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are relatively short. There are, moreover, many gaps in the data, mostly 
in consequence of the method of rejecting all the days of which could be 
suspected that the anemometer was not entirely in order. It was therefore 
indicated to compare the monthly mean values o( the complete as well as 
those of the incomplete observations with the averages of the most suitable 
principal station, calculated for the same days. With the aid of the ratios, 
obtained in this way, the data were reduced to comparable observations. 

AVERAGE WIND VELOCITY 

OBSERVATIONS AT THE PRINCIPAL STATIONS OF DEN HELDER, GRONINGEN, 

DE BILT, FLUSHING AND MAAsTRICHT 

4. To the observations mentioned in Meded. en Verb. 32, which
run till 1927, those till the end of 1939 have been added. No gaps of any 
importance occur in the observations of 1928-1939. The mean values 
without reduction are given in the first part of table 1. 

During the period of which the observations have been used, the 
anemometer at Den Helder stands on a free-standing tower, immediately 
behind the seadike on level ground, lying a few metres below the dike. 
The anemometer at Groningen is erected on a small tower standing on 
the physical laboratory. At De Bile the anemometer is placed on the high 
free-standing observation tower above the Meteorological Institute, which 
is surrounded by high trees. Since November 1929 the meteorological 
station at Flushing is situated on earthed-up ground scarcely built upon, 
to the south of the new locks; the old station stood at nearly the same 
place, but lower and behind the dike. The anemometer now stands on the 
low observation tower. At Maastricht an observation tower has been built 
on the building of the Municipal ,,Hoogere Burgerschool" (High School). 
The situation of the principal stations with regard to their surroundings 
is indicated in fig. 2a-e. 

The periods of observation and the heights of the anemometers above 
the ground are mentioned below. The effective heights are the heights 
above the base level mentioned on p. 129 of Meded. en Verb. 32. 

The change at Flushing from October to November 1929 has been 
checked by comparative observations during 2 �'z months. In table I un­
reduced figures are given for 2 separate periods, because the situation 
has changed from October to November 1929 . 
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of the full hour. The average velocides at Groningen, Hushing, and De Bilt
were derived from the diagrams of ROBINSON anemometers, for the rest
from those of pressure anemometers. The gusts were mosily obtained
from the records of pressure nubes, but for Hook of Holland and Flusbing
from pressureplates.

A new instrument provided with a damping arrangement was erected
at Hook of Holland on April, iS, i6, improvements being introdueed
on June, 30, 1939, consisting principally of a more effective damping.
A similar apparatus was erected at Flushing mx June, 17, 1937, the damping
being likewise improved on August, 4, 1939. The effective height of the
anemometer was somewhat increased at Flushing, when the new building
was put into use in November 1929.

A few pa±culars about some of these disturbances follow below.
1929. January ,s!16. Snowstorm with N.wind and frostremperatures.

December 7—12. Stormy month. Period of high winds from 7—12, with
S.- to W.winds. The mean velocity of the whole day was 12.5 m.p.s. and
more at Den Helder for 6 consecutive days.

1935. September 25. Severe NW.storm at the back of a depression.
1938. October 4. Mostly S.wind. Damage to the Zuydersea works.
The windvelocities of the table are derived from the unreduced ob

servadons. Particulars about the position of the insmuments are given
in § , and 6. Missing observadons are indicated by a dash, if data have
been omitred for some other reason the place has been 1± open.

It is conspicuous, that the anemometers at Hook of Holland and Flushing,
which are provided with pressureplates, often give higher maximum velo
eities than the pressure-nube anemometers of the DINES pattem (PITOT

tubes). This appiles also to the new pressure plates of Hook of Holland
and Flushing, notwithstanding their damping arrangement. The pen of
the anemomerers with pressure plates is more mobile than that of those
with PITOT tubes. With the latter a smoothing of the extemes takes place,
the adjusmient of the balance berween the air in the tubes and float and the
open air requiring a not insignificant displacement of air. Very short gnsts
will therefore be recorded too low by the DINES instruments. The fact,
on the other hand, that also some of the average velocities at these two
stations show a considerable deviadon upwards, may be taken as art mdi
cation, that abnormally high readings of the pressure plates are due to
inaccurate records, caused for instance by a too high base value of
the pen.
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At the end of the table the maxima of the whole series of observations
are mentioned, which were obtained by a combination of table 12 with the
table on p. 115 of Meded. en Verh. 32. The value of 32 m.p.s. for Flushing
in the last column but one is too high (see Meded. en Verh. 32, p. 143).

The winddirection at the bottom of the table is that of De Bilt during the
highest average velocity.

PERIODS WITH LIGHT WINDS

23. The number of periods with light winds of various duration has
been sorted out for Groningen, De Bilt, and Flushing, stations where
during a long time windobservations with ROBINSON anemometers have
been made. An hourly average of 3 m.p.s., reduced to a height of 6 m
above level ground without obsiacles, was taken as the highest windvelocity
included. This signifies, that the limit value is 3.3 m.p.s. for Groningen,
3.6 m.p.s. for De Bilt, 3.0 m.p.s. for Flushing as far as October 1929 inciusive,
and 3.4 m.p.s. afterwards. This limit value was chosen, because windmills
of the improved type can no more carry up water with a wind of 3
m.p.s.

Au interrupdon with higher hourly averages than 3 m.p.s. was admirted
for periods of at kast 10 hours. Periods of 10, II til 19 hours wkh at mast

3 m.p.s. were included even when one hour witt more than 3 m.p.s. had
been left out benveen, periads of 20,21 till 29 hours being included, benveen
which 2 hours with more than 3 m.p.s. had been come across, etc.

Periods covering more than one montE were noted down under the
month containing the langer part of the series.

The results are given in tables 13, 14, and 15, die first column contains
the duration of the periods in hours.

As might be expected, the number of periods witt light winds is larger
in winter than in summer, windvelocity being generally higher in winter.
It is, however, a remarkable fact, that long periods with light winds are
more frequent in the cold season. The subjoined totals of the number
of periods are found for May—August (1) and November—February (II).

The numbers for November—Febmary becdme the larger ones benveen
20 and 30 hours. Then follow for all 3 stations some periods, between 30

to o hours duration, with larger numbers in May—Augiist. For longer
dumtion the numbers in the cold months preponderate again distinctly
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at Flushing and Groningen, and generally also at De Bijt, but with some
exceptions.

This phenomenon seems to be a consequence of the fact, that the long
periods with light winds are more frequently intermpted in summer by
a few hours during the hottest part of the day, when under the inifuence
of heat convection the windvelocity is temporarily raised above the fixed
limit. There occurs a noteworthy break for a duration of about j day.
We did not specially make out, whether these are periods, consisdng of
a complete day and a night, and therefore without one of the two deranging
trams of dayhours.

DIURNAL VARIATION OF WINDVELOCITY

24. Fuli particulars about the diurnal variation of windvelocity at
the principal stations have been published in Meded. en Verh. 32, and
there the close connection with the vertical tempenture gradient bas been

1 II 1 II 1 II 1 II 1 II

Duration in hours
Number .

Duraflon in hours
Number .

Duration in hours
Number .

Duration in hours
Number .

Durationin hours
Number . - . -

Duration in beurs
Number
Duration in hours
Number
Duration in hours
Number .

Duration in hours
Nmnber

Flushing

20—24 25—29 30—34 3539 4044

43 50 i6 30 8 II 8 7 7 5
4549 5054 55—64 67—92 93t27

5 4 1 3 0 4 1 4 0 3

Groningen

23—27 2832 3337 3842 4347
64 73 26 38 29 28 21 18 12 15
4852 57 58—62 63—67 68—74
4 6 2 16 3 9 t 5 1 7
77 8 86 — 92 98 —105 108—159
2 5 0 4 0 4 1 5

De flult

2630 3t35 3640 4145 4650
53 6 55 34 49 36 35 25 12 18
51—55 6—6o 6i —6 66—70 71—76
7 15 10 10 8 4 4 3
77 — 8i 83 — 88 89

— 93 94 101 103—109
6 2 0 6 2 3 T 3 0 6
na—raI 122—140 142—180

1 1 1 t 0 4
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demonstated. In table 16 are given only mean values for the periods
May—August, November—February, and the year. 1) )

There is no reason for a discussion beyond that of Meded. en Verh. 32,

an exception being made for Barendrecht and Urk, which are dealt wi±
in the next . The coaststadons (Den Helder, Flushing) have the smallest
diumal variation, and a high anemometer as that of De Bilt yields a smaller
difference between day and night than an instrument at a small height as
that at Dirksiand, notwithstanding the simafion of the latter station in
the coastregion.

SPECIAL CASES

25. The most remarkable diurnal variadon is that of Urk, where the
minimum occurs in the daytime and the maximum at night. Probably the
explanation of this phenomenon must be sought in the verdcal temperature
gradient and the variafion in the intensity of the verflcal convection currents
connoled by it. It has been demonstrated in Meded. en Verh. 32, that
above the land a close connecdon exists between these two factors, tempe
rawre gmdient and windvelocity, both being relatively high at the honest
time of the day. On the other hand, above the sea the temperawre gradient
is larger at night than in the daytime. A discussion of this pbenomenon
is given in Meded. en Verh. 45 (p. 39), and there an explanation is based
on it of the heavier ninfall and greater probability of ram at sea during
the night in comparison to the day. As is explained there, above the sea
the air is heated more strongly in the daytime and cools more rapidly at
night than is the case witt the surface of the water.

The difference benveen the temperature gradient at night and by day
will still be increased above a sheet of water surrounded by land as the
Yssel-lake is, in consequence of the faet, that in the daytime reladvely
warm air from the land is blown over the reladvely cold water and at night
cold air over the warmer water. Therefore, the greater windvelocity of
the higher airlayers will be trausferred at Urk to a greater extent to the
undermost layers at night than during the daytime.

The resuks of Urk and Barendrecht for May—August are represented

1) The quantities, mendoned under i, 2, 3 ccc. are averages over the hourly periods
0—’, 1—2, 2—3 CtC., with the exception of Den Helder and Maastricht (DINES anemo
meters), where the readings were made at the full hours.

2) July and August are missing in the annual mean of Schiphol, September and
October in that of Waalhaven.
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in fig. 7, those of Groningen are added for comparison witt a normal
diumal variafion.

One finds to a small extent a similar phenomenon as at Urk on the
two lightships of Terschellingerbank and Schouwenbank, for which data
of the diurnal variation of windforce are given by VAN DER STOK in Meded.
en Verh. ia and i3b. Some caudousness is advisable here, because estima
tions in Beaufort-scale are concemed, which implies that perhaps a personal
error has a noticeable inifuence on the difference between the estimations
in darkness and in daylight. With this reservation the figures of table 17,

based on VAN DER STOK’S data, are given. The difference between 12 and
6 on the one side and 24 and 4 on the other are very small at Terschellinger
bank, but apparent in all the seasons at Schouwenbank.

The observations of Barendrecht show a weil-marked semi-diurnal
variation. The minima of windVelocity at about or a linie after sunrise
and sunset are indicated much more clearly at this pardcularly high wind-
station than at the stations the results of which were discussed in Meded.
en Verh. 32. There is therefore reason to suppiement and to change to
some extent with the aid of the new data the explanation given there
on p. 137.

The maximum in the afternoon may be artributed to the mixing with
the more npidly moving higher airlayers under the influence of the heat
convection. The velocity diminishes afterwards, because the convection
becomes weaker. The mixing by dynamical turbulence remains stil! suffi
ciently strong in the undermost layers to render the influence of friction
at the earths surface distincdy perceptible up to the level of the anemometer.
The mhdng with the higher layers, however, being more dependent on
heatconvecdon, decreases more rapidly and the anemometer slows down.
After sunset the air below becomes stable by cooling on the ground, and
the interchange of the air at anemometer height with the lower air diminshes,
whereas above the anemometer the vertical temperamre gmdient undergoes
a smaller decrease and remains fairly unstable, the interchange witt the
higher leVels being stil maintained. It is plausible to suppose for the
explanation of the decrease of windvelocity in the laner part of the night
and the early morning, that by progressive cooling the stable stratification
of the undermost layers is extended gradually up to the levels aboVe the
anemometer, which implies that linie exchange between the air at anemo
meter height and the higher layers is left over. The minimum will occur,
when the heatconvection is started anew in the undermost airlayers and
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reaches the level of the anemometer. The windvelocity will increase again
when the convection has penetmted to greater height.

WINDDIRECTION

F1zQuENcIEs OF WINDDIRECTION
26. The frequencies of the following tables are derived from obser

vations taken 3 times a day, at 8, 14, and 19 h., with the exception of the
coaststations of Rotwmeroog, Vlieland, Ymuiden, and Hook of Holland.
The latter are based on 6 4-hourly means (0—4, 4—8 etc.) a day, read from
diagrams; if the direction was changing strongly during the period of
4 hours, the reading was put down under ,,variable”, indicated in table 20

by a V. The numbers printed in small type in the last column are mean
windforces in &aufort-scale. Numbers for 8 directions are given (tabie iS)
for the principal stations, borrowed from the data, kept up to date for
the monfifly publication ,,Maandelijksch Overzicht der Weersgesteldheid”.
Frequenties from 24-hourly observations at the principal stations for
i6 directions are given 0fl pp. 72—74 of Meded. en Verh. 32.

The selection was made for i6 directions for the secondary stations
of the above-mentioned monthly bulletin (table 19). It appears, that the
observers generally have a well-defined preference for the principal wind
directions. The series of Akkrum—Rottum has been treated as a whole,
of Avereest—Den Hulst—Wijster only the series of Avereest has been
used, but the observations of Katwyk a/d Ryn and Naaldwyk have been
treated separately.

For a few other secondary stations the frequencies for the year only
are collected in table 21.

Table 20 contains the data of the 4 above-mentioned coaststations
of the ,,Rijkswaterstaat”.

As to the observations of the Dutch lightships, the reader may be
referred to Meded. en Verh. 13a, 13b, and 13c, wifich contain frequencies
of winddirections (magnetical). From this publication only the resukant
directions were taken ( 27).

RESULTANT WINDDIRECTION
-

27. The annual means of the frequencies were muldplied with the
corresponding means of windforce, and the windvectors obtained were
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resolved into components. From these the resultaat was calculated, and
the resukant winddirection was represented in fig. 8, an equal length
being given to all the arrows. The directions, expressed in degrees of
deviadon from north, are embodied in table 22.

There exists generally speaking a tendency of the arrows to deviate
a luie more to the left at the stations siwated farther inland. For the rest
the mutual differences may be assumed to be principally due to local
conditions. Such is fairly certainly the case at AVereest. As at Avereest,
the resultaat direction at Ymuiden is probably also directed too much
to the right. In the latter the deviation may be due to the close Vicinny
of the Northsea canal, which is acting as an airhole (see § 17), steering the
wind more or less into the direction of the canal.

SECULAR VARIATION OF WINDDIRECTION

28. Dr. Ir. J. VAN VEEN has conciuded 1), that the average winddirection
ar Amsterdam has backed 10° in the last 240 years. A research by means of
windroses yielded a ifigher amount, more than 200. A drawback, pointed
Out by the writer himseff, is involved by the fact that the observations are
not fully reliable. The problem certainly deserves further investigation by
means of other observations not yet consulted.

A variation in the same sense has at the time been found by Ir. A.
HAVINGA and myseif. Ir. HAVINGA came to the conclusion, that a satisfactory
agreement is found for the wintermonths between the data of Zwanenburg
(1743—1772) and the recent obsewations, but that the wind blew much
more often perpendicular to the coast in the other 3 seasons. My experience
from a preliminary inVestigadon had been, that the windvector (total
air deplacement) at Zwanenburg in the period of 1743—1786 was more
than ro° more westerly (less southerly) than is indicated by the more
recent obsen’ations of Den Helder and De Bilt. The resultaat winddirections
were:

Zwanenburg, 1743—1772 (HAVINGA) N 247 E
1743—1786 (Bisn) N 251° E

Den Helder, 1894—1927 (BIL4AK) N 240° E
De Buit, 1897—1927 (Bit&.ac) N 236° E

1) Tijdschrift Kon. Ned. Aardriiksktndig Genootschap, 57, p. 686, 1900.
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These differences are no conclusive proof of a secular variation of
winddirecüon. Local infiuences, inaccuracies of the obsen’aüons, and
regional differences might perhaps account for them. They are confirmed,
however, by an observation made by me in the forest of Heioo. The direction
of the windeffect is most clearly marked on the andent specimens, which
show a direction linie deViating from WNW—ESE. My attention was
attracted however by a deviation observed in the westem pan of the forest
on younger trees. The deformation of the crown indicated a winddirection,
which was more westerly, nearly west. The phenomenon gives the impres
sion, that after the deformation of the older tees had been brought about,
a more westerly direction of the injurious winds has set in.

EXAMINATION OF THE ANEMOMETERS

ROBINSON-ANEMOMETER AT DE BILT

29. The formula used for the anemometer at De Bilt is the one mentio
ned in § ç. As a result of the comparison of April 1939 in the windtunnel
at Delft was found, that the velocities deduced wim the formula differ by
the following amounts from those obtained from the test in the tunnel.

Reading, m.p.s. . . - 1.27 i.86 255 3.52 4.66 6.ii 8.o
Deviation 0.01 0.01 — DM7 — o.o6 — 0.12 — 0.14 — 0.2

Reading, m.p.s. . - 10.0 12.5 i6.i 19.6 22.4 28.4 29.6

Deviadon — 0.1 0.2 o.8 ‘.4 2.1 3.3 3.3 (i)

The deviations are relatively small and have positive and negarive
signs, so that the deviation will be of no importance for the average wind
Velocity.

The quesüon arises wether this result, obtained in a constant aircurrent,
is also applicable to the anemometer in the namral wind, when the inertia
of the miii may come into play during fluctuations of velocity.

We tried to solve this question by a comparison with the pressure-tube
anemometer of DINtS, mounted on the tower of the Institute at the same
height as the R0BINS0N. For this purpose the hourly averages of wind
velocity during 32 storms of the period 1929—1939, indicated by the
two anemometers, were compared. In each case 2 pairs of corresponding

values were obtained for 3—3.9, 4—4.9 etc. m.p.s., according to the
readings of the R0BIN50N. So for each interval 64 differences became
avaiiable, with the exception of the highest velocities for which the numbers
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were smaller, being 51, 41, 22, and zo for 14—14.9, 15—15.9, 16—16.9,

and 17—17.9 m.p.s. respecüvely. The resuits for these 4 intervals were
reduced to the averages of the 64 cases.

With dis comparison it was experienced as a difficuhy, that the baseline
of the DINES anemometer is not accurately knowu within some 0.1 m.p.s.
With the earlier observations the recording pen stood generally a littie
too low. When there is some friction, the pen will not go down entirely
to the baseline, when the zero is tested by putting out of action the pressure
and suctionmbes. When thea adjusted on the zeroline, ks position wifl
be too low. At a rough estimation this error amounts averagely to 0.2

10 0.3 m.p.s. The Value of 0.24 m.p.s. was adopted, wffich yields a deviation
= 0 for v = o in formula () below. The following differences R0EIN5ON
minus DINES are obtained for various readings of the ROBINS0N anemometer,
Robinson, m.p.s. . 3-3.9 4—4.9 5—5.9 6—6.9 7—7.9 8—8.g 9—9.9 10—10.9
Difference 0.09 0.10 0.17 0.12 0.22 0.34 0.33 0.49

Robinson, m.p.s. . 11—11.9 12—12.9 13—13.9 14—14.9 15—15.9 16—16.9 17—17.9
Difference 0.64 o.86 1.03 1.14 1.42 1.59 1.94 (2)

form which the subjoined differences were deduced by graphical smoothing.
Robinson, m.p.s. . 3.5 4.5 5.5 6. 7.5 8. 9.5 10.5
Difference 0.09 0.10 0.12 0.17 0.22 0.28 0.38 0.51

Robinson, m.p.s. . 11.5 12.5 13.5 14.5 15.5 i6. 17.5
Difference 0.67 0.82 1.00 1.20 1.43 i.6 1.90 (2)

For the R0BINS0N readings (i) in the windtunnel the following differen
ces are derived from the graph.
Robinson 1.27 i.86 2.55 3.52 4.66 6.ii 8.o 10.0 12.5 i6.i ig.6
Difference 0.07 0.07 o.o8 0.09 0.10 0.15 0.25 0.44 0.83 1.55 2.5 (2)

1f we may assume the indicadons of the Dn’JEs anemometer to be right,
the differences (2) would represent the real error of the ROBINSON. 1f
we subtract from these the differences (i) obtained in the windtunnel,
which might be called the errors of the formula, there remain the following
values
m.p.s. ooG o.o6 0.15 0.15 0.22 0.29 0.45 0.54 0.63 0.75 1.1 (3)

which may be represented saisfactorily by the formula

d = 0.0515 v (m.p.s.) ()
The remaining differences

0.00 —0.04 0.02 —0.03 —0.02 —0.03 0.04 0.02 —0.01 —o.oB 0.09

show no systematical deviations.
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Ir is obvious to ascribe the differences () to the infiuence of the inertia
of the windmill in the namral wind, which in that case is found to be propor
tional to the windvelocity.

However, it should be admitted, that the reliability of the data on
which the deduction of formula (4) is based, is not very great. One should
take into account, apart from the uncenainty in the zeropoint of the DINES
anemometer, that the accuncy of the verificadons of the latter is not great.
Moreover, there is a possibility, that the action of the pressure- and sucdon
tubes of this instrument, dating from the beginning of this cenwry, is
not precisely the same as is assumed for the verifications. An error of this
kind would change the constant of fommia ().

On account of this uncertainty there was no conclusive reason to reject
the old formula for the RonINsoN, and it has been retained as the base
of the observadons.

Comparisons of ROBINSON anemometers with 4 cups have been made
among others by FERGUSSON. 1)

Not insignificant deviations were found between the readings of the

various kinds of anemometers in tunnels of different dimensions. The

indicaüons of the R0BINS0N anemometers were higher in a variable wind

than in a constant one. Differences, not endrely neglectible, were found

also between the readings of the PITOT tubes and the anemobiagraph,

when for the latter the verification values of the British Meteorolgical

Office were used, which have also been appiled for our above-mentioned

observations with the DINE5 anemometer. The investigaflons in a variable
aircurrent should be considered as preliminary, and the writer bas announced
for future research more accurate measurements in this domain with
various kinds of anemometers.

GOLDSCHMIDT 2) finds, in contravendon of the experience of FERGUSSON,

that the errors in the indications of ROBINSON anemometers in the natural

wind may be posidve as well as negative. A very light mill, with a high

ratio between tuming moment and moment of inertia, gave resuits cones

ponding well with those of a ,,Böenschreiber” of FuEss. So it may be con

cluded, that the small anemometer foliowed sarisfacrorily the variadons of

windvelocity, and that its verifications in the windtunnel could be applied

almost wirhout reservadon to the readings in a variable wind.
I) STERLING PRICE FERGUSSON. Experimental studies of anemometers. Harvard

Meteorotogical Studies. No. 4. Cambridge 1939.
2) H. GOLDSCHMIDT. Vergleichsmessungen mit Skalenanemometern. Met. Z. Febr.

‘939, p. 62.
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OTHER ANEMOMETERS

24. The following may be added to the remarks in § 2 concerning the
useftilness of different kinds of anemometers for a research as in the case
on hand, requiring in the fiist place accuracy and reliabifity.

Windmilis of the pattem used at De Bilt are to be prefered to insmiments
of small size. It has occurred repeatedly with the smaller pattens, that
the sensibility changed without apparent reason. As possible causes may
be mentioned a slight change in the friction of the transmission mechanism
and the vulnerabifity of these light instruments. It appears, that a small
deviation in the position of the cups has already a distinctly noticeable
influence. The higher moment of rotation renders the fricdon of relatively
smaller account with the larger instruments, and their stronger construction
is more proof against deformation.
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