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L ARS TIREN

TILL FRAGAN OM TALLSTAMMENS
AVSMALNING OCH VOLYM-
BERAKNING.

Ynder den senaste tiden har som bekant frigan om noggrann
standsskogsuppskattning varit mycket dryftad i vetenskapliga tid-

skrifter. Orsakerna hirtill skall jag i detta sammanhang icke
berora; vigande skil dro f. 6. mycket ldtta att finna. Vad jag asyftar
med denna uppsats' dr att komplettera en tidigare av mig i Skogsvards-
foreningens Tidskrift (1922) publicerad uppsats om en ekvation fér stam-
kurvan. Den framkom pé en tid, da frigan om tridens avsmalning och
mdjligheterna att beskriva denna matematiskt dnnu icke utvecklats nimn-
vart utéver den stdndpunkt den intog efter ingenjor HOJERS framtridande
1903. Nu finnas ett flertal forslag till matematisk form fér stammens
avsmalning och &dnnu flera skola litt nog kunna uppfinnas om ndgon
dgnar sig dirdt. Bland mingden forslag torde vil nigon ging kanske
en gallring eller gradering komma att ske och f6r att den av mig fore-
slagna ekvationen di md kunna provas samtidigt med andra utvecklar
jag den hir i en ndgot fullstindigare form #n tidigare skedde. Jag vill
-endast fran borjan understryka, att denna ekvation, liksom HOJERS ekva-
tion, kommer till sin fulla ritt, endast di den tillimpas pd medeltalet
av ett storre antal stammar. Detsamma giller dven den av PETTERSON
foreslagna kombinationen mellan tvd logaritmiska kurvor, ehuru hir dock
ett steg tagits i riktning mot individuell &verensstimmelse.

Ekvationen lyder i HOJERSKT skrivsdtt:

y = P.log (’in_Jf{)

och erhélles, om man utgir frin uttrycket:

a P
% - \/m; .............. (2)

P ir en konstant =— —
log ¢
sioner samt x = det relativa avstandet frin tridtoppen till den punkt
dir dimensionen ar y.

11, Meddel. frén Statens Skogsforsiksanstalt. Hift. 24.

P, . .
I % ir likas3 konstant och y = relativa dimen- -
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For att ernd storre likformighet 4r det limpligt, att Sverfora (1) till
en form, som 4r analog med den form, PETTERSON givit HOJERS ekva-
tion. I stillet for konstanten £, som i (1) dr formkvotsbestimmande,
inféra vi basabskissan x; som formbestimmande faktor. (1) antager dd
foljande utseende:
S o y=Plog (x+Vi+) .. ... 0 (3)
Varje olika formkvot &r nu karakteriserad av en bestimd basabskissa,

. . o o X5 o
%5 och formkvotsdiametern ligger pa avstindet f frain toppen. Kon-

stanten P tjinar endast till att reducera logaritmerna f6r (x + /1 + 2?)
till procent, centimeter eller dylikt. D& den t. v. ar betydelsel6s, kunna
vi utelimna den, samtidigt med att vi for vidare rikningar Sverga till
naturliga logaritmer, vilka hidr betecknas med /z. (3) erhiller nu den
enkla formen: :

=Zn(x+\/1+x2) ...... (@

Frn denna gestaltning sker Litt en &verging till hyperbelfunk-
tionerna (hdr betecknade rned frakturstil). Vi ha nimligen:
QIrc@_in x=Ilnx + 1 + 27,

varav foljer:
' y=MWSin x ....... ... ... .. (5)

Vi finna alltsd, att vad formen befréiﬁ’ar, den ifragavarande funktidnen
i enkelhet icke limnar nagot Ovrigt att onska. ,

Om hyperbelfunktionerna nidmnes hir endast, att de std i motsvarande
relation till den liksidiga hyperbeln zy =.1, som de.goniometriska funk-
tionerna till cirkeln, deras period 4r dock imaginir. Sinz definieras av
serieutvecklingen: '

Sinr = 7 + = +y+ ..... ... (8)
dir 3!=1.2.30ch5! =1.2.3.4.5, etc. Sinr kan dven uttryckas i
exponentialform och di giller foljande relation:

eF — ™%

6inx=——r S (n

diar ¢ =='basen i det naturliga logaritmsystemet. .

For ©inx finnas tabeller utarbetade, bland vilka framforallt nimnes
Licowskl, Tafeln der Hyperbelfunktionen, Berlin 1890. I brist pa
dylika tabeller, kan man ju dven utan oligenhet anvinda ekvatlor'en (3),
som endast fordrar tillgdng till en vanlig logaritmtabell. B
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. Vi skola nu berikna volymen (V) hos den rotatlonskropp, vars
meridiankurva definieras genom (5).

V= f 7 WeSin2x-dr oo (8)

Harur erhalles genom integration per paries: ' T

. d ArcSiny [ -
V=ux {x WA Sinzr—2 / xdr ... (9)
- - Q / I + xz = e

och genom upprepning av samma férfarande pa den sista termen i (9)
‘samt efter hyfsmng '

V=n{x (WcSin’x + 2) —2 WcSinx\1 + #2 ; . ... (10)

Hela rotationskroppens volym erhélles om x = z, och det absoluta
formtalet om. dessutom (10) divideras med 7 x;- Wrc@in’z; For det
hﬁsfolu.ta formtalet (¢) fi vi alltsd foljande formel:

2 2 V1 + 22

=14 ‘lIrc@mzxé 2 WeeSing, =~ 7 0 77 - (1)

Fér att méjliggora rakmng dven med ekvationens logarltmlska form
meddelas hir dven motsvarande volymformel. Enklast erhilles den ge-
nom att i (11) sitta: o
MeSiny, = & .. ... .. e e (12)
som slutligen ger: ' ‘ '

- : . 2 41 2
2 £ Ce—1 In ¢

=1+

diir ( = %, + /1 + x,2 Man kan dven integfera (4) direkt, genom sub-
stitutionen & = x + /1 + »2. Efter 6verging till vanliga, BRIGGSKA
- logaritmer skrives {13): - :

_ zMZ_zMA<C2+1
= -i,_]ogz;’ log & Cz——1>

“dir alltsy M = 100 € = 0,43429, 2 M?*=0,37722 och 2 M = 0,86859.
Multipliceras denna ekvations hogra membrum med 7. x; log? Cerhilles
totationskroppens volym, uttryckt i en lingdenhet ——enheten for xé och
en dlameterenhet == enheten for log {: :

L= [(i_c—> (1ogzc+ 2 M) — <52‘"£ ‘) 2 Mlog J (r42)

. Bestimningen av' z, fo’r olika formkvoter kan) endast ske genom
successiv provning av olika #;virden eller genom grafisk uppritning av,
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formkvotens funktion av' x,. Vi bestimma med hjilp av bada dessa
metoder de i Tab. 1 anférda virdena.

Zab. 1. Tabell 6ver x,-virden och formtal samt virden & ek\?. (3) med 2 =1.

Table of the x,-values, the absolute form-factors and the values of equation (3) with P=1,

Formk Formk Formk Absoluta
m v ormkvot
ormkvot % orm f)t x5 . formtal % y
Form-quotient Form-quotient Form-quotient|  Apsolute
: Form-factor
0,50 0,000 0,633 2,433 0,50 0,3333 + 0,5| & 0,200
0,55 I,0581 0,711 4,930 0,55 0,3684 I,0 0,3828
0,60 1,819 0,734 6,289 0,60 0,4033 2,0 0,6270
0,65 2,823 0,739 6,649 0,65 0, 4401 20 0,7897
0,70 4,430 0,748 7 1406 0,70 0,4810 450 0,9097
0,75 7,572 0,75 0,5288 6,0 1,0822
0,8 - 15,755 0,8 0,5872 8,0 I,2058
1,00 (==} 10,0 I,3021
12,0 1,3810
1450 1,4477 |
+ 1 6,0 i I,5056

I tab. 1 finnes aven en serie absoluta formtal utriknade samt viarden
4 ekv. (3) med P =1 for ett antal x-virden.

Av ekv. (2) framgdr det, att varje virde & é motsvaras av ett posi-

tivt och ett numeriskt lika stort negativt x-virde. Om vi rikna med

a
den positiva roten i (2) dr alltsa a’—j:/ alltid positiv och {6rloper symmet-

riskt i forsta och andra axelvinklarna. Integralkurvan blir dd ocksd
symmetrisk och beligen i forsta och tredje axelvinklarna. Det dr under
sddana forhdllanden litt, att genom en forskjutning av koordinatsyste-
mets origo fa fram en kurva, som ger en allt efter forskjutningens stor-
lek variabel reduktion av diametrarna i den 6vre stamdelen. Detta ar
emellertid ett specialfall (md&jligen tillimpligt pd bjérk och ev. andra
l6vtrad, ungdomsstadier bl. a. av tall, etc.), som jag hir icke nirmare
utformar. Det #r sikert, att man i limpliga fall genom en dylik for-
skjutning alltid kan nd en bittre Overensstimmelse, men pd grund av
kurvans stereotypa form blir dess anslutning till materialet dock langt
ifrin alltid sd god som man skulle 6nska. P& material av bjork med
markerad neiloidisk insvingning i toppen har jag fatt differenser om ca.
2,5 % av basdiametern. Om de verkliga stamdimensionerna icke iro
sd smickra i toppartiet, att kurvan uppvisar en pitaglig inflexionspunkt,
behéver man sannolikt icke riskera sd stora fel.

Betriffande ekv. (3) observeras, att for ett odndligt stort varde pa z
blir ocksi y odndligt. Detta ar av en viss betydelse emedan kurvor,
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som dga en med z-axeln parallell asymptot ofta ha en tendens att ge
for stora virden pd y i de nirmare basen beligna partierna av stammen.
Sa dr t. ex. fallet med den tidigare av mig foreslagna ekvationen:

y = P-artcg C;) ............. (15)

och derivat av densamma (1922). Detsamma giller den av BEHRE (1923)
foreslagna ekvationen:

I vissa fall kan det forutses, att denna omstindighet ar till nackdel,
i vissa andra fall kan det vara tvirtom. Stamformen dr ju en sd pass
vixlande foreteelse, att det ena fallet icke i alla detaljer behover vara det
andra likt. I tab. 4 aterfinnes en tillimpning av BEHRES formel. Ekv.
(15) torde icke vara direkt anvindbar annat dan mojligen i vissa spe-
-cialfall.

Fér att prova anvindbarheten pd tall av ekv. (3) har jag gjort en
jaimforelse mellan det av JONSON (1911) samlade tallmaterialet och de
av mig med ekv. (3) beriknade virdena. For att samtidigt mojliggora
en jimforelse: med den av PETTERSON (1925) framstillda, av tvd loga-
ritmiska kurvor sammansatta funktionen, har jag bestimt x, s, att kurvan
sammanfaller med materialet i punkterna 50 och 80 % fran toppen. I
tab. 2 meddelas forst det faktiska materialet, dir diametrarna angivits
med brosthojdsdiametern som enhet och i punkter, liggande pd var
tiondedel av stamlingden mellan topp och brosthojd. I tab. 3 dtergivas
de avvikelser som uppstd vid jimférelse mellan det faktiska materialet
och de teoretiska vdarden, som berdknas enligt JONSONS kurva for tall
(HOJERS ekvation med biologisk konstant), PETTERSONS kurva och ekv.
(3)- Darvid bibehdlles den princip for felens tecken, som anvints av
JONSON och PETTERSON.

Av denna tabell framgdr det att JONSONS kurva i genomsnitt for hela
materialet ger det minst goda resultatet med ett genomsnittligt fel, oav-

Zab. 2. Det av JONSON uppmitta stammaterialet.
The stemmaterial measured by JONSON,

Formkvot Sektion section

Form-quotient| I 1I 111 v v VI VII | VIII | IX

0,650 1,000 | 930 | 876 | 814 | 749 | 650 | 548 | 445 | 317 | 175
0,705 1,000 | 940 | 892 ; 841 | 779 | 705 | 617 | 514 | 379 | 204
0,746 1,000 950 907 862 811 746 669 563 427 241
0,794 1,000 | 966 | 932 | 892 | 846 | 794 | 732 | 649 | 534 | 326
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Zab. 3. Jimfbrelse mellan métta och beriknade . diametrar.
- Comparison between measured and calculated diameters.

Formkvot Sektion, section-

Author X x5 -

: Form-quotient o I [II| III | IV | V| VI | VII | VIII | IX
Enligt - 0,650 — |+ 0,6)— 0,7] 0 |+ 0,6/ +.1,5- 0 |— 0,7] -0 |+ 0;3|+'2,3
Jonson 0,705 — ||+ I,5;— 0,1 0 |4+ 0,34+ 0,3 O |— O,4{— O,5— 0,9;"— 0,2
Accord. to 0,746 — ||+ I,5|+ 0,2| O [+ O,r|+ 0,3 O |— O,3|— I,5— 2,6|]— 2,1
Jonson 0,704 — ||+ 0,2|— 0,1] 0 |— 0,1|— 0,1| O |+ O,3{+ 0,4| 4+ O,5|— I,z
Enligt 0,650 — ||+ I,7]— 0,3 O |+ O,2|+ 1,1} O |— O,5|+ O,5{+ 0,3+ O,s

PETTERSON | 0O,05 ~ | — I|l4 I,9/+ 0,5l O i+ 0,2+ O,1f O |+ O,if+ I, 1+ I,z 0,1
Accord. to 0,746 — ||+ I,7|+ 0,3 O |+ O,1|+ 0,3} O |— O,1}— 0,8— 0,6 — 0,9
PeTTERSON 0,794 — I+ 0,2|— 05| 0 |— 0,x]— 0,2] O |+ Oy¢|+ Oy5+ 0,90 — Oy2

Enligt - 0,650 | 2,985+ I,0|-— 0,6] O |+ 0,4/ + I,4 O |— O,5|+ O,5/+ 0,8+ I,4

ekv. (3) 0,705 | 5,236+ X,7; O O |+ 0,3+ 0,2/ O |— 0,2/ O [— 0,2/—, 0,5
Accord. to 0,746 84 |4 0,6+ 0,3 O |+ 01|+ 0,3 0 |— 0,3]— I,4/— 2,3—.2/6
(3) 0,794 14,6 ||+ O,2/]— 0,1] O |— 0,1|— 0,2| O |+ 0,3/ + 0,4/ + 0,4|— 1,6|.

sett tecknet, om 0,56 % av den mitta brosthdjdsdiametern. Dirnist
kommer ekv. (3) med ett genomsnittligt fel om 0,52 % och bist visar
sig PETTERSONS kurvkombination med ett fel om 0,43 %. Dessa ge-
nomsnittsprocenter gilla alla sektioner. Borttages den nedersta, vilken
pd -grund av rotansvillningen icke kan anses tillhra kurvan, bliva- fel-
procenterna for JONSONs kutva, ekv. (3) och PETTERSONS kurva resp.
0,51, 0,48 och 0,32 %. PETTERSONS kurva dr alltsd dven -nu ndgot
overligsen. For de enskilda formkvoterna ger ekv. (3) bittre virden
dn de-andra i ett fall, nimligen f6r formkvoten 0,703, med ett genom-
snittligt - fel om 0,31 A,, mot 0,42 hos ]ONSON och 0,47 hos PET-
TERSON. : '
Det hir nimnda materialet 4r dock endast ett exémpel p§. ett medel-
tal av férekommande stamformer. Jag dr hir i tillfille att gora en jim-
forelse - dven ‘med ett annat material, béstiende av 26 st. stammar av
tall, ‘mitta’ med stor noggrannhet under bark. Tridens alder ligger
mellan 60 och 100 &r. Rotansvillningen har pd dessa stammar elimi-
nerats bort, varfér den nedersta sektionen hir kan anses tillhora kurvan.
Kurvorna. har dirfor bestamts -sd, att de sammanfalla med materialet j
punkterna 50 och 100 % av tridlingden frin toppen till basen riknat:
I tab: 4 kan -en jidmforelse- goras mellan materialet och nigra olika
berdkningsmetoder. - “Det visar sig, att i detta fall ger ekv. (3) och
JoxsoNs formel de bista resultaten med ett genomsnittligt fel om resp.
,3("): ocl’i 0,40 %. PETTERSONS och BEHRES formler komma hir efter
med- ett- fel om resp. 0,46. och 0,48 %. :
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Zab. 4. Jdmfdrelse mellan mitta och beriknade diametrar.
Comparison between measured and calculated diameters.

Sektion section

Author x5 > =
o I 1I III | 1V v VI | VII | VIII | IX

Materialet — || 100-|-957 | 911 | 861 | 802 | 738 | 651 | 558 | 414 | 230

The material

. Enligt ckv. (3) | 6,575 100 | 960 | o15 | 864 |-806.| 738 | 656 | 554 | 421 | 230,
Accord. to (3) . : :

Diff. | — O |— 0,3— 0,4/— 0,3]— 0,4| O |— 0,5/+ 0,4— Oy7/— Oy9
.‘Enligt PETTERSON | 14,004 100 960 | 916 | 865 | 8o7 | 738 | 654 545 403 227 '
Accord. to PETTERSON - . .
Diff, | — 0 |—o0,3—o0,5]— 0y4|—0,5] 0 |— 0,3+t 1,3+ 1,z|+ 0,2
"Euligt JoNson — || 100 | 959 | 914 863. 805 | 738 | 658 | 559 | 428 | 238
Accord. to JonsoN ' t ’
Diff. | — 0 ‘|— 0,2|— 0,3]— 0,2|— 0,3 0 |— 0,7/— 0,1 — 1,4/— 0,8
‘Enligt BEHRE -— || 100 | 962 | 918 | 868 | 809 | 738 | 653 | 547 | 413 | 238"
Accord. to BEHRE - . .
Diff. |- — ] o |— o,5/— o,7]—o0,7|]— 0,7] 0O |— 0,2+ 1,1|+ O,x|— 0,8

Det ir ju alldeles uppenbart, att s& smé som differenserna i allminhet
iro, kan en gradering av de olika kurvornas anvindbarhet icke ske pa
grundval av jimforelser med ett sd begrinsat och odifferentierat mate-
rial, som-hir kommit till anvindning. -Det &r tvivelsamt om det nigon-
sin blir mojligt, att bestamt uttala sig om en sddan- sak, emedan den
ena kurvan kan passa bittre for stamformen i en viss trakt, i en viss
alder, 'pd en viss mark etc. an den andra. Det adr ju icke sidkert, att
den kurva,” som passar bist f6r genomsnittet i ett helt land i alla spe-
cialfall 4r den basta. Endast si mycket kan hir sigas, att BEHRES
formel i frdga om detta material maste anses vara den svagaste, pd
grind av att den ger storre differenser i stammens nedre delar dn de
andra. Dock kan det mycket val hdnda, att den i andra fall, t. ex. f6r
andra tridslag, kan visa sig battre an de logaritmiska ekvationerna.
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SUMMARY.

To the Question of Tapering and Volume Calculation of
" Pine Trunks.

Latterly the question of the close estimation of the solid content of standing
trees has, as we know, been much discussed in scientific journals. I shall
not here touch upon the reasons for this; in any case plenty of good reasons
can easily be found. The object of the present paper is only to complete
a paper on an equation for the stem-curve, previously contributed by me to
Skogsvirdsforeningens Tidskrift (1922). This equation was formulated at a
time when the question of expressing the stem-form mathematically had not
been developed much beyond the point reached after the appearance of a
paper by Engineer HOJER in 1903. Now there are a lot of proposals for
mathematical expressions for the taper of stems and still more could easily
be discovered if anyone devoted the time to it. Of the multitude of propo-
sitions it might perhaps be possible some time to make a selection or a
grading, and in order to make it possible to test the formula proposed by
me, I shall now develope it a little more fully than has been done before.
From the start I will only lay stress upon the fact that this formula, as well
as HOJER's equation, proves its full value only when applied to the average
of a considerable number of stems. The same is true of PETTERSON’S com-
bination of two logarithmic curves, although here a step is taken in the
direction of individual conformity.

We can write the equation as follows:

éz 2
y—palog (TEVEES) )
and it is obtained by starting from the expression:
dy P, '
—j == :I._ ............... (2)
dx \/kz + x2
. P . . L
P is a constant = —-, % is also constant and y = the relative dimensions

log ¢
and x = the relative distance from the top of the tree to the point where
the dimension is y.

In order to secure greater conformity it is convenient to bring (1) to a
form analogous to the form that PETTERSON has given to HOJER’S equation.
Instead of the constant 4, which determines the form quotient in (1), we
introduce the base-abscissa x; as a form-determining factor. Then (1) assumes
the following- form:-

y=2Plog (x + 1 +x2) ... ... ... .. (3)
Each different form-quotient is now characterized by a certain base-abscissa

. . . . X,
x4, and the form-quotient diameter lies at a distance Z¢ from the tep. The
2

constant 2P serves only to reduce the logarithms of (x 4+ \/1 4 x?) to per-
centages, centimeters etc. As it is unimportant for the present, we leave it
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out, at the same time passing over to natural logarithms for further calcula-
tions. Denoting natural logarithms by /Zz we have the formula:

y=h T+ V422, ... ... ... .. (4)
From "this form it is easy to pass over to the Ayperbolic jfunctions, having
e Sin x =l (x + 1 + 27,
whence it follows that
y=WcSinx....... 0 ....... (s)

As to the form, we then find that the function in question is very simple.
"As to the hyperbolic functions I will only mention that they are in the
same relation to the equilateral hyperbola as the goniometrical functions to
the circle, although their period is imaginary. Gin « is defined by the series’

, x3 x5 .
@tnx=x+;+a-+ ...... A...._..(6)
where 3/ = 1-.2.3, etc. Sin x can also be expressed in exponential form,
when the following holds: ’
. X —p— X
Ginwr=——m.... ... .. ... (7)

2

where ¢ = the basis of the natural logarithmic system,

For &in x there are tables worked out, amongst which Licowskr, Tafeln
der Hyperbelfunktionen, Berlin 1890, must be mentioned before all.
In the absence of such tables formula (3) is to be used.

We will now calculate the volume (7)) of the rotation solid, whose meridian
curve is defined by (3).

Ve [ 7 Mee Sin® xdx o oo (8)
Hence by integration per pa:les: . :
V= n[x NrcSin®x — 2]M x - a’xl ....... (9)
. l VI + x? J
further by repeating the same procedureo and after reducing:
V=7r{x(‘21tc Gin? x + 2) — 2 Arc Sin x~\,’m} ... (10)

The volume of the whole rotation solid is obtained by putting x = x; and
the absolute form-factor, when (10) moreover is divided by 7 x; - sIIrc Sin? x4
For the absolute-form factor ¢ we then have

2 2 \/ 1+ xé
Ue Sin? x,  x; Yre Sin 75,

gp=1

In order to render calculation possible even with the logarithmic form of
the equation, I here communicate the corresponding volume formula. It
will easily be found by putting

, e GSinwg=0m . ............ (12)
We get
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whete ¢ = x5\+ \/ﬁ— .ié It is also p0551ble to obtain (13) directly by
integrating (4) and then substituting x + \/ 1 + x2 = & After] passing over
to common logarithms we write (13) thus:

’ 2 M2 2 M [ 41
log2¢ log & \{z—1
where M = log ¢ = 0,43420, 2 M? = 0,37722 and 2 M = 0,86859.

The determination of x; for different form-quotients can only be obtained
by successive trials, or graphically by tracing :the function ¢ = f(x;). By the
aid of these methods we determine the values given in table 1. U

A ' )
From equation (2) it appears that to every value of t—;-;— there corresponds

a positive and a numerically equally great negative value of x;,. When cal-
culating with- the positive root in (2) we shall therefore always have ;l—i
positive. The integral curve will then be symmetrical and will pass through
the first and third quadrants, That being so, it is very easy to obtain a
new curve by displacing the origin of the coordinate system in a negative
direction. This curve will give a reduction of the dimensions in the upper
part of the stem, which depends on the extent of the displacement. This is,
however, a special case (possibly appliable to birch and possibly other fohferous
trees, juvenile stages of Pine [Pinus sylvestris] etc.), which I do not carry-further
here. In suitable .cases it is certain that by such a displacement better
-conformity is always obtainable, but because of the stereotyped form of-the
curve it will sometimes happen that the curve is not as applicable to the
material as is desirable. _

As to’ equation (3), "it may be observed that for an infinite value of x,
y also will be infinite. This is of a certain importance, since curves having
an asymptote parallel to the x-axis often have a tendency to give too great
values of y in the basal parts of the stem. So it is in the case of the curve
earlier proposed by me:

)j]/'= P. arctg <§> ..... B .. (19)

and -derivates of it (1922). 'The same is true of ‘an equation proposed by
BEHRE (1923): : '

Y=o L. (x6)

- In certain cases it may be anticipated that this circumstance will have its
disadvantages, but in certain other cases the contrary may be true. The
stem-form is such a variable phenomenon that one case need not necessarlly
be like the other. An application of BeHRE's formula is to be found in
table 4. Equation (15) need not be directly applicable to Scotch Pine,
except perhaps in some special cases.
* In order to prove the usefulness.of equatlon (3), I have made a comparison
between the Pine material collected by JonsoN (1911) and the values of (3).
For the purpose also of making possible a comparison between the combina-
tion of two logaritmic curves, proposed by PETTERsON (1925), I have deter-
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mined x, so that the curve is brought to coincide with the matérial at the
‘points 50 and 80 % from the top. In table 2 the actual material is first -
communicated, the unit for the diameters being the diameter at breast height,
the sections marking tenths of the distance between top and breast height.
The deviations arising from comparison between the actual material and the
theoretical values, are given in table 3. The principle for the signs of the
deviations is the: same as was used by JonsoN and, PETTERSON. -

It can be calculated from this table that JoNsoN’s-cutve (the HO_]ER equa-
tion with biological constant =-2,s5) gives an .average deviation of o,56 % of
the breast height diameter (the signs not being taken into consideration). In
the next place comes equation (3) with an average deviation of o,55 %.
PETTERSON’s curve combination turns out to be the best, having an average
deviation -of 0,43 %. For the separate form-quotients equation (3) gives better
values than the others in. one ‘case, viz. for the form. quotlent 0,705 w1th an
average deviation of o,31 % correspondmg to 0,42 9% for JONSON and 0,47 /
for PETTERSON.

- The " material used here is, however, only one exemple of an average of
stem-forms appearing. I am in a position to make a comparison with other
material as well, consisting of 26 sterns of Pine,'measured carefully under the
bark. The root-swelling is here eliminated, the curve therefore being brougth
to coincide with the material at the points 50 .and 100 % of the length
from the top. A comparison bétween the material and some different cal-
culating methods is made in table 4. It proves that in this case equation (3)
and Jonsox’s formula are the best, with an average “deviation of.o,39 and

0,46 % respectively, The average deviations of PET’I‘ERS‘ON'S ‘and: BEHRE'S
formulae are now o,46 and 0,48 % respectlvely .

As the deviations are generally so small, it is quite evident that a gradmg
of the formulae cannot be made on the ba51s of a comparlson with sach a poor
and undifferentiated material as has been used here. It is doubtful whether
it will yet be possible to express-a decided opinion in this matter, as one
curve may - better suit the stem-form in a certain district, in a certain age,
on a certain soil etc. than another. It is really not certain that a curve
suited to the average stem-form of a whole country is the best for every
special case.
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