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PREFACE

- In this report two problems are considered; one involving the design
of an instrument for an experiment directed toward measuring the energy
spectrum of electrons, and the other a theoretical investigation of the

Tycho ray system on the moon. In each case the work was carried out

. by Dr,Martin Sedlacek, NASA International University Fellow from the

University of Vienna, who was associated with the Laboratory for Atmos-

pheric and Space Research from September 1963 to June 1964.




CHAPTER 1

FINE STRUCTURE OF THE ABSORPTION
CROSS-SECTION OF GASES IN THE ULTRAVIOIET

I. Introduction

The absorption of photons in a gas will result in different processes [1 ]
a) Ionization and excitation of the molecular ion to a vibrational or
rotational state
b) Dissociative ionization
c) Extraction of more firmly bounded electrons, provided the wave-
length is short enough

The experimental material on the total absorption and ionization
cross-sections in the ultra-violet already covers the wavelength range
down to 150 ;\[ 2, 3]' and a wide variety of gases. The observational data
on the "fine-structure" of the absorption, i.e. which fraction of the total
cross-section is referred to one of the processes mentioned above, are
quite incomplete. Therefore the energy-distribution of the photoelectrons
produced by the absorption process is unknown. Weissler and co-workers [4]
analyzed the absorption process by measuring the relative numbers of
atomic and molecular ions by means of a mass-spectrometer and by
interpreting changes in the ion-current intensities as the appearance of
ions in higher excited states. Experiments on secondary electrons produced
by molecule-ion and molecule-electron collision have been made by
several investigators [5, 6,7] . The only work on the energy of photo-
electrons in gases seems to be the article of Viselov[l] , dealing with
organic vapors and wavelengths down to about 1080 11

The experiment described in this proposal is designed to measure the
energy-distribution of the photoelectrons, thus revealing the fine-structure
of the absarption pr@ess. The knowledge of both quantities (electron-
energy and ﬁne-str&'cture) is of major interest as a basis of calculations
in theories concerning electrical and optical pheiomena in the high

atmosphere. &
v
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1I. The Experimental Apparatus

The instrument will consist of three main parts:

1) The vacuum-monochromator and the lightsource

2) Ionization-chamber and electron-spectrometer

3) Detector and counter
1) Light source and monochromator may be one of several commercial
types available. They could be adapted to fit the requirements of the
experiment. The other parts need a complete new design, described
in more detail in the following sections.

2) The electron-spectrometer:

a) Basic requirements: In order to avoid distortion of the original
electron-energy-spectrum ,care is required in mininizing the fraction of
photoelectrons scattered or absorbed by the gas which fills the spectro-
meter. Kollath[ 8] reported scattering and absorption cross-sections ©
for many monatomic and diatomic gases ranging from 5 to 140 cmz/cm3
(at 0°C, 1 mm Hg, and an electron-energy up to 36 eV). Assuming a
path-length of 10 cm and ao =100 cmz/cm3 the pressure in the spectrometer-
detector-system should not exceed 10_S mm Hg, thus reducing the scattered
fraction of the electron-beam to 1% or less.

As low-energy-electrons are strongly influenced even by weak
magnetic fields, shielding or compensation of the earth-field and the
random laboratory fields is required. Due to its simplicity shielding by
mu-metal tubes is superior to the compensation, which needs a control
system continuously monitoring and compensating the field variations.

b) The parallel-plate electrostatic spectrometer and its basic

equations;

As an instrument for electron-spectroscopy at low energies up to a
few hundred eV an electrostatic analyzer is superior to a magnetic one,
especially in avoiding the difficulties involved in the production of highly
uniform magnetic fields by coils. The departure from perfect focusing is

of the same order of magnitude in both cases. For the proposed experiment
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a parallel-plate-analyzer [9] could be used. The structure is simple,
very similar to that of a two-plate condensor. The following will
give the theory of the instrument in more detail, because of the lack
of a complete focusing-error analysis in the literature.
The range s of an electron (energy Bp = eUp) in a uniform opposing
electrostatic field is given by
Z‘Voz sinc cosc
b

(1) s = (see fig. 1la)

where ¢ is the inclination of the electron-beam to the xy-plane at the

2
entrance-slit. The quantities b and VO are defined by the relations

U
e e c 2 2e U
= = —_— v = -
b mF m D and o) m P
: U
giving (2) s=4—UL-D sinc¢ cos ¢
c

The maximum range smax is due to an angle ¢ of 45°, resulting in the

basic equations of the analyzer:

2U
@ S45_smax— 4] "D
c
smax
= U
(Ia) Up 2D c

As D (the plate-distance) and S ax (distance entrance-to exit~slit) are
given by the spectrometer geometry the energy spectrum of the incident
electron -beam is scanned by variation of Uc'

c) Energy resolution and slit dimensions: A beam of monoenergetic
electrons passing the entrance slit will result in an "image" of the slit
at the distance s, the width of the image depending on the deviation P
from the mean inclination ¢ = 45°, on the maximum value of V¥ (see fig.

1b, 2a) and on the dimensions of the entrance slit itself.
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2
!
y=o COSY= L - (1-59),¥ < 1 (Fig. 1b)

. _ PR )
(4) s ty = S ax sin(90 £ 2) =8 x (1-2¢9") p K1

Combination of the equations (3) and (4) yields

2
\
La-24- 2

(1) s\y = s 5

. Q@ max

If one considers the width b of the entrance-slit, the total focusing error
s is given by:

(I11) As = s

2
_ 2,y -
max sw'$+b =S o« (¢ +-§-) +b (Fig. 2b)

To electronbeams with energies El >E

2 are completely separated by
the spectrometer if their s-values fulfill the equation (see Fig. 3):

(&)

2
2 _ v
ZSmax lsmax -2 P 2 )

- - A
or (5a) Zsmax lsmax o 1s

As E is proportional to s (equation Ia), the energy resolution is given by

|
A
av) !)__'.‘_E. — bLs 2 2 + ‘yzmax + b
E s 5 ,

max
max

' .
The angles qpmax and Vmax are defined by the geometry of the system
(Fig. 2b, 2¢)

b/V2 b B
(6a) tan gomax = @ = 5 =5 b 4a
2an z 2\_/ 2 an n

(Gb) an \/E = a!
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f.

a, +1.1477s

(7) tan\vmax = ¥ =

if the slits A,B, and B' are considered to be equal in length £ (Fig. 2a).
The index "max" is omitted in the following section.

d) Spectrometer-dimensions (s = 75 mm, ;; = 2%);: If s and
are given, all other dimensions of the spectrometer follow from the equa-
tions derived in the previous chapter. Assuming s = 75 mm and .] = 2%
equation (IV) yields:

2
-2 _,,2 ¥ _ b
2-107° = 29" + -+

Values for b, pand ¥ are found to be
b = 0.50mm, o = 0.057735. ¥ = 0.11547
if one makes all three contributions to .; equal. The transmissivity

T = gV /27 = 1.061-10°

According to equations (6a,6b)

an = 4.33mm. a, = 6.124 mm.
The value of £ = 10.65 mm is derived by using a, and s in equation (7).

The following table summarizes the results:

s =75 mm, ]=2%

s =1.5mm, D§%=18.75mm
b =0.50mm, ¢ = 0.05774, ¥ = 0.11547, T = 1.06.10°°
d =b/Vv2 = 0.354 mm, a = 4.33 mm, a, = 6.124 mm
£ =10.65mm

-(_)?1 = 73.75 mm,ag'-z = 75.25 mm (see Fig. 2b)

Figures 4a, b, c show a 1:1 cross-section of the spectrometer and details
of the slit system A, B, and B'. The voltage Uc between the ground-plate

P and the fine mesh G provides the opposing analyzer field. D is arbitrarily
chosen to be 25 mm; the voltage Uc for a particle energy eUp follows from
equation (Ia). Electrons exceeding a certain energy will pass the mesh G

and will be trapped at T. This precaution should help to minimize electron
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backscattering and secondary electron emission at G. Backscattered
electrons, now accelerated towards the exit-slit, could obscure the orig-
inal energy spectrum. The sawtooth shape of the slit system AB (defining ¢)
should prevent scattered electrons from entering the spectrometer. Machining
the system from one solid block of material avoids the aligning of single
slits and reduces contact potentials. The filament F in figure 4a provides
a means for testing the analyzing and detecting system.

If the area of ionization is enclosed by a chamber (1...5 in Fig. 4a)
the gasflow to the spectrometer has to pass the slit system AB with a con-

ductivity of

d.! T

+
0.19'31 i.z_d_d__%l +lv

(8) L = 3.64
(liters/sec)

(all dimensions in cm [10]). For N,, a temperature of 300°K and the

2
calculated slit dimensions, L follows to be 5.8 X 10-'2 liters/sec. The

amount Q of N2 flowing through the slit may be calculated from the equation:

(8a) L(p1 - p,) = Q(mmHg liters/sec) [11]

o
For P, =--710“5 mmHg and p2<< P (maximum gas flow Q) Q is equal to

5.8 x10 ' mmHg liters/sec for NZ' A pump with a speed of a few liters

per second at a pressure of 10-6 mmHg should be able to lower the pressure
p‘,Z to one fifth or one tenth of p1 » thus reducing the fraction of photoelectrons
scattered by the gas in the spectrometer to a negligible value.

3) The detecting system

a) Electron flux through the exit slit B';

The energy-flux through the exit slit of a grazing incidence mono-
chromator varies widely with the wavelength of the light, but for typical
instruments now in use such as at LASP, it can be expected to be at least
1 erg/sec in the range 300 to 1200 .l(;. (slit~dimensions 0.8 x 10mm){12].
Crossing the exit slit of the monochromator with the system AB of the

electron spectrometer avoids errors due to misalignments of both systems,
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but reduces the useful photon-flux in the region I (Fig. 4a) seen by AB to
about 5 x 10"2 erg/sec or 0.76 x 109 photons/sec at A= 300 A. At this

wavelength for N_ Curtis [2] measured an absorption coefficient K = 125 cm“1

(referred to norm:I temperature and pressure). At p = 10_5 mmHg the above
mentioned photon flux therefore leads to a production of about 1. 33 x 103
electrons per second along a pathlength of £ =1.065 cm. The number of
electrons passing the slit B' of the electron spectrometer is proportional to
T = 10_3 and =2 x 10--2 (assuming the electrons equally distributed over
the whole energy-range under consideration) ; hence one can expect a mean
value of 1.6 electrons/minute passing B'.

b) The detector

The number of electrons calculated in the previous paragraph gives
a lower limit of the flux as both photons per erg and absorption coefficient
increase with increasing wavelength; nevertheless one has to use single
pulse counting with a low background detector. A major problem is the
low energy of the photoelectrons. The use of a Geiger-Muller counter
calls for accelerations of the electrons up to 25 keV, even if the window
is only a few thousand 11 thick.Corona discharges and fluctuations in the
high-voltage supply could give rise to spurious counts introducing errors
in the result. An open electron multiplier with low work function dynode
structure has too much thermal noise, obscuring the few counts due to
photoelectrons. The variation of the total gain with gas pressure and the
gas—-contamination of the dynodes makes the application of a pulse~height
discriminator for background reduction difficult and the result uncertain.

According to Hinteregger [13] a magnetic resistance strip electron
multiplier (Bendix-type) with a continuous high work function coating both
on dynode and field strip has a background rate of only 6 counts per minute,
allowing the detection of a few counts per minute over background in a
reasonable short time. The electrons need acceleration only up to an energy
of 800 to 1000 eV for penetration of the opposing field in the multiplier. Thus
the magnetic resistance strip multiplier seems to be the detector best
applicable to the problem of counting low energy electrons. Nevertheless the
first step in building the apparatus should be the testing of the background

and the eificiency of the detector in use.
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Figure Captions

Fig. la & 1b: Basic analyzer-geometry (Eqg. 1).

Fig. 2a: Geometrical definition of Ymax (A,B, B' equal in length).

Fig. 2b:; Distances in the entrance-exit slit system, as given by s,b,
pand ¥ (index "max" omitted).

Fig. 2c: Geometry defining the deviation P P max from the mean inclina-
tion @ = 45°.

Fig. 3: Spatial separation of two electron beams with energies El >EZ.
Fig. 4a; Cross-section of the electron spectrometer. U between G and P
provides the opposing electrostatic separator tcleld. 1....5

Ionization chamber, I = area of ionization.

Fig. 4b and 4c: Details of entrance and exit slit systems. (Slits
bevelled according to the direction of the electron flux).

Fig. 5: Position of the magnetic resistance strip multiplier (MRSM)
opposit the exit slit B'. (No multiplier voltages are given because
they depend upon the MRSM in use). The electrons passing B'
with-a mean inclination of 45° are accelerated by the uniform
electrostatic field between H and the field strip (U_ = accel.
voltage) in order to penetrate the opposing field inathe MRSM.
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CHAPTER 2

AN ANALYSIS OF THE RAY SYSTEM
OF THE LUNAR CRATER TYCHO

I. Introduction

The ray systems on the moon, the mechanism of their formation and
the possibility of studying them as a key to the moon's period of rotation
at the time when the material has been deposited, are widely discussed in
the astronomical literature. (For a summary of the problem see Fielder
1961 and Wright et al. 1963). However, the Giamboni publication {1959)
seems to be the only one to deal with an extensive mathematical analysis
of the most prominent ray systems, those of Tycho and Copernicus. As a
result of his analysis the author finds a period of rotation from 0.5 to 6. 8
days at the time of ray-formation and suggests that the position of the poles
did not change too much since then.

The following paper is based on the very long rays of the Tycho system
and the conclusions are entirely different from the results given in the
publication mentioned above.

II. Lunar Ballistics

Particles ejected with identical azimuths--i, e.orbits in the same
vertical plane--by volcanic action or meteorite impact on a non-rotating
spherical body are deposited along the arc of a great circle. Rotation of
the sphere causes changes in the pattern of deposition, the changes
depending onthe time of flight of the material, the period of revolution,
and the location of the source with respect to the axis of rotation.

The particle orbit o (Fig. 1) is stable in space and, at the moment
of ejection, above the great circle ¢ with an azimuth q)s.. During the time of

flight t_, point source S and great circle ¢ move into the positions S, and

Ct' Thfls the particle falls at P' instead of P. The deviation A ¢ =—1—,”— tf is
always measured along a parallel circle p through P. If source and rays are
entirely on one half-sphere, the deposit-pattern is "central"” symmetric,
the curvature of the rays is either left- or right-handed, provided that the

ejection angles and velocities are similar for all rays, as the curvature
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depends upon the angle of ejection, the ratio of the velocities in the
particle beam to the velocity VT of the source, etc. A source close to or
on the equator gives rise to a "mirror' symmetric pattern, in this case the
curvature is left-handed on one side, right-handed on the other side of the
equator.

The initial velocity _V; in the space stable orbit ¢ is the sum of the

velocity Vo relative to the rotating coordinate-system and the tow-speed

/T: wWRcos B due to the rotation of the moon.

Using a coordinate-system (Fig. 2) with the origin in S, the x-axis

parallel to /'r . the y-axis normal to VT and in the tangent plane, Vo p Vs

——re

v, are connected by the following equations (V = 17 ):

v
T

1) t = tanp +
(1) ang = tany, V cos p cosV¥
o (o o

v
T

Y cos¥ cos
s VS cps

v v
T E T*;\Z 1/2 v_=wRcosB
= + - i i + :
(2) ys Vo[l 2><’——_Uo,>m(po sm\llo Vo- ] , T

V osind =y i
(3) < smvs ° sm\!fo

(1a) tancpo = tancps -

@ is the azimuth of ejection, counted clockwise from y to x, ¥V the elevation
of ejection measured from the tangent plane on the sphere in S.
The time of flight along the elliptical orbit o for an angular range 277s

is given by (Kooy and Uytenbogaart 1946) :

3/2 _
_a e 6 =7m1+n
(4) tf_R\/E; [e - €sinu] 6= 1-n

u _/-¢€e 6
2 V1+e 902

(4a) tan
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V cos \!Is go2 R2
= v - +
(5) g R ZgOR 2 .
o ¥y “cosV
s
g R
(6) a = 2 > = the half major axis of the elliptical
v -V
.esc s orbit.
v = i - s
esc 1,/‘ZQOR is the escape-velocity on the moon, equal to 2.373 km per

sec. Calculations for t, were based upon a meanradium R=1.738x10 m

f
2
and a 9, of 1.62 m per sec . (Fielder 1961), the results for selected values
of 2 ns :are given in Fig. 3.
Application of the law of cosines and the law of sines in the triangle

SMF (Fig. 4) leads to an equation connecting the half range 'ns and the angle ‘l!s:

£sin Z\VS

with’ (7a) £ = 2a-R.

For velocities Vs near to the escape velocity, the half major axis a, and

therefore £ , becomes very large as compared with R, reducing equation (7) to:

(8) sinnp = sin Z\VS E%’ «1)

Thus the steepest angle of ejection for an angular range Zns follows to be:

1

(8a) Ws (max) = 9Q-517, -

T he product Jscosws (Fig. 5) therefore has a minimum value for each Zns

given by:

. 1 _ 1
(9) Vscos\ys = Voo cos(90 5 N) = Voo SN

It never becomes zero except for vertical ejection i.e. 2ns = 0.
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With Vs;""’ Vesc the time of flight is approximately

_ 2 3/2 -6 3/2 ,
(10) tf —R-_‘/\goa = 2.84-10 " a (sec) [ a in meters]

This is of course the time needed to complete the total ellipse from S to S,
but the arc below the moon's surface is considerably smaller than the arc

covered by the particle. t_ goes continuously towards infinity as Vs

f

approaches v .
pp esc

III. Evidences for a Change in Tycho's Position with Respect to the Axis of
Rotation

Fig. 6 shows the position of the rays with Tycho as center, plotted
in parallel-projection from a lunar photograph (Kuiper :960). The moon was
considered to be an exact sphere and the fact that the photograph shows the
moon in a slightly conical projection was not taken into account. In the
vicinity of the crater the long rays are obscured by the very dense and
irregular pattern of the sinort ones, which makes it impossible to trace them
without too much uncertainty.

There is some evideance, that Tycho's position with respect to the
axis of rotation has changed after the deposition of the rays. The system
shows both left- and right-handed curvature with a distinct symmetry,
indicating that Tycho once has been ncar or even on the equator. Ray 2
has an extremely small deviation from a great circle, which is hard to
explain on basis of the present position of Tycho with respect to the moor's
axis. Being close to the equator, as in Fig. 6, the ray would show almost
no curvature, as the deviation Ac¢c occurs mainly in the direction of the ray.
With Tycho on the equator there is also no difficulty in explaining the loops
of ray 7 and 8. As soon as a particle passes over the limb (2775> 90 ), it
moves--in the projection--towards the source again (Fig. 7). If the time
of flight is long enough, the rotation of the moon will cause the particle to

fall at the point P'_ in Fig. 7. The summit P1 corresponds to an angular

2
range 277S of 90°. As an additional condition one finds that the great circle c

must not cross the ray if all particle orbits have been in the same vertical

al2aaT .
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As a result Tycho was taken as having been directly on the equator
with the center of the crater as the source of the ejected material. Based
on these assumptions there are two extreme possibilities for choosing the
angular position of the equator:

a) c% for ray 7 as small as possible, i.e. the great circle tangent to the

point nearest to Tycho; P', and P1 (Fig. 7) thus give the parallel circle p

and the direction of the e;uator.
b) The second extreme position is given with the equator passing through
the innermost point of ray 2.
Although both positions are too extreme--they do not allow any deviation
Ac in the reference points--their angular distance is only 5.5 degrees. The
equator was chosen in the middle of both extreme values, thus having a
maximum error of 2. 75°. Fig. 8 gives the position of the old equator and
the corresponding poles with respect to the lunar coordinate system now
in use. The point of intersection lies at 5° West (175° East respectively),
the angle of inclination is 72.5°, and the poles have the coordinates: 95 W,
17.5:8; 85 E, 17.5 N. The error for all angles is approximately ¥ 3°.

There is no explanation for the drift of the moon's crust with respect
to the axis of rotation, but on the earth too, one has many indications for
polar shifts in recent geological periods, which are of the same order of

magnitude as calculated above (Hapgood 1958).

IV. Period of Revolution: Age of the Tycho-system

Rays 7 and 8 served as a basis for an attempt to determine the period
of rotation at the time when Tycho and its system were formed, because
their azimuths g% are the only ones known with small error. Therefore
Fig. 9 gives the deviation only along these two rays in detail. However,
the assumption that (A is the same for all ranges Zns in one ray, which was
taken as a basis for the determination of Ac , does not hold exactly. The term

VT VT

V cos® cos¥ vV cos V¥ cos
s d’o \yo o Yo %

'Atanf%
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in equation (1) and (1a) depends upon Zns, because of the variations in

vs cos Ws (Vo cos @ respectively Fig. 5). The quantity Atan @ decreases with
increasing angular range, and if @ - q% is about one degree at 227s =15° the
difference is negligibly small for a ZT)S Z 90°.

The width of the ray consists of two main components:; The initial
width " 0" of the particle-beam at the moment of ejection and, in addition
to that, ray broadening which occurs during the deposition of the material
because of differing orbits (with differences in tf) for the same 2ns. Therefore
the distortion of the ray as a consequence of the variable Atan g% will not be
obvious as long as the displacement qos - (% = A@jis smaller than the half
angular width of the ray. The ray broadening during the deposition, will
then obscure the effect of the differences in the angular displacement. For
a total width of 3°, as calculated for the rays 7 and 8 at 227s =15°, Ag
should not exceed 1 to 1.5 degrees. To allow for the "time dependent" ray
broadening A@was .taken to be only 1 degree. For ray 8 one gets:

(15) _

N.(g = o, — (-3 P °
g PP =615 80=1" @t2n =15, ¢

0. @ +1°=62.5

o
and from equation la:

(tan 62.5 - tan 61.5) cos 62.5 = V'T/(Vs COS\VS) = 3. 6.10_2
Beginning with a 7 of one day (V‘r = 0.1264 km per second) one first has to
calculate the time of flight from the measured value of A ¢, which is

4.3° (Zns =15°, Fig. 9). The resulting t_ = 1032 sec corresponds to a \lfs

of approximately 54.5° (Fig. 3). From Figf. 5 one finds vs cos \lls = 0. 48

(2n = 15";\[{5 = 54.5°). The resulting value of V_)_,/,’(US cosﬂls) = 0.26 is
about seven times larger than the limit, which was calculated above. As
one finds, all periods smaller than 20 days do not fulfill the basic assump-
¢ is 20640 sec 'Ws close to 85° (tf at 85° =17800

at 86.25° — ®), and VS cos \Ifs = 0.175. VT/'/S cos\!fs therefore is

tions. Fora 7 =20 days, t
sec, ’tf_2
3.6.10 ~. This means, that a period of 20 days is the shortest one to fulfill
the preceeding assumptions, i.e. it brings A into the required limit. A
similar calculation on ray 7 results in a 7 of 18.4 days.

The next step was to calculate the velocity spectra of both rays, which

was done for a T of 20 days. The values of tf resulting from this 7 and the
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A ¢ in Fig. 9 indicate, that the angle of ejection \VS in each case was close
to \lrs (max) (Equation 8a) (For instance: \lfs (max) = 86.25° for 2ns =15°, ¥

s
calculated: >85°). The corresponding major axis based on t_ therefore is

given by equation 10 and Vs found from equation 6. For 27]S f= 15°, where
the errors are largest, the exact value of Vs = 2.05 km per sec, the approx-
imation yields 2.08 km per sec (ray 8). The velocity spectra in Fig. 10
give Vs versus \lfs, which is very close to Vo versus \ifo, as V'r = 0.006 km
per sec K Vo' The velocity Vo is nearly constant, but it shows a sharp
decrease for \lrs Z 81° to 83°. This seems to be similar for all rays, as

far as one can judge without knowing the exact value of gos. Small vari-
ations in VS for the same \Vs result in orbits with different major axes and
cause the broadening of the particle beam during the deposition. Even for
the largest values of 2a the centrifugal force is smaller than 10-3m per secz,
which is certainly within the error of 9, = 1.62 m per secz; it was therefore
neglected in all calculations.

Finally one comes to the conclusion: The material was ejected with
velocities close to the escape velocity. In this case, the range Zns is given
only by the angle of ejection according to equation 8a and the time of flight
by the velocity (Equation 6 and 10) independent of \lls. This fact avoids
a complex velocity-structure of the particle beam and a mathematical depen-
dence of us on \Vs.

On the basis of Jeffreys' theory (1952) one can calculate the time
which elapsed since the formation of the Tycho system; the result is 2.6 x 109
years (for a T of 20 days), making Tycho comparable in age with similar
structures on the earth. The Vredefort ring structure in South Africa, for

instance, dates from the late Precambrian (Daly 1947), a geological period

ending about 0.5 x 109 years ago (Wilson 1954).
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Figure Captions

Orbit of a particle on a rotating sphere. (¢, c, = great circles,
qos = azimuth of ejection, l_;s = initial velocity in the orbit o).

ys . yo and VT in the coordinate-system used for the derivation of
equations 1, la, 2, 3.

Time of flight t_ versus the angle of ejection for a selected number

f
of angular ranges. (R =1.738. 106 m, go =1.62 m per secz) .
Elliptical orbit of a particle in a central symmetric gravity field.

77 = half angular-range on the moon's surface. (Equations 4 and 7).
VcosV¥ as a function of the angle of ejection. All curves converge
in the point YcosV =1.68 km per sec for v = 0 and V equal to the
circular velocity on the moon's surface.

The ray-system of Tycho in parallel projection, e; = old equator.
(dashed lines indicate extreme positions). Ray 2 extends towards
Mare Serenitatis (dotted line).

Formation of a loop in a ray extending in the direction of rotation.
Position of the old poles and the old equator e' in the lunar
coordinate-system.

Deviation Zc¢ as a function of ZnS. The dashed lines indicate the
field of L. for all rays except 7 and 8.

Velocity-spectrum of the rays number 8 and 7 in polar coordinates.
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