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I. OBJECTIVES AND ACTIVITIES OF REPORTING PERIOD

1.7 Qeneral - & .. .o ey

The_haeic:gbjeetives have been described .in detail in the .
previous reports (Report I -:.VI). The aspects, presently . -
under. study are following below: .. . . .« | - e
a) Identifieation_pﬁwstratospheric,intrusiqnsgbyvobserr
vation of the time variation in the concentration of
cosmogenic radionuclides. For this purpose daily aero-
sol sampling at the station Zugspitze with. subsequent
“<chemlca1 proce551ng for the determlnatlon of the B
i act1v1ty of the radlonuclldes Be7, P32 P33, and SB5,I‘M
and“of the fallout ' :

i . s T
IR H:.l,.l ¢

. b)) Calculatlon of the 1sentroplc tragectorles for the ;,;
nflux, tothe. Zugspltze,fpr;selected long-term periodsh“’

c) Derivation of a~blimafoiogy*bf*%héfstratoéphérié-‘”
tﬁopospherlc exchange from many years' serles of data.’A

d) Testlng of a method for the forecast of stratospherlc
intrusions.

e) Monitofiﬁg76ff§t?atosﬁhericfaeréseiﬁlaye%é;Qf%3155ﬁw~h7n9

f)-Preparation, of a*well-balanced progran for:the:deter-

< : omination. of the: tropospheric ozone at different alti--.:

o RUAEB Y L e Y e D I T I T

g) Contlnuatlon of “the study ‘of the 1nf1uence of solar 8
events on the stratospheric- tropospherlc exchange.'

2. Characterization of Particulars, ijeéfiVés;’énd S
-Activities- Durlng the" Reportlng Reriod. 4 fopii. b w7 ol

L & : - . R ) T e
i S - T

The ma1n characterlstlcs of the act1v1t1es,dur1ng the
reportlng perlod ane. set forth 1n fhe, following.,




Aerosol sampling at Zugspitze peak, chemical processing
of the filters and the measurement of the concentration
of the radionuclides Be7, P32, P33, and S35 have been
continued. Great care has been bestowed on obtaining =
homogeneous measuring sequences to secure sufficient
data for the planned future climatological evaluation

of the “stratospheric-tropospheric exchange. R
2.2 . -.0zo

.
—— i ——————— - 2 v ——— " —

The megﬁureﬁéht of ‘the ozone cbncentfatioﬂ at the;Zﬁgspitze
was continued. At the same time a program for the measure-
ment of the tropospheric ozone has been evolved pérmimting
an establishment of a balance of the tropospheric ozone.
For:this purpose-it is.planned to conduct synchronous: meas-
urément§ 9fﬁong¢ concentration at the stations;Garmith;
700 m a.s.l.),.Wank (1800 m a.s.l.), and Zugspitze (3000 m
a.g,l:jl,Realization of fhis plan is in progress.

2.3._ _Forecasting of Stratospheric_Intrusions - .

YR e et phufudputadplag sy = P g ipedt g ogituudieg e unpiiiufniignsgonifuing

The: forecasting method for a prognosis of stratospheric ih-"
trusions, ‘described in the previous report, has been cor-
cluded and a quality control was elaborated. The method- -
has‘beenﬁphegqu again in a long-term test. The result
proveq;?%ry;satisfggtory.,: '

The GeLi;Gamma-Sngﬁergtg;@set*forxhhin*the,preceding ‘
Annual Report has been employed for an analysis of the

fallout cbmﬁ8§3ﬁidn. In doing ‘so, frééh'félldut»from a
Chinese nuclést’ weapon test could be identified. -




The ex1st1ng lldar system has been further developed

After approprlate improvements and extensions monitoring -

. of stratospheric:aerosol layers can nowrbegln..Flrst‘pre-'*
liminary-tests have:led to promising»results{ ; o

2.6. Solar Terrestrlal Relatlonshlps

SR

~5The results of the study 1nto the 1mpact of solar events
on the stratospherlc tropospherlc exchange, comprehen51ve-
ly represented 1n the previous report could be. rounded ‘
“off by an harmonic’ analys1s of the Be7" concentration. The
lstudy was' aimed -at eluc1dat1ng possible periodicities“and ™

wt'at comparlng these with the frequency of - solar rotat10n.7*”

LA i . .. i . , N N R I
R B . 3 i . . L. R RSN

IIGENERAL METHODS EMPLOYED L T
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'The methods descrlbed 1n prev1ous reports have been red -
' talned The routlne process1ng of aerosol samples’ as'well
as the sampllng proper could be conducted without inter-"

ruption.

N S T

';meuch effort has been spent ‘on’ the 1mprovement of the 11darf

ffisystem w1th the obJectlve to allow-contlnuous monltorlng .

of stratospherlc aerosol 1ayers.i

At the &nd of February the measurement of ozone’ at the" Zug-
spitze had temporarily to be interrupted for techn1ca1

reasons. To ensure continuous measurements radical improve-
ments at the instruments turned out necessary In order to’
avoid 1nva11dat10n of measuring data by local pollutlon,"a"

new plpe for the air to be: measured had to ‘be 1nstalled=553
Measurements will .be; resumed as. soon as” poss1b1e..Prepa~'ugx
rations for’ the. measurement at the statlons Wank and

Garmisch are underway.~1g_{;wﬂi

e




ITI. PRACTICAL EXECUTION OF LABORATORY PROCEDURES

1. Samplihg, Chemieal Analysis, Physical Methods

The method for the measurement of the concentration of the:
radionuclides Be7, P32, P33, S35 plus fallout has been:. '~
retained. No problems were encountered.
2. Description of the Lidar System for the Measurement

" ‘of Stratospheric Aerosol Layers and of ithe Evalua—

e tlon Technlque

The lidar system described below has been conceived as
double-frequency lidar and serves for the measurement of
concentratlon and size dlstrlbutlon of the tropospherlc
aerosol. In additon, the system can be used for the
monitoring of stratospheric aerosol layers. In the fol-
lowing only those parts of the system are descrlbed which,
are necessary solely for measurements in the stratosphere.
Special mentlon will be made of parts whlch serve for both.
tropospherlc and stratospheric measurements or Wthh are -

.....

connected to each ether'byvthe 1nstrument_control=::

In the first section a general description of the system-* -
can be found, in the second section improvements are de- ..
scribed. whlch have recently been made to put. the. system .
into a condition suitable for a systematlc study of. strat-
ospheric aerosol layers. Follow1ng is now a complete de—
‘scription of the stationary lidar system. -

The”biédk‘Scheme*Fié? 1“éhows’thé‘iéyout‘of"the-1idar93ys—“

tem with 'datd acquisition electfonics. Thé beam of the -
horizontally mounted, Q-switched ruby laer with 694 nm *°




wavelength, 2 Joules peak energy and 1 sec-1 max1mum pulse
repetition frequency hits a 45 degree dlelectrlc mlrror '
and is directed upwards. This mirror is mounted on a motor-
operated carriage together with a KDP frequency‘doubler,“"
a second dielectric mirror, and a blocking filter for: the:
residual red light. By shifting the frequency doubler. into-
the laser beam, a second transmitter wavelength (347 nm):. .
is generated.

2.1, 2. Recelver Unlt

The backscattered laser light is collected by an astro-.. . -
nomical. quality 52 cm dia. Cassegraih telescope -and>fed *"
through an-image stop, an optical shutter, a filter. wheel:.
containing 3 nm,bandwidth interference filteérs for the twd
transmitter wavelengths, a grey wedge, and a: Colllmating' ¢
quartz lens to the EMI 9816 photomultiplier tube (PMT) - ¥
with.$ 20 cathode. This tube is mounted in a commefrcial’”

cooling box with a double-walled heated quartz w1ndow.':i”
Coaxially above the secondary mirror of the telescope) = -

‘the:above-mentioned carriage for ‘the deflectlng mlrrorsryf

and the frequency doubler is mounted.

[

Telescope, PMT assembly and carrlage are contalned 1n a
barrel shaped waterproof hou31ng closed on top by a tllted
quartz glass plate, prov1d1ng good transm1531on for the ‘
347 nm transmltter wavelength, and carrylng the horlzontal

ex1t w1ndow for the laser beam in its mlddle.

The non—coherent fluorescent 11ght emitted. by the ruby 1n
addition to the Q-switch pulse may. be backscattered- by
close-range dust and interfere w1th faint return 31gnals
fféﬁ”hiéhér altltudes. ‘For this reason .an electromechanl—‘?

calzchhpper 1s avallable whlch 1s synchronlzed w1th the' Pl

IR T Lo o R NI SR R T sl i




Q-switch and which blocks the laser beam path totally

136 microseconds after the laser firing, corresponding to
21 km altitude. Measurements with and without using this
device showed the rejection of the ‘fluorescent light to be
absolutely necessary for getting reliable hlgh altltude
signals.

The considerable scatter in output energy of the ruby

laser even with well regulated flashlamp power requires
monitoring the enefgy of each individual laser pulse in
‘both frequencies. For this purpose, the light reflected
back from the slightly tilted exit window of the recel—_
ver case is directed to a diffuse mirror consisting of a
teflon plate which is polished to facilitate cleaning. )
From this mirror the diffusely reflected light, i.e. the
light reflected under an angle not coinciding with the
reflection -angle of a plane mirror, is fed through a

light pipe system to pwo photodiodes. The application of .
filters guarantees that each photodiode is sensitive only
to one of the two transmitter wavelengths. The output pul—
ses of both dlodes, which are related to the laser beam
"1nten31ty, are fed via ‘only one cable to a 4 bit peak dig-

" itizer. Both diodes are calibrated by comparatlve measure—'
ments with a volume—absorblng calorimeter. This calorlmeter
itself contains a heating coil for calibration purposes.

" A precise rectangular pulse delivered by a special cali-
bration unit is applied to this coil, which represénts a
measurable amount of energy. By this manner, an absolute
calibration of the calorimeter is achieved which can -be
répeated as often as necessary. Simultaneous measurements
with photodiode‘and calorimeter require the latter. to be
mounted above the laser beam exit window, i.e. in"the open
air above the'receiver‘éase;mBywthiS”reason the Very-small-

energy readings induced by the frequency doubled laser




beam are often superposed by heavy fluctuations due to am-
bient radiation and wind, or by constant zero point off-
sets caused by internal temperature gradients within :the -
calorimeter. Both* deviations may exceed the measuring-.
signals by orders of magnitude. The fluctuations.cam . - %
greatly be reduced by shielding the calorimeter, but:the : -
constant dc offsets remain even if the calorimeter is well:
isolated. For this reason, and since only a normalization,
not an absolute calibration of the transmitter is essen-.
tially necessary, we callbrated both photodiodes addl-
tionally by a layer diode transmitter. Its em;ttedjllght .
was attenuated by grey filters with known transmiSSivity; ,

The‘measurementsvresulted in following relative calibfatioﬁ
curves, .normalized to give unit incident 1nten51t1es ‘I for:
a peak dlgltlzer reading of n = 10: . el

‘..54'.-‘t.r,.-
PP ATE SR

694 nm : I = .0439n + .56

Thls\result ‘indicates the 694 nm photodiode ampllfler

characterlstlc to have a zero point offset. This 1s 1n et

good agreement with earlier calorlmeter measurements.

R
s i

The absolute callbratlon of the photodiodes (whlch 1s, as f
mentioned above, not essentlally necessary) only requlres

one’” constant factor k (h) for both diodes to be evaluated

v'”v E(A) = I(A) . k(A) [Joules.]

fﬁé’caloeimetér measﬁremeﬁts_give K (694 nm) =j;$9;°3'w

The sigﬁa1s5delivered by the PMT are fairly smooth- curves.v

if"their amplitudes are high enough. Weaker signals' from: -
highér altitudes show a spiky nature, increasingﬁwitﬁ{dééi'
créasing amplitude; due 'to the beginning resolution intol uit

ksiﬁglé‘pHotoﬂ-peaks;”Signals.from very, high altitudes;:
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finally, are still consisting of single photon peaks with
varying frequency, but constant amplitude distribution.
This circumstance is to be taken into accdunt when de-
signing the data recording. Two different ways of record--
ing are possible in our system: Analog recording and
photon counting, the latter being used for monitoring of
the stratospheric aerosol.

As mentioned above, PMT signals with decreasing amplitude
.are resolved more and more into single photon peaks. Sig-
nals of this kind may be processed in different ways. One
method is the analog integration over a certain period of
‘time or distance., Another one is the photon counting meth~
od, which: offers the advantage of an increased signal-to-
noise ratio, as by means of pulse-height discrimination
any low-amplitude noise from the PMT or the électronics
méy be réjected; In our system a ten-channel multiplex
photbh counter is available with presettable delay:and
gating time. This means the first counting channel is -
"opened" at the preset time after the 1a$er shot, which,
isLindicated by a trigger signal from the photodiode ADC, -
After the preset gating time has'elapséd, the,firsf chan-
hei-is "closed", the second one "opened" and so on until
the tenth channel is closed after ten times the gating
time. An eleventh channel serves as reference channel and
is opened 5 millisec. after the laser shot..It counts the
bhoton pulses from the PMT dark current and from any re-
sidual skylight background. Parallel to the gating of fhe
eleven channels a pulse is applied to a special circuit

to gate the photomultiplier tube. For this purpose the
dynode chain has been changed in such a way that in the
'quiescent'state fhe”voltage between dynodes 1 and' .2 and
between dynodes 6 and 7 is reversed, resulting in a nearly




zero overall gain of the tube. By special high-voltage
switching transistors, the voltages of dynodes 1 and 6
are: switched to their "normal"values within the dynode
chain, allowing ‘the PMT to get its usual high' current '
gain, as long as the “ten counting channels and the‘referF‘
ence channel are open. This device prevents overloadlng
of the tube by strong close-range signals, and is use- °
ful also for“analog recordings as mentioned above. -

The transfer of the gating pulse from the photon counter .
to the dynodes gives rise:to problems due‘to~high-poten=&'
tial differences which must be bridged. In our case high
frequency transformers are used, providing sufficient
bandwidth for undistorted transfer of pulses‘withismallfﬂ
risetime. The length of the pulses to be transferred 1s

ERIEY

llmlted however, 1n our case to about 20 mlcrosec.,
'correspondlng to a maximum total helght interval of 3vkm

This' is ‘a drawback in some cases. For example, 1t is de—

sirable to start stratospheric measurements with ow- T
resolutlon _summary backscatter profiles with a moderate.[
number of shots. For thls reason a transformer optlcal T
coupler comblnatlon has been developed whlch allows trans—
ferring pulses up to more, than 200 mlcroseconds 1n length
w1thout any. sacrlflce 1n bandw1dth

"As mentloned above, the range gatlng prevents extremely
hlgh currents near the cathoéde 'of the PMT arlslng frém -
the strong close range ‘backscatter s1gnal ‘whidh’ other-?"
wise could glve rlse to 1ncreased background noise. imme-
dlately after the short range 51gnal peak NeVertheless,‘
our flrst measured proflles dld show a superposed slowlyf
decr a51ng background This background was' only partly
caused by ruby fluorescence, 1n contrary o our first
oplnlon,,and must have 1ts or1g1n w1th1n the PMT 1tself
Thls was the reason for the 1nstallat10n‘of the double.
gatlng (1n the flrst ver51on only dynode"No. 6 has been
gated) The double gatlng decreases the res1dual closed-.




- 10 -

gate signal by another four orders of magnitude, but un-
fortunately it doesn't affect the backgroundvvery.much,
Experiments showed, however, that the background may be
eliminated by reducing the PMT high voltage and by care-
ful alignment of the input discriminator threshold as
well as .of the grey wedge. With 1850 Volts applled to the
PMT, 9 Millivolts threshold and the grey wedge set to 6%
transmissivity (or less for altitudes smaller than 20 km)
we get reliable profiles up to 30 - 40 km. Examples of -
backscatter profiles are shown in part III.2.5.

— - ———— - —— ——— o —————

The stored data from Biomation recorder and photonvcounter
had to be output on punch tape after each laser shot for
off- 11ne proce551ng and evaluatlon. ThlS 1nv01ved many :
drawbacks.

For the reéasons just mentioned the ‘desire for an on-line
computer for real-time data processing arised. Since Mdy

511976 a new Intertechnlque Multi-4 minicomputer is avail-

able, with 8- b1t 16 k core memory, a hlgh speed optlcal
punch tape reader and a Tektronix 4006-1 graphic display
terminal, allowing alphanumerlc and graphlc mode operatlon.
A new 1nterface has been developed allow1ng data transfer
from photon counter & photodiode. peak dlgltlzer to the )
computer (or directly to the tape punch as before if :
desired). The interface is connected with the computer'
via ‘an. one-channel input- output 1nterface Elght parallel
data lines are available plus three 1oglc control 11nes.
The first one is called "end of convers1on" (EOC) It is
set to logical. high by the data record device (photon
counter) 1mmed1ately after ‘a 51gnal record has been fin-
ished. This is recognlzed by “the computer (under program

control), which then, glves a command signal to the inter-
face via the. second control line. The interface (plus
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photon counter) again answers with a flag s1gna1 via the
third control line, which means the flrst data byte is”
ready for output. The computer program 1nputs this data‘
byte, gives the next command signal, and so on, untll all
data bytes are transferred. This is signaled from the in-
'terface bY settlng the EOC line’ 1ow. v T f“ R

A program has-been developed for transferring- the data as.
Jjust described, performing the flrstvsteps.of.return,51g~,a
nal evaluation for both analog and photon'counting.signals,.
and displaying the calculated backscatter profiles.on. the «
terminal screen. It will now be briefly described with the .
aid of the flow chart Fig. 1a, b.

As the computer cannot itself 1n1t1ate the data transfer S
from the. recordlng devices (this will be p0551b1e ‘with

the new 1nterface described later) the program is started '
entering a waltlng loop for EOC. The EOC is set hlgh 1mme7'
diately after the data acquisition device has been tr1g—~“7
gered by-a laser shot and the signal has been recorded. ,
The Biomation recorder . is to be set to- the "automatic dig-.:
ital: output" state by pressing a.button. The EOC is-setgjf
low if, depending on the position of a .three-way switch at.
the interface, all data from the photon counter plus. peak .
digitizer, Biomation recorder, or both, are transferred..:..
Since we need the data from the photodiode. for both. types'.
of signal recording, .the position "Biomation alone" is .
never used. .

Ag the "EOC hlgh" is recognlzed the program glves a command
31gna1 to the 1nterface. If no command occurs 10m. sec after

the “EOC 'is set high, (e.g. if ‘the program has not’ been star—
ted), the 1nterface automatlcally transfers the. data to the

punch tape If the. command is. recelved in-time: by the 1nter—
'face, the flag s1gnal is transferred to‘the“computer as. des-
cribed above and the program inputs thedata-byte to thet'
accumulator reglster It then branches accordlng to the type
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offdata,recordihg.being utilized (analog recording or
photon counting). This is accomplished using one of four
.console sense switches available with the computer, which
position may-be "questiohed" per program. In the case of
‘_photon counting, the data are output in double BCD code
'(photon count number digit plus channel number), and the
'déta‘bytes stored in a special part of the memory. In the
caSe‘of»analog-recording another decision is necessary in
';the program whetheér a backscatter signal or the . constant
sky background is to be measured. A second  sense switch
~is used for this purpose. In each case the contents of
the accumulator (Biomation data are delivered in binary
format) is added to the éontents of the corresponding mem-
or& location in a signal or background buffer ( which is
zZero prlor to the first shot), spe01f1ed by the index
‘number.,

The;hext:program‘steps are incrementing the index number
and checking the status of the EOC line, -If it is still:
‘high, -the next data word is input, otherwise the..progran
branches again. In the case of photon counting: the number
'fof=photons-per‘channe1 are converted to ASCII numbers and
‘displayed on the terminal screen, while the binary numbers
are.output. on punch tape. Furthermore, for the calculation:
-of . averages and standard deviations the photon counts and
their.squares are summed up for each channel. The energy
monitor values are also summed up. In the case of analog

- recording only the energy monitor sum i§ to be calculated.

The;program=then again enters the.starting loop. -This loop
'COntains a check of the third"sgnse switch. It .is pressed
“if "end of series" occurs, i. e. if .the current series of
'Fshots is to be: flnlshed . In this case for photon counting
the sum of -the energy monitor values- and . the range gate .
data (delay and gate length) are. output on punch tape,
-and - the energyrnormallzed“and range-corrected backscatter
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profile dlsplayed on, the termlnal screen together w1th the

' statistical error bars. Looklng at this dlsplay it may be
decided whether additional measurement--should be madé or

" not. | ‘

O T 4
T !

The flnal evaluatlon of photon countlng data is stlll done B

u51ng our maln computer w1th the pre0151on 1ncrementa1 _7
'plotter.

The following parts of the system have not essentlally

o e

been changed in the meantlme.‘~;

.—vthe Q-sw1tched ruby laser transmltter w1th 694 nm )
'wavelength 100" MW peak output power and 4 Hz max-f -
1mum pulse repetltlon frequency B o

- the power supply for the laser and the Q-sw1tch ;h::_;;;

- -the fluorescence suppression

;vthe energy monltor with peak dlgltlzer S

= .the flxed vertlcal Cassegraln rece1v1ng telescope
w1th 52 cm diameter

[

- the gain switching amplifier "~ = .~ e OIS e

;'the photon counter w1th range gatlng

- the preampllfler L

" - the on-line ‘¢omputer w1th graphlc dlsplay term1na1

'and punch tape output

e
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2.2.2, _Improvements_and Extensions_of_the Statiomary = "

e i o T - ———— T ————— > = T ——————— " " o G — ] G @ e . mn = —

. System_Since July 1976

During the recent past sevéral improvements'and extensions
to the lidar system hardware have been performed.The major
.paft of the innovations concerns the improvement'of the
data acquisition and the automation of the system operation,
a smaller part the transmitter-receiver system. ’

For the sake of clearness not all control lines are in-
cluded in Fig. 1; they are shown completely in Fig. 2
"which will be described below. Following is now a de-
tailed description of the innovations: ' ’

}

i

The EMidphbtomultipliervtube is not specialiy"desiépééufor
photon counting purposes. The quite 1ow'secondafy‘emi§$ion
factor at the dynodes (2 - 5, depending on the applied
.voltage) causes heavy statistical fluctuations of single
photon peaks. The resulting broad pulse height distribu-
tion curve renders very diffipuit or impossible at all an
exact discrimination between signal and noise:puiées.'So'
we found a slowly decreasing background superposed on thé
return signals, probably due to the strong close-range-
signal in spite of the range-gating of the tube, if the
full sensitivity of the receiver, without any attenuation
by -the grey wedge, was used. This backgroﬁhd could only be
eliminated by reducing the received backscattered light
by a factor .of 10. Furthermore,..the pulse frequency reso-
lution of the -EMI 9816 tube proved to be quite low, prob-
ably due:to the high number of dynodes. For these reasons
the acquisition:of-a cdmplete“backscattef profile . from 6
to 30 km altitude requiredxthe application of a great num-
.ber-.of different grey wedge settings in order to get suffi-

1
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cient counting statistics on the one hand and av01d exces—.
sive pulse overlapping on the other. )

For these reasons a RCA 8852 photomultlpller tube has beenu
prov1ded This tube is equlpped w1th a galllum phosphlde o
coated first dynode, prov1d1ng a secondary em1ss1on ratlo“‘
of up to 50 at this dynode and consequently a greatly im= ?
proved countlng statlstlcs First measurements revealed g
the performance of this new tube to be surpr1s1ngly much

' better than the EMI tube. Together with a new, faster _ '
photon ‘counter input comparator, the pulse frequency range;
was extended by a factor of no less than 10. Furthermore,;

even w1th full receiver sens1t1v1ty no superposed back-j"u
ground at all is observed with the return s1gnals. con~* """
sequently, the total number of laser shots required for
the measurement of a complete backscatter. proflle w1th

given accuracy is now considerably reduced. T

Unfortunately, at least at the time of comm1551on of the

tube no vers1on was available w1th suff1c1ent sen81t1v1ty‘“
as well for 694 nm as for 347 nm wavelength So for analog‘
measurements conducted in both frequen01es the EMI tube 1st
stlll to be used and is to be replaced by the RCA tube forf

only In’ order to fa0111tate the change of the tubes, the

heavy and’ unhandy photomultlpller coollng box, Wthh proved
to be unnecessary, was replaced by two separate smaller Ai

conventional houslngs for each tube with separate sockets‘
and voltage d1v1der networks allowing the change of the;_g;
tubes w1th1n less than one mlnute. An example of strato:_s
sperlc measurements w1th the new, tube is presented 1n y”'t:

part III 2 5._of thls report

st ‘p,-,n »

With the initialtsingleafrequency~version,of<themsystem;af
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'u:polarizer was available in front of the photodetector. The
plane of polarization was changed by turning the whole de-
tector housing. With the onset of the two-frequency oper-
~ation the polarizer wasvremoved temporarily because the
polarlzation,plane of the 347 nm laser beanm is perpendic-
‘ular to that of the 694 nm beam, and the change of the

- transmitter frequency would have required each time the
“time-consuming turning of the photomultiplier'case by 90
‘degrees. However, as the measurement of the signal_depolari—

"JZation’is desirable for several reasons, a motor-operated
~.turnable mount for the polarizer was fixed to the recelver

' Wthh may be controlled from inside either munual or by
ithe computer (see below) '

v

The laser is cooled by a closed water circuit which is re-
:Jcooled by tap water by means of a heat exchanger. The ex— |
~act wavelength of the ruby laser depends somewhat on tem-

pperature. In order to ‘avoid unintentional tunlng of the
. laser .to one of the near-by water vapor absorptlon llnes,
.a. magnetlc valve operated by a contact thermometer was

applled .to the tap water llne. This valve stops the tap
w;water flow if the temperature of the secondary 01rcu1t '
ﬁ.water drops, below a preset value.

In‘addition'to the 16”K‘oore_memory a floppy disc memoryu.
is now available with'the on-line computer. It consists of
two separate units with 300 k capacity each and avoids the
‘necessity of intermediate punch tape output of averaged
sighals ‘during aﬁseriés'of'measurements;rlnstead of that,
any. number of singlé ‘signals may be stored on one or more
“floppy ‘discs and ‘output on punch-tape later after finish-




e ’]7 -

ing a complete“series of :measuremeénts. .This: dev1ce is also
very convenlent for storage of programs.

ey

2_2_2_5___Nsytfsl_Ezlzer_Wbeel

"VﬁreViously the receiver'sensitivity attenuation,was accom-
plished by a continuous neutral or grey wedge,. remotely
operated by a magsllp Because it proved to be dlfflcult
settlng “the wedge “to'a certain attenuatlon valué with suf-
ficient reproducibility, it has been replaced by .a motor-
operated filter wheel with 3 discrete neutral filters and

"< 'ane .empty hole (zero-attenuation position). .

o~

e ——— - — e — - —————————_—_———_ __._...._.__...__

*, .'The Biomation 8100 transient.recorder for analog recording

0f the: tropospherlc aerosol: i's. fully externally program-
mable. For-utilization'.of this possibility.a’spécial -
‘..computer- interface has been ‘available for moreé:than a -

. v year..However, ithe external programming:of the transient. ..

. ‘recorder: only.. seemed .quite unsatisfactory, ‘and so it was -
decided to develop additional electronic circuits .&llow-
~ing a completely automatic, computer—controlled operation
of the whole system. This should 1nclude the follow1ng

single operations: . e TR

;,_"-_programmlng of the, trans1ent recorderx;;
' laser. start e beem s . .
hange of transmltter wavelength'»
-Lf‘change of 1nterference fllter
"f change of neutral fllter

‘ “3;:; ;;usettlng of range gate length and delay
.;‘trlggerlng of the data.
for the measurement of the skyllght background

cqulSltlon electronlcs .
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\lxé'change of. the polariéer=position;

. The .control electronics which has been developed here at
the Institute by our co-workers (see Fig. 2) will now be
 described in detail, including a modified data transfer
s from! transient recorder and photon counter, guided by
w”*Fig. 2, ' i ‘ " ' :

U P 'ComEl_A’_csz:
'For the exchange of data between computer and external
dev1ces two 32-bit input/output controllers are available.
» The input and output lines are divided into four groups
'vorvchannels '8 bit:each; -which -are accessed by channel
'select function codes from the computer.: During an output
transfer, the 8-bit word from the computer is loaded into
sriifrthe  input register of the selected .channel, -and anoutput
vz data rstrobe pulse is issued to the device..During an input
- itransfer,  the 8 input lines from the selected channel.are..
. z-scanned. by an .input'multiplexer and:the:resulting,input-
yzewerd: is ;Supplied to the .computer when "data in" occurs.’
w Additionally:.an external. interrupt line-is available with
‘”each -I/0. controller. ' SRS

& . o
2. 2 2 6. 2 Data Transfer

.:Previously,'the“data'ofVBoth“tranSient‘recordér“and'pnoton
.."counter/peak digitizer had been transferred ‘to the:comp-

. .uter via interface‘Nof‘1””With“tﬁe’bomputéf'a single chan-
nel, 8<bit 1nterface was used for this purpose which other-
“Wise-is: destined for punch tape input and Output As with
-~the-I/0° controllers suff1c1ent 1nput channels are -avail-

* able, one channel of controiler” No'w 1744 riow used for ‘the
‘data transfer from trans1ent recordér and photon counter.
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i Datagfrom photon counter/photodiode peak digitizer are
Lo, 8tdll transferred via interface 1, the transient recorder
<.+ data’via- the new interface 2. The usage.of this intérface
offers several advantages. First, data recording may be
"done in the "off" mode of the recorder, allowing.the ex-
amination of the data prior to the transfer-to:the.¢tomputer.
The data transfer 1s initiated by the computer bY\ISSUlng
a special 1nstruct10n word to the recorder. Furthermore,
for. technlcal reasons the data transfer is much faster
“than w1th the former interface, whlch allows the transfer
: routlne for one data word to be executed by the computer
~ within. less. than 100 microseconds.. Consequently, as- the
‘”1ffrecorder memory made up of MOS shift. reglsters needs re-
“freshlng ‘between output words dat read rates slower';han
'106 mlcroseoonds per word, the time: requlred for thé trans-
‘fer of the total memory contents 1s reduced from:275 to

B

,about 2 seconds.

T‘The usage of only one 1nput channel for transferrlng both
o ;;the transient recorder ‘and photon counter datarls made
'“rf;poss1ble by trl—state outputs in both 1nterfaces. An in-
ternal electronlc switch operated by computer*lnstruotlon,
,whlch is not 1ncluded in Fig. 2, prevents s1multaneous
;t‘ioutput from both interfaces.. oo va'tﬁwm*“~ ;

P e L A i el = b= et

- Previously the range gate length'("éate")‘and:delay*time
i {"delay") had béén set manually by two h-digit decifial
~iigwitéhes ‘éach, rin. increments .of (1684 microseconds«.The 8
‘. digits may now:be.set by the computer whére for Saving of
<ryqrl o gutput s:channéls’ multiplekx ‘operation is used.-The .fiost sig-
4oy nificantt 4 bitstof -the-8-bit word -output from:-the’computer
o tiape ‘used as digit address; the s least significant.bits
#. ¢ ~denotethe "value" 6f the corresponding:digit;-BGDéooded.

FANL P SR R A TR IR IS S A A S SV R
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T»Manual'control of the gate and deélay is still possible.
- The change from manual to remodote operation is. acoomplished
i either via the computer again'.or via an external: sw1tch
"’whlch is not included in the block scheme. - :

”ﬁThe:output voltage of the Ortec photomultiplier high volt-

«‘Ldge ‘supply may be controlled'externally-by'applviﬁg'a DC
' ““t'reference voltage between O and 9 Volts to“a special con-

"’nectori“This~voltage‘ie generated by an analog milti-
’7*~plexerf'Which‘acts'like'a manual step switch or“a”precise
v i yoltage divider chain. The analég multiplexer:ig:céntrolled
By ‘the- computer via the above-mentionéd multiplexér: Only
57 hundréds and thousands of Volts can be set remotely, which
has been decided to be sufficient. Manual remote control
of the high voltage is p0551b1e, 31m11arly as with the
range gate control Two dlglts of a four- d1g1t de01ma1

' %sw1tch are used for th1s purpose. Precautlons are made to
i av01d the unlntentlonal appllcatlon of too hlgh a voltage
to the photomultlpller tube. If an attempt 1s made to set
‘ the voltage to a value above a limit voltage elther man-
ually or by the computer, the voltage is set to ‘Zero and
an error message is issued to the computer via a combined
error line. Error signals from other(devioes are also
transferred through this line. The limit voltage may be
-~~changed by a computer—operated switch from 1300 Volts for
. analog measuring to, 2000 Volts, for. photon counting. After
, any change of- the. HV a certaln settllng tlme,.dependlng

. .., on. the amount of the. change, is: required. by the PMI to at-

- tain- its nominal gain. In order to prevent. measurements
‘ ~before the .gain has. stablllzed an.error signal is-output
S for a. time interval simulated by.a R- C network.

A T S o A RS S-S N U A O Cor
I P R I AL L VO e . T .
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2.2.2. 6 5 Neutral Filter Wheel Control.

tral wedge has been replaced by a. fllter wheel contalnlng-g
3 neutral filters with 7.7, 1. 5, . and 3% transm1531v1ty
respectlvely, and one empty hole ("no attenuation" p051t10n
of the wheel). The wheel is operated by a servo motor.

The position of its axis is indicated by. a potentlometer )
connected with it. By applying a logical "1" s1gnal to one
of the four input lines (denoted by 0...3 in F1g..2) of -
the. control unlt by the computer, the servo motor. moves'%wa
the wheel to the desired pos1t10n ~An error s1gna1 1§ out;ﬁ

oy

2.2.2. 6 6 Polarlzer Control

As the. polarlzatlon planes of the 694 and 347 nm ) Tasep'
beams ‘are perpendicular to each other, the Ov—pOSltlon~Of€¢
the polarizer: £or'.694 nm is physically the 'same: s {Hel iV
90%position: for 347 nm, with the angle denoting‘tﬁét“ﬁéf”3
ween "the ‘planes 6f the polarizer and of the: polar‘lzaﬂtlon’*’E
of the incident light. As it was desired to maintdinthé’®
posftionvof-the'polarizer'with reSpect to the polarization*
plane of the 'tradhsmitted light when the trasnismitter fwaved s
length is changed, a combined control unit has 'bééh ‘devel=™
oped. A ‘wavelength change thus réquires three single“oper="
atidris: Shiftitig of thé frequency doubler into the lagel it
beam.path; ‘changing the interferénde filter and chariging
thé”pdiafiﬁér“ﬁoéitioﬁ. The frequeﬁCY'dOUblér ééfv&“mbfér””

84

* : .
} not necessary for remote sensing of stratospheric aerosol
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" the operating console; the end positions of the doubler
carriage have been indicated by two lamps operated by
Tiéro switchés. The control has now been removed from the
console switch to a computer-operated relay in the control
" unit. When the carrlage is mov1ng, i.e. when none of the
7'm1cro switches is closed, an error 31gnal is output to ‘the
'computer. ’ '

The interference filter wheel has formerly been moved by
means of magslips; As the magnetic momentum goes to zero
when the wheel approaches the desired position, the posi-=
“tioning is not precisely'reproducible. (As mentioned
‘”above, the magslip drive for the heutral wedgé had been: .-
‘replaced by a servo motor for the same reason). The mag-’
" slip has'been replaced, therefore, by a rotary magnet.
This device is operated from the control unit.

The polarizer drive is moved by a DC .servo motor, which is.
stopped by microswitches as soon as one of the two end
p051tlons is .reached. The motor is operated by the fre-
quency/polarlzer control unit which is 1n turn controlled
A'from the computer via four control lines Wthh are denoted
in Flg 2 by "R" ngyn, "00"' and "900"‘ Applylng a loglc
‘Mone" 51gna1 +to the "R" line, which means 694 nm (red),

-~ “the- frequency doubler is moved out of the- laser beam path

“the 694 nm 1nterference fllter is moved into the telescope
focus and the polarlzer elther parallel to the polarlza- ‘
tion plane of the 694 nm inéident s1gna1 if a "one" 1s
applied to the noOn 11ne,.or normal to 1t if a "one" 1s
1ssued to the "900" line. Accordlngly, 1f a "one" is
:applled to the "UV" (ultrav1olet) 11ne,vthe frequency

'l,;doubler is moved 1nto the laser beam, the 347 nm fllter

',:11nto the focus, “and the polarlzer parallel to the 347 nm

plane 1f a “one" is issued to, the "O " llne, or normal to
nthe 347 plane,»1f a."one" is 1ssued to the "900" line.
_The actual pos1t10n of” the polarlzer depends, therefore,
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on both the polarizer and the.frequency control signal:
from the computer.
The four control s1gnals may also be 1ssued to the control

11un1t manually via: pushbuttons.

The electronics for remote control of range gate, high .

”ivoltage, fllter wheels, polarlzer and frequency doubler
“1s contalned in a 19" cha331s._

"

PO ST TR

"+ The laser is started by clésing a normaléopeh”contéct'at

the laser power supply (cf. descriptior’in the previous

) reports) Thls contact may now be closed remotely by a
'relay operated from the computer v1a 1nterface No. 2;,_

W 202424 6 8.: External Clock -

At A Al e N gt el

An external digital clock, synchronized by line frequency,
has been developed. The four digits (hours and minutes)

are output in BCD code and 1nput o the computer.'Two'
8-bit channels of one I/O controller are used for this

. purpose. The clock may.be questioned byhthe_computeraand
uthe.actual time output on punch ‘tape together with: the.sig=
,tNnals.prurthermorew,meesurementsqmaygbe started-automatical- -

Ay at any ‘time by meanspof.tha-clockt,;'_;~»

An easily accessible "emergency" pushbutton has been in-
stalled which givesan' 1nterrupt signal ‘to. the: external.
interrupt input of one I/0 controller., Pressing this but-
ton interrupts the current program if the computer “inter-
rupt system is enabled.-('sé&é below). This' is used for ex-

“. ample when a laser shot ‘is' to be repeated because of




- 2k -

" superposed spurious -pulses..

BT S
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* The” automatlc background measurement w1th the photon coun-
“ter as well as with the trans1ent recorder requlres the
computer triggering of ‘the photon counter (1n the latter .
case because of the needed range gate start). This is now
poss1ble via one of the data output 11nes from the computer.
Simultaneously with the photon counter trlggerlng a pulse

h,1s fed through a cable. to one of the external-trigger input

J connectors of the trans1ent recorder., ST

Vla another data output 11ne the comblned photon counter/
peak dlgltlzer unit may be reset externally This is con-

venient for analog measurements as in this case the energy
monitor data only are needed and the data transfer .may. be
stopped by reset when the peak dlgltlzer readout is com-
,Rleted.. :

1o Wlth the: avallablllty of the automatic control of the” system
“the development of completely new programs was necessary.
oritAsTnow by -means of the floppy disc ‘memory- programs“icah be
loaded very quickly. into the computer,’ separate programs

for analog and photon counting measurements were prepared.
The program for photon countlng 1s brlefly descrlbed w1th
the aid of Flg 3 R AN A BRI S . '.’.A. : .

. 'ru‘ ;
'''''

S ..;,(_‘,, Seei b ‘.‘(“ SRR FR Sow T
The flow dlagram F1g 3. presents the new photon countlng
program._Inltlally the photomultlpller HV -and its limit is
set -to. 2000 Volts. Then%the_f}rstuset,qfwcontro;;words_for

v
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range gate neutral filter wheel and polarizer. p031t10n 1s

output from the computer. All control words are. oontalned

in a table. After. setting the current shot number and. oth-
er.buffers‘tovzero, the measurement is started,by,trlggerfj
ing the photon.counter without firing the,laser, for back- .
ground'measurement.,Slnoenthe,COmputer triggering, i's' pos>'t
sible we measure the. background in this way*instead*of% R
using the eleventh or reference channel of the: counter =

which results in an 1ncreased accuracy. After trlggerang
-the: photon counts. are transferred to;and.stored-invtheﬂaz'”

computer. Then the laser is started, the counts dreagain- -
- transferred to.the computer and thé previously meéaghred: < *:
background subtracted. The "net":counts are output':onw*
punch tape in blnary format, converted to dec1mal numbers N
and dlsplayed on: the terminal screen..The net counts>are ::
added“to the 31gnal buffer contents (whlch is zero"lnft;ﬂ?h
ally) and w1th the exceptlon of the flrst shot thepi -
statlstlcal errors of the accumulated countsare calculated;

Then the next measurement cycle 1s started with the back—

G

ground measurement. The series of measurements with a glven j
range gate and neutral filter setting is; stopped automatln |
cally if the average statistical error is below 4. %, AF:

50 single shots have been fired, .or. manuyally by means of
<the”fourth'COmputer'sense switch. The ,shot numoer; sum ofi”

output on- punch tape, and the range corrected and énergy— g

normalized partial backscatter profile: displayed“on- the~‘”-
“terminal -in a .semi- log scale, together with the error T

limits, -~

The complete-series. ofmmeasurements is: now repeated with .
the following sets. of oontrol words untll thefend of the
table is reached As 1n the case “of - analog measurlng, the

on the maln compute

FoARY ,,‘ Ui x.“ if
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ard altitude 1ntervals and neutral filter settlngs for the
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. The corresponding 4 micro-
seconds gate length per counting channel is inc¢luded,
therefore, in the standard control word table, but may be
chénged dellberately via the keyboard terminal. The stand-

Ipartlal measurlng ‘series are the following:

Series Altitude Interval

Neutral Filter

No. (km) Attenuation
1 34.8 - 40.8 0 %
2 30.0 - 36.0 0 %
3 25.2 - 31.2 0 %
4 20,4 - 26.4 0 %
5 15.6 - 21.6 $92.3 %
6 10.8 - 16.8 92.3 %
7 6.0 - 12.0 98.5 %
8 " 32.4 - 38.4 0% -
9 27.6 - 33.6 0 %
10 22.8 - 28.8 0%
11 18.0 - 24.0 0%
12 . 13.2 = 19.2 92.3 %
13 - A YA 1 92.3 %
R 3.6 - 9.6 . 98.5 %

As shown in the table, the complete series of amplitude
intervals consists of two parts which are shifted by 300 m
with respeét to each other resulting in a real height re-
solution of 300 insteadlgf 600 m. Our examples of ‘back-
scattér profiles measured‘by means of the photon counting’
technique will be presented in part III.2.5. of this report.

e




te
DRI

The final evaluation of the photon counting data, which
are stored on punch tape, is performed off-line’ on our
main computer facilities utilizing perlpheral equipment
like fast printer and incremental plotter. Each series of
data includes the repeated values of the eleven counting
channels and terminates in the value of the sum of the
laser output energies (as monitored by the photodiode)” v
and the value of the preset delay The program of data re—_
duction performs the follow1ng steps '

i. Background correction.

ii. Dead time correction. Photons successively striking -
‘the photo-cathode of ‘the PMT can only be recorded ag"
- 'separate events if they arrive after minimum ihter-
-+ yals. ‘The correction employs an interval ‘of 60" nsec
and starts above a minimum number of photons‘per'
channel. Thus the linearity of the PMT s1gnal is’
1ncreased by a factor of about 1 5. =

iii. Normalization of the sums of counts per channel.to -
- constant number of laser firings and constant laser:
energy.

iv. - Calculation of the root mean—square error and the ’
standard deviation.

V. Range correction of the backscatter signal and the
error limits (multiplication with the square of the
height) and logarithmation of these values.’

For contfolopurpose»thefSingle'photonchUnts‘as7Well~asfff“
the phioton 'sums, noéormalized values'etc.,”together‘witn““:f'

channel number and: heightscale can be printed ‘as “tables-
by the: fast printer. = . 7 .ol L o SEITeR S
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4 storage sections of the memory contain the.height inter-
vals and the logarithms of the range corrected and normal-.
ized values of the photon counts and of the upper and
lower error limits.

A second part of the'pfogram prbvides for the Histogfam-
like plot of the backscatter values together w1th error.
bars versus height. Our 10-channel device ( + 1 channel )
for background readlngs) necess1tates a stepw1se scan-
ning of the atmospheric proflle to prov1de a reasonablel_.
resolution. Together with the settlng of the delay tlme; o
the neutral filter wheel must be adJusted since the in-
tens1ty of the backscatter 31gnal has to" be matched with
the optimum Sensitivity range of the PMT. The plot of the
baékscatter profile, therefore, will show .intensity steps
corresponding with .the steps of the neutral  filter .wheel.
Usually the whole intensity range of the backscatter sig-
nal can be compensated for w1th a maximum of 3 neutral
filter settlngs. An overlap of 2 channels of. the delay
ranges and the general trend of the proflle (the semllog—
arithmic presentatlon of the backscatter signal prov1des

a linear profile of the molecular return) allows the ..
formation of the continuous profile by parallel shift. of
the profile sections. A second plot then produces the fi-
nal backscatter proflle by readJustment of the zero point
of the plotter whenever the heutral fllter settlng changes.

In a second;step_the:lidar backscatter.profilevmust-be
matched with the calculated Rayleigh (or molecular) back-
scatter profile allowing the evaluation of the scattering
ratio (ratio of the total backscatter .to Rayleigh back-
scatter. On principle we try to combine high -altitude
probings by lidar with rawinsondé ascents thus providing - °
actual data for the calculation of the expected molecular
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returns. But technical reasons sometimes prevent the start
of a radiosonde and the question arises to what extent de-
viate the Rayleigh profiles from each other and can one

use a "standard" profile. Fig. 4 presents on the left a'
number of Rayleigh backscatter profiles calculated from

data transmitted by our own rawinsonde. These profiles. are.
separated from each other on the right to allow a discussion

of the single curves. The set of curves on the left diverges .

considerably above 10 km and below 3 km. The presentation
on the right shows a parallel shape of some curves above

10 to 12 km. Below about 9 km there seems to exist a sea-
sonal decrease .of the slopes between July and January.

When having more radiosonde data at hand we shall try to
establish criteria which will allow to combine a lidaf“‘-
backscatter profile with a suitable Rayleigh profile if
actual radiosonde data are not available. Matching of a .
certain  lidar backscatter profile with anyone of the avail-
ablefRayléigh profiles can result in a maximum error of

the scattering ratio of 12% at 30 km and .20% at- 5 km if * .
the matching has been accomplished at 15 km. Employing a .
"standard" Rayleigh profile which results from averaging
the available Rayleigh profiles, can lead to maximum. -er-  °
rors of the scattering ratio of 6% at 30 km and 10% at 5 km.

These figures indicate that the lidar data should be'reiated
to actual Rayleigh data as far as possible to prevent Wrong
interpretation of the scattering ratios. If actual radio-
sonde data are not available a Rayleigh profile must be
chosen which corresponds with thelgiven atmbspheficncondi—
tions. ' ' '

2.5. Backscatter Profiles. . - T TP

Figs. 5 - 7 give examples..of stratospheric backscatter .pror.

files. S . W e

The result of the photon, counting is plotted in each case .. ..
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in form of a hlstogram (w1th error bar) as a functlon of
altitudé. The proflle of ‘the molecular backscatter
(stralght line) calculated from an actual radiosonde .
ascent serves as reference.

Fig. 5 contains further the analog signal up to a height
of 13 km. In Fig. 7 a baCkscatter'profile is-plotted‘in‘
addition, with the position of the polarizer being turnéd
perpendicular to the polarization plane of‘thegemitted
light. Compared to the backscatter ﬁrofile which has been
vobtained'by the parallel turned polarizer,lthe'remaining_
profile is strongly reduced in its intensity whilst in
the range of cirrus clouds values are found which nearly
correspond to those which have been found before. ;

This can be explalned as follows.

Whereas practically.no. depolarlzatlon of the emltted strlct—
1y llnear polarized light takes place with aerosol partlcles
(i. e. not identifiable within the measurlng accuracy) a VL
high depolarlzatlon is observed with icé partlcles. Thus . ,v
backscatter profiles with turned polarizeér can be used 1n.-
making the decision whether the noted backscatter s1gnals
are caused by aerosol or ice particles. ‘ﬁ’At” -
This question is of particular 1mportance in the case of

backscatter’ proflles from the tropopause level

3. The Ozone Measuring Program

The balance of the_tropospheriC'ozone;'the source of high
ozone concentrations in rural areas, the exceeding of
national ambient air quality standards by natural, not an-
thropogenic events, and the influx ¢f ozone. from ‘the stra-
tosphere during stratospheric intrusions; these all are
nowadays questions of" hlgh toplcallty whlch are’ dlscussed.
on a broad scale.’ ' v
In order"to<contrlbuteftofa~solution3of“fhe"questions_in—




volved in this subject it is planned to take up measure-

ments of ozone concentratlon - supplementary to the meas-
urements .at, the Zugspitze - also at the' stations Wank o
(1800 m a. s&l_)ﬂand Garmlsch (740 m-a.s.1.),. The 1nstru~ .
' ments needed for this purpose could be procured during

thé reporting period. The preliminary technical works at
‘theﬁtWOfadditidnaléstatIOnSVhave been largely concluded. ...

~eg oy

EXperiences gained_from ozone>measurements at the'Zug—th .
spitze have shown that a relatively great amount of -
technical®effort is necessary if continuous measurement@
shall-be’ guaranteed. .High demands are placed “on ‘tHe. call—e
bration,of “the measuring instruments to ensure the com-=.
)parablllty of »data<which will be évaluated lateron im
form.ofsd balance, For-this reason the follow1ng malnte—»'
nanéeugéhedule-has been set up: : o ‘H_'ihhrhf

T s
M

All the three statlons are,. equlpped ‘with the same unlt
type (ECC Meter Model 005, manufacturer Astro Englneerlng)
A fourth ;nstrument worklng according to the. same method
(ECC- Meter Model 002) is always kept ready for operatlon f
ins order“to serve.as stand- -by unit in-case of a fallure:
ofzone.ofiithe:instruments employed at the statlons.’Ear—v:
lier experiences; revealed that the measuring . cells of., the
chemoelectrlc .ozone- instruments show certain symptoms of
aging:ifs operated longer than 6 ‘months (e 8- decrease of
sen51t1v1ty) ‘However, these effects can be av01ded 1f thef
respective cells are . carefully.cleaned and- newly actlvated
after a relatively short period of operation. A second .
cell for each instrument is ‘therefore kept available in
thehlahoratory;'The"cells'are always exchanged after 3.
weeks of* operatlon, the used cells .are attended ‘in the.
laboratory and kept there w1th an aqua bldest fllllng
untll tHe“ next operatlon. Thls frequent exchange of’ the
measurlng cells proved ‘a full success._; ‘ '

Since only after:elaborate*calibration'of;allfunits employed

N



Hby a modlfled wets chemlcal method (KJ-method)

the obtained measuring series ¢an be compared among each’
other which is, however, a nécessary requirement for the-
aimed'at-balance of the tropdspheric ozone,’the'laboratory
was generously equlpped with callbratlon fa0111t1es.‘

A chemolumlnecence unlt (Ozone Monltor 8002 manufacturer
Bendlx) 1s available for short-time parallel measurements
to check on the performance of the 1nstruments Wthh are-
in routlne use. Tt

A further unit (type 779, manufacturer Schenk & Koller)
working llkew1se accordlng to the potassium-iodide method
is used as laboratory standard unit. This unit is par- .
tlcularly.sulted.asﬁstandard unit because  the electrodes-
can be removed. Hence it is possible to restore the elec-
trodes after use to their{original condition by‘suitable,
cleaning procedures (anneallng of the platlnum anode,
electrolytlc cleanlng of the silver cathode) A dlgltal
dlsplay is a further advantage of this unit in that it"
permlts a fast readlng durlng the callbratlon process.'

A standard gas generator'(manufacturer Bendlx) serves as
ozone source durlng the calibrationi procedure. The ozone
1s generated by~ UV-radlatlon on-a pre -tleaned Zero. air’
flow. The UV-lamp of. thls 1nstrument is. supplled by ads. b
Justable constant current. Constant gas flow'is. ensured
by temperature controlled caplllary tubes. The ozone con-
centratlon produced by ‘the - .6zone .generator . is determlned

i

The usual methods descrlbed 1n the 11terature proved to

‘be unsuited as, 1n this manner Just poorly reprodu01ble‘“{ B

values could be . obtalned The buffered neutral or, sllght-"

ly acid KJ-solutlons were; found to. be extremely sen51t1ve
to varylng laboratory condltlons. So, for 1nstance,_a1r— o
oxidation ‘and ox1dat10n by - sunshlne was observed.,These -
interferencesicould 'be avoided by the..use of’ alkallne KJ-T*f
solutions. R o
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A further source of interference in the wet-chemical cali-
bration lies in the instability of the commonly used ref-
erence solutions. Both highly diluted iodine solutions
and potassium iodate solutions can only be used for a
short time. Different results are obtained even in the
course of one day. ’ ' '

Theausua1001ouring with starch indicator solution (needed
for photometer measurements at 352 nm wavelength) proved
to be;impraotical, too. Whereas the unexposed samples al- ..
ways-assumed a violet colour. This different colouring
obsoured the results.

These ‘difficulties could be overcome in that an alkaline'f
potassium permanganate solution was used as reference W"H
solution. This.solution is .extremely stable over. a long. .,
period of time and has in an alkaline potassium iodine ., ...

solution.the same oxidizing effect as in the ozone .as. ...
apparent .from the following reaction.equation:

3 03 + 6K + 3 H,0—=30, +,6 KOH  + 3.dp ..
2 K¥n94 -+ o KI + 4 HZO -*f?anQZ + 8 Kosu’i1w;rg2

e . . o . . N . -y , - -

Hence,Z‘KMnO4‘oorrespond to 3 03,and S0 any desiredﬁogonewY
concentration can.be simulated by potassium permanganate - ..
solutions. Calibration is done in the following way: -

The photometer is calibrated with several potassium perz""
manganate. reference samples.. The air with different ozone .
content produced by the generator is transferred through
two series- placed impingers containing KJ—solution° The Q
iodine liberated by oxidation with the ozone 1s measured
by, the photometer and the ozone concentration 1s determlned
by comparison with the reference sampleso The colouring
with starch has beconme superfluous since the extinction by
the liberated iodine can reproducibly be determlned even at
576 nm wavelength (11ght source: Mercury vapour lamp).




Calibration procedures accordlng to this prlnc1ple are |
carried through every three months.

IV. GRAPHICAL REPRESENTATION OF FALLQUT AND COSMOGENIC .

RADIONUCLIDES OF AUGUST 1975 THROUGH SEPTEMBER 1976

Fig. 8 shows the time variations in the concentrations of
the fallout and the radionuclides Be7, P32, P33 and S35.
Moreover, the daily means of ozone, measured at the Zug- -
spitze, and the daily precipitation rates are depicted

in the Figure. ' -

After a number of minor failures'at the measuring instru- -
ment the measurements of ozone concentration had to be
interrupted temporarily in March 1976. Owing to¢ “some’ con-'
structional alterations at the measuring station thé-imeds~
urements could be resumed only in October 1976 (results
are no.more presented in this Figure). 4

A marked annual variation can be identified for nonevof
the measured quantities during the reportlng perlod The
month’ of Janudry is that with the lowest concentration

of cosmogenlc radionuclides. During the rést of the time
the values vary more or less strongly about constant mean
values. .

Three distinct peaks in the~conoentration‘of the nuclides
Be7, P32 and P33 are 1ndlcat1ve of a very intense’ strato—
spheric intrusion: 23. 11 1975, 4 3 1976, and 28.4.1976.
'The flrst case will be dlscussed in ‘some detail in
Chapter V. Obv1ously, durlng this stratospherlc 1ntrus1on,
also ozone of stratospherlc orlgln penetrated ‘into the
lower troposphere. : :




APPLICATION OF A FORECASTING TECHNIQUE FOR STRATO-

SPHERIC INTRUSIONS TO THE EARTH SURFACE AND CRITICAL

EXAMINATION OF THE FORECASTING QUALITY

'

1. Forecastitig of Stratospheric Intrusions

As presented .in Annual .Report Part VI a method was de-

veloped permitting the forecasting of an ‘influx of stra- -
tospheric air into the biosphere by observation of ‘the: -

relative humidity in the upper and middle stratosphere.

In the present report -a test is .offered verifying sub-

sequently the forcecasting accuracy.‘ '

2. First Attempts at a Forecasting of Intrus1ons of

Stratospheric Air

Sincé ‘October 1975 daily internal pfdgrio'ses of th'é*prbb-“?“-'"‘
ability of* intrusions of stratospherlc air are’ 1ssued for °
the’ follow1ng days These prognoses are based on’ the meas:”
uring ‘data”sof the radiosonde ascents conducted by the =~ "
German Weather Service in Munich-Riem at 00.00° GMT and'“T“?
12,00 GMT.' The data are received by teletype and éfeﬁ’“
actually ‘evaluated by computér. These evaluatlons con- T
stitute the basis for our prognoses. i

B

Tentative Result of the Practical AppliCa%ioh of a-

:Forecastlgg Technlque of InJectlons of Stratospherlc
Air to the Earth's Surface chor o

P

The 1nJect10n of stratospherlc alr to the earth's surface
(in our case Zugspitze) is 1nd1cated by a strlklng 1ncrease



in the concentration of stratospheric radionuclides.
This detailed- 1nvest1gat10n is. 11m1ted to Be7 concen-

tratlon.

The radiosonde ascentsof the station Munich-Riem serve as
meteorological ba51s. The two dally temp-telegrams are
received in the morning and ‘are 1mmed1ately evaluated by
computer. The vertical profile of the relative humidity

as well.as of temperature is an essential factor in the-
corroboration of the prognoses. This will be specified
later by an example.:The forecast is noted down daily

and then, several-days later, compared against. the ‘actu- .-
ally determined concentration values of. the Be7 .indicating
injections of stratospheric air.

Fig. 9 shows the variation of the concentratlon of the Be7:
during. the last 3 months of the year 1975, that means ‘-
s1nce the beglnnlng of the experimental period. It repre—
sents the background. of the. Gamma-spectrometer.and the..

total”countvrate (Be7 activity + background)..We 1mmed1—..
ately note a strong fluctuation of the Be7 concentration . -
and relativelyvfrequently.occurring peak values indicating -
an injection of stratospheric. air. ’

For a verification of the forecasting accuracy the fol-~

low1ng prognostlc levels and the measured concentratlon

levels of the Be7 have been deflned 1n Tables 4 and 5 of
Annual Report Part VI,

In Fig. 10 the forecasting levels are plotted in pairs
against the actually determined concentration levels -
throughout the experlmental perlod Excellent agreement
would be reacheé 1nqcase both columns of each palr would

$how an equal helght ‘Good conformlty is in fact observed ;

between the forecasting-columns (dashed line) and the
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-

concentration columns: as a rule high concentrations' as
- well as very low concentrations are indicated with great
accuracy. .

Table &

Classification of the Measured Be7 Concentration in 6 leVelé

---Be7-Concentration - - - Level
x 1072 pCi/m’
2.9 0
. 3- 5.9 20 5
.6~ 9.9 . Lo
o+ 9-11.9 60
T8l 24,9 © 80 .
25 | 100
y

Table’ﬁ

-« . ‘Forecasting Levels of Be7 Concentration IS PR,

Definition - ‘| - Level . o
? véfyvlowA,v _ . ' 0
Clow . ,‘ | x"' 20
‘mean | mwo
Chigh 1 . 60 :
' peak value ] N -~ 80, . \
extreme peak | 100

ey SRS pomeb T e a .



Cmable 6

Verification Rate of Deviation A Between Prognosticated
and Measured Activity of Be7

Dev1at10n A Verification Forecasting
in Levels of ‘ Rate in %  Quality
50 Units = - |+ > mna e MaLILY
o - 27 . * “optimal”
20 ol vérygeod
4o ; . 18 - © moderate
60 g - 8 bad -
100 o . ~ very bad

H

Table 6 represents~anwevaiuatioﬁ-of the-forecasting~accu3
racy. Forecasting quality is indicated by the deviation
between actually determined relative activity (according

to scale O - 100) and the prognosticated activity. Here
again different levels are used:

"Deviation O" means.complete. conformity,: "deviation:i20"
means that according to our scale a difference by 20 units
existed betweenfprognosticwand~actual~relative<eoncentra%'
tion, etc. It is apparent from Table 6 that%Withwstrongeét'
probability a deviation by 20 units is found, with next f
following probablllty a dev1at10n by 0 unlts, and with very
little probablllty by 40 and 60 unlts. Deviations by 100
units were not observed Considering "deviation O" and :
"deviation 20" to be adequate for practical appllcatlon,h
so it follows that thls result 1s obtalned at 74‘% of all
cases. Extremely bad prognoses were found onl ‘
all cases, oompletely wrong prognoses were hot»observed
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3.3 presentatlon of a_Characteristic_Individual Case

. T i ——— __-__-..__—______..___..___.-.-___..—_.._____-____.._..._._.

Fig. 9 represents the period from 20 through 27 November
1975 indicated by a horizontal bar. A steep 1ncrease of
Be7 radioactivity is observed in the perlod from 22
through 23 November, the maximum value was recorded on

24 November. Based on the data of radiosonde ascents of
the station Munich-Riem, Fig. 11 shows the variation in
time of the vertical profile of the relative humidity .
along with wind dlrectlon and wind speed. Following is:

a systematlcal sub51dence of a dry air body, with the:,

dry a1r parcel penetratlng Zugspitze level between 00. OO
GMT and 12.00 GMT on 23 November. This is. also apparent .
from the relatlve humldlty recorded at Zugspitze statlon
1tself The vertlcal bars indicate strong inversions of -
temperature caused by the process of subsidence. . - .. e
On 24 November the Zugspltze station is located within ...
the extremely dry air layer with a relative. ‘humidity .of
less than 10%. The extremely high concentration of Be7,. .
only gradually decreas1ng towards 26 November,- 1°islmu1w;g
taneously recorded 1n51de this air body. This. graph
shows very clearly the variation in time of a strong. .
intrusion of stratospheric air from the range of tropo-
pause (tropopause altltude marked by heavy dots in Flg
'11) Da11y ‘recordings of the two-dimensional humidity -
'dlstrlbutlon -.as shown in Fig. 11 - coenstitute the
practlcal ba51s for the derlving of the forecast. In-
this case a strong injection of stratospheric air was
rather llkely to be expected already on 22 November bet- .
ween OO OO GMT and 12.00 GMT. From the. .deriving of the - .
forecast untll the reaching of the maximum value of the
Be7 concentratlon 48 hours will elapse. This is the
average time lag between. . the der1v1ng of - the forecast
and the arr1va1 of the event



-
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The influx of fresh fallout after the Chlnese nuclear
weapon - test’ of 25 9 1976 *). has been chosen. as.a further,
example of the appllcablllty of our method to prognostl—
cate stratospherlc 1ntrus1ons.

Fig, 12 " shows in part a the  time varlatlon of the Be7
concentratlon durlng ‘“the- period after the 25th of Sep— o
tember 1976 Part b shows the- beta act1v1ty of the fall-
out durlng the ‘same perlod Two perlods w1th an infliix -

of stratospherlc air -can be- 1dent1f1ed through the Be7—
concentration (05.10. < 11.10 and 21. 10. - 25 10.).

As can be seen from the parallelism. with the fallout 4
act1v1ty, both' intrusions of: stratospherlc a1r were con—'v
tamlnated w1th fresh fallout. Investlgatlons by gamma fFJ"
spectrometry verifiéd this observatlon. An analy31s of"

the northern hemispheric- flow. condltlons revealed that

the fallout peaks ‘of'8 and 11 Ootober occurred durlng
the flrst rotatlon of the fallout cloud and the peak of
23.10. durlng the : se¢tond rotatlon as it 1s apparent from
the graphlcal representatlon in part c. of Flg 12

Parts d and e of ‘Fig. 12 1llustrate how the forecastlng T
method is applled ' The ‘upper section (part d) reflects the

time varlatlons of ‘the humldlty proflles, “the lower sec-

tlon the prognostlcated dinflux. 1ntens1t1es derived from
them. In view of the development on 3 and 4 October,»a
medium tb- hlgh “influk 1ntens1ty has been expected for- the
perlod unt11 “the’ 5th,of October. However, as the 1nf1ux A'

n{

. -~ i F
It . . : T T

) Although the event took place rlght after the end of
the reportlng period it has been anticipated in this ...
report since is striking character is well suited to
demonstrate the effectiveness of the forecasting method
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did not approach the measuring station level no higher
activity was found in the air.

On the other hand, precipitation was setting in during
said period in which high concentrations of fallout were
found obviously as a result of a washout process caused:
by.the development of precipitation at an altitude of

4 - 8 km.. The fallout in the air reached the measuring. .-
station. only on 6th October with a second influx of
‘stratospheric air, this time breaking down as far as 'to

. ground level, Highest influx intensity has been prog-\
nostlcated for this day.

A simiiar}patterh is found with the influx betweeﬁ 24,5p,“,
and 25.10. Beginning on 21.10. at high altitude, the in;"h
flux progresses to ground level until the 23rd of October.
Again,~highest influx intensity has been prognosticatéq
for  the 22nd and 23rd of October which is in‘absolute
agreement w1th the measured act1v1t1es.

VI. FALLOUT ANALYSIS AFTER THE CHINESE NUCLEARCWEAPON =

TEST OF SEPTEMBER 1976 e

A

In Annual Report Part VI we described in detail a. Gamma;
Spectrometer w1th GeL1 detector suitable to conduct ac—_
tual monltorlng of fallout w1th regard to concentratlon
and compos1tlon The pass1ng of the fallout ploud after
the -Chinese nuclear test gave rise to an actual appllca—
tion of the instrumént.

Fig‘ 13 shows for the 3 statlons Zugspltze, Wank and"
Garmlsch tHe ‘time variation of ‘the total beta actlvity -
tained from short-term (4 per‘day) filter expositions
which commonly are made to determine the natural radio-
activity from soil emanation. The activity of heavy metal
precipitation in aerosol samples taken within the scope of



the present study is plotted in the upper line of the
picture. At. all stations two intervals with enhanced -
radiocactivity (at: the Zugspitze even three 1ntervals)

can be:identified between 6 and 12 October. - '

A further event about the 24th of October is'essentially’
more smoothed; the noted activity values are less high'

but more persistent. This fallout event may be attributed:
with certainty to the second hemispheric rotation of “the -~
fallout:cloud. Through the immediate employment Of ‘the*- - -
Gamma-Spectrometer it has been possible to identify in™~
both pre01p1tatlon and aerosol samples the follow1ng
fresh (short llved) flss10n products.

Naelide ¢  Half-life"
2.7 4
3.2 4
CEAB L 8.0 d .-
Na 147 S 1ad i
Ba 140 with
© La-140’dsughter | -~ 12.8 4 -
ERRARRTEE I K © 32,5 g
”‘"KJZ% ‘95 'with - B i -
: Nb 95 daughter' o 65 a;_,. N




VII. INFLUENCE OF THE STRATOSPHERIC-TROPOSPHERIC

EXCHANGE -ON THE TROPOSPHERIC OZONE

With the coopefatidh of Professor Dr. Elmar R. Reiter of
the DepartméhtﬁOI Atmospheric Sciences, Colorado State
University,'Foff’Céllins, Colorado, a joint paper on
the questi6h of the origin of the tropospheric ozone '
has been published. A reprint of -the paper is found» v
on the pages following. 4 o
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With 3 Figures
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Summary

Using hourly ozone concentration data from Zugspitze Observatory, of the Institute for
Atmospheric Environmental Research, Garmisch-Partenkirchen, Germany, it is shown
that under a propitious superposition of stratospheric and tropospheric flow patterns
U.S. Federal maximum ozone standards of 80 ppb can occasionally be exceeded by a
factor of two or more in the lower troposphere. Further dilution of these concentrations |
has to be expected by mixing processes in the planetary boundary layer.

Zusammenfassung
Nledertroposphansches Ozon stratosphanschen Ursprungs

Stindliche Ozonkonzentrationswerte vom Zugspitzobservatorium des Institutes fiir
Atmosphiirische Umweltforschung, Garmisch-Partenkirchen, Bundesrepublik Deutschland,
zeigten, daB bei einer giinstigen Uberlagerung von stratosphanschen und troposphanschen
Stromungsfeldern die in den' USA vorgeschriebene, einstiindige Maximalkonzentration
von 80 ppb unter Umstinden um mehr als einen Faktor 2 in der unteren Troposphire
iberschritten werden kann. Eine weitere Verdiinnung dieser Konzentrationen kann durch
die Mischungsprozesse in der planetaren Grenzschicht erwartet werden.

In several previous reports [2, 3, 4] we have compared daily-mean ozone
concetrations to daily fallout of nuclear bomb debris or of cosmogenic
radionuclides. From such comparisons it appeared that the daily mean values
of O; at ground level stayed below 50 per cent of the federally established

* Research reported in this paper was supported by ERDA Grant E(11-1)-3425 to the
Institute for Atmospheric Environmental Research, Garmisch, and by EPA Contract
No. 68-02-2084 to the Stanford Research Institute, Menlo Park, California.
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maximum value of 80 ppb. Daily mean values of ozone measuted at the peak
of Zugspitze Mountain, Germany (3000 m above mean sea level) were at a: )
maximurn range of 50 to 60 ppb during approximately 2.5 percent of the. -
days with observations. Since additional mixing between the 3000 m level

" and the valley floor is to be expected, the measurements at Zugspitze agreed
well with our estimates of O3 concentrations based upon radioactive fallout
concentrations. )
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- Fig. 1. Per cent frequency distribution _of méap }IIIOUI]}" ‘ozone ébnqéhtiﬁtiong (p‘p"b)‘,( :
August 1973 to February 1976. Eight hours in excess of 80 ppb (see Table 1) produced’
a frequency of 5 _xﬂlOl“,‘ per cent, too low to register qh this diagram e .

One problem which'could not-be solved with:previously available data was to
estimate the probability of hourly médn ozone concehtrations to.exceed the
hourly federal maximum level. One has to dssume that hourly ozone concen-

- trations vary about the daily' mean'value: A relatively high- ddily-mean con=

_ centration, therefore, produces acertaifi chance.that'during one or several

" hours the federal maximum valué of 80 ppb’was,indeed ;exceeded. ’

:@zonsondé observations over North America revealed that in 0.2.per cent of -
the available cases ozone go’ncehtratiéns of stratospheric origin;within the
__plbnét'aryjbk)uhdéry'layer exceeded-the federal standards.Unfortunately, no
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Fig. 2. Difference between maximum hourly ozone concentrations (ppb) and daily mean
concentrations as a function of daily mean concentrations, observed at Zugspitze |
(3000 m above M.S.L.) between August 1973.and February 1976. The frequency drstrr-'
bution by 5-ppb classes of daily mean and 2- -ppb classes of hourly maximum minus darly
mean is given gy the numbers in the diagram. The dashed line’indicates the limits of the

: present data.distributi ,To the nght of the shaded line the federal maximum value of
ed Dots md)cate the mean values of (max \
in each class of dally mean values The solrd Ime ves an approximate best‘ﬁt to these
dots. The cross marks the mean value of both distributions, that of (max . hourly = aily
) mean) and that of the darly mean values The dashed dotted lme approxunates the pos1

ailable to°defermine if . the.mixing-proces-
n‘g 'destructio‘n’of ozone \still produced

hmgh as the federal’ standards observed
ew ‘March:1964+above-the 500-mb level.

Strong chmookwihds‘ could brmg patcels of :this-airimass to the ground

without appreciable dilution, producing short-term “spikes” in the temporal
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variation of O, concentrations. It is to be expected, however, that the
averaging process, even over one-hour periods, would reduce these excessrve

E.R. Reiter et al.

.instantanéous concentrations by approxrmately a factor of two.

In order to'explore the probability of excessive one-hour ozone concentra-
tions more thoroughly, hourly ozone observatlons were obtained from’ Zug-
spitze Observatory (3000 m above M.S.L.) of the’ Institute for Atmosphenc

Environmental Research of the Fratnhofer Gesellschaft Garmisch-] Parten- '
kircheh, West Germany [8,9,10, 11, 12]. Fig. 1 contains a frequency dis- -
tribution of hourly ozone concentranons by season, expressed in ppb.
Frg 2 shows in graphical form the distribution of daily one- hour maximum

0, contentrations iri‘relation to the daily mean values of ozone {in ppb). To *
the right of the slanting shaded line the federal maximum value of 80 ppb

“would have been exceeded.

This diagram reveals. that under the “hormal” behavior of maximum
one-hour concentrations the federal value of 80 ppb should not be exceeded
during more than perhaps 0.05 percent of days, i. €., perhaps once in 2000
days, or once in.four times the sample-length represented by this diagram.

“«

e

_ Thig',,nermal” behavior is dictated by the transport:and mixing processes' :*.-

s

prevarlmg in the upper and middle troposphere and, especially in the rarige
of-relatively high daily-mean values, by mtrusrons of stratosphenc air into
the lower troposphere.

P

KR

“oy

B Two days January 8and 9,1975, departed sxgnlﬁcantly fromi this “normal” :

behavror yreldmg maximum one-hour concentrations of O,~in- excess*of
) 145 ppb.-(The mstrument ‘on these occasions, reglstered off scale) ‘The *
B _hourly 0, values for these two days are reproduced -in Table 1. Our first
inclination was to discredit these measurements as having been subject’ to

#

instrument malfunction. After closer scrutiny of other evidence:wé are, how- -

', ever, prepared to accept these Values as realistic. The followmg facts had to

be consrdered

Table l HourIy Ozone Concenmmons (ppb} Zugspztze on Janumy 8 and 9 1975

: Tlme‘ ‘
Lhr

N,

‘-‘:January 8"

25.82 ppb

2728
2794 0
3008

31.30

3093 .-
728.07

27.37

T 2691
-.27.69
023778 L
... 47.88 .

January 9

>'145 ppb

. >145
[ >145
[ >145

8133
28.50
25.33
27.79

. 3031
3071

3143

Time

© 13hr

14
15

1> 1454

January 8
42.88 ppb

. 5081 ., .

6221

" 5292
52.06
54.83
57.03

| 62.80

' 79.85!

© 114,10

> 145 ¢

.January 9

73212ppb,
132,22 .
2561
25.18 7

24.88,

2237

7239
19.84
19.10°

17.92

1689
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1) The hourly 03 concentratlons on these two dates do not behave
spuriously but reveal an increase from, and later a. decrease to, the usual
levels of 03 concentrations observed at Zugspitze.

2) Within the available sample these two days constitute 0.4 per cent Since .
the excessrve concentrations straddled the midnight hours they should
actually be counted as only one case, or.one day, i. e., 0.2 per cent of the
available sample Sucha frequency of occurrence is in excellent agreement o
wrth our data from the North American ozonesonde network. i
3) The daily average Be-7 concentrations measured at Zugsprtze showed the
following trend '

Jan.1975 7. 8. 9. 10, 1L 12 13 14 .15 16 17 18
pc/m 133 499 1035 1379 11.17 1166 14.60 11,84 1529 7.10 5.71. 2.98

Be- 7 is: produced by cosmic radratlon mainly in the lower stratosphere [6]
hence can serve:as:tracer for stratospheric air intrusions into the troposhere
The increase in Be-7 concentrations between 8 and 9 January suggests such
an influx of stratospheric air. The ozone increase on 8 January-is not. matched
correctly in the Be-7 data because of differences in sampling time.-

4y The weather maps issued by .the German Weather Service, Offenbach;.-
show -the passage _of;_a cold front with precipitation:and a strong jetstream,
even at the:500-mb surface early on January 8. A short-wave trough which,:
on January 7; 00 GMT, was-over the'North Sea, ‘passed the Alps.by January.7,
00 GMT:-Such-a weather situation is conducive to import of stratospheric -
air-into the lower troposphere, as discussed in a previous report, [5]. - Vi
5) The: 200-mb surface’ indicative of.conditions in the lower stratosphere,, - .-
reveals a rather unusual configuration of planetary wavenumber two. Usu-

. ally this wavenumber is characterized by a trough over East Asia and another .
trough over North América, The situation leading up to 'the’ events of "
January 8-and 9, 1975, is dominated by a planetary long-wave trough over .
eastern Eruope which began to establish itself on January 6. Relatrvely
warm temperatures in the trough axis at 200 mb, and colder temperatures to
the west of thrs axis, suggest the presence of smkmg motions in thé Jower
stratosphere within the northwesterly flow to the rear of the trough The
100-mb maps for this period (Fig. 3) show that the center of gravity of the .
polar vortex, i. e., its lowest geopotential heights at this pressure level, is
located over the European sector This, again, is a rather unusual conﬁgura-
tion. s
Thus, the abnormal locatron of an exceptronally strong trough'in the strato-
sphere over Europe with'sinking motions on its rear side, would help to
move ozone frof the middlesto the lower stratosphere in unusually large
amounts over this region. Thé’ low-stratosphenc ozone reservoir — ‘replenished
by the downward motions in the stratosphere — was ‘‘tapped” by a typical
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Fig. 3. 100-mb map. 7 Jaiiuary 1975, 00 GMT (Téglicher Wetterbericht, Deutschiér
Wetterdienst, Offenbach) . o s

intrusioh event connected to a strongjei stream and'to an advaricing cold *
front. The sequence of these events led to the observed, abhormally hlgh .
ozone concentrations on Zugspitze Mountain on January 8 and 9, 1975. i
At the present, we are inclined to argue that the mxs-match of these two days
to-the rest of the statistical sample, revealed in Fig. 2; is due to the.anomalous
stratospheric flow pattern, rather than to an unusual state of mixing and -
transport processes in the upper troposphere. Large-scale vertical transport
processes in the lower stratosphere could easily produce ozone:concéntra-

" tions above the tropopause which are more than twice as high as seasonally
averaged values with “normal’’ flow pattems (see [1, 7], for corroborating’”
data) . S
The climatological mean' long-wave trough position in the winter stratosphere
of North America would tend to produce O, concentrations in excess of the
federal. standard value of 80 ppb by a factor of two to thiee, somewliat. more
often than over Germany. The situation over Albuquerque on 25 March,
1964, should be considered typlcal of, such an event. Strong dllutlon to! xESS .

“than half of the concentrations encountered in layers embedded in the "

" middle troposphere should be expected as mixing processes m the planetary
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boundary layer take over. Even though short-term “‘spikes” of O; concen-
trations can approach the values in the layers which are being “tapped” by
turbulent exchange processes, and should be expécted to occur with dura-
tions of several minutes, concentration values averaged over one-hour inter-
vals at the ground (hot counting mountain peaks like Zugspitze) should be
“less than half of the values encountered in layers located above the planetary
boundary layer. If we ascribe maximum concentrations of two to three times
in-excess of federal standards to such elevated layers, federal standards would
be exceeded on rare occasions at the ground. These occasions would be tied
“to the cyclogenetically active locations of middle latitudes, and to regions
over which the stratospheric long-wave trough pattern is able to establish an
.above-normal reservoir of ozone concentranons m the layers above the
tropopause.

e
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VIII. SOLAR TERRESTRIAL RELATIONSHIPS

Supplementary to. the comprehen31ve statlstlcal process1ng

“of a 5 year observatlon sequence a: harmonlc ana1y31s was

performed on “the ba51s of the Be7 data in order to examine
whether per10d1c1t1es can be found in agreement with the
solar rotation.

Geophysieel”parameters:beingmeubjeet todseier“inrluences
reflect as a rulelé‘peribdieity which is more or less
commensurate with the frequency of solar rotation (27 days
at the solar equator, 28.5 days in ¥ 30° latitude).

Since BARTELS this behavior has long been known of the

geomagnetic activity, but also of radio propagation and

others. So it was an obvious idea to conduct a»harmonic
analysis of the daily mean concentration of Be7 in order
to find out whether this would reveal a frequency in
agreement with the solar rotation.

Due to computer memory limitations the data series had to
be divided into two periods: November 1969 - July 1972
(984 values) and July 1972 - January 1975 (953 values).
In some cases relative concentrations were considéred. In
these cases consecutive sets of 32 concentration values
were averaged (to form a kind of formal "monthly" mean
concentration) and the concentration values were replaced
by theirvratio.to,the corresponding mean concentration.

The computations follow the procedure described in
PANOFSKY and BRIER /™ 1_7 .~ '

There are essentially three steps:
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a) M+ 1 autocorrelatlon coefflclents are calculated
u51ng the formula

, N oo
T 2y = o
rp = (SXN) .Z (X;-X) (X;,;-%), L 270,...M
i=1
with mean value ;fn'
2 _{i?N o
X=N""}% X |
and vafiahee L |
2 " 1 N"" 2
Sy = N Y (X.-X)
d=1 T

‘ He?ewkiistands for the dally Be7 concentratlon (or rela—:'
tiVe'concentratlon), M is the max1ma1 lag and N the." ' o
st 1dth" glven by the dlfference of the ‘total num—”

ber‘of'data avallable mlnus the max1mal lag (1n order to o
allow shifts). oo - B

b) The set of autocorrelation coefficients is supposed
to be an even function of time‘fhat can be expressed by
a Fourier, serles contalnlng cosines only. The spectral
1nten51t1es are computed according to. ’ '
1 il il i : '
B = (r +2, % (rL.-eqe (nM—)> +.(-1) ‘er),?_JA;- = 0,1...M
L-1 » N

For 1 = 0 and i = M the B, have to be divided'by two in'
order. to get the correct spectral intensities.

¢) The spectral iﬁﬁ;nsities B, are replacediﬁjismoothed

values

g

n
L

= O 25 By _ d + 0.5 B, + 0.25 B

0..- ?Q;f%qqmlsM.?' M

1410 i ="15206Met;.

n
1l
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These smoothed spectral 1ntens1t1es S are plotted versus
the frequencies v, = i/2 MAt.Atis the tlme difference
between two data points_,Xi anthi+1, 1n our caseq.At =A1 day.

Fig. 18 shows such a smoothed spectrum for the autocorre—
logram of the daily mean concentrationsof Be7 ‘for the
measuring period November 1969 to July 1972.“F1g. 19 shows
a similar spectrum of daily relative Be7 ooncentrations
for the period July 1972 to January 1975. In both cases,ﬁ
the maximal lag in establishing the autocorrelogram is
511 days. :

From both data groups - as 111ustrated 1n F1gs._18 and 19 -
the frequen01es spec1f1ed 1n the follow1ng table are ac—
centuated out of the n01se, the technlcally—dependent
d1v1d1ng 1nto two data groups leadlng even to é mutual

conflrmatlon 6f the main frequen01es found

rTable'

Length of the Perlod in Days ‘for- the Follow1ng ST
Timé Intervals e E

Nov. 1969 = July 1972 i . July ,1‘972‘”-'- ‘Jani 1975

L, 7 + C T 2 + ‘“ L ol
S T R :
10,34+ T 11,6

‘23 2 LAy B ‘ + oA 2[;,,0 gL .
30,5 + 30,1 +

+ very distinct- . .. . 00 5oy

N3

The particularly salient period wfth %aﬁdéye;rethervaﬁ:
proaches the rotation frequency of the sun (mainly if
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we consider it for about & 300 latitude). An exacc and -
over a longer period stable coupling between solar ro-uﬁ
-tatlon and geophysical parameters can hardly be expected,
especially not if. the’ sector structure of the inter- ,f-'\
planetary magnetic field is'assumed to be the trlggering‘
.. factor becauge a)' the number of the sector boundaries
changes with time (mostly between 2 and 4) and so does .
the position of the' 1rregu1ar boundarles on the sun, S
consequently, b) also highér frequen01es w111.occur.which‘-.'
Just as the rotation fundamental frequency - c) change
their phase position dependlng on whether the actlve ceh—
ters on the sun increase or decrease in 1ntens1ty Tnls
means that we may expect also shorter, solar- dependent
1engths ‘of: perlods. Hence-it is just poss1b1e that the f
phase lengths found between 24 and 10 are caused by so- N

- lar actlon.

Not -at”least it must be remembered that the" concentratlon
of Be7 in. the troposphere is not only modulatéd by varia-L
tions of the 1ntens1ty of the stratospheric 1nf1ux, but
‘also by processes eliminating the Be7 out of ‘the alr;—'
‘first of all by precipitation. Therefore it is 1nterest- o
“ing to note that the frequency analysis yields a very
well defined length of period extending over 4,7v-‘5,2
days. It is in full accordance with the known mean-fre- -
' quency of the cyclonic activity above Europe. Interest--
ing in this connection are also the investigations-of‘
GEISLER and DICKINSON /"2_7 who found a global five-day
wave in conjunction with zonal winds,‘and‘anOther“study
of RODGERS on the existence of a five-day wave in the
‘upper stratosphere /~3 7, At the same time reference is
made to the analysis of the Varlablllty of hemlspherlc '
scale .energy parameters: by McGUIRK REITER and BARBIERI

[47.
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IX. CONCLUSIONS. . . . . o .

- The works under contract led to the follow1ng results or

L.

conclus1ons respectlvely

Computerized, fully automatic lidar systems make it possible
with very hlgh resolution regarding time and distance (or
height resp ) to determlne aerosol structures and to study
their varlatlons., : ' ‘ ’

The method used for 31ngle photon counting proved to be. ;.
completely suitable, for the performance of- routlne MOAd ..
torlng of the relative aerosol backscatter 1n the strato-

For an exact 1nterpretat10n of the stratospherlc backscat-
ter proflles, however, it is riecessary to acqulre atmos- . _
pherlc den31ty data’ 1n order to be able to compute as- preJd‘
. 01sely ‘ad possibile. the proflle ‘of the molecular backscht=

ter. The use of standard atmospheres can. lead to’ essentlal .
errors_ln the determination of aerosol backscatter proflles.

The statlstlcal 1nvest1gatlons described. above, : as well: as
the actual example presented to demonstrate the appllca—,;
:.tlon of the forecasting method pernit the conclusion that. -

a progn051s of the. 1nflux of stratospherlc air can be: satdf
Lsfactorlly performed by the: observatlon of the time varia=
:tlon of the relative humldlty in: the. upper troposphere.,w
fFlrst attempts have:. shown that thexresults presented ecan .. -
‘Stlll be 1mproved by a more 1ntenslve parameter1za+1on5‘

‘ Under certaln,weather condltlons stratospherlc ozoneg-.can
'-be transported 1nto the lower troposphere by 1ntrus1ons of
“stratospherlcrarr. The ozone concentratlons observed during
such events can cons1deraoly‘exceed federalvy ‘establ ished
Standard)-.

max1mum values: (e. g - US Federal Max1mum Ozone'

NP
aATey




Harmonic analyses of the frequency distributioh of the Be7'
concentratlons result in frequen01es whlch allow the rea-
sonable assumptlon of a periodic trlggerlng of the strato¥
spheric-tropospheric exchange by solar act1v1ty.

R TP B

X FoToRE PLANS

1. For the esgtablishment of a climatology of the. strato-:"
'.spheri@etropospheric exchange it is necessary to:have -
~.~-,a;.i,r;ati,gLabILe sufficiently ‘long homogeneous measuring ;.i*.:

series of all relevant parameters. The measurements . -
of the cosmogenic radionuclides are therefore to be

-wgcgntinuedmu L TR e S T T T T I I T L

. et Pt .
: roe ey . D e
Iy . . . . . L Lo “

quheamgtéorologibaluanalysis*of two: long-term.periods:: f
(90;and 60 days resp.): of the tropospheric: flow -condi-"
15.Will be concluded.. Laws of the.tropospheric: flow .
1, berestablished. .In this respect it:-has..to be :dif= .

3 Monltorlng‘of stratospherlc ‘aerosol. layers‘W111 commence.
~iThe ‘{goal is to-determine .posisible time. variations;’ cAngy v
4altitude -and thickness of stratospheric aerosol layers.

ST

e L Lo : e S ,
4. Synchronous recording of the tropospheric "ozone at-threée
differentVaItitudeS‘willhbegin;.Paréllel.to‘that«meéS—m
urements of other trace gases which might affect the
ozone - balance are toibe conducted. By means of suitablé
. tracers 'the: orlgln ofl hlgh '0zofie concentrédtiong will be’
‘1nvest1gated.lstud1es ‘are "to be undertaken. seéparately
,gﬁfaralnflux;from:theustratosphere Otracer Be7) and’from
areas  with -photochemical smog ‘(tracer .Pb 2*4, Bi 214)
The measurements will be supplemented by measurements
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of the total atmospherlc 6Zone.
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5. The investigations? inte’ the intludhe Jofhsolar events'
on the stratospherlo tropospherlc exchange w1ll be

con'tlnued ':5’ : i v./f TR 'Du‘a n"f’ (J d 3‘"{;‘ u-‘: R l‘ 35'7:3;‘“ ’ r.‘A'P“
e F CYs B oY A ﬁme'xuoff
(A Sy

ABSTRAGT Diesnbue and to :’f’*iﬁﬁifﬁ:‘; wer i rd Luid

T S N VTR Juqyu o el g emepeen i dhes | ode g VT o
The studies'®F the” st¥Fatéspherititropdaphérictexchange “» 2%
were continued. The methods descrlbed in prev1ous reports
RO 3 :

were retlaned EEEA PR la R

: s L F
Contlnuous data of the cosmogenic nuclldes Be7, P32 P33,

S35 and of fallout aremglven for.the, reportlngnperlod

pa Ry

o o & fjryc)trr\ F fJ’t.w p.)hrf
A lidar system permitting remote sénsing of stratospheric

aerosol 1ayers is descrlbed
i . v s, Lo §3%]

v | S
Some. examples of application demonstraterthe?effectiveness
of an earlier described method for the forecastlng of
stratospherlc 1ntru51ons’”” 3

Fresh fallout from a Chlnese nuclear we“pk.:test could
be identified by means of a GeL1 Gamma- ~Spectrometer.

T Ve 3 Cevegain el iy
A harmon & analy51s of Be7 data resulte

Vol Yool 32T

which suggest‘a direct” 1nfluehoe of” solar rotatlon on the
1nf1ux of Be7 and thus on the stratospherlc tropospherlc

,
s
et}
.




Fig. 1::.

Fig. 1a:

Fig. 1b:

 Fig. 2:

Fig. 3:
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Fig. &4:
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LEGENDS OF FIGURES

Block. scheme of the lidar system . -

1Flow chart ofythe automatic data accumula-

tion- and storage, to be continued on 1b
(intersection A)
flow chart of the automatic data processing

Block scheme, remote control electronics:

Flow chart of the computer program for. ' :. .

automatic photon counting ‘measurements

“i'"“Rayleigh backscatter returns calculated-
.from radiosonde data

RIS L

Figs., 5~ 7:

Fig. 8:

Fig. 9:

‘Fig. 107

Fig. 11:

Fig. 12:

S the ‘amount of pre01p1tat10n

Lidar backscatter profile and computed‘

-molecular return - s T dainan awol

LR R TR P

Graphical representation of the concentration . :

of fallout, Be7, P32, P33, S35, ozone, and .

Cpeeail e

. Variation of the. countlng rate, of Be7 durlng .
the perlod October through December 1975

..( L.

Comparlson between measured and prognostlcated,
“Be7 -concentration ‘for the same interwval of time

Time variation of the profile of the relative

‘humidity measured with the Munich radiosonde

(upper part), and of the relative humidity
measured at the station Zugspitze

Fallout after the Chinese nuclear weapon test
of 25 September 1976



12 a:
12 b
12 c:

12 d:

12 e:

Fig., 13:

Fig. 1h:

Fig. 15:

Fig. 16:

Fig. 17:

Fig, 18:

‘Varlatlon 1n the Be7—concentrat10n

-lwﬁ00ncentrat10n of the fallout 1n the alr T
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> Schematical representatlon of the tropospherlc
“flow.conditions ¢ . i np.;},wa:

””Tlme variatlon of ‘the relative’ humldlty

proflle measured w1th thie Muniéh radiosonde

Prognosticated influx intensity of strato-
spheric air (shaded, values correspond to ‘the
standardized Be7-scale) and observed fallout

- concentration in the air (columns, -standard- ,

ized to maximum value)

Variation of the total beta-activity in the
air during the passage of the fallout cloud

Gamma spectrum of -a precipitation sample
taken at Zugspitze, Wank and Garmisch-
Partenkirchen (&4/5. Oct. 1976)

Gamma spectrum of an aerosol sample
(Zugspitze, 6 October 1976)

Gamma spectrum of the heavy metal precipi-
tation of aerosol samples
(Zugspitze, 6/8. Oct. 1976)

Gamma spectrum of a high volume aerosol sample
(Wank, 6/11. Oct. 1976)

Smoothed spectrum of the daily Be7-~concen-
tration at Zugspitze (2964 m a.s.l.),
window N = 471 days, max lag M = 511 days,
total period Nov. 1969 - July 1972,

The numbers at the frequency peaks indicate
the corresponding periodsin days
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Fig. 19: Sméétﬁédz spectrum of the daily relative Be7-
' "7 Tconcentration®at Zugspitze (2964 m a.s.l.),
- - window N"=-432 days,.max lag M = 511 days,
| . total period July 1972 - January 1975. . _
| .~ The numbers:at the frequency peaks indicate
| e  thé,coyrg$anding;periodstin days..

. o
ra
N . x
. -
" "
¥ '



FPIGURES

1-19°




light |

pipe l

diffuse Y
-

mirror

l exit window

l frequency doubler

vy

-
-

|

- — <1~{47ruby laser I::t_—“

display terminal

Q-switch
control

_A

laser
power
supply

amplifier

\\\Tg; ! trigger \
' —1~chopper Sensor :
l \ i rhotocdiodes i : 3
|
| b peak || [
. o igitizeri,
prinery | LM {
(52em ¢) | I I I *— 'gggzigl - mini-
\\\\ / ' T’\ ‘ Y compﬁter
stop_ 11 HV + 4 A
shutte;:::zzz_ —f = bhoton *
filter whee /Eﬁ 0 t counter &
tape
polarizer — gate T punch
PMT t“ —— W — -ll Biomation inter inter
_ << 4 1<g: 8100 recorder face 1 face 2
preamp gain switching |

Bl




enter range
gate data

4 increment

shot number

display and
output counts
on punch tape

calculate laser .
energy and add
to energy buffer

l

set shot number

to zero

set Biomation sig-
nal and background
buffer to zero

——"

set buffer index
to zero

set photon counter
buffer to zero

.5ms delay

. input data
byte

background?

add data byte to
content of photon
counter or Biomation
signal buffer

add data byte
to background
buffer

le

i

increment

index

end of

shot series?

Fig.1a



photon . no

calculate average
numbers of photons
and standard de-

| viations, multiply
by RZ, divide by
energy

counting?

calculate and
store background

background?

display backscatter
profile in semi-log
scale with standard
deviations

output energy sum
and range gate
data on punch tape

calculate average
return signal, sub-
tract background

(= "net" signal)

|

display range

corrected back-

scatter profile

l

output "net" signal,
energy sum, and num-
ber of shots on tape




control words

|
| 4‘%——
>y
e
e
-

=

transient recorder > ] interface 2 1 ’0‘“5

na E¥ -

/]

: 18 S

R | ldata ol2e

external clock{ > ) g

> - £

. ~

lEOC ' 2

1 hoton counter and > ) 4 { a5 o

P peak digitizer interface 1 [o—gflee. — '§§ b}

L 3 <

set — CMD I - §

trigger

YY) AbbA £€ | 5

<l ~ o,

. ] % 0 =

oe o

delay gate - |I ! . < T H
control control ‘ multiplexer - Eg
Mib T il

) 4 decimal 4 decimal Yy I
switches switches
error -

Tol® e
PMT _0-9 V DC HV _ gt

HV supply - control > . Tes Ny

. o g

4"’ 3 o

. =]

ext. stop 2 decimal .g

polarizer and frequency  putton switches g

doubler servo motors ry S

JL a2

- c & -]

to £

T 7 *

! ? ~— ‘ g

frequency R | 0 - o

and v ] filter wheelf— _ ]

polarlzer ] control N&E o =

interference | control | 0 neutral 2 ®E o
filter o filter y 3 ) i ]
filte L URETR A v t BR[| 3 L2
R UV 0°90° ext. B

pushbuttons . :

toggle switch

l_
|
|
|
|




Iset PMT-HV and limit to 2000 V]

I

take first set of con-
trol words from table

N

|

output control words to
photon counter and con-
trol devices

set current shot
number to zero

trigger photon counter for
background measurement

tiansfer background
counts to computer

transfer signal counts
to computer, subtract
background counts

output "net" counts
on punch tape

display net counts on
terminal screen

calculate sum of net counts
and statistical error

1s mean stat.
error below 4% ?

s number of
laser shots below
50 ?

manual stop ?

output range gate data, num-
ber of shots, energy monitor
sum, aqd time on punch tape

plot range-corrected and
energy-normalized backscatter

profile with error limits
in gemi-log scale on terminal

take next set of control
words from table
.

end of table ?




RAYLEIGH BACKSCATTER RETURNS CALCULATED FROM RADIOSONDE DATA

WU~ WwN =

29 JUL 1875
30SEP ~
20CT *
260CT ~
10 NOV ~
9 JAN 1976
13 JAN ~
29 JAN *
11 MAR *

RANGE CORRECTED INTENSITY




LIDAR'BACKSCATTER'PROFILE AND COMPUTED MOLECU
RETURN

LAR

29 JAN 1976 -

r35kma.s.l.

MEASURED :
TOTAL BACKSCATTER

PHOTON
COUNTING

:15 ANALOG SIGNAL

CIRRUS
CLOUDS

MOLECULAR
BACKSCATTER

%‘LRAWINSONDE

{a——— STATION LEVEL — = ‘
100 2 5 100 2 5 102 2 5

RANGE CORRECTED BACKSCATTER INTENSITY -




Fig.6

LIDAR BACKSCATTER PROFILE AND COMPUTED MOLECULAR
RETURN

20 JUNE 1976

35 kma.sl

__MEASURED
NS/ TOTAL BACKSCATTER

SMOOTHED PHOTON COUNTING

MOLECULAR
"~ BACKSCATTER*
RAWINSONDE

<+— STATION LEVEL —
100 2 S 10 2 5 102 2 5
RANGE CORRECTED BACKSCATTER INTENSITY




ALTITUDE - km.

15

" Fig.7-

LIDAR BACKSCATTER PROFILE AND COMPUTED MOLECULAR RETURN
| 14 FEB 1977

‘ MEASURED -
&~ TOTAL BACKSCATTER
_ PHOTON COUNTING

) DEPOLARIZED
~~~~~~ ——..__RETURN

[T S

CIRRUS CLOUD

___ e

— "MOLECULAR—"

= © " BACKSCATTER
: RAWINSONDE
100 2 s 1w 2 5 1% 2 5

RANGE CORRECTED BACKSCATTER INTENSITY







maximum
23 Nov.

|

50
45
cpm -
Be7 +
' background

i
H

b

Be7 +
background &
|

1

5

maximum
SN

04 67.82

10 20

October

November

10 20

December

1975




forecast

Be7- concentration

F 100

1

100

forecast

October 75

Be7- concentration

November 75

1.

Be7- concentration

forecast

f

100

December 75




24

)

poruyuos  Ksoujwesd 09 szdabng
Aypruny

Il

wiT7

Aypiwny ajoje:

4
[




- 1
S e B A B S St A S B S S e Rt Bt S At N MASR BN BN N SRR S A A SN ML N BN AR U AU SR SR

25.Sept. 30. - S,

10. 15. Okt 20. 25. 30.
1976

200+
160+
1201
804
40+

10-2pe/m?

fallout

LS RS SN Sun Sun Sun Sum un g EED BN AR M) SN NN S SN R SN SN AN N H) N NN NN N AR SR AND BN AL HNNR MR B

25.Sept. 30 5.

[

nuclear ~12days

we

test

apon

S

10. 15. Okt. 20. 25, 30.
' 1976

124

Tlevel

__—felative humidity
20% /

Zugspitze-

Teoetl s 16 [ 2
1976

| kel 2 T2l 2 [ s
1976 ;

level -

prognostic

_in qir




|
l

TOTAL BETA - ACTIVITY

10 4
Aerosol Sample
pe/m Zugspitze
(e
64
e
2 4
o
Aerosol Sample
o 4 Wank
pe/m? 4
2
L]
Aerosol %ﬂmpla
£ Garmisch - P,
pesmd
2
° AN
200 Heavy Metol
Precipitation
pesm Zugspitze
1,50 -
1.00 -
4 Nuclsar
Weapon Test
Y ,
0.50
0
2% 27 9 4 7 9 " 13015 127 19 0w 23 B 7 B M
Sept October 1976

Fig.13



GAMMA SPECTRUM NR. 945123 - COUNT TIMEZ 50400 .00 S

N8}
09407 —_
—
07X -
nJ
—_—
oD — 1o
el ——— — .
e
zelal
07108 — _
0YL07
<
LEL [ — — ©
9| — ——
N w
66 OW™ 99130 —— ——~
L7V PN———
i I @
(00]
. o©
© @

- S1INN

"138 “13NNBHI- SLINNGD

- ENERGY. MEU

PRECIPITATION ZUGSPITZE, WANK, GARMISCH
4/5 OCT 1976



'COUNT TIME 86400 88 S

12925 .

GAMMA SPECTRUM NR.

oL D7 —
07 M — I..M*
4
) L-
A.I
oNoTl——ou_
| — - T —
cel hn G6ON— _ —~ —— ——
S6 47~ 220N —
G6 17— i
ZeLal
LELF— 1
0%L0d — — i
goLNY—
onol—— "
L f— —
zeray. B6OW i

17,99 07 08— —

66 OW™ gy 00 — —— —
1 1 ] ] i i d
© W < N
Wy ®© o \S)

SLINON "3y * TINNBHI - S LNNOD

ENERGY . MEU

Fig.15

L
N
=
a
0N
%)
5
N o
~
w
H,@
=5
n
o)
-
o
N
o
o
m
<




S,
®
®

S
(AN
<t
<
—
L
z
—
-
p—
Z
2
)
)

Zelal

071 P7

— — e

GAMMA SPECTRUM NR. 77555.

! L

—
———

974907 LYLPN— "
Il !

(08) w
© ®©

~
Y]

SLINN "33 *I3NNBHI,SLINNOD

1

1

.8
ENERGY. MEU

AEROSOL SAMPLE ZUGSPITZE

(HEAVY METAL PREC.)

6-80CT 1976



COUNT TIME 162000.6 S

07M

GAMMA SPECTRUM NR. 826121

S1INN

"3 I3NNBHJ-S1NNOD

1

1

MEU

ENERGY

Fig.17

H!GH VOLUME AEROSOL SAMPLE WANK

6-11 OCT 1976




Fig.18

EN
{
o 3
| M K
i}
5 3 .
| 5 ‘
w .
’ i l |
l l llﬂh ‘HM 'h Wis Jmlu n-.Aum llml
0 01 0.2 | 03 04 0,5
FREQUENCY, CYCLES /DAY ’
Fig.19
= nis
2 |14
w
z
-}
é
5
w
%

FREQUENCY,  CYCLES/ DAY




RESULTS OF DIURNAL MEASUREMENTS

TABLES I - XIV

Diurnal concentrations of Be7, P32, P33,
S35, and some fallout elements (heavy
metals) in the air at 2964 m a.s.l.

(Zugspitze Peak)




Radioactivity ‘pC/m?

fallout Be7 P33

2 -2

.10™ .10 1072 1072

42 17.61

1 1 L.b2 3,50 2.97 .
2 1.29 16.27 3.79 3.16 2.59 .
3 0.86 8.63 2.84 2.52 1.31 .
4 1.10 16.41 3.92 3.71 2.81 A
5 0.86 13.38 3.42 3.78 2.28 .
6 1.43 18.61 L. 7h 4.86 2.43 .
7 1.24 11.42 2.85  3.30 2.35 ..
8 1.40 15.46 3.78 3.46 1.85 .
9 1.69 17.03 4,16 4.63 3.58 v
10 1.17 1.71° 3.26  3.23 2.60 . /..
11 0.45 4.0k 1.06 0.57 2.03 .
12 0.65 9.01  1.88 1.81 1.4 /.
13 1.57 20.35 4,71 5.12 2.47 .
14 1.53 14.82 3.86  4.36 1.43 y
15 1.08 9,38 2.55 2.68 . 1.68 e
16 0.48 8.21 2.34 2.78 0.80 YA
17 0.78 7.20 1.71 1.14 0.89 .
18 0.30 5.25 1.02 0.85 . 0.81 .
19 0.75 13.63 3.15 3.75  2.09  ./.
20 0.39 . 7.46 1.99 2.67 1.53 .
21 0.69 8.06 2.17 2.05 0.87 . /.
22 0.42 4,18  .1.09 1.57 0.59 .
23 0.06 0.38 0.20 0.52 0.39 /.
2k . 0.05 0.22 0.48 '0.68 0.05 /.
25 0.09 - 0.53  .0.27 0.56 0.74 g
26 0.18 0.76 0.35 0.55 0.28 e
27 0.84 8.92 2.63 1.68 2.18 .
28 1.23 10.77  2.37 2.22 1.04 A
29 1.06 7.90 2.00 1.50 2.22 .
30 1.65 13.63 3.76 2.47 2.59 e
39 1.52 15.67 3.77 3.39 2.75 /.




‘ II
Radioactivity pc/m>

Sep fallout = Be7 P32 P33 535 - 03
1975 1072 L1072 1073 L1077 1077 ppb

1 1.81 12.99 3.81 3.02 3,06  45.59
2 1.43 10.22 2.50 2.42 1.07 47,74
3 1.19 7.92 2.22 1.93 1.69 46 . 41
4 1.31 7.72 2.23 1.58 1.32 43,49
5 1.26 10.67 2.60 2.56 2.28 49.15
6 1.74 14,60 3.64 2.67 2.42 39.32
7 0.76 8.29 1.86 1.96 1.50 INAA
8 0.92 7.00 1.71 1.63 2.21 - 36.26
9 1.81 11.29 2.3  1.55  1.98 31.73
10 0.97 13.74 3.62 3.27 2.19 27.58
11 1.22 7.85 2.18 2.18 1.49 . 29.04
12 1.04 12.19 3.47 3.85 1.30 24,04
13 0.42" 7.26 1.64 1.61 1.00  23.4
14 1.12 1M.41  3.27 2.54 1.60 27.97
15 0.67 5.62 1.51 1.15 1.02 ..
16 2.41 13.30 3.36 2.21 1.88" .
17 2.69 13.97 3.54 2.88 1.44 .
18 2.55 10.82 2.81 2.37 1.70 ..
19 2.92  14.15  3.49 3.35 1.84 .
20 2.25 14,81 3.79 3.56 1.37 ..
21 2.09 15.52 3.66 3.18 2.83 ..
22 1.96 17.53 4, 42 3.38 3.56 ..
23 2.49 18.12 3.96  3.83 2.89 ..
24 2.7k 15.97 3.49 3.06 1.56 .
25 2.37 15.79 4,14 3.66  2.46 e
26 0.58  7.85 1.84 1.59 1.01 30.77
27 /. .. .. . . 29.59
28. 1.46 11.08 2.34 1.85  0.74 31.02
29 1.89 9.74 2,21 2.70 1.45 33.51
30

1.17 . . 7.19 1.45 1.36 1.76_ 54,85



ITI

Radidactivity pc/m3,

56 -

okt fallout  Be7 P32 P33 835 03
1975 1072 L1072 L1072 1073 L1073 ppb
X 1.00 21.79 5.84 5.29 1.03 52.81
2 0.64 16.42 3,44 2.33 1.64 48,60
3 .. .. R .. .. 28.35
A 1.38  13.44 3.21 2.46 1.09 36.19
5 0.56  L4.46 1.27 0.90 0.97 36.73
6 0.94 9.43 1.95 2.44 2.14 36,47
7 1.00 13.33 3.18° . 2.67 1.68 37.43
8 0.87 - 24.69 5.76  3.42 2.75 36.15
9 deo . . e J.o 38.32
10 1.38 3.65 0.98 1.16 1.33 37.39
11 1.37 4,18 1.12 1.64 1.4 38.91
12 Y /. e . . 38.23
13 0.21 0.98 0.35 0.69 0.34 35.
14 0.55 6. 44 1.58 1.55 1.15 41,37
15 0.43 4,71 1.17 0.95  0.03 34.19
16 0.24 = 3.60 0.61 0.29 0.08 34,24
17 0.33 0.22  -0.18  0.18 0.82 17.78
18 0.10° 0.00 0.00 0.00 0.32 13,24
19 0.31 0.46 0.13 0.17 . 0.41  11.80
20 0.47 '5.51. 1.30 1.17 0.75 33.85
21 0.92 3.89 0.78  0.15. 0.26 40,02
22 0.53 12.05 2.62 1.62 0.73  40.72
23 0.71 13.73 3.40 3.34 1.82 43,03
24 1.07  16.20 3.98 3.36 1.49 . 36.88
25 0.80  18.29 4,52 3.58 1.02 ~ 38.68
26 0.89 22.0 4,63 3.57 0.98 39.94
27 0.38 12.86 3.49 3.20  1.07 28.50
28 0.47 11.92 3.52 3.13 0.00 22.98
29 0.76 15.09 3.23 3.28 1.36 /
30 0.82 15.33 3.79 3.86 1.36 /
31 1.77 17.02 3.48 2.66 1.41 /




v

Radioactivity pc/m3

fallout Be?7 P32 P33
102 1072 1073 1073 L0

1 1.17 10.04 2.32 1.88  1.25 ..

2 0.29 7.90 0.94 1.00 1.26 /.

3 1.24 13.48 2.97 3.51 1.65 .
IA 1.19 14.90 3,27 3.63 1.96 .

5 1.34 12.04 2.94 3.60 2.29 ..
6 1.01 9.21 1.74  1.80 1.08 ..

7 0.76 7.71 1.93 1.20 0.93 ..
8 0.71 12.85 2.91 3.77 1.35 /.
9 .0.93  10.17 2.43  2.19 0.84  29.77
10 0.82 6.08 1.64 1.35 1.05  27.96
11 0.71 5.37 1.32 0.89 0.52 33,62
12 0.96  10.28 0.49 1.05 0.32 30.39
13 0.45 4,45  0.59 0.23 0.32 25.78
14 0.13 0.64 0.25 0.23 0.85 24.91
15 0.32 3.36 0.89 0.72  0.85  28.99
16 0.30 3.32 0.83 0.49 0.72 23.63
17 0.09 0.51 0.27 0.09 0.04 18.71
18 0.14 0.40 0.16 0.10 0.01 21.18
19 0.49  11.78 1.36 3.43 0.75  29.99
20 0.08 0.97 0.19  ~ 0.44 0.46 6.38
21 0.24 1.37 0.53 0.85 0.4 . 5.21
22 0.21 3.37 0.85 1.15 0.64 4,18
23 1.05 70.36 15.43 14.30  4.18 16.82
24 - 0.90  T72.72 13.89 13.59 4, L4 46,75 -
25 0.68  11.63 5.23 4.87 2.17  32.97
26 0.70  11.32 3.01 2.60 2.16 32.90
27 0.44 6.64 1.47 1.64 ~ ° 0.58 30.13
28 0.34 '8.27 2.08 2.43 0.67  29.01
29 - 0.83  10.64 = 2.86 1.47 0.78 33.26
30 '0.15 =~ 6 1.14 0.48 28.69

.21 0.80




Radioactivity pc/m3

v

P33

N
-

36.

Dez fallout Be7 P32 S35 03
1975 1072 1072 1073 L1073 L1070 ppb
1 0.38 8.68 1.86 2.17 0.75 31.95
2 0.26 23.62 5.12 3.54 1.23 33.59
3 0.57 7.98 1.99 1.66 0.77 29.60
o 0.67 11.88  3.08 2.55 1.64 33.69
5 ‘0.60 15.03 3.18 3.13 1.70 35.77
6 0.69 14.57. 3.19 3.15 1.53 35.91
7 0.43 17.27 3.98 3.68 1.83 37.28
8 0.56 19.93 . 5.35 4,33 1.71 31.93
-9 0.54 19.05 4,98 3.90 2.25 33.53
10 0.65 . 21.39 4.79 2.19 1.52. 33.03
11 0.67 21.81  5.01 2.49 1.53 32.61
12 0.91 15.02 3.51 2.84 0.46 28.26
13 0.61 8.35 1.76 1.18 0.89 28.56
14 0.48 3.90 1.05 0.62 0.22 27.87
15 0.31 4.98 1.10 2.39 0.37 29.67
16 0.18 3.16 0.80 0.68 0.56 26.39
17 0.34 1.55 0.67 0.73 1.01 ..
18 1.32 39.69 7.39 5.28 3.33 .
19 1.02 20.22 4,26 2.16 1.74 ..
20 0.45 9.15 1.87 1.65 1.79 /.
0.63 13,23 3.00 1.56 0.91 ..
22 0.16 4.18 1.14 1.36 1.17 28.17
23 0.47 13.73 3.36 2.67 2.18 32.34
24 0.39 . 10.25 = 2.65 1.53 1.46 35.10
25 0.22 3.59 1.20 0.87 1.17 33.99
26 0.25 5.51 1.34 1.23 1.34 37.86
27 0.47 - 17.55 4,30 2.30 1.78 34.03
28 0.42 12.98 3.34 1.95 1.15 28.38
29 0.4k 10.35 2.99 1.71 1.64 29.53
30 0.40 10.34 2.50 1.52 0.79 31.64
31 0.41 10.41 1.82 1.25 1.07 L2



VI
Radioactivity pc/m3
Jan - fallout Be7 P32 P33 - 835 03
1976 1072 1072 L1077 1072 L1073 ppb
1 0.25 2.63 0.58 0.18 0.18 34,43
2 0.30 5.11 1.26 0.77 0.47 32.03
3 0.31 8.03 1.92 1.42 0.70 23.98
4 0.31 8.03 1.92 1.42 0.70  16.38
5 0.75 0.62 0.28 0.50 0.47 12.92
6 0.13 0.49 0.27 0.71 0.55 16.93
7 0.32 3.55 0.68 0.94 0.27 30.05
8 0.55  15.13 3.33 3.73 1.19 32.23
9 0.58  15.51 3.39 3.19 1.98 27.89
10 0.27 2.91 0.83 0.61 0.71  26.18
11 0.15 0.80 0.17 0.30 0.45 23.12
12 0.22 3.51 0.85 0.1 0.95 26.83
13 0.12  0.80  0.27  0.76  0.13  31.8
14 0.20 3.1 0.64 0.80  0.34 e
15 0.08 0.14 0.23 1.01 0.93 .
16 0.35 0.14 0.05 0.82 0.17 R
17 0.20 1.33 0.30 1.94 0.87 .
18 0.18 3.11 0.61 1.47 0.90 .
19 0.21 3.36 0.98 1.85 0.53 .
20 0.13 1,03 0.19 1.22 0.13 .
21 0.12 . 0.12 0.15 0.40 0.15 .
22 0.08  '0.42 0.23 0.80 0.11 a
23 0.10 1.01 0.36 0.75 0.32 vy
24 . 0.29 1.64 0.41 0.97 0.13 .
25 0.19 . 2.17 0.42 0.65 0.31 .
26 0.29 1.89 0.16 0.84 0.00 A
27 0.32 " 4.25 1.10 = 1.50 0.36 R
28 0.39 7.59 1.33 0.98 0.00 .
29 0.74  24.83 5.09  7.60 2.35 e
30 0.42 9.10 1.87 3.78 1.04 .
31 0.35 3.62 1.59 1,30 0.79 33.84




VII

Radioactivity pc/m3

Feb fallout Be7 P32 P33 S35 03
1976 1072 L1072 L1072 L1073 107 ppb
1 0.26 4.52 1.59 1.40 1.32 35.14
2 0.33 5.96 1,80 2.54 1.30 - 31.7h4
3 0.65  10.06 2.59 2.83 2.36 32,23
4 0.47 9.96 2.82 2.70 2.23 33.24
5 0.24 5.01 2.01 1.62 1.32 27.23
6 0.34 9.54 3.09 2.89 1.35 24.99
7 1.00 23.34 6.17 5.30 3.00 29.21
8 0.57 8.73 3.00 2.69 2.02 .
9 0.44 10.35 1.00 1.99 1.56 /.
10 0.31 5.15 1.94 1,74 1.33 e
11 0.17 2.03 1.64 1.18 1.02 ..
12 0.33 6.31 2.27 2.35 0.68 ..
13 0.11 2.60 1.05 0.80 1.05 ..
14 0.31 2.54 1.22 1.16 0.79 .
15 0.25 4.2k 1.87 1.93 0.98 ..
16 0.35 4,37 1.59 1.12 1.24 ..
17 0.74 6.62 2.29 1.89 1.14 ..
18 0.98 4,73 1.42 1.7 0.80 ..
19 0.65 9.14 1.68 1.56 0.45 22.91
20 0.51 14,88 2.48 1.88 1.32 31.91
21 0.49 6.87 1.74 1.67 1.06 32.51
22 1.09 7.99 1.74 1.73 1.12 38.61
23 0.75 12.10 2.43 2.11 1.95 Ly, 34
24 - 0.63 18.61 3.62 2.89 1.34 43,58
25 0.61 11.13 2.39 2.48 1.33  L40.21
26 1.01 19.95 4,49 3,23 1.20 ..
27 0.96  33.38 5.80 4,36 2.96 ..
28 0.85  23.31 5.6 5.13 1.31 .
29 0.30 12.68 3.88 3.13 1 ..

o58



\

Radioactivity pc/m>

VIII

3.19

Mirz fallout  Be7 P32 P33 S35 03
1976 1072 L1078 L1073 1072 1073 ppb
1 1.09 13.77 3.29 2.82 2.17 .
2 1.50 16.85 3.68 2.53 1.54 /.
3 1.05 15.11 3.60 3.12 2.29 .
4 0.89 56.96 11.61 8.13 2.42 .
5 0.93 18.23 3.80 2.91 1.58  ./.
6 1.29 11.87 2.79 . 2.59 1.09 .
7 1.43 14,53 3.08 3.09 2.06 /.
8 - 1.49 16.85 3.37 3.23 . 1.64 ..
9 - 1.29 10.44 2.27 2.26 1.05 ..
10 1.39 18.87 4.07 4,13 1.67 e
11 0.98 18.20 3.89 3.39 2.29 . ./.
12 0.89 15.00 3.18 3.01 1.39 ..
13 0.94 9.23 1.97 2.17 1.72 ..
4 1.24 7.93 1.66 1.93 1.43 .
15 1.05 7.73 1.85 2.23 0.97 e
16 0.63 8.37 1.88 2.16 - 1.58 .
17 0.46 8.92 1.75 1.03  1.54 ..
18 0.24 3.00 0.77 1.26 0.72 ..
19 0.30 7.36 1.29 1.32 0.79 .
20 1.14 24,49 5.72 4,02 2.23 e
21 1.23 19.92 4.88 2.87 1.94 .
22 0.76 17.48 4,16 2.94 1.93 ..
23 0.39 3,44 0.91 0.87 0.80 e
24 0.81 13.75 3.10 2.33 . 1.13 ..
25 0.27 4,71 0.94 0.85 0.82 .
26 0.80 11.66 2.63 1.81  1.33 /.
27 0.33 4,14 1.12 0.98 0.99 .
28 0.61 6.70 1.84 1.63 1.66 ..
29 1.21 13.31 3.31 2.85 2.26 .
30 1.09 10.99 2.62 2.61 2.32 ..
31 1.22 13,32 2.90 2.92 ..




IX
Radioactivity pc/m3 '
fallout . Be7
1072 1072
1 1.55 15.74 3.33 2.72 1.21 ..
2 1.95 17.53 3.63 2.98 1.16 ..
3 1.45 16.61 3.78 2.23 2.63 ..
4 1.36 9.81 2.37 1.62 2.29 .
5 1.07 6.66 1.61 1.73 0.69 ..
6 1.08 8.84 1.84 1.59 0.58 /.
7 0.34 2.93 0.68 0.80 0.71 e
8 0.24 2.13 0.59 0.81 0.82 .
9 0.44 4,58 1.41 1.28 1.16 ..
10 0.54 8.46 7.35 5.16 2.72 ..
11 0.49 22.20 5.32 4,17 2.01 .
12 1.55 16.42 4.36  2.47 1.61 S
13 1.33 12.12 2.83 2.69 1.66 .
14 1.28 9.15 2.34 2.14 1.29 /.
15 1.54 9.16 2.42 2.20 1.52 .
16 1.42 11.34 2.72 2.81 1.70 e
17 1.11 10.19 2.60 1.72 0.86 .
18 1.35 . 13.26 3.29 2.02 1.40 .
19 1.73 . 13.57 3.40 2.34 2.10 .
20 1.76 12,32 3.08 2.03°  1.25 ..
21 1.11 11.90 2.90 1.73 1.46 .
22 0.77 6.92 1.79 1.25 0.92 ..
23 0.14 1.50 0.66 1,14 0.93 .
24 0.22 1.71 0.32 0.66 0.78 e
25 0.15 1.60 0.44 0.89 1.07 ..
26 0.27 1.60 0.88 0.76 0.80 .
27 0.60 7.21 1.93 2.24 0.76 ..
28 0.9 25.35 5.76 5.25 0.81 ..
29 1.29 43,46 10.22 " 7.73 6.11 /.
30 1.09 16.77 4,03 3.92 2.14 AR




Radioactivity pc/m3

fallout Be7

1072 1072

1 1.47 17.32 4,12 2.93 2.61 ..
2 1.54 20.38 4,35 3.48 3.25 ..
3 0.76 9.90 2.17 2.35 1.36 ..
4 0.40 4.50 1.18 1.01 0.4k ./.
5. 1.27 14,70 3.27 2.60 2.53 /.
6 1.78  18.02 3.66 4,20 3.73 ..
7 1.98 16.39 3.60 3.73 3.08 .
8 1.87 15.56 3.76 3.30 2.91 /.
9 0.85 9.30 1.95 1.72 1.45 /.
10 0.61 7.80 1.74 2.12 1.81 /.
11 0.53 6. 34 1.58 1.97 1.14 /-
12 - 0.62 5.30 1.31 1.64 0.91 ./
13 0.16 2.51 0.74 1.15 0.92 .
14 0.84 25.87 6.18 4,36 2.86 .
15 1.04 20.91 5.08 4,34 2.85 ..
16 1.52 15.79 3.65 3.75 2.81 .
17 1.59 15.45 3.69 3.43 2.85 ..
18 1.59 18.24 4,30 3.91 2.64 /.
19 0.94 11.42 2.71 2.81 1.86 ..
20 0.37 2.54 0.77 0.84 0.81 .
21 0.17 1.15 0.4k 0.85 0.87 .
22 0.43 7.20 1.52 1.49 1.24 .
23 0.43 7.20 1.52 1.49 1.24 ..
24 0.77  21.37  h4.62 4.38 . 2.44 .
25, e Ao L/ . . e
26 0.22 4,41 0.42 0.81 .  0.51 /.
27 0.4k 1.91 1.25 1.30 0.92 ..
28 0.93 16.15 3.45 3.49 2.51 /.
29 1.30 . 16.18 3.31 3.05 2.14 .
30 . 0.51 7.00 1.64 2.11 1.58 .
31 0.20 2.85 0.80 1.10 0.57 /




XI

Radioactivity pc/m>

Juni " fallout  Be7 P32 P33 835

03

1976 1072 L1072 L1073 L1073 1072 ppb
1 0.13 1.33 0.34 0.73 0.30 . /.

2 0.18 0.82 0.25 0.58 0.41 /.

3 0.23 1.91 0.64 1.01 0.58 .

4 0.27 3.69 0.88 1.15 0.68 A

5 0.68 12.63 2.69 2.91 1.73 ..

6 0.99 25.54 5.65 4. 81 2.05 .
7 0.74 24,07 ' 5.63 4,61 2.45 A

8 1.00 18.59 3.96 3.37 2.02 /.

9 1.37 15.52 3.29 3.13 1.85 /.

10 1.00 14,88 3.34 3.29 2.17 ..
11 1.29  15.86 3. 41 3.35 1.60 /.
12 1.15 13.85 3.18 2.72 1.86 /.
13 1.23 12.20 2.74 2.70 1.52 A
14 1.05 11.81 2.77 2.67 1.61 A
15 1.21  13.46 2.61 2.77 1.66 e
16, 0.48 9.03 1.75 2.45 1.87 ..
17 0.75 19.05 4,48 3.59 1.70 e
18 1.02 18.76 3.91 3.63 2.66 .
19 1.20 19.81 4,21 3.89. 2.33 .
20 1.31 13.71 2.65 3.21 1.63 A
21 1.30 13.06 3.01 2.76 1.90 /.
22 1.49 13.24 2.73 2.91 1.57 ..
23 1.02 15.64 2.58 2.84 2.07 .
24 ©1.03 12.94 3.59 3.06 2.27 ..
25 1.17 13.22 3.13 2.94 1.09 .
26 1.00  19.94 4.36 3.83 2.96 A
27 1.27 22.25 5.16 3.56 2.90 . /.
28 0.88 20.97 4.57 3.72 2.70 A
29 1.44 19.80 4,00 3.93 3.25 /.
30 1.32 14,38 3.12 3.22 1.53 A



XITI
Radiocactivity pc/m3

fallout Be7 P32 P33

-2 -2

1072 L1072

.10

.10

.06 17.76

1 A 3.99 3.22 1.82 R
2 1.35 19.49 3.95  3.71 2.45 A
3 1,34 21.21 5.06  4.18 2.30 A

4 1.49 23.41 5.80  3.94 3.25 .
5 1.80 . 23.94 5.44 4.4 1.76 e

6 1.79 21.97 4.46 3.63 1.33 Je
7 1.18 22.81 4,93  3.65 2.82 ..
8 1.30 18,22 4.33  3.99 4.05 /.
? 9 0.99 13.11 3.05  2.85 3.0 ./.
| 10 0.29 7.33 1,22 1.56 2.17 /.
| 11 102 10.31  3.06  2.29 2.58  ./.
12 1.05 10.02 2.47  2.18 3.12 ..
| 13 0.74 9.85 2.68  2.10 2.01 2
14 e 9.40 1.43 1.52 2.77 o
15 1.02 14.55 3.49 3.19 2.92 .
| 16 1.3 16.02 3.57  3.29 2.47 .
17 1,28 - 13.00 2.85  4.90 2.73 ..
18 1.39 23.85 3.93  2.99 3.4% .
! 19 0.86 20.43 . 3.45  2.85 1.83 A
% 20 0.67 10.63 2.60  2.08 1.57 ./
; 21 0.43 8.94 2.2  2.36 1.20 .
22 0.13  1.03 0.26  1.31 3.28 - ./.
! 23 0.24 0.91 0.21 0.86 3.25 e
24 0.25 3.78 0.68  1.47 2.98 /.
25 0.15 0.69 0.20  0.79 2.02 A
26 10.39 1 6.16 1.87  1.30 1.47 .
27 0.32 5.05 1.41 1.17 1.28 ./
28 0.64 13,13 2.21 1.87 1.19 ..
29 0.90 24,93 4.77  2.80 2.06 ..
| 30 0.96 15.39 3.55  2.37 1.17 .
| 31 0.55 6.60 1.64  1.42 0.68 .




Radioactivity pc/m3

XITI

Aug fallout Be7 P32 P33 S35 03
1976 1072 1072 1072 L1072 L1077 ppb
1 0.27 8.49 2.59 1.84 1.88 /.
2 0.49 13.47 3.49 2.92 1.87 .
3 0.94 16.03 3.66 3.27 2.94 .
IA 0.53 9.47 2.35 1.94 1.50 ..
5 0.53 8.43 1.97 2.12 1.65 ./.
6 0.53 9.32 2.32 2.25  0.57 ..
7 1.23 18.66 L. 47 4,24 2.40 .
8 1.43 17.75 4,21 3.66 3.23 ..
9 0.94  15.04 3.56 3.23 2.39 .
10 0.40 4.91 1.16 1.04 0.88 ..
11 0.61 6.26 1.77 1.43 L.42 ./
12 1.06 12.04 2.18 2.42 1.98 ..
13 1.13 13.88 3.49 2.50 2.03 ..
14 1.29 14.37 3.58 3.36 2.10 /.
15 1.37 - 17.44 4,94 3.32 2.78 .
16 1.22 14.09 3.85 4,12 2.34 ..
17 0.66 8.59 2.14 1.95 1.55 /.
18 0.80 10.04 2.38 1.92 1.38 ..
19 0.98 9.73 2.66 2.65 2.65 .
20 0.78 8.04 2.21 2.25 2.27 /.
21 0.82 17.93 4,36 3.91 2.87 .
22 1.38 20.89 5.32 4. 47 3.54 e
23 1.07 ~ 14.80 3.72 3.02 1.92° .
24 S 1.67 18.14 5.07 4.4LO 3.29 ..
25 1.70 23.20 6.09 3.56 4,22 o
26 1.72 19.67 4.99 3.00 1.79 ..
27 1.22 13.96 2.92 1.42 1.41 /.
28 0.93 10.31 2.60 1.52 0.95 ..
29 0.92 8.45 2.13 0.90 0.70 ..
30 0.41 7.23 1.62 0.88 0.84 ..
31 0.29 80 1.06 0.79 0.82 /.




Radioactivity 'pc/m3

XIv

Sep fallout Be7 P32 P33 S35 03
1976 1072 1072 L1072 1073 .1072  ppb
1 0.39 3.43 0.78 0.58 0.60 ..
2 0.75 6.60 1.56 1.31 1.70 ..
3 0.16 1.89 0.50 0.58 0.32 /.
4 0.09 1.13 0.26 0.30 0.60 ..
5 0.33 2.39 0.58 0.48 0.21 /.
6 1.08 21.66 7.30 3.15 1.95 ..
7 1.03 24.25 7.34. 3.29 1.19 ..
8 0.93 19.83 4.70 4 41 1.45 ..
9 1.13 10.74 2.68 2.27 0.67 .
10 0.28 7.63 2.05 0.66 1.11 A
11 0.72 22.49 5.69 4,12 2.10 ..
12 0.59 8.37 1.94 0.94 0.78 oo
13 0.18 1.77 0.71 0.90 0.84 ..
14 0.43 11.55 2.63% 1.41 1.29 .
15 0.29 4.52 1.12 0.83 0.47 ..
16 0.14 2.30 0.31 0.43 0.39 ..
17 0.43 2.95 0.73 0.61 0.92 ..
18 0.55 6.01 1.34 0.57 1.37 .
19 1.66 16.87 3.34 2.34 1.47 .
20 1.15 11.65 3.07 2.07 1.34 ..
21 2.22 20.05 4,39 3.10 1.27 ..
22 1.36 15.97 3.71 2.38 1.18 e
23 1.19 16.39 3,47 2.50 1.52 ..
24 1.83 14.92 3.26 1.79 1.44 /.
25 1.89 14.50 4,32 3.38 2.63 ..
26 1.43 12.91 3.76 2.75 2.24 .
27 0.96 9.30 3.28 2.16 1.36 .
28 1.05 7.45 2.49  1.58 1.57 .
29 0.20 4,52 2.07  0.93 1.06 ..
30 0.46 6.56 1.60 1.78 1.12 A




