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ABSTRACT
A direct measurement of the thermal expansion of
solid hydrogen Is of Interest (1) to compare with previously reported density values measured at different tempera¬
tures, and i2) to compare with a oomputlon of the thermal
expansion made using other thermodynamic information*

An

apparatus has been constructed to make this measurement*
It is basically a parallel plate capacitor mounted in suoh
a way that any thermal expansion of the hydrogen gives ©
greatly magnified change in capacitance*

Results so far,

though not conclusive, indicate that hydrogen has a much
smaller coefficient of expansion than was expected, oC
being < 10~5 per °X*

With the same apparatus, the thermal

expansion of ethylene in the range from 64 to ?3 °I was
measured, giving the result °<ev - 2*5 x 10**^ per °K.
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INTRODUCTION
Hydrogen is an interesting substance to investigate
for three main reasons.
1) It occurs in two species having different physical prop¬
erties.

In one, called ortho-hydrogen, the nuclear spins of

the molecules are parallel, (triplet state), and the mole¬
cule is in a rotational state with odd angular momentum.

In

the other, called para-hydrogen, they are anti-parallel,
(singlet state), and the rotational state has even angular
momentum.
2) There are three isotopes H^, H2»

called hydrogen,

deuterium, and tritium which differ in weight, but presum¬
ably should all have the same atomic Interaction potential.
Since no other substance has isotopes which differ in weight
in such large ratios, this makes hydrogen the ideal sub¬
stance to study in the attempt to find out to what extent
such things as specific heat, compressibility, and specific
volume, depend on mass and to what extent they depend on the
interaction potential.
3) Hydrogen has the largest zero point energy of any sub¬
stance which will freeze under its own vapor pressure.
Therefore, any pur© quantum mechanical effects occurring in
the solid state should manifest themselves more clearly in
the case of hydrogen than for any other substance.

Also,

because of the existence of different isotopes, these effoots

2
could be studied as a function of aero point energy.
Largely for these reasons, measurements have been
made of many of the properties of solid and liquid hydrogen.
Most of the thermal properties have been measured, with the
exception of the thermal expansion coefficient of the solid.
As is well known, there 1® a thermodynamic relationship be¬
tween the specific heat at constant pressure, Op, and the
specific heat at constant volume, 0V, which involves <* , the
coefficient of thermal expansion.

This relation is

(1)
temperature, v the specific volume, and K the isothermal
compressibility.

When the other quantities are known, this

allows the thermal expansion coeffioient to be computed.
The specific heat at constant pressure in the range

constant volume in the range fro® 11 to 14° K,

Debye curves

were fitted to both these specific heat measurements.

In

1939 Miss Megaw measured the Isothermal compressibility at
i

4,2

O

^

Kr'

Assuming that the compressibility remained constant

over the whole interval, and using Op and Cv obtained fro®
the Debye curves mentioned above, Miss Megaw oomputed 3ot
from absolute

zero

to the melting point at 14° K.

sult is shown in Figure 1.

Her re¬

TEMPERATURE in °K

CALCULATED FROM C _ C

THERMAL EXPANSION OF HYDROGEN
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It will be notioed fro® the graph that

c<

ig linear

with T for low temperatures as is required by equation (1)
when both Op and €v follow Debye curvea.
bends over and Is concave toward the

T

then the curve

axle.

This behavior

is completely different than that of a substance obeying
Orunelsen's Low:

(2)

3<X 3

VCyK
V

where

)T la a constant of the material known as Grime!sen* s

constant.

This law would predict a T3 behavior for

low temperatures.

at

Although G nine!sen's Law is largely an

empirical relation, most simple substanoes obey it quit©
closely; hence, it would be rather surprising if hydrogen
were an exception.

On the other hand, it is hard to imagine

a large enough variation of K with temperature, or a large
enough error in the assumed values of the specific heats to
account for the difference between the results of Miss Megaw
and the behavior of <X expected from Grunelsen's Law.

For

this reason, Miss Megaw suggested that a direct experimental
measurement of ©<> for hydrogen would be very worthwhile,
- There is also another benefit to be derived fro® such
a measurement.

The density of solid hydrogen has been

measured at four different temperatures, each by a different
Investigator and each using a different method.

It has also

been calculated at the triple point using the Ulapyron equa¬
tion and the measured values of the heat of fusion and the

k
elope of the melting curve.

The value® obtained show a ocn-

aiderahl® spread, as shown In figure 2*

An examination of

the original reports shove that all of these determinations
were made with considerable oar®.

Therefore, there is no

reason for disregarding some of the® in favor of others.

A

measurement of the thermal expansion should indicate whether
all of them are consistent.

APPARATUS
It Is apparent that because of its low freezing point
none of the standard methods of measuring thermal expansion
can be conveniently applied to solid hydrogen.

At the same

time it is necessary to devise a method whereby any percent¬
age change in dimension of the solid hydrogen is greatly
magnified by the detection apparatus*
Initially several methods were considered.

Most of

them were quickly eliminated as either being experimentally
unfeasible or lacking sufficient sensitivity*

the method

described her© was outstanding among those considered be¬
cause it was (1) capable of fairly high sensitivity, (2) ex¬
perimentally straightforward, and (3) capable of yielding
data over the whole temperature range on a single run*

A

parallel plate capacitor was used as a sensing element.
However, the plates themselves were not immersed in the
hydrogen*

Lege were attached to the plates and frozen in

the solid hydrogen.

By constructing the leg® in such a way

that their separation at the point where they stuck in the
hydrogen was greater than the separation of the plates, a
magnification equal to the ratio of the separations was
achieved*

The actual construction of the plates is shown

in photographs 1 and 2*

They are made of phosphor Bronx®

*060 of an inch thick and have an area of 11*84 square cen¬
timeters.

A flat head brass machine screw is soldered to
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the baok of each plate to allow fox* the attachment of the
leg® and of counter balance weight®.

These are electrically

Isolated from the plate by the use of Insulating washers.
Two small wire loops are also soldered to the top baok of
each plate as anchors for the supporting strings.
The lege are made of aluminum since it has the high¬
est ratio of stiffness to weight of any readily available
material.

They are .060 of an inch thick and 1/4 inch wide.

They are bent in such a manner that each one crosses over
and hangs behind the plate opposite to the one to which It
is attached.

In this way, a contraction of the hydrogen

leads to a decrease In capacitance.

The lower lnoh of each

plate, which is supposed to stlok in the hydrogen, hangs
vertically and is looated directly behind the center line of
the plates so that they move perpendicularly apart.

The

bottom portions of the legs are about 3? ma. apart when the
legs are in their Initial position.
The plates are supported by two cotton threads which
are attached to both plates and hang over a glass rod a®
shown in photographs 1 and 2.

They are balanced by use of

brass washers so that they Individually would hang verti¬
cally.

The glass rod la of such a diameter that the strings

exert a slight force holding the plates together,

A small

ring of coil dope about .1 aim thick and about 2 ram wide is
painted around the edge of one of the plates to provide an
initial separation.

When the plates have been properly

positioned, the airings are fastened to the gl&os rod with
ooil dope.
It is found that the equilibrium position of the
plates when mounted in this way Is quite stable.

After

fairly largo displacements or ooneiderable vibration they
will repeatedly return to within one per cent of their orig¬
inal position aa measured by change in oapaeit&nee.
It will be noticed that this method of support allows
a very small initial separation of the plate®.
possible a large magnification factor,

This makes

with the given leg

separation, magnification values between

J00 and

400 are

obtained, depending on the exact thickness of the layer of
0011 clops.
There is one refinement added to the basic apparatus
already described.

It is possible that during liquefaction

of the hydrogen a email amount of liquid sight splash or
condense onto the plates.

In order to remove any such liq¬

uid, a heater eoll la attached to the back of one of the
plates to maintain the temperaturf of the plate® above that
of the rest of the sample clumber.

The heater used is about

one foot of fine aanganin wire with a
sistance of about 15 ohms.

room

temperature re¬

It is cemented to the back of

the plat© with coil dope and is connected in scries with a
5O0 ohm potentiometer to a 3 to 12 volt battery.
The plate assembly Just described is mounted in a
sample chamber which is located at the bottom of a helium

@
dtwar*

This le shown In Figures 3, a schematla diagram of

the whole apparatus, and b, an enlargement of the chamber.
The outside diameter of the sample ohamber ie made as large
as possible, and Is only limited by the else of the helium
dewar, which ha a ah inside diameter of 2# Inches,

The

teflon lining of the sample ohamber is constructed as fol¬
lows *

The bottom, about ,100 of an inch thick, was turned

from a piece of teflon bar.

The aide lining consists of

two layers of ,030 inch sheet teflon out so as to fit tight¬
ly inside the copper tube.

The fit le quite good and the

teflon holds itself in position by its own elastic forces
and friction with the walls of the ohamber,
The teflon lining is used for two reasons.

The main

reason Is to minimise the possibility of the hydrogen stick¬
ing to the sample chamber walls.

As is advertised by the

manufacturer and as was verified by myself with several
paints and glues, no ordinary material will stick to un¬
treated teflon with any strength.

The other reason is that

since teflon Is known to be a good heat insulator at room
temperatures, it was thou^it that the lining might cause the
hydrogen to freeze more slowly and henoe more uniformly.
The capacitance of the plates which is generally of
the order of 100 ppf is measured with a model 160-A <i-meter
manufactured by Boonton Radio Corporation.

By proper choice

of frequency and inductance It is possible to measure capac¬
itance to within 1 ppt or less.

The leads from the plates

SCHEMATIC DIAGRAM OF COMPLETE APPARATUS
FIGURE

}

SCHEMATIC DIAGRAM OF SAMPLE CHAMBER
FIGURE h
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are brought out of the oample chamber by two kovsr seals
located on opposite sides of the top of the chamber about
1| Inches apart.

Connection between the plates and the

seals is made with small pieces of number 40 copper wire
which are soldered directly to the backs of the plates.
From the seals in the top of the sample chamber number 31
copper wires lead to two kovar seals located about two
inches apart on opposite sides of the top plate.

From the

top plate leads of heavy brass wire lead to the ii-meter
which, as is shown in photograph

3,

is located in such a

position that these leads are os short os possible.

The

heating in the plates and leads produced by the capacitance
measurement has been calculated from the change in 0. ooour~

8

ing when the plates are connected.
of a few ergs per second*

It is only of the order

The capacitance measurement is

discussed further in the procedure section.
The temperature of the hydrogen is measured with a
carbon resistance thermometer which Is located in the bottom
of the sample obomber, where it becomes frozen in the solid
hydrogen.

Leads from this resistor are of number 31 copper

wire and run up the hydrogen inlet tube to a kovar seal
which is located in a fitting above the top plate.

The

resistance is measured with a Leeds and Horthrup number
4?60 Wheatstone bridge.

Power is supplied by a 1.5 volt

dry cell in series with a 50,000 ohm potentiometer.

Balance

is determined by a model lobwiO electronic galvanometer
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manufactured by the Brown Instrument Division of MinneapolisHoneywell Regulator Company*

This instrument has a. sensitiv¬

ity of 10-6 volts per am deflection.
The resistance thermometer Is of the Alien-Bradloy
type and has a room temperature resistance of about 100 ohms.
At 1.2° I the resistance has increased to about 200,000 ohms.
By initially setting the potentiometer at about 25*800 ohms
and decreasing it when the resistance of the carbon ther¬
mometer becomes greater* it is possible always to read re¬
sistance to four place® yet never dissipate more than » few
ergs per second of power in the thermometer.
The hydrogen system is quite simple, as can be seen

from Figure 3*

Hydrogen la stored In a $iz& B hydrogen

cylinder which holds a little more than enough for three

runs.
valve.

Next to the tank Is a high pressure gauge and a Hoke
Between the Hole© valve and connection to the top

plate there le a connection allowing' the saaple chamber to
be evacuated before admitting hydrogen.

There Is also a

connection to a manometer which reads the pressure in the
hydrogen system.

The amount of hydrogen admitted for a run

Is measured by noting the change in pressure registered by

the high pressure gauge on the tank.

The connection at the

top plate is wade with a flair fitting.
The standard double dowar system ic used for the
helium bath.

An can be seen from the photographs* the deware

are hung from a flow-strut support which is attached to the
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celling and two walla.

This arrangement Is quite handy In

that one can work on all sides of the apparatus.
The dewar head is made fro® a four-inch copier *T*
mounted on a brass plate and fitted with flanges for the
pumping line and top plate, as shown in photograph

3.

There

Is a connection in the dewar head which can be used to let
helium gas into the dewar and which la also connected to a
manometer for reading the vapor pressure of the helium
bath.

The manometer Is of the open vessel type and hence

can also be used as a bubbler through which excess helium
may be allowed to boll off,
A Kinney pump is used to pump on the bath.
ing line is tvo-lnoh copper tubing.

The pump¬

The pumping rate is

regulated by a large Roekwood ball valve in the main line
which is by-passed by a 1/4-inch line with a Hoke valve in
it,
A Oenoo Megavao pump is used to evacuate the sample
chamber, pump out the dewar Jacket, and pump on the refer¬
ence side of the manometers.

A mercury trap Is installed

between the hydrogen manometer and the pump, since it would
be possible for the hydrogen pressure to accidentally become
too large.

Due to its construction this cannot happen with

the helium manometer.

Valves are arranged in such a way

that excess hydrogen may be allowed to bubble out through
the reference aid© of the helium manometer at the end of a
run

PROCEDURE
The following gives a description of the procedure
which is followed in a typical hydrogen run.

Initially the

inner dewar system is flushed with helium and an over pres¬
sure of helium is then maintained in it.

A few centimeters

pressure of air is let In the dewar Jacket and the outer
dewar is filled with liquid air or nitrogen.

The system is

then allowed to oool for about two hour®, until the resist¬
ance of the carbon thermometer approaches a constant value.
The dewar Jacket Is then pumped out for

5 ox* 10

minutes.

The helium storage dewar is moved into position and the
transfer tube inserted.
During this time the hydrogen system and sample cham¬
ber have been thoroughly evacuated.

Between one and two at¬

mospheres pressure of hydrogen are then allowed Into the
system.

The hydrogen Is metered In by means of a Hoke valve

located near the hydrogen tank.

Helium 1© transferred a

small amount at a time by applying short pulses of pressure
to the storage dewar.

Hydrogen is continuously metered In

so as to maintain an atmosphere or more of pressure.

During

this process, no helium collects, but the hydrogen is slowly
condensed into the sample chamber.

The amount of hydrogen

condensed into the oharaber can be determined from the change
in reading of the high pressure gauge on the hydrogen tank,
when enough has been let In to fill it to the proper level,
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admission of hydrogen Is stopped.
During the preceding process the readings of the car¬
bon thermometer and of the 4-meter have been continuously
monitored.

The thermometer has been previously calibrated

and measures the temperature of the sample chamber at any
time.

The temperature falls Immediately when a pulse of

helium le transferred and then rises slowly as the

hydro¬

gen condenses.
During the time the hydrogen is liquefying, the
capaoltance reading is seen to change slowly, due to the
liquid which condenses between the plates.

When a change

of a few micro-micro farads has occurred, the heater is
turned on for a few seoonds until the capacitance reading
returns to its original value.
After all the hydrogen has been liquefied, the tem¬
perature Is held constant for a few minutes to allow the
hydrogen which has condensed on the walls of the sample
chamber and tubing to run down and collect in the bottom.
Then helium Is transferred a pulse at a time, proceeding as
before.

The point at which the hydrogen solidifies can be

determined both from the resistance reading and from the
change in capacitance that usually occurs during solidifi¬
cation.

After solidification, use of the heater is discon¬

tinued.
From this point ooaplete records are kept of capacity
and resistance.

When the sample finally reaches 4.2°K.,

Ik
helium is transferred continuously until a sufficient quan¬
tity of liquid has collected.

The temperature is slowly

reduced by pumping on the helium bath with the Kinney pump.
At first the pumping rate is controlled with the Hoke valve
in the bypass line.

For the lowest temperatures the Hock-

wood valve is opened.

The lowest temperature obtainable is

slightly below 1.2°K.

If, as is generally desirable, the

calibration of the resistance thermometer Is to be oheoked,
the temperature is stabilized at several points and the
vapor pressure of the helium is read with a oathetometer.
Depending on the amount of helium transferred, read¬
ings can be taken several times in the helium range by re¬
peatedly warning to b,2°K and cooling to 1.2°K.

Of course,

after the initial cooling, the temperature must be read with
the carbon thermometer, since the vapor pressure reading
does not indicate the temperature of the sample during the
warming period.

After the helium 1© gone, the system slowly

warms to lb°K in about

k$

during the warming period.

minutes and readings are taken
If it is desired, more helium

can be transferred and another run begun at this point.
Otherwise the hydrogen system is opened to the bubbler, and
the run is over.
The "two-constant* form of the Clement-Quenell^
formula is used to find the temperatures fro© the recorded
resistance values.

In order to evaluate the constants for

the resistance thermometer, the formula is written in the
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form
l°g10

E •

(T

«• B.

The quantities log1QR and

are calculated for the

calibration points and plotted as shown In Figure

5«

constants A and B are determined from this plot.

Then the

The

temperatures are calculated from the formula written in the
form
A

T 3

R

i°eio

B2

mgmmrnmSSmmmmm

2B

a

l°SlO

The temperature of the triple point of hydrogen de¬
termined from the resistance measurement and this formula,
agrees within two per cent with the true triple point tem¬
perature, when the oonstants are determined from data in
the helium range only.
In order for the 4-meter to be used to measure capaci¬
tance, it is necessary that an inductor of constant induc¬
tance be connected to the coil terminals.

A

10 millihenry

shielded inductor designed for this purpose is used.
a distributed capacitance of

9

ppf

and a 4 of 1^6.

meter circuit is shown schematically in Figure 6.

It has
The 4-

Readings

are taken by adjusting the variable capacitor in the in¬
strument until the voltmeter reading is a maximum (circuit is
in resonance).

The value of this variable oapaoitor is

then read from a dial on the front of the instrument.

When

FIGURE
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the external oapaoity changes, the variable eapacitor In
the instrument must be changed in such a way that the total
capacitance remains constant*

Thus the dial reading is some

constant minus the external capacitance*
ment capacitance is variable between

30

Though the instru¬
and 450

pyt9

the

scale on the dial is compressed at the high end and readings
accurate to 1

ppt

can only be made between

30

and 100 pjif.

Therefore a frequency of around 100 kllooyoles is used so
that most readings fall in this range.

The instrument dial

is calibrated to an absolute accuracy of one

ppt

in this

range.
The Q-meter case and the rest of the apparatus are
connected to a common ground.

As can be seen from the dia¬

gram, one of the external capacitance terminals is also con¬
nected to ground.

It can be established by calculation or

by measurement that the direct capacitance between the leads
is negligible.

On the other hand, the capacitance from the

hot lead and its attached plate to ground is quite appreci¬
able.
In order to determine the true capacity of the plates
this capacity to ground oust be taken into account.

The

following series of measurements is taken before a run.
First, ths capacitance reading on the 4-meter Is taken with
both leads disconnected.

Next the leads are connected as

they are for the run, and a reading taken.

Then the lead

from the grounded terminal is disconnected and another
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reading taken#

Then the lo&ela &r@ reversed and reading®

again taken, first with both connected and then with the
lead from the grounded terminal disconnected.
If each of the last four readings is subtracted la
turn from the on® taken with both lead® disconnected the re¬
sult la four capacitance values which can be labeled
0, and E*

A, B,

If the capacitance of the plates is called 0, the

capacitance to ground, of the hot lead 0^, and the capaci¬
tance to ground of the other lead C?, the following equa¬
tions can be written*
31 A.S*S!

5)

J> a G * %

4} B 25 Qx ♦ G c2

6)

18^2*0%

rrsj

Th«sa 5,ur.tlc.r,r, nr.y be solved for C vlth She result

C s yuCA - B) «

- E) .

Both forms give the same numerical value for 0#

From equa¬

tion 3) It Is possible to find C-j,, which remains constant
through a run, since small changes in plate separation do
not change it measurably*

Then knowing

equation 3) can

be used to determine the changing plate capacitance from the
Q-oeter readings taken during the run.
C2 during the last run wore

The value® of 0j_ and

s 24 jajif and S2

m

3® pjif*

From the vsluce of 0, the corresponding plat® separa¬
tions ?sre calculated using the ideal parallel plate capacitor
formula, C * €» A where A Is the area, of the plates and d 1®
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their separation*

If the plates are not quite parallel this

formula should be replaced

y'mre cl is now the separation of the center of plates and
d ie the difference in separation between top and bottom*
for Ad/d <*5 the u given by this formula differs from the
one given by the Ideal parallel plate capacitor formula by
loss than 10 per cent*

In preliminary measurements the d

calculated from the capacitance'agreed with measurements of
d to within the accuracy of the measurements*

Since the

separation is so small, these measurements were only accu¬
rate to about 10 per cent*

It is assumed that the ring

of

coil dope on the on® plate approximately cancels the normal
tendency of the field to fringe at the edges of the plates,
dincc- both corrections are small anyway, it makes little
difference whether this assumption Is good or not.
once the plate separation is known ®g a function of
temperature, it ie possible to find

oc

in several ways*

If

b 1® the length of matoriel between the pins, defined
by K « ,

.

From the construction of the apparatus It can

be seen that

-d).

an analytic curve can be fitted to

the experimental points and <K found by differentiation, or
-d

verr.ue T

the curve.

can be plotted and

The

found from the slope of

average value of «<. in en Interval is given

RESULTS
Before a run with hydrogen was attempted, a check run
was made with toulene to make certain the apparatus was work¬
ing properly.

The toulene was put Into the sample chamber

as a liquid before final assembly of the system.

It was

cooled by putting liquid air in the outer dewar.

After

reaching the lowest temperature obtainable, the outer dewar
was lowered and the sample allowed to worm up to room tem¬
pera ture again.
The results obtained were of such a nature as to in¬
dicate that the ap;*ratus was working properly and was suf¬
ficiently sensitive to obtain good readings.

Ho attempt

was made to compute the thermal expansion coefficient of
toulene and insufficient data was recorded to do so.
Then four hydrogen runs were made which are described
individually below.
nun 1)

Helium was transferred too fast, and a block

formed in the line admitting hydrogen to the sample chamber.
In all probability, the sample chamber leaked also, although
this could not be determined with the hydrogen line blocked.
Ho change in capacitance was observed in the range from 1.24
to 4.2°K.

Tills data Is of little value, since the amount of

hydrogen actually In the sample chamber is unknown.
Run 2)

The hydrogen transferred properly.

However,

the sample chamber leaked quite badly, and the capacitor
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plates were probably covered with liquid helium.

In the

rang® from 1.20 to 4.2°K, no significant change in capaci¬
tance was observed.

Changes were observed above 4,2 but

they were inconsistent and can probably be attributed to the
large leak.
Hun 3)

The heater was added to the back of one of

the plates for this run.

The hydrogen transferred properly.

The sample chamber did not leak.

The heater was used to

make sure hydrogen did not condense on the plate®,

Ho sig¬

nificant changes of capacitance were observed over the whole
range from 1,2 to 14°K.
Hun 4)

The hydrogen from run 3 was allowed to melt

and remain in the liquid form for a few minutes.

Then more

helium was transferred and another set of measurements taken.
Again no significant change of capacitance was observed in
the range from 1.16 to 14°K.
In order to further check the apparatus, a run was
attempted with methyl aloohol.

The alcohol, which has a

vapor pressure of 10 or 15 centimeters at room temperature,
was allowed to transfer in as a gas.

Cooling was accomplish¬

ed by putting liquid air in the outer dewar.

Although large

changes in capacitance were observed, no consistent results
were obtained.

This is probably because the sample chamber

cooled below the freezing point of aloohol before much of
the sample had transferred in.

Hence much of the alcohol

would have frozen on the walls of the chamber instead of
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collecting at the bottom*
After the aloohol run, a run sss made with ethylene,

H

H

I

I

G * G.
H

o

ethylene hae a normal boiling point of 169 K and a

H

triple point of 90°K,

The ethylene was condensed into the

sample chamber by slowly pouring liquid nitrogen into the
inner dewar.

After the ethylene had solidified, enough

nitrogen was added so that It could be pumped on to bring
the temperature down to the triple point of nitrogen,

6j°K.

In this first run, repeated cooling and warming of
the ethylene did not give reasonable or consistent data.
This

may

have been due to bubbles of air and ethane which

separated out during the solidiflostion of the ethylene.
These substances are generally present in email quantities
in ethylene, and both have a lower triple point than the
ethylene Itself.

Changes in pressure in such bubbles with

ohange in temperature could produce strains in the ethylene
vhioh would account for the inconsistent results.
Before the second run, the sample was allowed, to warm
above its triple point, and the sample chamber was pumped on
for about 10 minutes in an attempt to fractionate this air
and ethane.
period.
hour at

The plate heater was on during the pumping

Then the cample was allowed to stand for about an

??°K,

the normal boiling point of nitrogen.

Measurements were then taken twice over the range
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from ??°X to 63°X, the triple point of nitrogen,
exception of the initial cooling from 77° to
is shown in Figure 7.

63°,

with the
the data

Points taken during the initial

cooling fall somewhat below those shown, possibly because
the sample was sticking to a certain extent and was in a
state of tension.
A smooth curve was drawn through the data shown in
Figure 7.

Q-meter readings were taken from it at 1 ohm

intervals, and the corresponding plate separations and tem¬
peratures obtained.

The temperatures were interpolated

from a resistance versus temperature plot obtained by draw¬
ing a smooth curve through the resistance thermometer read¬
ing measured at the triple points and normal boiling points
of nitrogen and ethylene.

All temperature values are only

accurate to about 10 per cent,

A plot of negative plate separation versus tempera¬
ture is shown in Figure 8.

A

smooth curve has been drawn

through the points to average out errors due to uncertainty
in obtaining the temperature from the measured resistance
values.

The calculated average thermal expansion coeffi¬

cient for the interval fro® 64 to ?3°K is
2.5 x 10*4 per °K.

CONCLUSIONS
The previous results seem to lndio&te that the ther¬
mal expansion coefficient for solid hydrogen 1® less than
10-5 p@r °K.

Large changes of capacitance were observed in

the runs with toululene, methyl alcohol, and ethylene.
Furthermore, large change® were generally observed when the
hydrogen froze or molted.

Hence, the null result indicates

that the plate separation of the capacitor did not change
after the hydrogen became solid*

There are only three pos¬

sible explanations for that to occur.
hydrogen tends to expand on cooling.

One is that the
Another is that the

expansion ooeffloient is too small to observe with this
apparatus, and the third is that although the hydrogen tends
to contract, it sticks to the walls with sufficient force to
prevent its doing so.

If Miss Hegaw*s values art taken for

the thermal expansion and compressibility, a force of five
or ten kilograms per square centimeter would be required to
prevent contraction.
From the ethylene runs, it can be concluded that
great oar© oust be exercised in purifying the sample and
freezing it uniformly before good results can be obtained.
Assuming a reasonable misalignment of the plates and taking
into account the Inaccuracy in the temperature measurements,
there is a possible error of ©bout 20 per cent in,
expansion coefficient for th® ethylene.

oC

* the

This gives a value

?h
of

oi r 2.5

4

± .5 X 10-

pw °K.

The construction of a new sample chamber and plate
suspension system la planned in order to establish which of
the above possibilities is realised In the case of solid
hydrogen and to facilitate the measurement of the thermal
expansion coefficient of other low melting point substances,
the new chamber will have glass walls so that it is possible
to nee the sample at all times.

The plates will be attached

to a rod passing through a stuffing box so that the sample
can be lifted free of the enclosing walls after it has
frosen.
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