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NATION.h.L ADVISORY C(li.flHTTEE FOR AERONAUTICS 

TECHNICAL MEMORJ.NDUM NO. 1033 

WIND-TUNNEL INVEST!GA~IONS OF DIVING BR~KES* 

By D. Fuchs 

Sut-1MARY 

Unduly high diving speeds can be effectively con­
trolled by diving brakes. But their employment involve~ 

at the ~arne time a number of disagreeable features: 
namely, rotation ~f zero lift direction, variation of 
divifig moment, and the creation of a potent dead air re­
gion • 

..!.!.._~E.~~l.£g_~f_f.~£!..!..- The point of attachment _at the 
wing (rear position) has the greatest influe~ce on the 
braking effect; forward positions afford stronger braking 
action than rearward positions. At zero lift the effect 
is approximately the same whether the brakes are mounted 
on the upper or the lower surface; the mounting on the 
lowc;r __ surface is accompanied by a marked slowing down of 
braking effect at increasing lift. The aspect rat.io of 
the br~ke has as lit~le effect on the braking action as 
the lateral positio~.-

Fo_r the decis.i"·o·n of the. question of suitable loca­
tion the bra~ing·effect can, therefore, be largely dis­
counted, provided the brakes are plac~d as far forward 
as possible, the span being preferably so disposed that 
only one of the trailing edge flaps is'hit by the dead­
air region. 

~~-R~igiiQn_Q[_~g~Q_1i[i_~iLg£iiQn~- The mounting 
of diving brakes on top of the wing produces a positive 
rotation (sight impairing), under the wing, a negative 
rotation (sight improving) of zero lift direction. The 
absolute amount of the angle of rotation can be reduced 
by a greater aspect ratio or by locating the brakes closer 
to the -.fus.elage. · 

*"Windkanaluntersuchungen an Bremsplatten." Luftfahrt­
forsch.ung, Bd. 15, Lfg, 1/2, Jan. 20·, 1938, ·:n.p. 19-27. 

·······-····-·········--,--------------------------------''-------
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~~-Ya~ia~i~n-~~-~iYing_m~m~n~~- Limited to the ex­
plored backward positions of the brake up to about ~0 per­
cent of the chord, the sign of th·e moment change is (as 
under 2) determined by the disposition on the .upp~r or 
lower surface of the wing. (Upper surface: noseheavy; 
bottom surface: tailheavy additional moments.) The lim­
itation t6 the front porti6n· of.the profile was dictated 
by the fact that the split flaps mounted at the lower 
surface produce, as is known, additional noseheavy moments. 
It follows, moreover, that there always exists a point 
of att~chment for the brake on the lower surface of the 
wing for whic·h the additional moments become equal to 
zero. The absolute amount of moment change of the inves­
tigat-e{d brake arrangements can be reduced, as before, by· 
greater aspect ratio and pl~cement closer to the fuselage~ 

Since the diving brakes must be mounted near the 
spars fer reasons of strength, that is, in the fore part 
of the profile, the use of .the bottom surface is advis­
able because the additional tailheavi moment here unloads 
the diving moment. The sign of the additional-moment can· 
be explained by means of pressure distribution.measure~ 
ments. It was found that th~ low pressure behind the 
brake, when mounted on the lower surface of the-wing, must 
furnish a tailheavy·additional.moment. The pressure dis­
tribution mecisuiements are invaluable ~or static purpo~es, 
since the conventional methods under such severe disturb­
ances render a precalculation impossib~e. 

1~-~yoi£~~£~_Qf_~~~~£i~£-~~~~=~l~-~~glQ~-~f[~£i~~­
Experi'~ents in the dead-air re_gion of the brake ''indic:P.te' 
that the provision of a gap .b~.h.reen \'ling and brake af:.... 
fords considerable amelioration of the unwanted eff~ct.i . 
of the dead-air region." It. was. proved· by· measurements· on 
a model airplane and on a normal wing that the prov'i·sion 
of a gap is only beneficial, since the braking effect in 
any even.t does not s la.cken and the. effect on· d:i..ving mo- . 
ment and zero lift ~irection.becomes at the same·time less. 

I. DISTRI~UTION OF THE BR~KS SURF~CES ON THE WING 

a. Distribution on Upper and Lower Surface. of Wing 

Brakes of 105-millimeter span each ~ri~ 36;7 sqfiare 
cen~imster area, or altogether of 7~.4 square centimeter 
or ·1.6$ perce~t oi the wing area, were mounted on a model 
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of 1.64 meters span with an eTliptical area of 0.446 square 
meter. on each wing half ... The model wing had twist and 
was complete, that is, was fit~~~-with.hori~~nt~l and ver­
tical tail surfaces, as the tests were intended to include 

·the longitudinal moment changes of the wnole airplane, 
hence inclusive of any eventual effects on the tail. 

The tests were made with the following arrangements: 

l. :Brake 100 percent on· lower surf ace 

2. :Brake 57 percent on lower surf ace and 43 percent 
on U!J:per· surface 

3. Brake 43 percent on lower surface and 57 percent 
on up:per surface 

4. Brake 100 percent on upper surfa.ce 

The reference quantities for the aerodynamic forc2 
coefficients are: 

F = 0.~46 m~ wing ar~a 

t = 0.346 m maximum qhord 

The· moment r,,ference -point was 133.5 millimeters:behlnd 
the envisaged wing nose in fuselage center, that is, at 
38.6 percent of the maximum wing· chord. The resul.ts of 
the tests made at v = 30 m/s air speed arc provided 
with the usual correction~ for open jets with elliptical 
section for drag and angle 6f attack (reference 1). 

The test data are shown in figure 1 a}ong with a 
reference measurement .. of. the model without brakeE;· •. The· 
additional dr~g. referr~d to the brak~ a~ea, is shown in 
figure 2 (denoted with 6cw:sl. 

1. ~ra~.- The minimum profile drag of these arrange­

ments is located at widely varying Ca values. Hence 

the :polars, viewed from c 8 = 0 in direction of ascend­
ing c~ values, present entirbly different asuects. 

While the dTag increases continuously with the brakes dis­
posed on the."upper surface only," there still is a con­
siderable loss in braking ~ffect with the brake mounted 
on the "lower surface only." Of the drag increment exist­
ing At ca = 0 only 55 percent remain at c 8 = 0.3. 

1---------------------------------------------------
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This phenomenon is noteworthy, because of the marked de­
cre·ase in· braking· effect attending a pull-out from a clive 
l;l'_ith -brake flap extended on the lo,.1e:r surface. It is 
piainly visible in figure 2. 

An unusual feature is that the _drag coefficients of 
the brakes assur1e such high values. Those of the sa:r:1e 
aspect ratios freely exposed give drag coefficients of 
the order of magnitude of 1.1 to 1.4 (reference 2). Hor;r­
ever, it is entirely comprehensible that a multiplication 
of drag is obtainable by uutual effect between brake and 
wing, especially if the former is located on top of the 
wing. 

2. Variation of_l.Qngituclin§l none:n.t.- These varia­
tions are very considerable. To estimate the approximate 
magnitude of change of normal force coefficient necessary 
at the horizon tal tail surfaces '"h ic~1 balances the pre­
duced change in longitudinal moment, we put 

(Subscript H denotes the horizontal tail surfaces.) 

In our example it is 

Extension of the brake area with arrangement "flap below 
only" produces a variation _in diving moment of llcm

0 
= 

-0.07 and of llcm
0 

= +0 .• 07 ·with arrancement "flap above 

only." Hence the normal for~e coefficient on the hori­
zontal control surface must change by about llcnH = 
±0. 21 which in any event requires an elevator deflection 

of about 6° on the assumption of dcnH _da. __ 
0 

~. --- = 4 ancl .__, 
cla - cll3 • 

Noteworthy also is the sign of the moment variation, be­
cause it is contrary to natural expectation: A brake 
flap under the v.ril)._g produces a tailh~L1:i~:1h_E::.!: tha~~ 
noseh~.§.Y.Z moment. This is solely because of ,-the change 
in pressure clistribution on the profile, as w-ill be e:c­
plained ·elsewhere. 
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Still another noteworthy feature is the change of 
direction of the longitudinal moment line ( cm = f (ca) in 
the illustration) whi~h is especially marked on the 
arra~gement "brake fiaps ·below only.~ Referred to maxi­
mum chord at mid-center of the wing there is in this in­
stanc~. a 11.3 percent chordwise backward displacement of 
the neut~al point. The other moment lines of this picture 
are not rectilinear; hence the definition of the neutral 
point, thit is, of the point in the airplane referred to 
which the longitudinal moment be~omes independent of the 
angle of attack, does not apply to it. 

3. Z§~Q lif1~gl~§Q1iQn.- The change in zero lift 
direction, so importarit for the visibility conditions, 
amounts to ±2° \'rith this arrangement. !!Totable also· is 

the change in which drops from 4.1 withoUt brake 

to 2.8 with brake flaps, or almost by a third. 

As to the advantages of mountin~ the bra~es on top 
or uncler the 1tJing it may be briefly sta.tect that at vanish­
ing lift the additional resistances are equal. For take­
off, that is, for increasing Ca, the mounting on top 
of.the wing would be more favorable since here, in con­
trast to mounting it under the wing the additional re~ 
sistance still increases. Nevertheless one is forced to 
mount the brake under the wing because there only the 
rotati6n of the zero lift direction is in negative, that 
is, visibility improvin~, direction. Added to that, the 
diving moment is decisive for the strength of the wing 
against distortion. But, in turn, this is decreased only 
when the brake flap is mounted under the wing; the change 
of moment due to the brake acts, in this instance, unload­
ing on the diving moment. One of the investigated inter­
mediate solutions with brakes fitted on top and under the 
wing is constructively much more difficult to achieve. 

b. Effect of Brake Span and Lateral Position 

~ The employment ~£ brake,flaps conditions the appear-
ance of a powerful wake behind the brake. The modern 
airplanes are fitted with some sort of trailing-edge 
flaps which are s"t.ruck by the dead-air region. One \'Till 
attempt to so dispose the ~pan of the brakes that only 
one ~f these is struck. But, inasmuch as a definite 
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braking effect is to be achieved, a cert&in size is re­
quired. 

Th~ p~oblem of effect of brake aspect ratio is there­
fore of as much interest as that of their lateral position. 

The results of such measurements are. shown in fig:_ 
ures 3 and 4. Fi_gure 3 is for brakes mounted ori top and 
uncler the surface. In figure 4, "\'!here the. brake is mountect 
under the wing, the effects of three different arrange­
ments are visible: 

1. Two aspect ratios in fuselage vicinity 

2. T'I.>JO aspect ratios approximately in the center of 
the s em i span 

3. Effect of the lateral position of brake 

The additional resistances referred to brake area 
are shown in figure 5. 

Comparing figure 1 rlith figure 3, the_ result is 
quali~atively the same. ~uantitatively the additional· 
resistance is also of the same order of ma~nitude (see 
fig~ _2) but the variations in zero lift direction and iri 
diving moment hav~ decreased somewhat. 

The data of figures4 and 5 show very little differ­
ence. Neither the as~ect ratio nor the lateral position 
has any appreciable effect on the additional resistance. 
On approaching the fuselage,like for ari enlargement of 
the aspect ratio, the variation in zero lift directio~1. o.nd. 
in the diving moment decreases. But the effects are so 
small compa~ed to constructive considerations ana wake 
effect problems, that they are not decisive. 

I I. EFFECT OF GAP BET1'fEE:tT :BRAXE AND 1¥I1i!'G-

For the practical design the question of minimizing 
the unwanted eff~cts of the dead-air region was of great­
est im:porta_nce·~ Unfortunately the vibration :phe.nomena 
occurring on the impacted flaps at the trailing edge 
(split flaps, ailerons) could not be invesiig~ted with 
the very heavily constructed wind-tunnel moclel, since it 
would have postulated at least approximate similarity of 

------------------------------·----------------JI 
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elastic properties. Because the available model was de­
sisne~ ac~ording to standard practice and the design and 
construction of an elastically similar model was impossi~ 

ble within the allotted time, some wake studies behind 
brake flaps were macle ins t.eacl. The clis turbecl zone was 
scanned over its extent_by total-head tube and tuft survey. 
These investiiation• ldke the tests with sailplane (refer­
ence 3) brakes appearecl to be the most appropriate solu­
tion for reducing the clead-air region. 

Figure 6 .gi-ve·s- ·the- results of total-h·eacl measurements 
(t.p-g) _.i:q the clead:._air ,r-egion beb,ind the brak.e mounted 

unde:r -t11.e "ring, .the· ·r··egion of maximum t.p:t' ·being .regarci..e·a. 

as nucteus,, and the'-!egion "'here t.pg c\r_·a.ps"_::to zero as 

mb::ed rec;i,on. The ris·p·iiling effect" thro.uch the slit in 
the plane of mea-surement .behind the -br.ake is plainlj• evi­
denced by a smaller llJ?~· 

b 

To ex:pl~re the effects of the gap on the remaining 
aerodynamic quantities ex:p er imen t s 'trer e made on 

~) A complete airplane model and 

b) .Pn a rectangular wing 

The airplane model was the same used in the previ­
ously described tests. Two_ different types of brakes 
were me~sure~ (200 X 18~4 mm~ or 1.65 percent of the wing 
area ~rid 287. X 25 mm2 or ~.2 perpent of the wing area)~ 
the gap width being v~ried from zero to 1.33 times the 
height of the.plate. Th~ l~rge .~urface w~s also farther 
awa~ from the fuselage and farther .b~c~ from the nose of 
the wing. · 

· T~1e rectangular , ... :ing (b. =1.50 m, t = 0.3 m, F = 
0.45 m2 ) was of constant profile (maximum thickness 10 
percent of chord at 30 percent chord.and maximum camber 
2 percent at 40 perce11.t. chord.).· :~he. -o1·ake 1·ra.s 20 milli­
meters high and continued acroJs. the ~:Pan, making its. 
area 1.5 ).( 0.02 = 0.03 squar.e~+-~meters or 6.67 percent_ 

.. of the \ving. area. Its distanc~ 'back o-f t~1e nose 1.ias 20 
percent of the chorcl. . · 

The test data are reproduded in figures 7, £, and 11. 
The braking effect is shdwn in figures 8, 10, and 12 
plotted against the width of gap along-with the rotation 
of the zero lift direction and the displacement of the 
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diving moment. The two quantities are reduced to plate 
area = 1 ·percent of wing area for comparison. 

The gap has, as. is seen, little influence o;n. the 
bral:ing· effect. Horeover, since the variations in zero 
lift di~ection and in diving moment become less, the 
presence of a gap is actually of advantage from the aero­
dyna.nic point of vievr. 

The effect of rearward positon of plate, as reflected 
in figures 8 and 10 is also noteworthy; in figure 10 it 
results in a loss of braking effect, although in coinci­
dence with a decrease in zero lift direction and diving 
moment change. Nevertheless it is more beneficial if the 
design permits the plate to be located farther forward, 
where less area is required and the slight impairment of 
the other characteristics is balanced by smaller plate 
dimensions. 

The comparatively low braking resistance of the 
rectangular wing is due to the fact that the interference 
effect of the brake flap cannot extend spanwise. The 
rectangular ·winG therefore cx~~plifios tho plane problem. 

III. PRESSURE :OISTRI:SUTI01i A:SOUT A PROFILE 11'ITH :BRAD FLAPS 

The previously mentioned chango in longitudinal 
uoment in the presence of a brake flap carries a prefix 
contrary to expectations: The r_;_ounting under t~1.e uinr; 
effectuates a tailheavy moment. This phenomenon is illus­
trated on pressure distribution measurements, which more­
over are valuable for static investigations as well, 
since the customary calculation methods fcir predicting 
the pressure distribution about a profile fail when diving 
brakes are involved. 

These measurements had be~n Eado i~ t~o G5ttingen 
laboratory boforo the Heinkel wind tunnel was co~pletod. 
The enployeo. rectangular wing had a l.O:..meter span by 
0.25-meter chord. Its co:;.1stant profile had a maximum 
camber of 2.4 percent of the chord (at 40 percent chord), 
and a maximum thickness of 16.5 percent of the chord. 
The pressure measurements were made at midspan of the 
wing at v = 30 meters per second~ The brake flap was 
mounted at 48 percent of the chord. 
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The result is ~hawn in figure 13. There is a dis­
tinct pressure before the flap. The tailheavy moment, 
how~ver, is due to the not inconsiderable low pressure 
behind the flap. The effect of this low pressure pre­
dominates. The local pressure jump induced by the flap 
is of the order of the dynamic pressure. 

Translation by J. Vanier, 
National Advisory Committee 
for Aeronautics. 

l?.EFEREHOES 

9 

1. liuttray, H.: Uber die Grosse der :BerichtigungsoehJerte 
ftir Widerstand und Anstellwinkel oei Freistrahlen 
von elliptischem ~uerschnitt. Luftfahrt~orschung, 
Ed. 12 (1935) Lfg. 8, p. 265. 

2. Ergebnisse der Aerodynamischen Versuc~'lsanstalt zu 
Gottingen, II. Lieferung, litinchen 1923, Verlag 
Oldenoourg, p. 34, Zahlentafel 41. 
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Figure 1.- Diving brakes mounted on top and under the wing. 
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Figure 10.- ... Braking 
effect­

change in zero lift 
direction and div­
ing moment. 
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Windkanaluntersuchungen an Bremsplatten. 

Von D. Fuchs. 

Herirht der Ernst-Heinkel-Flugzeugwerke, Seestadt Rostock. 
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Aerodynamisch gut durchgebildete Flugzeuge erhalten im 
Falle de* Sturzfluge» unerwünscht große Endgeschwindigkeiten. 
Ein einfache» Mittel, um diese auf ein erträgliches Maß 
zurückzuführen, sind Bremsplatlen. Obgleich die wichtigsten 
Eigenschaften derartiger Hremsplallen schon bekannt raren, 
reichten die twrhandrnen Messungen nicht aus, um alle sieh 
ergebenden Fragen zu beantworten. Das Ausfahren von llrenis- 
platten bewirkt bekanntlich nicht nur eine Vergrößerung des 
Widerstandes, sondern es treten noch Veränderungen des 
IMngsmomentes und der ,\ullauflriebsrirhlung auf. Weiler 
besieht die Möglichkeit, daß das Totwassrr hinter der Hrems- 
platte andere Flugzeugteile trifft und diese in ihrer Wirk- 
samkeit beinträchtigt oder gar zu Schwingungen anregt. Alle 
diese Erscheinungen kann nan jedoch durch geeignete Wahl 
der Anbringungsslcllr am Flügel beeinflussen. Hei der Auf- 
stellung des Versuchs planes war aber zu berücksichtigen, 
daß man aus konstruktiven Gründen in der Auswahl der 
Anbringungsslcllr nicht frei ist. Die Kräfte, die an solchen 
Platten angreifen, sind bei den sehr großen Geschwindig- 
keiten beträchtlich. Man ist also gezwungen, um die nötige 
Festigkeit zu erreichen, die Platte in der Kähe der Holme 
anzubringen. Auch das Auftreten einer positiven Drehung 
der X ullauflriebsrirhlung ist wegen der damit verbundenen 
Sichlverschlechlerung unerwünscht. Daher toar es notwendig, 
sieh an Hand von Meßergebnissen die einzelnen Einflüsse 
bei Anbringung von Dremsklappen klarzumachen und die 
geeignetste Anordnung auszuwählen. 

Im Windkanal der Ernst-Ileinkel-Flugzeugwerke wurden 
einige systematische Versuchsreihen durchgeführt, deren Er- 
gebnisse im folgenden zusammengestellt sind. 

(illederiinir. 
I. VrrtelluiiH der Brrmaflarlirn auf Urin Flügel. 

a) iimvli Anhriiiiiuiu- auf Flniirliiber- »d« liiilerselie. 
Ii| liiii.li 'iinli-iiiiii: dra Srllriivrrhallnlsars und durrll 

Vrrsrtllrliuutx In arlllirllrr KH'htuutf. 
II. KillfluU vim Spalten zwischen Hilf I ulld Kla|i|ir ml 

dir arrodynamlaehrn KlKruarliafli'H. 
■) An rinrui vullalaiuliveii Fluvzruvinudrll. 
l'i An i in. in lt.. hl., kiiufi I. 

HI. Urui'kvrrtrlluuK um rln l'rufil mit llrrmaiilattrii. 
IV. Zuaaliiliirulaiiauntf. 
V. Schririuiu. 

I. Verteilung der Brenmflirhen auf dem Flüicel. 

a) Verteilung der Bremsflüchen auf Ober- oder 
Unterseite de» Profiles. 

An einem Modell, dessen Spannweite 1 .»"»'• m bei einer 
elliptischen Flache von » i i>'. in1 betrug, wurden auf lieiilen 
Flügrlhülftcn lirenis|ilutten von je 105 min Spannweite und 
36,7 ein' Fläche angebracht, insgesamt also 7M «•* '"''■r 
1,65 vll der Fliigclfhiche. Iier Flügel des Modells IM -.ill Ver- 
Windung, und das Modell war vollständig, besaß ulso auch 
Muhen und Seitenleitwerk, da die Versuche auch ober 
die Laiigsmomeiitcnaiiilcriingrn des ganzen Flugzeuges, also 
einschließlich einer etwa möglichen Hohcnleitwerksbeein- 
flussung, AufschluLJ geben MM. 

Ks wurden vier Meßrcihcn durchgeführt: 
1. MO vll der Uremsflaclie auf der I 'nterseite, 
2. 17 \ll der Hreinsri.il he auf der I nterseite, 

II vll auf der Oberseite. 

3. 43 vll der Hreiusfläelie auf der Unterseite, 
57 vll auf der Oberseile, 

4. 100 vll der Kremsfläche auf der Oberseite. 

Die llczugsgrüUcn für die Luftkraftzahlen sind: 
Flügelfläche    F     0,446 m* und 
grollte Tiefe     /      0,346 II). 

Der Momentenliezugspunkt liegt 133,5 mm hinter der ge- 
dachten  Flügeln,!-.' in   Mille Kumpf, also in 38,6 vll der 
größten Flügeltiefe. I lie Ergebnisse der bei u   - 30 m/s durch- 
geführten Versuche sind mit den üblichen Korrekturen bei 
I n-i-li.ilil. ii   mit elliptischem   ijucrschnitt   für Widerstand 
und Anstellwinkel versehen 111. 

In Abb. I sind die Mcßcrgchiiissc ziisainmengeslellt nebst 
einer Kezugsmessiiiig des Minlells ohne Brcmspluttc. 

In Abb. 2 sind die zusätzlichen Widerstünde, auf die 
Uremsflaclie bezogen, aufgetragen (llezeichnung   1c.*). 

1. Widerstand. — Die Minima der Profilwiderstünde 
dieser Anordnungen liegen bei sehr verschiedenen c„-Werten. 
Dadurch bekommen die Polaren, von ea m o in Hiclitung 
wuehsender ea-Werte betrachtet, ganz verschiedenes Aus- 
sehen: Wahrend bei der Anordnung »Flutten nur oben« der 
Widerstund dauernd wachs!. tritt bei der Anordnung »Plat- 
ten nur nuten« noch ein beträchtlicher Verlust an Brems- 
wirkung auf. Von dem bei c„ o vorhandenen Wider- 
standszuwuehs sind bei c„ 0,3 nur noch 55 vll vorhanden. 
Diese* Erscheinung ist beachtenswert, da beim Abfangen aus 
dem Sturzflug beim Ausfahren einer llremsklappe auf der 
Flügelunterseite die Kremswirkung stark nachläßt. Man er- 
kennt das sehr deutlich auf Abb. 2. 

Besonders auffallend ist, daß die Widerstandszahlen der 
Breinsplatten so große Werte annehmen. Platten gleichen 
Seitenverhältnisses liefern freifahrend gemessen Wider- 
standszahleu in der (Irüßenordnung 1.1 bis 1,4 |2]. Es ist 
aber durchaus verständlich, daß durch gegenseitige Beein- 
flussung zwischen Platte und Flügel, besonders wenn sich 
die Platte auf der Saugseite befindet, eine Vervielfachung 
des Widerstandes zu erreichen ist. 

2. I.a iigsiim II I a ml' i ii HI;. — Sehr beträchtlich sind 
auch die l.ängsiiioineiitänderungen. I'm die Größenordnung 
der um Höhenleitwerk notwendigen Änderungen der Normal- 
kraftzahl abzuschätzen, die die entstehende I.üngsmomenten- 
änderung ausgleicht, werde gesetzt 

(Der Zeiger ■■//■ gilt für »Höhenleitwerk«.) 
In unserem Beispiel wird 

Wir bekommen durch das Ausfuhren der Brenisfläcbe eine 
Änderung des Sturzflugmomentes ,iem m —0,07 bei der 
Anordnung »Klappe nur unten« und .lr„0 • %Jfl l«'i der 
Anordnung »Klappe nur oben«. Die Normalkruflzuhl am 
Höhenleitwerk muß sich also um etwa 1 c „ ±0,11 aiidern, 
wozu immerhin ein liuderausschlag von etwa 6" notwendig 

ist, wenn man   j""       '• und   ,,      0,5 annimmt.   Heiner 
ii   ■ dp 

kenswert ist auch das Vorzeichen der Muiiieiitcuaiideruiig, 
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