of the short
tungsten terminal it was impossible to make another connection so a new
Pirani gage wire was installed. The new gage was made of 0.0001" by 0.0025"
nickel ribbon 6.3 cm long. Some of the resulting increased sensitivity was
used up in increasing the volume of the gage from 0.68 cc to 1.0 cc. A
small charcoal trap of 0,05 cc volume was included in the capillary to adsorb
gas from the mercury colum. See Fig. 43. An oven was wrapped around the
charcoal volume to activate the charcoal and a thermocouple was inserted in
the oven to measure its temperature. It was also found necessary to measure
and correct for variations in the temperature of the liquid nitrogen in which
the gage is immersed. This was thought desirable inasmuch as a change in
temperature of 19K could cause a change of 1.3% in the indicated pressure.

After calibration of the new Pirani gage a series of successful ,
analyses of ground air was made. Following this, analyses of vials numbered’
2A, 3A, and 15A were made. Shortly after this an instability of the Pirani
gage was noted and thought to be due to moisture on the lead-in wires. The
stability was improved by keeping the Pirani gage surrounded by a stoppered
thermos flask except during the baking operation.
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Fig. 43. Final Pirani Gage for Charcoal Analyzer
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ig. I5. Rear View of Charcoal Analyzer




Fig. 46, Operation of Michigan Charcoal Analyzer
This view shows the operator transferring gas from
one section of the analyzer to another by means of
air-operated mercury Toepler pumps, All operations
are controlled from the front console shown.



ENGINEERING RESEARCH INSTITUTE

146 Page
UNIVERSITY OF MICHIGAN

Following this modification two runs were made to determine the
fractionations at which the separation of helium and neon is quantitative.
It was known from Gllckauf's publication’+ that nearly all of the helium
would come over by the 24th fractionation, and that the neon would be
recovered principally between the 24th and 50th fractionations. By frac-
tionation of pure helium, it was found that the recovery of helium was 99.6%
complete after the 22nd fractionation, By fractionation of pure neon, the
amount of neon obtained in fractionations 23 and 24 was found to be 1.25%.
Thus it was decided to take the fractionations 12 through 22 for helium.

The recovery of helium is believed to be practically complete with very
little contamination by neon. These tests enabled the total fractionation
amounts to be corrected for residuals to a higher degree of accuracy.
Following this, vials 1A, 19A and 5A were analyzed. Immediately after these
analyses the system developed a leak and had to be repaired and outgassed.
It was then necessary to run more calibrations and ground sample analyses.
.After that vial 12A was analyzed.

Shortly after this last analysis a number of changes in technique
were made. The principal change was the flashing of the gage at fairly high
temperatures and subsequent establishment of continuous operation of the
gage wire at the correct operating temperature. The gage wire has been re-
tained in a high vacuum at this temperature for the past several months,
Following the establishment of the resulting increased stability of the gage,
a series of ground samples and vials 21A and 28A were analyzed. These re-
sults are given in Table 3 and are self-explanatory.

Following the establishment of a stable and sensitive charcoal
analyzer and initial check of the Glickauf technique it was decided that no
more analyses would be run on the Michigan instrument until Professor Paneth
and his collaborators had finished analyses of the sample vials that had
already been sent him. This was deemed advisable due to the small backlog
of upper air samples and the need for samples by other analytical schemes
that will be described shortly. The work with the Michigan charcoal analyzer
appears to verify the preliminary work of Paneth and his collaborators that
the percentage of helium and neon in the upper air samples is about the same
~as for ground air., It is not now known whether the Michigan charcoal
analyzer will be used to analyze more upper air samples., The most important
piece of work that remains to be done on this instrument now appears to be
‘the ultimate check of its reliability by analysis of accurately blended gas
mixtures. It will not be discussed at this time how these accurate blends
are to be obtained.

- 5.23 Mass Spectrometric Analyses - Westinghouse Laboratory

Shortly after the establishment of the upper air sampling program
~ a visit to the Westinghouse at East Pittsburgh revealed that Dr. J.A. Hipple
~ and his associates had just completed a leak detector which seemsdto be much
more sensitive to helium than previous models. At that time the helium in
normal atmospheric air gave 20 divisions deflection on the ion collector
meter with an accuracy of about 1 division (i.e. 58). Dr. Hipple thought
that with care the output could be increased by a factor of ten providing
the analyzer was stable enough,
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Following procurement of the first few rocket samples some months
later, vials 1C, 1D, 2c* , and 2D were sent to the Westinghouse Laboratory
for analysis by this technique. Unfortunately, dus to the small amount of
air in the rocket samples, it was not possible to follow the usual method
in mass spectrometry applied to gas analysis of filling a fairly large
volume to a standard pressure (usually about 50 microns mercury) and letting
the sample leak through the slit to the analyzer tube. Instead, it was
necessary to establish a relationship between output from the ion collector
to pressure of helium in the volume back of the slit leading to the analyzer.
The tentative results are given in column 3 on page 66. These results are
taken directly from the report by Westinghouse Laboratory. Because of the
difficulty of procurement of the upper air samples and the fact that the
small amount of samples precludes the full exploitation of this method it
was decided that this technique would not be followed up, at least for the
time being.

Before the personnel of Westinghouse Laboratory (this work was
now headed by Dr. R. E. Fox) made the previously described analyses for
helium the vial contents were split so that the second portion of each
sample available was analyzed by the Westinghouse Analytical Mass Spectro-
meter. The percentage composition correctly normalized to 100% that appeared
to be the most reasonable are given on page 66 of Table 3*#. The presence
of a fairly large but unexpected m/e peak of 18 was interpreted as being due
to a small amount of water vapor left in the neck leading to the gas storage
chamber after sealing of the glass vial to the analysis system*. This
appeared to be verified by the presence of a small amount of rust on the
surface of the iron pellet used to break the thin glass septum of the glass
vial. The m/e 30 peak which was present in the rocket sample spectra but
not in the ground sample spectra was interpreted as being due to nitriec
oxide (NO). This peak evidently was not due to a hydrocarbon since there
was no contribution to the m/e 29 peak. The suggestion by the Westinghouse
analyses of the possible presence of nitric oxide in the rocket samples
initiated a prolonged study which will be discussed in Sections 5.24 and
525 of this report.

524 Mass Spectrometric Analyses - National Bureau of Standards

: Following our inability to find any analytical techniques (see
Section 5.25) that could help settle the problem about possible oxides of
nitrogen from the sampling bottles it was decided to use a few more of the
scarce upper air samples and to exploit mass spectrometric techniques as

* Unfortunately the sample in vial 2C was lost completely in sealing the
vial to the analysis system,

# Sample 1C was lost due to a leaky valve which allowed atmospheric air to
leak in and spoil the sample.

1t s possible that the water vapor detected in vial 1D was due to the
explosion of V-2 27 discussed in Section 5.19, but the water vapor in
vial 2D can hardly be explained in this way,
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much as possible. Inquiry was directed to different investigators around
the country and it was found that there appeared to be no essential differ-
ences as to sengitivity in the various commercial mass spectrometers in use
in this country”, It was possible, of course, that there were certain
special research installations which could detect smaller ion peaks but this
did not appear to be the case. In the course of this inquiry Dr. Fred
Mohler of the National Bureau of Standards became interested in this problem
and kindly offered to place his entire staff and apparatus at our disposal
for several days.* On this basis a number of blends of nitric oxide (NO)
and nitrous oxide (N20) in air were prepared for calibration purposes.
Previously, three upper air samples (5C, 16C, and 18B) had been split by a
specially constructed mercury-glass gas handling system. As will be noted
in the sections of Table 3 the four subdivisions of each of these three
samples were given the additional numbers I, II, III, and IV respectively.

The procedure followed by Dr. Mohler and his collaborators in the
interpretation of the m/e peaks into terms of percentage concentration was
that of the standard use of the fragmentation ions and the choice betwsen
several possible interpretations (at times) by means of minimum residues,
This technique can be applied quite efficiently even when there are several
quite similar substances, e,g. mixtures of several hydrocarbons, but it is
required that the fragmentation spectra for each possible constituent be
available, and, for best results, the percentage compositions of each con=-
stituent should be at least a few percent., Fragmentation spectra for two
oxides of nitrogen (NO and NgO) were obtained and checked with blends where
the nitrogen oxide concentrations were a few percent. When it came time to
reduce the mass spectra of the upper alr samples in terms of percentage
compositions it was found that an unequivocal interpretation of the low
percentage constituents could not be given. The best interpretation appeared
to be the one given on page 67 of Tabls 3. There was another possible
interpretation which appeared to be as good as far as the mass spectrometer
was concerned, but did not agree with the results of the microwave spectro-
meter (see Section 5.25). In these spectra small but distinct m/e 30 peaks
appeared in the upper air samples which did not appear in spectra of ground
air. This was first detected in the mass spectra obtained on the Westing-
house instrument as noted in Section 5.23, The m/e peaks of 18, which were
probably due to water vapor in the Westinghouse spectra, did not appear
since the experience gained from the first analyses resulted in different
techniques of gas handling., The reasons that an unequivocal interpretation,
as far as possible oxides of nitrogen are concerned, could not be given
follow from the following considerations: :

#VConsolidated Engineering Corporation of Pasadena, California has just
announced a new type mass spectrometer which appears to be better than
previous commercial instruments, but this was not available at the time
of this investigation.

#* As was expected the experimental accuracy obtained at the Bureau of
Standards was about the same as at the Westinghouse Laboratory. Because
of the time lapse of one year between the Westinghouse analyses and the
decision to repeat the mass spectrometric analyses it was felt that
nothing would be lost and perhaps something might be gained by trying a
different type of analytical mass spectrometer.
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a) If nitric oxide (NO) is brought into contact with
free oxygen the classical reversible reaction ensues:

‘light
0, + 2NO 2NO

2
dark!

2

Thus one should really talk about the possible
presence of nitrogen dioxide (NOp) rather than NO

in an air sample in a darkcontainer (this is not

to be confused with the form from the inital source).
However, the main m/e peak of NO; is 30 rather than
L6, Thus the presence of a small m/e peak of 30
and the absence of a 46 peak is not contradictory to
the presence of one or both of these oxides of nitro-

gen.

b) Nitrous oxide (N20) is knowg to be present in the
atmosphere in small amountsi?, It has a m/e fragmen-
tation peak of 30 but a much larger peak of 4L, One
might then think that the m/e peak of 44 would give
evidence as to possible interpretation of the m/e
peak of 30. Unfortunately, carbon dioxide (COp) also has
its main m/e peak at 44. The fragmentation peak of
28 for CO5 can not be used to determine its amount
since it is overlapped by the very much larger con-
tribution to this peak by molecular nitrogen (N2); the
small fragmentation peak of 16 can not be used to any
advantage due to the presence of some free oxygen;
the peak of 12 can not be used efficiently due to its
low value and large relative error. Thus, from the
mass spectra, one can not distinguish between N,0 and
CO2 in small concentrations in air samples.”

¢) An additional difficulty arises from the fact that
most mass spectrometers do not give the correct value

* Slobod and Krogh (J. Amer. Chem. Soc., 72, p. 1175, 1950) have recently
determined the amount of N50 in ground air by means of mass spectrometry.
Using a process of fractional distillation of a large amount of ground air
they found that the percentage concentration of Ny0 was 0.5 * 0.1 ppm. If
this concentration holds for all of the atmosphere, the resulting amount
would be 4 mm atmospheres -- a value quite agreeable with the results from
infra-red solar spectroscopy (see reference 12). At the 1950 conference
on Molecular Spectroscopy, Columbus, Ohio, Mr. John Shaw of Ohio State
University announced the result of another analytical method of measuring
the N0 content in ground air, By studying the absorption in the 3.9
micron region through a large amount of air (using a multiple reflection
absorption cell) and specially prepared N20 blends he concluded that the
N20 ¢ontent in ground air appears to be less than 0.5 ppm. Thus it appears
that the N0 distribution in the atmosphere is still unresolved,
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for the carbon dioxide content of atmospheric air
(0.03%) but give a value about an order of magnitude
too high. This seems to come about mainly from the
fact that nearly all commercial instruments in use

in this country are used, at time at least, for
qualitative and quantitative analyses of hydrocarbon
mixtures. This results in small ion backgrounds
which can never be completely eliminated from any
instrument once this'type of analysis has been handled.
Pumping of the spectrometer for several days (as was
done at the Bureau of Standards) will lower this back-
ground but will never completely eliminate it., Some
of the residual background apparently comes from the
oils of the diffusion pump. It is now believed by this
staff (University of Michigan) that the mass spectro-
metric technique could be exploited for air analyses
for our purposes only by purchase of a new instrument
(so designed that sensitivity is increased to the
utmost, perhaps by loss of resolution) and its use
only for air samples and blends of the approximate
concentrations to be expected. This last point is
important otherwise a new background might be intro-
duced in the analyzer through the use of a pure
constituent for the establishment of fragmentation
spectra,

5.25 Analyses for Oxides of Nitrogen - University of Michigan
and Columbia University o

Following the interpretation of the m/e peak of 30 by Dr. Fox of
Westinghouse Laboratory as possibly beind due to nitric oxide (NO) it was
decided to look into the matter, It was quite clear, of course, that the
sampling techniques developed were not fully adaptable to the capture and
analysis for atmospheric constituents such as ozone, atomic oxygem, carbon
dioxide, water vapor, and oxides of nitrogen. While these constituents are
extremely important to a complete understanding of the photochemistry and
of the radiation balance of the atmosphere, they are all of quite low con-
centration and their sorptive properties preclude correct analyses following
their capture by such sampling techniques as could be developed for use in
rockets, However, since the work of upper air sampling at such heights was
unprecedented, it was deemed essential that this initial suggestion by Dr.
Fox should be investigated quite thoroughly.,

The present theoretical interest in the possible presence of
oxides of nitrogen in the upper atmosphere arose from a suggestion by Chapman
and Pricel3, These views have been expanded in a review article by Bamf ord14
and in a number of publications by Nicoletl5, It appears possible that
certain oxides of nitrogen might be formed in the upper atmosphere much in the
manner that has been offered as an explanation for the formation of the small
amount of ozone present., A theoretical discussion of this will not be given
in this report. Suffice to say that a number of possible mechanisms for their
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formation and destruction have been suggested and indeed certain observa-
tions® in independent fields of scientific research point to the conclusion
that oxides of nitrogen do exist in the atmosphere in measureable quantities.

In an attempt to find an analytical technique which could help
throw light on the unsolved questions that arose from interpretation of the
mass spectra a number of fields were investigated:

a) It soon became clear that Geissler emission
techniques could not be used since one of the
standard methods of producing NO electronic
emissions bands is from Geissler emissions in an
oxygen-nitrogen atmosphere,

b) Ultraviolet absorption spectroscopy can not be
used since such high energy quanta would surely
alter the equilibrium distribution of any of the
oxides of nit;iﬁen initially present or perhaps
even form themi4,

c) Standard infra-red absorption spectroscopy gave
little hope since the small amount of sample and
the small concentration of the constituents to be

- identified and measured would give an absorption
of less than 1% even in the strongest parts of the
fundamental frequency absorption bands. There
appeared to be some hope through the use of the
so-called gas analyze which is a double~beam
zero-dispersion instrument. These instruments
have been used quite effectively for such purposes
although the amount of gas sample necessary is
usually of the order of 100 cc NTP or more., It
was thought that this instrument could be modified
for gas samples as small as 1 cc NTP, This

* The presence of N30 in the atmosphere has been discussed in Section 5.24.
There is some evidence which point to the presence of other oxides, Elvey,
Swings, and Linke (Ap. J., 93, p. 337, 1941) have discussed the possible
interpretation of certain emission lines of night sky spectra as arising
from excited states of NO., On the basis of the first ultraviolet solar
spectra (first reported in Phy. Rev., 70, p. 781, 1946) obtained by the
Naval Research Laboratory above the ozone absorption, GOtz (Experientia,
3, p.238, 1947 and Zeit. fur Met., 1, p. 298, 1947) discussed the possibil-
ity that the absorption below 2400 A might be due to NO* or NO*. - In the
later complete analysis of these spectra Durand, Oberly, and Tousey (Ap.
Je., 109, p. 1, 1949) mentioned that some unresolveg absorption lies in the
region where a strong band of NO centered at 2264 A exists. Edgar and
Paneth (J. Chem. Soc., p. 519, 1941) have detected NO2 in ground air by
means of fractional distillation. Hayhurst and Pring (Trans. Chem. Soc.,
97, p. 868, 1910) apparently detected this gas at higher altitudes in the
atmosphere. Sutherland and Callendar (Rep. Prog. Phy., IX, p. 18, 1942-
43) have discussed the evidence for and against the presence of these
oxides on the basis of infra-red spectra,
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technique was not exploited since it would have
required a great deal of experimentation and since
the analytical precision that was calculated on
the basis of present instruments did not leave a
sufficiently large safety factor.

d) Initially, colorimetric techniquesl? were not thought
to be applicable since they usually require gas samples
orders of magnitude larger than would be available from
upper air sampling. Later work revealed that these
techniques could be modified. This work will be dis-
cussed shortly.

e) The recent development of the microwave spectrometer
appeared to be applicable for the detection of N0
but not for any of the other oxides of nitrogen.
This technique follows from the development of micro-
wave equipment in the radar program of World War I1I.
Its use in spectroscopy lies in the fact that certain
molecules have permanent electric dipole moments and
thus exhibit active absorption bands from pure rota-
tional transitions., Thus those molecules with perma-
nent dipole moments can be detected in the microwave
region provided their moments of inertia are such that
some absorption bands lie in the relatively narrow
workable microwave region., Such a case holds for N2018
but not for NO., Professor Charles Townes of Columbia
University has very kindly helped in this respect.
The initial investlgatlons indicate that there is less
than 10 ppm N5O in the upper air samples but this is
still only tentative.* Dr. Townes is awaiting the
construction of a new microwave spectrometer which
promises to have more sensitivity than the previous
instrument used, It is hoped that this work can be
completed in the near future,

Following the repeat of mass spectrometric techniques at the
National Bureau of Standards and the repeated but still slightly ambiguous
results it was decided that all fields of analysis should be looked at again
but in a more apprehensive manner. In addition a method was needed for
study of certain sorptive processes. The result of this study was that the
colorimetric techniques developed by Patty and Petty19 could be used pro-
vided that the technique could be modified to handle a volume of gas about
50 times smaller than the amount required by them. It was found that this
could be done but with a loss in sensitivity. Fortunately, this loss was
not enough to nullify the use of the method.

% Any N2O present in the samples can be concentrated by freezing it out
with liquid nitrogen. This is feasible because of the very small
amount of gas required by the microwave spectrometer,
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The technique described by Patty and Petty was found to be an
application of the long known Greiss-Ilogvay reagent which is a mixture of
sulfanilic acid and alphanaphthylamine, It detects nitrites by the forma-
tion of a characteristic red dye which can be easily studied by standard
quantitative colorimetric techniques the nitrites being formed from a water
solution of the nitrogen oxides., Petty and Patty required 50 cc NTP of gas
and found that the minimum detectable concentration of the nitrogen oxides
was 5 ppm. By varying the technique slightly it was found that for 1 cc NIP
of gas blend or sample the minimum detectable concentration was about 50 ppite
The reaction chamber developed is shown in Fig. 47.

Before proceeding with the check of possible adsorption or genera-
tion it was decided to check the mass spectrometric analyses by the Bureau
of Standards since three vials had been split for this specific purpose,
Sub-vials 16CIII and 5CIIL (a sub-vial of 18B being unavailable at that time)
were analyzed according to the techniques developed, These analyses gave
480 ppm ( 0.05%) by volume for 16CIII and 180 ppm ( 0.02%) by volume for
5CIIL. These are to be compared with the analyses by the Bureau of Standards;
approximately 0,1% (sub-vial 16CIV) and a trace (less than 0,05%) (sub-vial
5CIV), respectively. In light of the rather crude colorimetric techniques
used and the assumption in interpretation of the mass spectra data that the
m/e 30 peak was due to nitric oxide (NO) alone, these resulis appeared to be
consistent with the presence of a small concentration of oxides of nitrogen
in the sample viala, It appeared advisable, at the time, to test one of the
original vials (not split) for this constituent by the colorimetric tech-
nique. Unfortunately, the first vial 12C, was lost dus to premature fracture

Fig. 47. Reaction Chamber for Colorimetric Analysis
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of the septum, and it was necessary to choose another (vial 3C) from the
stockpile, This analysis gave a percentage concentration of 83 ppm ( 0.01%)
by volume. This appeared to be inconsistent with the other results and it
seemed pertiment to make a careful check on the possible effects of sampling
procedure,

When nitrogen oxide blends in air were prepared and introduced
lnto the glass vials for analysis simulating the rocket sampling techniques
as closely as possible, it was found that a number of inconsistencies were
obtained. In short, the blends appeared to carry through the sampling ‘
technique somewhat but the percentage varied considerably. When unblended
ground air was carried through a similar procedure it also gave an indica-
tion of the oxides but the concentrations did not appear to be a matter of
the amount of air used. Rather, the amount (not concentration) appeared to
be constant in each vial., This suggested that the oxides were formed as a
result of the outgassing of the hot glass during the hot glass seal-off of
the vial from the extraction system.

A literature check on the subject of the gases generated by hot
glass revealed no mention of the oxides of nitrogen but experiments described
in the literature mentioned release of water vapor and carbon dioxide. Upon
inquiry, Dr. R. H. Dalton of the Corning Glass Works, Corning, New York
suggested that these oxides are more likely resulting from the contact of
air with the hot glass. This hypothesis was checked rather carefully by
using evacuated vials with and without small amounts of air and this indeed
appears to be the case.

It then became clear that the conflicting results could be resolved
on the basis that these oxides of nitrogen detected by the various techniques
are the result of a slight interaction of air with hot glass. The apparent
"carrying-through" of the blends through the sampling technique was falla-
cious, and the concentration of these oxides in the split upper air samples
was greater than for the one not split (vial 3C) as a result of greater
dilution and a larger number of hot glass seal-offs. On the basis of average
conditions encountered during these experiments (when air is present) it
appears that one hot glass seal-off generates about 1 x 10~4 cc NTP of the
gaseous oxides of nitrogen. Thus it is evident that this slight interaction
of hot glass with the sample will be unable to discredit any of the results
from the Gllickauf charcoal analyzers.

The work of the analysis for the oxides of nitrogen has been
concluded since the original question that arose from the interpretation of
the mass spectra has been resolved. The relatively crude sampling techniques
developed were not intended to study the concentrations of the sparse atmos-
pheric constituents with strong sorptive qualities or of a temporary nature,
The negative results of the analytical work described here is in full accord
with this original view, There remains a slim chance, however, that rocket
sampling techniques may help clear the unsettled problem regarding the height
distribution of nitrous oxide (N20) in the atmosphere.

5.26 Attempted Analyses for Oxygen - University of Michigan

Since Regener<0 and Shepherd?l had fair success in determining the
ratio of oxygen pressure to total pressure in air samples obtained by means
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of unmanned and manned balloons, respectively, it was decided that this
technique was worth investigating., Since it appeared their analytical
techniques require too much sample it was decided to attempt analyses by a
technique suggested by Dr., Lipscomb of the Chemistry Department, University
of Minnesota. This technique makes use of the unique paramagnetic property
of oxygen through use of the Pauling oxygen analyzer22 manufactured by the
Arnold O. Beckman Company of Pasadena, California. Although an instrument
was purchased, it was never used for analysis of upper air samples since the
oxygen content of the samples is greatly depleted by the sampling technique,
It is believed that this is due for the most part to the hot metal seal
after the evacuated bottles have been opened and allowed to capture the
sample. It is hoped that the new cold seal may dimish the depletion of the
oxygen somewhat. It appears, even then, that this method will not be reli-
able, There is a possibility, however, that the analyses of the oxygen
isotope ratios can be measured by a technique to be discussed in Section

527,

Another use of the paramagnetic property of oxygen was investi-
gated by an instrument with which it was hoped to measure the oxygen content
of the atmosphere during the rocket flight. Fig. 48 shows the instrument as
designed while Fig. 49 shows the Wheatstone bridge circuit of the four hot
wires used. Two of the hot wires are located in a strong inhomogeneous
magnetic field. The gas in the vicinity of the wires is heated and has a
lower magnetic susceptibility than the cooler gas, the paramagnetic suscepti-
bility of a gas being directly proportional to the absolute temperature. It
is therefore forced towards regions of lower flux density and is replaced
with cooler gas. This gas flow produces a cooling effect on the wires in
the magnetic field. The resistance of the wires is decreased as they are
cooled. An unbalance current flows through the microammeter because of the
resistance change of the wire in the magnetic field and no change in the
other two wires outside of the field. It was found that the success of the
instrument depended on balancing out the large pressure effects which tend
to obscure the smaller oxygen effect. This could be attained only for the
pressure range from 50 to 300 mm. of mercury, which is too high a pressure
to be applicable to measuring oxygen content in the upper atmosphere. For
this reason, investigation of the method for use on rockets was discontinued.

5.27 Nitrogen Isotope Ratio Analyses - University of Virginia

Upon reading of the success in obtaining samples from the upper
atmosphere Professor J, W. Beams of the University of Virginia made a request
for a few of these samples for the purpose of analysis by a high precision
isotope-ratio mass spectrometer. This would give additional evidence as to
relative importance of molecular diffusion processes and mixing processes in
determining the general composition of the upper atmosphere. Since this
research was compatible with our sampling program a number of samples were
assigned for analysis by this technique. The results have been recently
published by Dr. J. H. McQueen23, a collaborator of Professor Beams, and,
except for corrections in altitudes and dates, are reproduced on page 68 of
Table 3. Regarding these analyses we quote directly from Dpr. McQueen's

papers:
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Fige. 48. Oxygen Analyzer - Laboratory Model
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"These samples were analyzed with a 60°
Nier type mass spectrometer. Since the method of
sampling was known to reduce the oxygen content of
the samples, determinations were made only_of the
change in the. abundance ratio of N4 and N15, The
method of analysis compared the ratio of the intensity
of the N1AN14 molecular ion beam (mass no. 28) to that
of the NMN15 molecular ion beam (mass no. 29) in the
sample to that in a standard sample collected at ground
levels."

"The separation in percent were obtained from
the abundance ratio of the mass numbers 28 to 29 in the
sample minus that in the standard divided by that in the
standard, the quantity multiplied by 100. The deviations
indicated are the mean deviations of at least four sets
of readings for each sample. The comparatively low pre-
cision of the analysis was due to a high background in
the instrument at mass no. 29 (7 percent in some cases)
which had to be subtracted from the readings."

5.28 Discussion of Apparent Discrepancy Betwsen the Nitrogen Isotope
Ratio Analyses and the Paneth-Gluckauf Type Analyses

In light of the results published by Dr. McQueen it was decided
to publish a short article noting the apparent discrepancy between his
analyses and the analyses by the Paneth-Gluckauf charcoal adsorption tech-
nique. Such an article is being written and should appear in the Physical
Review in the near future. The apparent discrepancy arises in the following
way: . :

In an atmosphere subject to a gravitational field
and with no mixing the density of each constituent will fall
off exponentially but each constituent will be governed by a
different rate depending upon its molecular weight. If we
consider the constituent i, of molecular weight My, in a
layer of temperature T, then the density/oi of this con-
stituent at a height h above some reference level o is

-M9,

h_ o
P, =p.c F 1)

where /3° is its density at the reference level. It is

clear that, in atmosphere with no convection or stirring,
the ratio, K of the density of two constituents i and
j at the helgﬁ’l hi

Wopy @
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From the dependence of the function Ki,j upon the
difference between the two molecular weights it is seen,
under these assumptions, that the helium to nitrogen ratio
will be at least 25 times more sensitive to the establish-
ment of complete or partial diffusive separation than for
the case of the isotopes of nitrogen ratio provided that
"prelaxation times" of the settling rates are about the
same, A preliminary examination of the theoretical aspect
of the problem indicates that this is approximately so.
Comparisons of corresponding data of Table 3 from the two
different analytical schemes show that this factor of 25
is not present. A more thorough examination of possible
additional influences is underway.,




Sampling Bottles for Which Upper Air Samples Were Not Obtained

TABLE 2
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Bottle Rocket Firing Instrumenting Reason for
No. No. Date Agency Installation no Sample *
10 V-2 30 7=29-47 APL Motor Comp. a
30 V-2 27 10-9=47 GE Inst. Comp. b
3L V=2 27 10-9-47 GE Inst., Comp. b

I V=2 39 3-19-48 GE Blossom IIA c
II V-2 39 3-19-48 GE Blossom IIA c
Iv V=2 39 3-19-48 GE Blossom IIA c
36 V-2 25 L=2-48 Uof M Mid-Section d
39 V-2 25 L,=2-48 Uof M Mid-Section d
43 V=2 40 7=26=48 APL Mid-Section d
40 V=2 33 9=2-,8 Uof M Mid-Section - a
L4 V-2 33 92/, 8 Uof M Mid-Section d
52 V=2 ki 11-18-48 GE Mid-Section a
51 SC-1 12-19-48 Uof M Nose Cone a
53 SC-1 12-19-48 Uof M Nose Cone a
54 SC-1 12-19-48 Uof M Nose Cone d
57 V-2 48 2=17=49 APL Mid-Section e
58 V=2 50 4=11~49 Uof M Mid-Section a
59 V=2 50 4=11-49 Uof M Mid-Section a
62 SC=2 6=2=49 Uof M Nose Cone a
66 SC=ly 7-21-49 Uof M Nose Cone a
70 SC=5 = 9=20-49 Uof M Nose Cone £
72 V=2 56 11-18-49 Uof M Mid-Section d
73 V=2 56 11-18-49 Uof M Mid-Section d
yal SC-3 12-6~49 Uof M Nose Cone f
76 SC-3 12-6-49 Uof M Nose Cone £
78 SC-7 12-6-49 Uof M Nose Cone a
75 SC=9 2-21-50 Uof M Nose Cone £
80 SC-9 2-21-50 Uof M Nose Cone d
67 SC=9 2=21-50 Uof M Nose Cone d

101 SC-11 L=25=50 Uof M Nose Cone d

102 SC-11 L=-25-50 Uof M Nose Cone d

103 SC-11 L—-25=50 Uof M Nose Cone d

#* Reason for no Sample

(a) Bottle damaged as a result of ground impact after flight.

(b) Bottle never found.,

(¢) Poor rocket flight.

(d) Failure of some part of instrumentation to operate properly.

(e) Bottle punctured by high velocity fragment (probably from the
steam turbine of the missile).

(f£) Seal not perfect since leak rate after extraction was found to
be quite large.
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TABLE 3

Summary of Sample Bottle Information on Bottles

From Which Samples Were Obtained

(Bottles arranged by height of sampling)

Bottle Rocket Firing Firing Instrumenting Insgll)za:ion
No.  No. Date Time MST Agency (Fig No)
32 V-2 27 10-9=47 GE 19
L5 V-2 L4 11-18-48 1534 GE 21
35 V-2 35  5<27-48 0716 APL 21
37 V-2 35  5-27-48 0716 APL 21

63 SC=4 7~21-49 0901 Uof M 25
61 SC=2 v6-2—h9 0610 Uof M 25

42 V-2 40 7-26-h8 1103 APL 21
65 SC-4 7-21~49 0901 Uof M 25
77 S5C-3 12-6-49 1132 Uof M 25
60 SC=2 6-2-49 0610 Uof M 25
79 SC-7 12-6-49 1716 Uof M 25
69 SC=5 | 9-20-49 1002 Uof M 25
68 SC=5 9-20-49 1002 Uof M 25
T4 SC-7 12-6~49 1716 Uof M 25
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TABLE 3 (continued)

Intake Exhaust
Bottle Sampling Height Mean Height MSL Scoops Scoops Opener Sealer

No. KM  MSL KM 1000's Feet (Fig No) (Fig No) (Fig No) (Fig No)
32 61.1 - 72,0 66.5 218 198 198 5 14-15
L5 60.8 = 69.5 65.2 2L 194 198 6 14-15
35 55.k = 65.5 60.5 198 19A 198 6 14-15
37 5544 = 6545 60,5 198 19A 19B 6 14-15
63 54e7 - 5843 56,5 185 26 26 6 14-15
61 5346 = 57.7 55.6 182 26 26 6 14-15
12 £9.0 - 59.8 5k 178 194 198 6 14-15
65 50,7 = 5447 52,7 173 26 26 6 Uy=15
77 50.4 = 5343 51.8 170 32 32 6 14-15
60 49.6 = 53.6 51,6 169 26 26 6 Ly~15
79 48,0 - 50.6 49.3 162 32 32 6 14-15
69 45.0 - 47.8 L6y 152 26 26 6 14-15
68 42,0 = 45,0  43.5 143 26 26 6 14-15
Th  Wlok o= bhd9 h3.2 142 32 32 6 14-15
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TABLE 3 (continued)

Pressure Corrected Ambient
Bottle Crushed for Crushed Volume Pressure Mach No, of Rocket

No. Volume (cc) (mm Hg) (mm Hg) at Time of Sampling
32 - 0.65 est, 0.16 |

45 7200 0.75 0.18 35

35 8050 0.75 0.29 3.2

37 8200 0.80 0.29 3.2

63 6350 0.19 0.43 1.6

61 8200 1.0 047 2.0

L2 8050 1.18 0.52 2.k

65 6950 0.15 0.62 1.7

77 8200 0.8 0.68 i.B

60 - 7150 3,05 - 0.70 2,2

79 8200 1.0 0.88 1.3

69 8200 1.7 1.17 1.4

68 8200 3.6 1.40 1.6

Th 8200 3.kt 1,65 1.7



TABLE 3 (continued)

Corrected Pressure®

Vial Pressure
After Extraction
(Before sealing-off

Bottle T Days Sample of first vial) Bottle Leak
No. Pitot Tube Pressure Was In Bottle (mm Hg) Check
32 180 36.5 no leak detected
L5 20 29.1 +5}/28 days
35 7 L3.5 «25)4/3 days
37 8 48.5 35)/2 days
63 L1 11.5 «254/12 hrs
61 7 L6.2 «09p/6 hrs
L2 17 51.8 no check
65 3L 8.9 2.0¢/5 days
7 0.46 16 28.5 .osr/z. days
60 9 131.8 1.3,‘/3 days
79 0.4k | 28 48,2 .05p/1 day
69 15 64440 0.1}/1 day
68 22 125,3 .08}‘/2 days
Th 0,37 43 139.2 -0Lf/2 days

* These ratios are given only for the sampling bottles with the supersonic scoops

and diffusers,
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TABLE 3 (continued)

University of Durham (Paneth) Charcoal Adsorption Analysis

% Deviation From Ground Values

Bottle

No. Vial No. No. of Runs He/ I\12 - Ne/ N2 A/ N2 02(%)
32 1B 2 -7.1 - 0.7 + 0.6 1.0 .
L5 128 |

35 2B ? + 0.9 - 0.4 0.0  ¢0.5
37 3B 3 - 2.4 - 0.9 + 0.2 <0.1
63 19D |

61  15B ? +0.3%03 ~-0.320.4 +1,020.6

42

65 18D

7 25D

60 16A ? -3.6%03 =-202%0.5 =-0.4t0,2

79 27D

69 20D

68 21D

Th 28D
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TABLE 3 (continued)
University of Michigan Charcoal Adsorption Analysis

% Deviation from % Deviation Corrected
Paneth's Ground for Michigan Instru-

. Values ment ¥* % Conc.,
e et He/N,  NeN He/N,  Ne/N, 0,
32 lA 1 + l&ol - 201 Ool
2 + 3.3 + 2.3 0.0
Avg + 3.7 + 0.1 + 0.4 + 5.1
45 124 1 + 6,8 + 2.9 0.6
2 + 8.9 + 1.7 O.
Avg + 7.8 + 2.3 + beb + 73
35 2A 1 + 3.3 -19.7 6.0
2 - 1.5 - 502 6.1
Avg + Oo7 -12.4 - 206 - 7014'
37 3A 1 + 3,2 -12,6 1.0
2 + 0.0 - 202 1016
Avg + 1.6 - Tds - 1.7 - 24
i 63 19A 1 + l+.0 + 2,1 + 007 + 701 ‘ 107
61 15A 1l + 3,0 - 2.7 - 0.3 + 2.3
P4 +46 4y +32,9
Avg
42 5A 1 + 9.8 + 1.8 10.5
2 + 6,0 0.0 10.0
Avg + 7.9 + 0.9 + b6 + 5.9
65 184 1# -66.0 + 5,2 - -
7 '
60‘
79
69
68 21A 1l + 3.8 - L5
2 + hol - 306 .
. Avg + 4.0 - 4.0 + 0.7 + 1,0
4 28A 1l + 3.5 - 34 18,4
2 + 300 - 301 1801
3 + 2,8 - 3.4 18.4
L + 2,6 - 2.7 18.3
A'Vg + 3.0 - 302 - 003 + 108

* Based on most recent ground calibrations. They are + 3.3 for He/N_ and - 5.0

for Ne/Nz. These corrections are strictly applicable only to anaI?ses for
vials 21A and 28A,

# This run disregarded due to apparent mistake in gas handling procedure.



Bottle (upger air) N
No. Vial No.

TABLE 3 (continued)

Westinghouse, Mass Spectrometric Analysis

He Conc.t % Concentration

A o, HQ()F Nog?j#

ground

32 1¢ 1.5

1D 1.8 63.6 0.04 0.8 0,04 35.0 0.5

45
35 2D 1.2 50,3 2.2 0.5 0,02  46.5 0.5
37
63
61
42
65
77
60
79
69
68
Th

#

These values were obtained from plots of the ion current (m/e peak 4) against pressure
of the gas in a gas handling volume (about 50 cc) leading to the analyzer slit as the
sample was being depleted by the analysis., The slopes were then divided by the corre-
sponding slope for ground air. The analyses indicated an excess of helium, but the
inherent errors precluded their repetition for error analysis because of the small
amount of upper air sample available, In addition, it is seen that the helium excesse
were not consistent with the A/N2 ratios obtainable from the analytical data given in
columns 4 and 6,

The unusually large m/e peaks of 18 have been interpreted as being due to water vapor
A possible explanation for this is that the water was introduced by the glass sealing-
on operation, and this was not jumped sufficiently before the septum was broken for
introduction of the sample into the mass spectrometer.

The presence of a fairly small but definite m/e peak of 30 has been attributed as
being due to nitric oxide (NO)., This peak is evidently not due to a hydrocarbon
since there was no contribution to the m/e 29 peak,
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TABLE 3 (continued)

Bureau of Standards, Mass Spectrometric Analysis

% Concentration

0, A 002* NO#*

Bottle
No. Vial (split)

32
L5
35
37
63
61
42 5DIV 87.(5)# 11.4 1.1 Trace  Trace
65 18BIV 95.(6)# 1y 1.1 1.4 0.5
77
60 16CIV e2.6)f 1164 09 - 0.1
79
69
68
74

% Assumed that all of the m/e 4l peak is CO, and that the m/e 30 peak
is NO.
#

The figures in parentheses are uncertain.
Trace is less than .05 mole percent.
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TABLE 3 (continued)

’ University of Virginia (Beams, McQueen) Mass Spectrometric Analysis

% Deviation
From Ground Values

Bottle No<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>