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SPIEGEL - RELASKOP

Inventor: W. W. Bitterlich

These instructions prepared by Dr, John F, Bell, School of Forestry, Oregon State University,
Corvallis, Oregon, US.A.

INTRODUCTION:

The Spicgel-Relaskop i3 an insirument designed for use as an angle gauge in the Birter-
lich angle melhod of lorest sampling (alse known as harizontal point sampling and variable
plal sampling) far determining basal arca in squere feel per acre. The Spiegel-Relaskop
can also be used tg ditectly measure free diameters to any heighr thar stem visibility par-

mits: to measure free heights, 1o read slope in
percenl, lapographic, and degree scales and to
directly measure horizontal distonces.

Three scale arrangements — American, Melric
and Wide — are offered lo fil dillerant candi-
lions and usages,

The Splegel-Relaskorp is & compacs, ruggedly-
constructed instrument. Weight 14 ounces,
Throughout the remainder of these instuctians,
the instrument is referred to as RLLASKOF.

QPERATION;

i hand held, she RELASKOP should be positioned
as per Fig. 1. For more precise work, mouni it
un a Iriged (Fig, 2). One person, unassisted, can
make accurat measurements with RELASKOR,
Llooking through the small window “A” gives a
clear,wide angle view through “B" in which is
wisible o series of black and white scales. A
shade “C" iz provided to permit use when facing
bright light. In use, the 3 drcular windows D"
berealh A ard B shauld remain free of obstruc
tion as they provide light to the scales. The bui-
ton “E" roloases the brake which holds 1he scaie
whea| in position between readings. The scale
wiel operates on the pendulum principle bul
dampens very Tasl aced brakes gasily. There are
Z oyss "I on which a strap I3 allached for
carrying  the instrument suspended from the
neck, it desired.

The field of vision through AR s divided into
2 halves, vpper and lower, by a herizontal line
which is the measuring “edge,” Mo sther paint
of réadl'ng is accurate, Through the upper half
the RELASKOP user wiows the feram and the
Irees, In lhe lower ane-halt the RELASKOP user
will 102 against a dark backpround a series of
biars and biack and white bars and scales ox-
rending up to the measuring cdge.

To take 2 reading. tho user presses brake release
butten “E aned 1he scale autematically rotates
to the angle the instrument is tilled when sight-
ing ai the paint of measurement. Partial release
of buttan "E" helps to bring the pendulum 1o a
Fast slop. The scales for the American (Standard}
scale RELASKOF are illustrated in Fig. 3 and 3a
and they are identified ar the baze of the scales
when the instrument js tilled down &07,

Fig, 1 RELASKOP

in hand - held
operating pasition.

Fig. 2 RELASKOP an tripod mouni-
: shake-fron for greater aceuracy.
Distance “a" is always measured
from the eye of the observer,




INSTRUCTIONS FOR
AMERICAN SCALE RELASKOP

HOW TO MEASURE BASAL AREA WITH AMERICAN SCALE RELASKOP

In ihe Biterlich angle method, a tres whose c:_::'" _\_\
diamerer is larger than the fixed critical angle of Ty xy
askog 15 a count tres [Fig. 41 The Am- b ._JW.-*T

e RELASKOP offers o choice af 4 - g ek
choice of which is deperdent upon .

= zize of the trees in the sample
sia. Thi 4 antles are illosirated in Figure 3. The
edge marked “0" is the commen side of all the
The angle 5" has a faclor of 5; "0 -

actor of 10, “0 - 20" a factor of and AN NG LT i
-a" o factor of 40, In aoplica vou select WA
sampling point, praject the « v angle to C
H. lor any other poini of chser- L
valipr), and counl (/’LCJ"

Fig. 4 Diagram illusirating how

rir diameter point sampling works,

the angle used.
If a siem iz of
move fe ome i

s ervening trees, it is necessary o
e, bur maintaining the same distance from the
The number of frees counted mulbiplicd by
the angle’y ‘tor [BAF) equals the bazal area in sguare feat

e ar the sampling point. The effect of lerain slope is
ically campensated for by the curwe in the scales. Fig-
ure 3 illustrates how the ment corrccts for slope by vary-
ingg the width af the scale.

HOW TO MEASURE DIAMETER WITH

AMERICAN SCALE RELASKOP

The :cale between “a” and “b” on Figure 3 is divided intc &
equalimidin bars. [ . 3 dark);

“a" to b is equal 1o

a horironlal distance of 33 i
a horizonal distance of &b .
a 11-a_ri¢(:nlc_|. distance ol 99 i1,

fe ch bar 1 al a horizontal distance of 132 f1.
The distance between “0" and “10" on the scale equals the
distance betwesn “a" and "7 Similacly, the distance between

“10" and “a" equals the distance botween "a" and “B". At 33
fest, "a™ t "B anlercepts 12 diameter inches,

Thus, to measure the dizmerer of a tree -with a DBH of 34 in-
chus, position tho RELASKOP 33 feet from the tree and set the
‘0 edge of the scale an the left bark edge of the tree. Dis-
tamce "0 1o 10" will smiercept 12 digmeter inches; “10% o
“a" will inlercept another 12 diamster inches and the
right bark edge will align
with the right edge of the
filth bar belween "a™ and
“b" for 10 more dismeter
inch Tatal 12 4 12 4
10 34 inches DBH. In
fhis case the diameler can
be read to the nearest 2 in-
ches [and estimated 1o the
nearest 1 inch).

By positioning the RELA-
SKOP at other distanzes,
spch as &6, 99 ar 132 feet,
different values apgly, Al
132 feer distance, a tree
with a DBH of 144 inches
ceuld be measured.

Fig. 3a Lower parl of American
scale, enlarged to show ideniifi-

Fig. 3 American Scales,
full view. cation of graduations.
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Since the instrument is self-adjusting for changes in slops, it follows that the diameter
at any heigh® above the ground may be determined without correcting for slope.

HOW TO MEASURE HEIGHT WITH AMERICAN SCALE RELASKOP

Scale "T” reads height in feet at & haorizontal distance of && feer lem the tree whh_ ]
range of 160 feet to —120 feet. Figure 3 shows how the height is read by 1 foor in-
tervals to plus 100 fest ar minus 100 feet by five foot intervals from plus 100 feet to-
plus 180 feet and from minus 100 feet to minus 120 feer. The height scale may be
changed by varying the distance: st 33 feei horizontal distance the 120 reading equals
40 feet, at 99 foet the 120 reading equals 180 feet,

COMBINING DIAMETER AND HEIGHT MEASUREMENTS WITH
AMERICAN SCALE RELASKOP

By combining height (T) and diamater scale readings, it is possible to read the outside
top diameter of each log léngth until the stem is obscured by the crown,

e

It is best 1o choose for distance “a” multiples of ore inch divisable by 200, since full
RELASKOP unmits (RU) are equivalent to 1750, and gquarter units (RU/4) are egquivalent
te 1/200 of disiance "b":

The tablas below will He helpful,

Distange “a" T RU T RU/4
In. Ft. In. Muters In. Cm In. Cm
200 14 a - 5.08 4 = 1014 I = 2.54
400 = 33 4 1014 8 = 2032 2 = 508
&00 = 50 0 15.24 12 = 30.48 3 = 762
800 &b a 20.32 16 = 40.64 4 = 1016
1000 = 83 4 = 2540 20 = 50,80 5 = 1270

Thesa distances are alsa well-suited for rapid determination of messuring heights which,
in Morth America — aside from breast height — are al 14 feet abowe ground. With a dis-
tance in inches of

200, 14 feel above ground is at 96 percent (“P" scale)
400, 18 feet above ground iz at 48 percant {"P" scale)
400, 16 teet abowve ground js at 32 percent [“P* scale)
BOO, 16 feet abowe ground is at 24 percent (P scale)

1000, 14 feet above ground is at 19.2 percent (P scale)

The measuring height of 32 feet is found through doubled percentage values, the
measuring height of 48 feet is found through tripled percentage values, and so on.

TO MAKE GIRARD FORM CLASS MEASUREMENTS WITH s
AMERICAN SCALE RELASKOP i

Rofated angle method
1. Find point on the ground where D.B.H.
of sample free is tangent lo the critical angle
of the prism {point P Fig. 5}
2. Fram P datermine the vertical engle 1o
the top of the first lag (psint B).
3. Sight fram P to point B and rotate the
prism ar right angles to the line of sight
until the stem images become “line.”
Messure the angle of rotation (abney or
clinemeter).
E 1 b, — -cosine rotated angle
orm class ob. = - -

Cosine vertical angle

Form class i.b. == Form class o.b. x bark Hg“' 5 Diagram to explain determination
thickness ratio. of Girard Form Class.




Cosines of Slopes

14° . 970 25 - 8909 38° - 788
16" - 381 28" - 882 407 - 786
18° - 951 30" - BG4 42° - 743
20° - 340 32" - 84p 44" - 719
237 a2y 347 - 829 46" - 474
24% - 714 36° - .BOW 48° - 667

o and Bruce form class tables are being vaed, tarm class can be eb ated by
g the Irees al the top of the firsl 18000t log — see Dilworth and Bell (Relference
) for procedure 1o use.

TO USE AMERICAN SCALE RELASKOP AS A RANGEFINDER

o find ranges of 33, 88 and 99 feal proceed as fallows:
Hoid the RELASKOP ilat with sca locked as per Fig. &.
3 feet are infercepted by b 1o “d” at a horiz. distance of 33 ft.

4 feet gre intercepied by “b" to “d" 81 a horiz. distance of éé ft.

& fazet arg intercepled at a horiz. distance of %% fr.

a at a honiz distance af 132 0,
It using the instrument to establish
harizental distances frem the tree fo
be measured, a staff exactly & fect
leng is held wertically {or leaned
against the tree) at is central axis.
From an estimated horizentsl dis-
tance of &é& feet Fram the iree the
slope is measured with the instru-
mant and the scale fixed in position
at this slope by setting the brake.
The instrumenl 5 turaed 907 ancd
thee stafi shauld intercept the dis-
tance along the “measuring edge™
from "B toe “d" if the &4 fest is
sztimated accurately, (Fig. &) By mow-
irg forward or backwards the accu-
rate paint can be established. You
can do the same with a staff 3 feet

Fig. & llustrating determination of distance long and a horizontal distznce of

{or range)} with American Scale RELASKOP. 33 fecl.

TO MAKE SLOPE MEASUREMENTS WITH AMERICAN SCALE RELASKOP

DEGREE SCALE

Scale D7 to the left of “0" is graduated in degroes. See Fig. 3a. The range is from plus
70° to minus 60°.

PERCENT SCALE

Scale “P" 1o the left of Scale D™ is gradusted in perzent. Sec Fig, 3a, The range is from
plus 270 percent to minus 170 percent.

TOFOGRAPHIC SCALE
Scale T fo the right of "b" gives the topographic corrections to be spplied i./l using
the Z-chain tape with trailer. See . 3a. Tha readings are the number of fest differonce

elevation per | chain horizanial distance, Range is botween plus 180 feel and minus
120 faat.

The plus and minus direction of the instrument Far scales “T+, D" and "P" are indicated
anly at the zero paint.

% INSTRUCTIONS FOR
METRIC SCALE RELASKOP

HOW TO MEASURE BASAL AREA WITH METRIC SCALE RELASKOP

In the Bitterlich method, a tree whose diameter is larger than
the fixed critical angle of the Relaskap is a count tree (Fig. 4},

The angles with the counfing factor 1 and 2 are the ones most
frequently used. Both angles are illustrated by white stripes show-
ing the cenlinyaus numbers 1 and 2 respectively (Fig. 8). In appli-
catian, select a plot center, project the chosen angle (strip} of tha
scale to each free at DBH that can be seem from the paint, and
count the number of trees greater in diameler than the angle
used. If a stem is chscured by intervening Irees, il is necessary
to move to one side but maintaining the same distance from the
tree, 1o view it. The number of trees counted fimes the angle's
basal area factor cguals the basal area in square meters per
hectare in the plat. The effect of the slope of the terrain is auto-
matically adjusted by the instrument when the brake is released
and the scale <omes to res! on o8 particular rree's DBH.

Ta the right of strip |, the same width is divided into 4 barg
(two dark snd two light ones). Added 1o strip 1, they give an
angle with the basal area Factor 4, which is alsa used frequently.

Trees whith soem to be of the same width in dismeter as the
angle used, have 1o be checked by measuring. In order o he
counfed, thg lreg diameler muliiplied by the Plot radius factor
must give an answer larger than the distance from the plol center
to the stem. {Example: Basal Ares Apgle factor 4, having the Plot
racius factar 1 :25; tree with measured DBH 36cm; the eritical
radivs js 36 x 25 = P00 om; tape measgrement gives a distance
of 897 em. Tree hes to be counted).

Basal aroa may be determined at any desired height. Measure-
ments at differenr height give waluable information about the
shape-factor of a particular stand, Using a colored 4 meter staff,
it is evasy lo find the heighl where the diameter is of the same
width a3 the sngle used. {This paint js called “Deckpunkt”). This
staff, for mxample, is fram 1,3 m blue, from 3,0-3,5m white, and
from 3,54,0m red. IF the “Deckpunkt” falls into the blue section,
the slem has to be counted up fo a height of 2,5 meters, but not
at a height of 3,0 melers,

Fig. 7 Scales of the
Meotric RELASKOP in
their full length., The
varylng width of tha
stripes  illustrates how
tha Instrument corrects
for changes in slope.
From left to righ

nt scala for horizental

p 1 with the follow-
ing dark and two light
bars, tangent scales for
horizental  distances of
25 and 30 meters, sirip
2, and two stripes of
diffarent width vsed as
Fig. 8 Matric scalas, closs-up. range finder.
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Basal a7ea of a stond will be meosured at random. The number of sample plots, which
degends upen the homogenity of the particular stand, upen the size of the average stem
diameter, and the accuracy desired, has 1o be delermined by statistical means. The dis-
tribution of the plots will e done by the grid melhod, using either the rectangular
em or the friangulas system, In ald stands, wsing the angle of factor 4, the follawing
numbers of sample plals are recommended;

For areas smaller than 4 heclare 4,0 plots per hecare

For arzas of 4 - & hectare . 3.8 plots per hectare

For areas of B - 14 heclare 3,5 plots per hectare
For areas of 14 - 32 hectare 2 2 3,1 plotz per hectare

For areas of 32 - Ad hectare . - 2,6 plots per hectare

For areas larger than &4 hectare . - 2,0 plots per hectare

Using the angle of Factor 2, the number of plots per hedare can be reduced by roughly
40 percent, and by &0 percent when the angle of factor 1 is wsed. The number of plots
must be enlarged when stands are hetercgeneows, when the average diameter at
breast height is smaller than 20 cenfimeters, or high accuracy is desired.

HOW TO DETERMINE AVERAGE STAND HEIGHT by HIRATA'S METHOD
USING METRIC SCALE RELASKOP

Average stand height actording to Hirata can alse be determined by measuring sample
plots. Using the 25 m tangen: scale which appears on the right hand side of strip 1 and
the four bars, the height of every Iree seen from the plot center has to be measured.
The sum of the readings at the approximate stump hoight and at the top of the tree
lin casa the stump height falls above the horicontal line the difference of both readings)
has ta be larger than the value of &3 (exactly 62,7) in order to ba counted. Every tree
of the value smaller than 63 “Z" and is employed in the following fermula:

h e . vz sn
z

m

In arder to calculate the average stand height “h_ ", the number of trees par heclare
'n" must be found, This can be done by combining the H-Measurement with a B-
Measuremen| at breast height, laken from the same plot center. In this measurement —
similar 1o the defermination of basal area — the angle of factor 4 is used, Every tree
in question also has to be scaled at broast height by a basal area scaler reading whale
square decimeler. One stem counted represents 4 sguare meters per hectare, or 400
square decimefers per hoctare respectively, Hence, there must be sa many trees
wer hectere as the scaled basal area of this particular free (x dm?) is contained in 400
eln?;

ny = 400/%;

Any counted free represents a cerfain number of frees per heclare (g, Mooy ooy,
and the real number of trees per hectare “n” which we are locking for, is found by
simple addition:

no=m -+ Ny g + e

An exact implementstion of those measurements at randem gives satisfactory values of
the average stand height.

HOW TO MEASURE DIAMETER ON STANDING TREES AT ANY HEIGHT
USING METRIC SCALE RELASKOP

Estimation of diameters is possible from a distance of elther 15, 20, 25 or 30 meters.
For this purpose, sirip 1 and the four bars are applied. 3trip 1 corresponds with the pro-
portion stem diameter. :horizontal distance from the tree == 1 :50, One half of |ts widih,
therefare, ¢orresponds with the proportion 1 :100, and one fourth of its width 1 :200.
Mote: One half of strip 1 intercepts the same width in cendimeter as the harizontal
distance does amount in meler.

Hence:

8 horizontel distance of 15 m one half of strip 1 intercapts 15 cm

-4

at a harizental distance of 20 m cne half of strip 1 intercepts 20 cm
at a horizonial distance of 25 m one half of strip 1 intercepls 25 ¢m
at a horizontal distance of 30 m one half of strip 1 intercepts 30 om

From 1his, all other relations cencerning horizontal distance
and diameter scale readings may be derived.

Far example; a1 a harizontal distance of 20 meters, strip |
intarcepts 40 centimeters, and one bar 10 centimeters, Paris
aof 10 ¢cm have io be estimated. The entire width of strip 1
| all bars intercepts 80 contimeters, O of 5 horizontal dis-
tance of 25 meters, the entire width intercopts 100 conti-
meters, hence one bar 12%z centimeters snd 30 on,

In such a way, diameser at any height may be estimared
with- arceplabile ampracy, Care has to be taken that the
brake is released, in order to adjust for changes in slope.
The fripod sockel permits setting up the instrument on &
stable suppert for accurate readings.

By combining heighr and diameter scale readings from
aither cne of the given distances, il is possible to read the
outside fap diameler of each log length until the stem is
abscured by the crown. For this purpose, the applied zcale
— strip 1 + the four bars — was set between the tangent
scale 20 and the scales 25 -+ 30

HOW TO MEASURE HEIGHT USING
METRIC SCALE RELASKOP

There are three different scales available, merked with
20m, 25m, and 30m (Fig. 7). These scales read height in
melers al a horizontal distance of 20, 25, or 30 meters
respectively. Scale 20 m ranges from =55 1o —35 metars,
scale 25 m frem 70 to —45m, and scale 30 m from <-80
to —52m, For height measurements at a horizontal distance

af 15 meters from the free the readings of the scale 30 m Fig. 7 Moutric Scale,
must be halved, full view,




I order to ohlain the height of a free, rwo readings are necessary: onc at the base and
one al the lop of the treo. 1t one reading is below the horizonial line and the other
one above, the readings have lo be added. If both readings are above or below the

kerizontal ling, then the smaller reading has fo be subtracted from the larger one.

HOW TO MAKE DIRECT MEASUREMENT OF FORM HEIGHT,
USING METRIC SCALE RELASKOP

The form height depends upon Fressleds “Richipunkt”, the diameter on the upper part
of the stem which iz hall as large as the diameter al breast heighl, This point may be
found with either of three pairs of widih of the diameter scale. Then, the roadings of
scale 25 hewve fo be taken at this point and at the base of the tree. The sum of these

readings ha:s to be conwerteed by the follawing key:

ing the entire width {sirip 1 + 4 hars): Establish the distonce from the tree

this width interzepts the diameter at breast height. Tilt the instrumeont upwards

until the 1z

g stem will b2 cavered by strip 1 only. Read scale 25 at this point and
at the base of the tree, and mulliply the sum of readings by 2/3. The result equals
the walye of “thjd™ which s the relafive form height, Do ngl forgel lo release the

brake while reading!

b} In the sama way, strip 1T 4 2 bars may be uvsed. Here, the "Richtpunki” is de-
termined with aid of three bars. The roading sum of scale 25 has to be mulliplied by

E/9, in order to get the relative farin height,

In caze only steip 1 is used, the “Richipunkt” iz Found by 2 bars, Here, the con-

verson factor 1 4743,

HOW TO MEASURE RANGE USING METRIC SCALE RELASKOP

The distances between the left edge of strip 2 and the following edges at the right
side which are numbered continuously with 30, 25, 20, and 15 respoctively in Fig. I? and
2 intercept 2 meters at a horizontal distance of either 30, 25, 20, ar 15 meters.

Thi numbers are readable when the instrument is turmed 90 degrees; the common edge

of sirip 2 is inscribed with “unten”,

In using Ihe Instrumeni to establish horizontal distances from the Iree 1o be measured,
a slaff exactly 2 meters long Bs held (or leamed against the free) al its cemtral axis
(See Fig. %) Any slaff sheuld show a visible mark in its middle, From an estimated
harizontal distance desired, the slope i3 measured by viewing the middle mark of the
stalf and the scale fixed in position at this slope by sefling the brake. The instrument
is turnod B0 degrees, and the z1aff should infercept the distance alsng the “measuring
edge” it the distance is eslimaled accurately. By moving forward and backward the

azeurate point can be established

10

Fig. 9 Herizontal Distance Measurement with Motric Scales. Illustration of establishing
horizontal distances: after a 2 meter staff s fixed on the tree verically, the slope is
measured from the estimated distance desired by viewing the mark at the middla of the
staff. Then the scale is locked and the instrument furned 90°. By meving forwerd or
backward, the sccurste point was established, Here, the staff fils into the distance be-
tween the low sdge of strip 2 (inscribed with "unten”} and the edge marked with “20",
The horizontal distance from the tres, therefore is 20 melers.

TO USE METRIC SCALE RELASKOP AS A CLINOMETER
There exists no special percend scale, but each of the three tamgent scales may serve,

Just as “percent” means “of hundred” the valves of the scale 20 may be called “of
rwenty”, those of scale 25 “of twentyfive”, and those of scale 30 “of thirty™. The con-
wersion of the readings into percont is casy:

"of twenty” fimes 5 gives “of hundrad™

“of twentyfive" times 4 gives “of hundred” and

“ab thirty” times 10/3 gives “of hundred.”
5o, the relaskop serves as a fine reading clinometer, ton, very adaplable in forostry

work,
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INSTRUCTIONS FOR
WIDE-SCALE RELASKOP

DESCRIPTION OF WIDE SCALE

The main area of the scale resembling the shape of a stave, comsishs of allernating
while and black bars (Fig. 10). The width of this scale is referred to as a “figld of
measurement”. The right margin of the field of measurement consists of 4 narrow bars,
2 white and 2 black. These 4 bars form the “guarter field”, which has the same widih
as the large white bar adjoining 1o the left, This w is eguivalenl 1o one RELASKOP
Unil (RU); i.e., to Ihe basal area facter 1 {1 m2/ha in the melric system) in varishle plot

cruising. The width of the quarner field corresponds alse to the plot radius factar 50, or
fe about 2 percent of the scale “p” (Fig. 10). Width of gach of the 5 black and 5 white
azsumed to be the same as that of

bars to the lafr may ¢
the quarter field ar the first large white bar

The stave-like taper of both ends of the group of bars cor-

responds to the redustion of width with the cosine of any

angle of inclination in sighting at an cbject. The group of
bars is Leing dissected horizentally by the measuring edge
at a point that depends cn the degree of tilt needed for
sighling, Where the bars are being dissecied by the meoasur-
ing edae, a corredled measuring scale is farmed as if the
phserved froe-diameters were projected wvertically into The
of all thiz is ra auto-

harizantal tield of vision. The cffe

matically conwert slope distance to horizental distance,

le the right of the guarter field are two scales. The ane
marked “P" gives per cent slope and the ather marked

“D" gives degree of ongle (Fig. 10).

The 2ero corner of the measuring field is fermed by the
boundary betweon the quarter field end the first white
bar (Fig. 13y Full units are read from the right 1o left,
while guarler units are read from the zera corner fo the
right.
Iz the leh, each bar carries a number. The number af each

Ta facifitate vaunting full unitz from the zero point

tar re-appears aleng the bacs left barder at intervals That
sre equivalent fo the distance of the S.degree intervals

an scale "D These npumbers are hatched and  slightly

smaller (2.9, numbers poinled of by the twa lowar pairs

of arrows in Fig. 11} than the subsequently discussed

Fig, 10 Wide Scale, “Ladder numbers” to avoid confusing these two different
full view. kind: of numbers.
12

Barg 2 ta 10-contain tangent scales for measuring tree dismeters at steps of one
mefer below and above the sbserver’s horizon. Those height scales, referred 1o as
“ladders”, appear as sows of poinds in the right partion of a bar. They sre marked by
numbers fram 1 fo 9, and by symbols frem 10 en ppward, The wvalues 10, 20 and 30
are marked by squares thal stand on one corner and have point in the center. The
values 15 and 25 are represented by small rings. Intermediale vslues can be obfained
quickly by counting from the nearest walue of 5. Maximal height of each ladder js
“30", or 70 degrees pluz or 40 dcgr\ees'minus, resped]jvely.

Ladder values indicate melers above ar below the horizon, if ohservations are made
at the apprapriate distance from the tree. The appropriate  horizontal distances “a”
from stem to eye of the observer (see Fig. 2 and 12} are given a% even meters from
4 1o 20, The rumbors sppear in circles at the zero point of the ladders (Fig. 12). The
appropriate ladder can evon be found without reference to the number at zero point.
Doubling the pesition number of each bar indicates the appropriate base line for the
respective barladdar. Tar instance, the lzdder for a = 12 m con only be in the sixth
bar, far a = 14 m in the seventh bar, and so on.

HOW TO MEASURE BASAL AREA WITH WIDE SCALE RELASKOP

Tree count in dense forests usuvally requires large faclers for basal area. These are
readily available in the Wide Scale RELASKOP.

The sguare of the number of RELASKOP units u wsed for tree counl is the basal area
factor k in m¥/fha (k = ul).

When measuring width 0 - 1, k = BAF 1; @ - 2, k . BAF 4, 0 - 3, k = BAF 9;
-4, k =BAF 16, 0 -5, k BAF 25; 0 - &, k = BAF 36, and so farth.

The same rule applies for the guarter bands; for 1| RUs4, k = 1/16; for 2 RU/A, k =
416 = Va; for 3 RUS, k = §/16 m?/ha. tikewise, this alse applies for combinations
of whole RU and guarters, as for instance; For (2 4+ %) RU = 9/4 RU, k = B1/16m%/ha.
Since determination of diameter at breast height generally is of little wvalue in old-
arawilh or trapical fimber, free counts fo obisin basal area will employ measuring heighrs
from 4 to 10 meters sbove ground. Finding the desired height for messurement is
accomplished maost expediantly by means of o bamboo pole placed vertically beside
the free. An even fraction of the measuring height, chesen a5 large as possible, should
be indicated on the pole by twa clearly visible marks (for instance, | = 4 m ar measur-
ing heights of 4, 8, 12, or 14 meters), The known rod-interval (in this example | = 4)
is measured with the P scale as accurately as possible (for instance, with 23%) and
then multiplied for the desired measuring height (for instance, 23 x 3 = 69%). The
per cent value thus obtained (&9 in this examgle) Is used o measure frem the foor
point of the tree {either ground or stump) upwards and fo indicate the desired measur-
ing height (12 meters in this example). For sighting above and below the line of eye
level, values of the P scale have to be added. However, if foot level and height
measurerment are within the same scale, the difference has fo be calculated,
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The red inferval abiained inop oper cent (p o= 23 in this example) also can be used
ctly for demeasurements, 1 RU = 2% and i/p gives the length that is
equivalent to 1 per cent of the respective distance, then | REU 2 i/p (BOO/23 om
in this example) With this method, there can be made from ane point at a tree count
as well as a determinationn of diamerers ar heights not accessible directly from the
nrord

¥ horizontal distance to the point of ol in detarmined with a fape lo obtain
a highly accurate derermination of diameier, the height of the measuring point is
found at as many per tent unify as per cent of the distance is conlained in the measuring
hesight.

atl

ADDENDUM: HBasal area is measured as square feel por acre in North America. One
sguare foolt/acre -~ 0.2296 square meters/hectare, or 1 m* /ha = 4.3561 5q. ft./acre. Because
at the complicated relation to the metric system, counting widfns with even basal-area fac
tars cannaol be used. For this reason, use the mefric system for tree counts and then convert
to the pther measuring sysierm. With the use of u RU for the tree count, the basal-area factor
kois s fOllows:

k [fmsg. tracre) = 43561 0

HOW TO MEASURE TREE DIAMETERS AT ANY HEIGHT
USING WIDE SCALE RELASKOP

Measurement consists of twe steps, finding  the desired height of the stem and

measuring the actual diameter. Angles are em) 2cl in both steps. Since sngles give
v alive walues, they have to be suppleme Ly an absalute measurc. The base
ine “a" is bes) suited az an sbselure measure. An even value in meters from 4 to 20
is recommended oecauvse [ allows use of the alread

dy described ladders and it simplifies
compulation of diametes The lenarh of the selected base lice should be measured with

a tape.

The closar the abserver is to the diameter to be measured the greater will be the
accuracy of “measurement with the RELASKOP, However, 100 steep a sighiing should
ce ided, For instance. a diameter ar 10 meters abowe the cbserver’s borizontal eye
e shaold nat be meascred ram g distance of 4 meters, but from 10 or 12 melers

The following rules apply to the detormins of dismeter. The left edge of fhe slem
should roincide with the edge of ans of Iho bers in such a fashion that the right edge
of the stem falls inte the quarter field First the full RU 1o the left of zero are counted
then the romainder in the quarter bars (RU/4), or estimaled fractions thereof fo
the right of zero,

RU arid RUF4 are conwerted ta cantimeters by wsing the distance of the base line. If
distance in meters is a, them 1 RU = al2em [Conversion is simple, since suggesied
avalues are even and therefore resull in even centimeters for 1 RU/4). Sce example
im Figure 12: Base line is 18 melers; poinl of measurement is situated 5 mciers above
eye lovel 1 RU = 36 cm, | RU/4 % cm, The lefl edge of the stem coincides with
the edge of bar ¥, or 7 RU 1o the left of reron From zero o the right edge of the
stam one reads 1 RUSA 4+ 006 RUSA, 7 RU x 38 352 cm; 1 RU/4 9 cm; 0.6 RU/A
5.4 om, Adding tagether theze values shows that the digmeter is 2646.4 cm.

ible ladder distances can be employed for measurements of wery lall irees. In this
ange, the ladder units are eguivalent e 2 meters instead of 1 meter. The per cent
scale P has to be wied to delermine the height of the measuring point when difficult
terrain or other circumstences do not permil working with any of the base lines (2 1o
20 metars), indicated aleng the zera ling. This szale indicates the desired height, below
o abowe eye level, as a percentage of the length of the base line. For example: a =
25m, 1% 25 cm, If 7 meters above eye level is desired as a poinl of measurement,
the sipht has lo be raised until 700 om: 25 em = 28 units of “P” are indicated by the
mezasuring edge. Thus, | RU iy eguivalen! to 50 cm, and 1 RU/4 = 2.5 cm, (What
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Fig. 11 Wide Scale Terms and Symbals. MM — measuring edge. 0 = zero point of
the scale, From the rero point whole RELASKOP uniis (RU) are esunted 1o the left, and
quarter ynits (RU/4) are counted to the right. 1, 2, 3, ., . .11 = MNumbering of bars
and their left edges or corners (along M-M). Numbers to designate bars are hatched and
ar¢ pointed at by the four lower horizontal arrows. V = the right limit of the quarter
fiald. The encircled even numbers 4, 6, 8, . . . .20 indicate horizontal distances in meters
that have ts be used with the ladder scales in the bar above the encircled number, Each
encircled number is double that of the number of the appropriate bar (e.g., bar 2 for a =
4, bar 3 for a = &, and 30 on). The ladders consist of poinls, rings and dismends.
Ladders are numbered only from 1 to 9. The values 10, 20 and 30 are marked by the
diamonds, the valves 15 and 25 are marked by rings. In this illustration, the scale js
%o dissected by the messuring edge that for distance a = 4 the ladder valus is h = 3.
Consequently, one reads therefore h — 15 at a = 20. All values are in meters, byt
other units of length may be wsed instead,

falls into the gquarter field is estimated best as tenths of an RU rather than as RU/4 or
fracticns thereof; ef, 0.4 KU, instead of 1 RU/4 4 0.6 RU/4. Doing se simplifies con-
vorsion: 7.4 RU X 50 = 370 cm).

HOW TO DETERMINE GIRARD FORM-CLASS USING WIDE SCALE RELASKOP

The Girard formiclass is a moasure of the laper of trees. The form classes on which
tree lapers are based are determined by the ratio {decimall which the diameter inside
bark at the top of the first 18-foot leg bears to the diameter breast high oulside bark.
Precise determination of form <lass on standing trees is possible only by using ladders
and measuring the thickness of the bark. Far example: diameter inside bark at the
tap of the first lé6-foo log = 21 inches, diameter breast high outside bark = 25
inches; 21 is Bd4%, of 23, therefore form class is "84". Construction of volume tfables
in the United States is based on these form classes. This makes the tables usable far
mos| commercial species, and eliminatos necessity far separate tzbles for each species.
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Hawever, actual determination of form class usvally is based on estimales snd known
figures for the respective species. Mow, the Wide S5cale RELASKOP permits rapid and
accurate determination of Girard Torm class as follows:

That distance from the iree is sought ot which 10 RU execlly cover dbh {dismeter
breast high) (when working on o slope, distance is determined on the up-slopa face
of the tree). Then the 10 RU are oguivalent ta 100 per cent, The next step is to sight
at the top of the tree's first 1é-fool leg and te measure the (estimated) diameter in-
side bark in RU, whereby fractions of a RU should be eslimated in tenths (for instance,
7.2 R, Since one RU is equivalent ta 10 per cent of the dbh (with bark), 1he obtained
figure has to be muliiplied by 10 1o get the Form class {in this example: 7.2 x 10% =
728, = form class 72}, The measuring height of 14 fect should be indicaled wherever

possible by an essistant by means of &2 pole.

The distance from the axis of the Iree is only 5 «bh in the procedure described above
(dbh = 10 RU). This can lesd 1o 1eo steep a sighting 1o the upper measuring poinl
wheon working in small timber, In such evenr, rwice the distance should be used with
dhhl — 5 RU 100 per cent. But then ene must remember that 1 RU is eguivalent
tg 20 per cent of the dbh.

HOW TO MEASURE DISTANCE USING WIDE SCALE RELASKOP

A, To Esizblish & Desired Distance

With horizontal base; Use distance factor 10 {04 10} which is eguivalent to 5 RU and
given by the width 05 of the wide scale, length of the red should be 1/10 of the
distence that s being meatured. Harizontal dizrarce is obtained with pendulum  dis-
ergaged. Sloping distance is found when the pendulum is arrested ar zero degrees,

With wertical base: Use Of 10 and rod as described abowve. For slopes vp to &0 per
cent, tos? correction can be approximated closely enough 1o detérmine harizontal dis-
tance by the following procedure, Sight at the cemter of the rod positionad at a dis-
tence witimatod to be approsimete to the distance desired, Read on "B the slope of
zight, Add half of the value of the obtained reading. Tilt the instrument further uneil
the new walue zan be read ar “P" and arrest the pendulum. (E.g., Firsl reading — 24
per cent, Tinal positioning at — 36 per cent). Withaut touching Butan E, the RELASKOP
iz now tumed counterclockwise aleng the exis of sight uniil it iz in horizonfal position.
By this motion, tha width of messurement to be employed is brought into a wverlical
position. The next slep is to coincide measuring width 05 with the wertically positioned
staff by either moving ferward or backward.

B. To Determine &n Unknown Horizontal Distance.

Uze a large vortical baze and use the Pscale, preferably employing a tripod, The
height interval i (in meters), known thraugh the vertical base, is being measured in
per tént from the chserver's position, Fractions of a per cenl should be estimated to
the nearest ane-tenlk. The per cont value obrained for i (difference resp. sum of
bath readings) is to be called p; as is i, the desired horizonte! distance & is expressed
in melers.,

. i
Sinee i = a, ——
100,
100,
then a8 = ——— _ . ... m
rl

To judge precis the proced-

wre more closely, funchon & - equa-

vien [} — ¥s differentialed fo- P
— 103
da = ur, because
dp
p
a
da at tar
dp | Q0.
da = — af dpi .2 Fig. 12 Example of Dismeter Measurement
= Using Wide Scale. Distance to the tree is 18
1003 meters, and the measuvring point selected Is

5 meters above eye level Edge 7 coincides
with the left adge of the tree while the right
edgo of the tree falls inte the gquarter field.
The reading gives: 07 — 7 whole relaskop
units (RU); to this add ancther 1.6 quartar
units (RU/4). 1 RU = 36em, 1 RU/4 = 9 om;
d =7 x3bom+ 1.6 x9 = 152em 4
Tddem = 266.4em.

An error dp contained in the measur-
ed per cent value p will be [ess
effective a5 distance error da lhe
larger § is. At the same time, how
ewver, this error will jncrease with
the square of the distance.

Crample: & 20, i = A, da = —dp: il for inslance, a plus error of D.2 per cent is macde
in the measurement, it will shaw as a minus error af —0.2m Tar dislance, But if for the
szme base lenglh of | = 4, distance a is enly a - 10, thon da = —liadp, le, the dis

tance error amaunr: to just - 0.05m,

This examplg de ates the nedessity for a long wvertical base and the Impartance
af progressive incréase in the precision of moasuring per cenl with increasing distance.
Grealer precision can be obfained by wse of a triped and repetition of readings, Ta
what maximal distance messurements can be made will depend on the requiroments
for accuracy of mesulis

GEMNERAL SURVEYING APPLICATIONS,

If the wide-scale RELASKOF is wsed on a fripod, it is suitable to a varicty of surveying
purpases wilhin the range whare the neked eye can resclve details,

A panoramic head on the tripod makes pessible dividing the full turning cyele inlo 24
equal sectors of 15 degrees each. Within each of these ssctars, individual degrees can
ke determined by means of the RELASKOP units. When sighting horizonlally, the band
width of an RU is couivalent to an angle of 1° 08° 55"; however, when the sight is
Iowered ghout 29° 200, ar 56%, and the pondulum arresied in this position, then each
RELASKOP wnit equals ocne degrec and thus may be used for measurements, Frachions
of & degree have to be estimated. Far such am estimete, the gquarter fiald may be
employed.

Vertical angles can by measured either with scale "D within a range from —&07 1o
|- 70" ar with the percent scale "P”. The "P" scale gives differences of elevation in per
cent of distances, something thal has been discussed already. Differences of elevation
also may be determined with a level when markings en the rod can still be discarned
with the naked eye, The "P" scele is parficularly suitable for leveling and determining
cross profiles.
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T uigh topographic surveys measuring horizontal angles as

diztancas with nelp of a tape or by optical means and feasuring
or D-ziaic.

It is better to use the wnitz “RU” than oLIr
€7 ¥oL 3 rantivuous soale of horizomtal angles which quickly ma

ama of country. The same iy tree for wersical angles which
Ired by the P- ar Doscale.

such as boundary stones or stakes, should be
) lines urde: ground, we can use lape measurcs
5oand big stores With belp of the Wide S-ale RELASKCR,
= measares by reading the width of huiuses, of windgws,
feom the port in gue (It afler js easier 1o use RU

. such purposes), It i suitable 1o use diamefers breast high
such ans ol points, althaugh it is necossary lo consider the increment
or longer infervals

d, nrof % the plare
lsed amjzcrs,
WO CE
ar of
“han

al diamesers

Exampie:  In road romstruch
cdilce its place must
By fape m
presen!  poir
it

undary shine musl Bz eliminated temporarily be.
it later place will be a few meters deeper. Fixatian
trees s nod accur cnzugh, s the slopes to the
e point are very differenl 5o it iz beMer to use the

ired with angle measuring ower the baurdary-stone before i
g from o ogiven unchitructed direction, the haorsontal angles 1o

negatering trees shoold be measured and alae the “relative width” of cach tree
reast high in RU, Due he the automatic redue ian of wi in tunction of
the 1elaskop, all data of measueement have to remain the same, regardiens
fnat the ooint in nueslion o be fixed will be a fow melers deeper than

=]
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