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Observations of a shadow-egress give Very acourate
values for the height of o satellite above the Earth’s
surface. At a height of 800 km. the largest angle
possible between the orbit and the boundary of the
shadow is m-g;.etFrom Figs. 2 and 3 it follows that an
error in the o ved position of egress of one degree
results in & maximum error of 7-2 km. in the distance.
An error of one minute in time results in an error of
10-8 km. in distance. Therefore, even spproximate
observations give rather accurate valuos for the

' “height of a satollite, 8t least within w 30 km. The

height of 1,000 km. which was expeoted would
require that tho satellite had already loft the shadow
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. Derlvation of the halght of a satellite above the Barth's
&-:o K, observer; "tg‘”"“"‘ Earth ; @, polnt opposite
to the Bun; M, polat with the otwerved egress position In m
senith; 8, loaving the shadow ; “ohoernt’n latitude ;
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at & distance of 30° from our first observed position.
Tlmreaaamstobenoremnwhythenbamm
not have been visible if this woere correct.
The method used for the derivation is shown in Fig.
4. From the observed position of egress, the sidereal
time, the latitude of the obeerver, and the spherijcal co-
ordinates of the Bun, rectangular co-ordinates can
be derived for the points F and H. The equations
for the line OH give the direction toward the observed
position of egress. The intersection of a line through
F parallel to OH with ths cylindrical or sonical
shadow gives the co-ordinates X,, ¥,, Z,
for the satellite leaving the shadow. The distance
from the Earth's centre is then r = (X2 4T 420,
Hervz NeoxzL
Warner and Bwasey Observatory,
East Cleveland 12,
Ohio. Dec. 21.

Precision Determination of the Yelocity
of Electromagnetic Waves -

TrE free-spaco phase velocity of electmmagnetit;
wavmt‘nmcuohubeenme&mmdhymmmofa
millimetro-wave interferomster operating at & fre-
quency of 72 Geo./s., corresponding to & wave-longth
of about 4 mm. The result is: :

Ce = 209 79250 & 0-10 km.fs.

The variation represents the standard deviation of
s singlo observation in statistioal combination with
estimatod systematic uncertaintics, the greatest of
these boing in the measurement of the standards of
length used (derived by optical interforometry), and
in the measurrment of tho refractive index of the air
surrounding the microwave interferometer (obtained
by means of a micruwave rofractometer).

The 24-Go.Js. prototype instrument has already
been desoribed!, the 72-Go.fs. interferometer being
basically identical, but considerably improved in
performance. A full roport of the prosent determ-
ination will be published in due course, but it should
be noted here that the value previously assigne t to
the one-metre length.standard nsed with the pi*to-
type interferomoter was too great, and thia has
causod the published value of ¢, obtained from that
instrument to be high by 0.2 km.fs. Thus the
correctod value of the oarlier determination! is:
¢y = 2097027, + 0-3kmTs.

This work has been carriod out ns part of the
research programume of the National Physical Labora-
tory and is published by pormission of the Director
of the Laboratory.

Metrology Division,
National Physical Labaoratory,
Toddington, Middlesex.
Nov. &.
! Froome, K. D,, Pros. Roy. Soc., A, #33, 195 {1954).

K. D. FroomMs

Metallographic Studies of lron Carbide and
Tungsten Carbide

IN most metallographic investigations of steels or
of cementod carbides the fine dotaila of the oarbides
aro not studied. Wo have just completed an etohing
study of iron carbides made in three different ways
and of some tungsten carbide (1/32-in. equilateral
triangles) asingle oryatals. The iron carbide studies,
made with Carapella’s reagent (5 gm. forrio chloride,
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