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INSTRUMENTSAFOR DETERMINATION OF DISTANCES ONLY BN

General. Instruments which are used for determination of distence only

(ﬁz]fk~aumw¢&p~(pQ)/Lva?¢pj~w&4

comprise (a) chain and tape, (b) specdometer or odomoter, pacing mey also

be considered under the same head . ()x-—\ﬂ‘dq‘-‘~\\‘ﬂi)
The m accuraté m nod of measuring horizontal
n& ‘YUL* lal\

distances is by use of eitner a chain or a tape. The process of thus measuring
is commonly called "chaining" although the use of chains is nearly obsolete.
a .
Wu”ll/// lﬂ:&Eﬁ@ﬁﬂiﬁff (a) Chains are gen{ally 66 feet long and contain 100 ‘r\‘
e
links. Almost all the old land surveys were mede with chains and thc;ﬁore
the geologist must be familiar with them. They were abandoned because
of rather rapid wear of the links and the tendéncy to catch in the brush.
(b) Steel tapes can be obtained in lengths 4;3%&%6 to several hundred feet;

100 feet is the most common. Tapes are free from wear, lizht and handy,

Sy o

but bresk easily if kinked. (c)XMNAKEXEXAXKKHMEKEKEEXWHNEXRIHRUMEXCAREKIHALEK
I KM A A KK A S AREKKKERXREIEK" MokSlic” tapes have wiresin—ome &
direstion woven into cloth. (d) Cloth tapes are cheap but soon weagéout;

oy’ 3
(o) Wireﬁ)ropes or—eloti—bepeos make fair home-made substitutes mfx for

the above instruments, Rope or cloth tape must be water-proofed

by dipping in melted parag?fine to which a little beeswax has been added ™~
P a ) ‘s
or by dipping in either melted parafine mixed with'COLDhigh test gasoline
<

&
or b}'soaking in tallow and washing in an algpm soluti r bﬁqdiggﬁgg,in

strong soapsuds and then in an alum solution, Necessary auxiliaries are -
pins or stakes, and a plumb Dbob. a— KT

* Adju stmenE:n1Thé only adjustment of tapes and chains is to compare .aem from

time to time with a standardized tape. On the 0ld land surveys this appears
not alweys to have been done for many chained distances are now found took

long.
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. _%@m examine the tape or chain and ses wk}:f‘e the

ends are marked; some have the O at the end of the handls, others have it
some distance from the end, while engineers tapes usually have an extra
foot at one end for use in measuring fractions of a foot. It is best to
have the 0 end of the tape foremost in measuring. The pins or stakes must
be counted; it is best to use either 6 or 1l. 'fhey must be easily driven

into the ground and should be conspiciously marked so that they can‘beencil

: lored P
in grass or brush. On hard ground a piece of chalk or & G0
seen i .

Remember that all distances must be measursd horizontally,not along a slope.

iswneedea.ﬂima following routine should be observed:

(1) Mark both ends of the line so that they can be seen.
(2) The head chainman pulls out the tape until the rear end has naarly
passed the pin or stake at the beginaing of the line. 4 pin or s.ake from

the regular set must be placedLas well as the signal that is to be left.
(3) The rear chainmen then calls"chain" and the head chain .an faces about
and gently pulls oui the tape until it has the rear end on the makk and is
both taught and level so far as can be judged with the =X eye.

(4) The resr chainman motions the hyjead chainman over to one side or the
other until the tape is on line and is straight.

(5) In case the tape cannot be held level the head chainman comes back to
such point on it as can be so held; here is where the plumb bob comes into
use.

(6) When all is ready the rear chainman calls "stick™ and the head chainman
then plants the pin or stake and when it is in place calls "stuck™,

(7) In case the end of the tape has been marked the reat chainman pulls the
pin or stake, the head chainman goes on and the above is repeated uatil’
all the pins in the hands of the head chainmen have been used., The number
of pins in the hands of the rear cfinman then measures the number of tape
lengths that have been measured. The pin in the ground is never counted.
(8) In case a part of the tape was used it is left in place while the rear .
clpinman moves up to the point marked and then the remainder of the length
is measured. Every time the tape is "broken"™ a pin must be passed to the
head chainman in order to keep count only of full tape lengths.

(9) At the end of each section which used all the pins they aust ke counted

to see that none have been lost for such loss would cause a big.error,im

comTEITE:

\

If no assistant can be secured one can measure with a tape by hooking one

ond onto a pin or if this is impossible weighting it with a stone. Such

pays to bresk chain. It is better to hold the chain or tape on the ground

and either (a) measure the angle of slope or (b) level the line to obtain

differences in elevetion of each mark., If the former method ié{used horizon-

-
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tzl distence = apparent distance multiplied by cosine of angle of slope. Er‘

If the second method is employed let b = horizontel distance, ¢ = apparent

distance, end a = difference of elevation. Then b = square root (cta)(c-a)

M W The geologist uses a tape for (a) measuring a base line for = j
N

determining length of step in pacing, (b) measuring base lines for plane

table surveys, (¢) retracing land lines, and (d) mapping on a large scale

in brushy country.

i;ﬁgP autlons. Every llne that is chalned must 1f p0851ble be measured in both

directions. The most dangerous error is failure to count the number of
tape lengths correctly. Even tension, level tape, and good aliggnment

are important but can scarcely cause as Big an error as this,

Whenever the tepe is to be put wway it must be wiped dry and clean. To

roll a tape without a reel followi’ this method: (a) draw in the tape in five
foot lengths placing each mark the same way up over the preceeding mark,

(b) this brings the tepe into such a form that each length huﬁ a bend in it
so that the whole coil shows a tendency to form a figure eightskile the

ends of the tepe, (d) allow the coils to form the figure eight and then

(e) grasp the opposite sides near the crossing and force igeght into an

open 0 form, (f) by twisting the sides in a way soon learned by prectice
causgﬁ the tepe to fall into & small coil as though it had been wound on

a rell. In opening the tape reverse the above process and pay out onto the :
ground in 5 foot lengths. AVOID KINKS in handling a tape. Repair outfits

can be purchased or a tinsmith can solder the break.
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Speedometer and odometer. Speedometers and odometerﬁbepend upon

mechanical counting of the rovolutions of a wheel. Ordinary automobile
speedometers are uscful in small scale surveys on roads which are fairly

LA
straight. The eccurmen is withdw-10 per cent at a maximum and is generally
M—U\.au.
Within 2 percent. ILypes which show tenths of miles are essential, In using

it is necessary to have checks on distance at intervals of not over a few
miles. At each chec%}or point of departure}it is best to reset to O,

Odometers which count the number of revolutions of a wheel have been made

Rt

but are not common. In the oldngays of—ro»¥Ts revolutions of a wheel were
rag
counted by tying a magdzrzkig—# to one of the spokes. The circumferance

was measured with a tape. All measurments with wheels are subject to error
L]
on account of slopes amd those with pneumatic tpres are affected by degree

of inflation and by different makes of tyres of varous dimensions.
Micrometer. The Canadian-gurvey uses the Rochom micrometer for

measuring distances over water and in other difficult gituations. This /
with targets «r each €na
instrument requires the use of a rod of fixed lengt}:4 It is a small

o~ 5 Ocl.ﬂ( yism 1msid€ ) 2
telescope with dive i . liovement efdr=if of this k=me makes

the two ends of the rod appear to coincide and the reading is taken from
o et - e = Aﬁcurve gives the distance. As these

instruments are not obtainable in this country no description of their

tanés v P
care and adjxustment can be given. [heYy «ve accvrate for dis }" £

3200 feet with a & foet rod,
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Range finder. Military range finders have recently been offered

ofa foetortwed f""7”’
for surveying purposes, These operate by having a short basse lineﬁi‘rom the

two €ads of which a trinaggle is formed with the object sighted as the

2~
apex. A rod is unnecessary. Thi® small variation in angle with different

Tﬁf ¢c¢.vr¢.oy

distances is measured by turning a prism with a micrometer screw. Ne—de¥eils
15 about 3‘70 at the Ilimit of range, abovt [000o f"ce-f-
mmmmwm—&—m

insfrunents, ' m"me*h“b w;‘fhpu“j’ |11$+rumenlé
._‘__.__.__ <

Pacing. The measuring of distances by pacing dates from the most

3 4 i . z : U b’ -y, sAat 3
ancient times; the Joman mile was desiggated as a thousand ™paces" or strides
as we now define them, The use of pacing is sufficient for most geological
work and in many places is the only method possible with the available fuads.

: : gcesen'f
It is, however, not very accurate unless irequeni checks are .

3 (R} - : - 1=
Pacing depends for sucess upon striking an even gaty up hill, downhill,
through brush and swamps, stc.As Ho attempt to step a specified distance
e

is ever sucessful for long,~tirerfore~it is nccessary to determinex the
lengih of step normally used by each individual.

covered on
Definitions. A pace is defined as the distance ivewgmiemmismnc.

ghe ST¢ ere
m. o wtride i detined &5 thidistercd i ot

Twe steps grovad
by esew—feot, that is the,distance from the qEeTiark of one kax foot to

the next Wl merk of the same foot, that is two paces. A talley is defined
by geologists as 1/20th nile 's-t(about 100 paces or 50 strides with most
peo; )laJ; by woodsmen it is defined as 1/16 mile or 4 of a "40" (3 mile).

Determination of length of skrkdm pace. The mean lengih of pace

must be determined by walking several times over a course of known length
laid out in cod}.ry like that to be encountered in actual work. 1t is best
to divide this line so as to included wakking of different degrees of difficulty
and to determined each portion separately. <t may be that the departures
from the a#erage, will be found to be so large that a correction must be applied

J/ :
for the differnt conditions. Nearly everyone steps farther on a good rad
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than on grass and in swamp the pace is always shorter than anywhere else.
It is very desirable that the determination be made with the outfit and
clothing to be worn in the field for this may indluence the result.

Counting. In good going either paces or strides may be counted;
the latter is preferred by many because it lessens the numbers to be
remenbered. In case strides are counted step off with the left foot and
count each time the right foot strikes the ground. When the distance to be
meésured is long it is wvery easy to drog 100 paces or strides causing a
big error. inilZe Lake Superior S ;fi;e mile w&g divided,into 20 tallies
an? the number of paces or strides for this distance under different conditions
'wég determined., Each tally wis recorded at its end which lessens this daﬁger.
In very bad going}as in swamps, it is best to count paces rather than strides

marked -
for the reason that each step is a% effort and some times it is only possible

to advance by single steps pulling the~$§£$r foot-;;%y up to the advanced
one instead of passing it as in normal walking., While counting soon becomes
a habit it is very hard to do geological work and pace at the same time;
best resulits are obtained if one has little else to do but pace. It is

essential to keep to.the line chosen and not go around obstacles to too

great an extent but it is permissable to offset at right angles to the line
ahead wovld have been

t?a parallel line when #re going $e{impossible-or\yery difficult/ Some

geolbgists have recommended counting only every fourth stride by seying

0,0, 0, 1; 0, 0, 0, 2, etc. Thus a very long distance mey be counted without

having to set down the hundreds., Count of hundreds of paces, hundreds of
strides, or of tallies may best be taken by use of =a notebook.l Telly registers

mey elso be used and special belts for counting tallies have been devised.

Bstimation. Geologists as well as soldérs have to measure m%y-distances

gimply by estimation. This is something in which practice mekes perfect. It

is best accomplished when objects of known size can be seen and when none

of the intervening surface is concealed as it is when looking over a ridge.
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Practice 1@®@ ing at distanc®s that have been measured. The writer has

known of ridiculous mistekes from teking ravens for crows and pon;’es for
horses!X On railroads it is difficult to pace. Measure the lenguh of

rails or the distance between telegrapqﬁ poles; the latter is generally

W82 chains or 1/40th mile but maey be more or less than that. Telephone

or power line poles may be used in the same manner. Mile posts on railways

Fence posts are generally 16 feet

and on some highwawys are good checks.

apart and can often be used in estimating distances.

Time allowance. Use of time of travel as a measure of distance

is desirable (a) in work on horseback, and (b) in working from a boat.

It is assumed that the speed is kept as uniform as possible.



INSTRUMENTS FOR DETERMINATION OF DIFFERENCES OF ELEVATION ONLY. [0
General. Instruments commonly used by geologists for measurment
of differences of elevation only comprise (a) hand level, (b) aneroid barometer,

(¢) engineers level, (d) hyposmeter

The hand level is sometimes zlso called the Locke

Con vetro
levlf. It consists of a tube on the top of which is fixed a small level

vial., The observer holds the instrument in the hand and on léoking through
a small apeture in one end of

//1it sees the bubble of the level in a mirror, phkeeedberestr<4dt. +*he mirror
is so arranged that the imsge of the bubble covers half the field of view.
Distant objecﬁs are seen without magnification in the other half of the
field., As it would be impossible to see distant objects with the same
focus of the eye as would be required to look at the nearby_bubble a half
of a convex lens® is placed in front of the mirror; this slightly maehnifies

the bubble. Some makes of instrumentshave this lens movable to allow of

focusing it to suit different eyes. Telescopic hand levels are made but

_are not in common use. I St et S8 e e e 4
Adjustment. Aside from ﬂlcu}ng the eyepiece there is only one adjuste

ment on a hand levely this is to meke the line of sight horizontel when the
bubble is centered. To do this a level line must be used. This may be
deternined in one of three ways: (a) the surface of a calm leke or the
horizen of a large body of water, (b) the floor of a large building, and

(c) the use of the level itself. The first two are self explanitory.

The third method is as follows. Stand exactly midway between two stationary
objects on fairly level ground. Sight to each in turn and mark-the points
where the line of sight strikes These marks will be on the same level as
any error in the instrument is neutralized by the position midway between
the marks. Now go to one end of the line and place the instrument on the
same level as one of the marks and adjugt it to read level when the other
merk is sighted. Instruments of different mek es adjust in two diffe;;%
veys. Gurley instruments lmve small screws at each end of the level vial.
Tighten one and loosen the other until the wire is properlfy placed.

Other mskes of instrument heve & screw at one side of the front end.

Loosen this and slide the box which carries the wkre in or out until desired

place is found,. ; J



- Uee. The hand levld ;;yibéﬁué;dito_ia) coﬁpare the elevetion [
of the observer with that of a distant point , (b) find elevations by the

use of the number of times the observer ascends or descends his own heigth,
(¢) levek a line with aid of a rod, (d) make sections of horizontal rocks.

IIn use the instrument is tilted until the bubble is divided svénly by #he
wire; this determinﬂs the line of sight to objects on the same level as the
observers eye. The accuracy of determination is goverened by (a) the sen-
sitiveness of the level, and (b) the width of the w;re ST

marking the line. J8ights of more than a few hundred fect are of little

value with most instruments,

Leveling alone, First measure the height of your eye to the nearest

tenth of a foot (not inches) above the ground a&s you ordinarily stand. This
can easily be done with a surveying rod. Leveling can be done either going

uphill or downhill. In the case of the former stand at the lower end of the
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the
line to be 1evled.aqSight with the level to gaxe point which is on the
level of your eye; maxk note some peculiarity there which will enable you
to recognize this spot and then count "one“.@&%alk to the spot noted if
possible without loosing sight of it; repeat the process and count "two."
Gqcontinue until the highest place is reached.ebkf the last sight falls

above it measure the excess in any praciticeble manner. IR%ow multiply the
number of counts by the heigth of your eye and subtrect the excess; the
result is the difference of level. If it is necessary to go downhill this
process is reversed in thet you must mark the place your feet were and then
place your eye on the same level for the next shot. It is obvious that
this method can only be used (a) in fairly open ground snd (b) where sights
are not too long to permit recognition of small objects like clods of earth.
On ordin&ry réads itris guite accurate and may be depended upon to yield
resutls within a foot or two of correct in vertical distances of several
hundred feet.

Leveling with essistant with or without a rod. It is evident that

the foregoing method could be ap,lied,mors accurately if the observer has

an assistant who marks the spot sighted to. If the ground is zaxzrxsf either
(a) obstructed with grass or brush or (b) so level that;ﬁoints on the obervers
ld[ﬂeue too distent for recognition then a rod is needéd. Witﬁ so crude

g line of sight it is not necessary to have an engineers leveling rod; an¥

osvide 1T 'nB on a short stick
straight board or stick will do. Mmrk—em-ii~dhie feeclt . A rm%vdll serve
Ewa

as & target. Sights should never exceed mxhakiyximxkmmgihxf two tallies

in length (528 feet). B8ights back to a point of known elevation are cslled
Bac%}?ights (B. 8.) Sights to o point where the elevation of the bottom of
the rod is not yet known are Foré:fights (P 8.) Enter all notes in following

form.

Station No. | B. 5. | H. I.{ F. S.l Elev.| Remarks. ]

H. I. stands for height of insbrument)in this case elevation of observers
@iving attention to these

o~ LR S
eye. Back sights are + and Fore_sights are -.
~
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signs the notes must be computed at once in the field. An office check on
computation is that the algebraic difierence of the sum of all baeck sights

i : between
and the sum of all foresights is the net difference of elevation st the ends

of the line.

Section making., In meoasuring sections of nearly horizontal rocks
the geologist finds many uses for the hand level® Heﬁmnﬁ;gzgto conunect
; b
together dlffereEF)secuions;&edwelLﬁhZ to measure the thickness of thick
c

beds of rock]and/fo check measurmenis of the totel thickness of & number

of beds each measured with the hammer hendle or. foot rule.

Cautions. Do not expect the hand level to yisld accurate results
at great distances. Do not carry it without its Cas§fé£u£#-ﬁe in the same
compartment with hard objects or in the hip pocket. Oet the adjusiing screws

up firmly end there is little reason to expect that it will get out of zdjue
oy
stment very soon. The commonest sovrce of Cvrov s

Iways follow
KGGP”\‘) “”_orrecx goun‘f’ of numpPe of sho'l'.s.A v

) t11¢).
thae seme yovutme g5 coun )
aYaO*!V Barometer.

an

+ @General. The pressure of the air decreases with altitude._-ég is

measured witi a barometer. Barometers are of two kinds, mercurial and
), more

me%ﬁ&ﬂlc or aneroid. %reMercurisl berometers are mest accurate but their
size and delacy rq&nder use by geologists in the field almost out of the
question. Aneroid barometers alone are considered _here; they are frequently
called simply "aneroids",

Construction. The aneroid barometer consists of (a) a metal zmmebox

from which the air has been partially exhausted, (b) a system of levers and « ‘haf;
gbe. to magnify the movement of the cover of this box as it ehanges with the
pressure of the atmosphere, (c) a scale of inches giving the same resdings

as a mercurial barometer, (d) a scale of feet for reading differences of

elevation, &ll enclosed in a case. In ordinary eneroids the readings are

indicated by a long hand which revoirii_but in the new Paulin instruments
& spring is used to force the cover of the box to a certain normsl position
and the amount of pressvre to produce this is registered on the dial.

These instiruments are much larger and more expensive(ihan the ordianary %FEEZ

“althory Tests mdcaFo FhaT :H\ey are‘onta/ 61:'7:'“."(7 wre erm




Ad justment. The only field adjustments of an aneroid are (thfo move dq
R s

the foot scale to correspond to changes in local atmospheric pressufé, and
(b) to adjuet the pointer so that its readings on the inch scale agree with
those of a mercurisl barometer. The first requires no special explenation;
grasp the outside of the face and turn it to desired reauing. GCheck several
times. The second adjusiment is made only at the begining of the season.
Take the aneroid o a good mercurial barometer. Read the latter byiiéret(b')
adjusting the screw at the base until the mercury in the well just touches
the pointer; éﬁiﬁ segdgge vernier at the top so that its base is just tangent
I er; ]
to the top of the mercury column in the tube;eieadﬂghe heighth of the column
in inches and the temperature of the instrumsnﬁjhﬁfbog a table of temperature
corrections for the particular barometer used correcfﬂ%his reading. Then
take the aneroid and with & small screw driver adjust it by mcans of the
screw Seen through a small hole in the back until its inch scale reading

agrees with that of the mercurial. This is the only use of the inch scale

on the aneroid.
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Use. LOrdinary-berom-vers—are read on the fool scale omle, After

reaching a stetion it is best to wait a few minutes before reading since
there is a lag in the adjustment of the instrument to the changed pressure.
Generally this need not delay work since there are other things for the
geologist to do. Gentle tapping or shaking will hasten the adjustment.

Note that the position of the instrument affacts the reading; it is essential
that the instrument be treated exactly the same and held in exactly the

same position every time it is read. This causes a“personal equatioétthat
affects the readings. Instruments generally have individual characteristics
of their own., ©Some prefer to settle the instrument by tilting it before
reading. The foot scale is moveble and may be set so as to make the needle
read correctly. It is sometimes desirable to read with only one eye open

You neec net hold fhe
Keveruese—alandlens—to

as the needle is not very close to the scale.

instrvment on the grovad . Reedl always o+ same he:;}?h akove thEWrovnd
read with; the instrumefift js mof WMWM

1 E oht .E!o o ; £3 f £ 3 i

Correction of readings. Were barometric readings dependent only on

elevation field work with the aneroid would be easy. Unfortunately the
atmospheric pressure is =weye unstable; temperature, moisture, as well as
b 'f.h ]arf;é

storms, kakhxgensrakxznd laeedhs® cyclones and local thunderstorms,
cause great and sometimes sudden changes. Any system of correction must
take the element of time of observation into account. A watch is always
a necessary adjunct to a barometer. GCorrections may be made in two general
waeys (a) by keeping a record of changes of atmospheric pressure at a fixed
point either by & self-recording instrument or by an observer, end (b)

aner oul
by comparing the’readings with the correct elevations of points visited
during the day. Aside from cyclonic storms there is a normal diurnel change.
From dawn to 9 or 10 A. M, there is a growing + correction; after that
hour this decteases until it becomes 0; then an increasing - correction

commences with its meximum st 4 to 6 P. M.; after that the correction

decreases#hroughcut the night. Authorities differ as to whether ‘wexx to
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the foot scale to read correct elevations when work is started every morning
or to set the 0 on that scaele to 3l on the inch scele and leave it there.

The writers objection to the latter plan is that while it keeps the correc-
tions all - the figurres are awkwardly large. Another error that is peculiar
to aneroids is failure to record differences of altitude correctly.

Gorrection by use of statiomary instrument. The simblest means of

correction of aneroid readings is the use of & recording barometer or baro-
graph that is left at a point of known elevation not too far removed either
vertically or horizontally from the prebeble—tocaiion-of ficld work. This
instrument is an aneroid so constructed that its hand draws a line on a
graph which is wrapped around a cylincaer that is driven by a clock.
Objections to the method are (a) the two instruments do not ever record
changes in atmospheric pressure exactly the same, (b) the pen of the bar-
ograph sticks and makes an uneven curve, (¢) changes in etmospheric pressure
due to storms are not the same at =211 locations or all e¥kvations, this
error increasing in rough country and in rapid'travei over a large area,

(d) the instrument mskes a curve which is rather small scele for accurate
work, (e) if left in a hotel room the instrument may be tampered with.

When a harograpgx is not obtainable an aneroid may be left at one point where
someone can read it at least once an hour throughout the day. ;Rdection

to this method is the extra labor and the introduction of £{ﬁ::;sonal equeation.
In order to correct field readings by these methods it is necessary to
construct a correction curve wﬁggﬁ correl ate® readings of the instrument
used in the field with that used in camp. This involves considersble time
in reading the two instruments side by side and when this data has been
secured through a wide range of p¥essures then additional time is needed to
cé#?ct the curve of the stationary instrument to agree with the field instr-
ment; this has to be done every day. Other faults are el)iminated by using

two stationary instruments, one above and on one side oi—the—aseeﬁiggre

gEEEELEF being done,and the otner below and on th€ other side of tAEME;BE:
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Field readings are then corrected by the formula: A:B::C:D where A is the
apparent
Adifference of elevation of the two stationary instruments as detsrmined

by their readings, B is the real difference of elevation of the stationary
He apparent

instruments as determined by leveling, C. isﬂelevation of point of observation

above lower stationary instrment as determined by readings, snd D is the

true value of the akaxs last.quanity. This ratio) could b?;;ily be worked
out with the aid of a slide rule but it cannot eleminate inst#gental
difierences. It hardly secms suitable for geological work unless other

methods are not feasable.

Correction by checks. Gorrsction by checking on known elevations

may be made by changing the foot scale at every point of known slevation;
elevations at intermediate points can then be corrected in proportion to
the elapsed time., This method is applicablg:ggen the times involved are
short)as for instance in measuring the elsvations of Fmmmhxsacontacts from
nearby bench marks, It is of little valu%for all day work. A much better
way is to leave the foot scale alone(after setting in the morning if desirsd)
and to construct a curve of corrections, Time is shown horizontally and
departure from conditions in the morning in fest is shown vertically,

From this curv?)which should be a smooth one, corrections for observations
at other times can be taken. It is evident that if many checks are present
in an area and they can be vidited at fairly regular intervals through the
day the method is very accurate. An impro¥swent on this method is that of
Lahee who uses comparison of readings taken at the same point during the
day to aid in shaping the curve between checks on points of known elevation.
Choose a vertical scale of not over 100 feet to the inch. Plat first the
corrections determined at pointé of known elevation. Then above the place
#hx where the curve will lie plat skaxk an assumed correction for each

time that the same point(other than a point of known elevatiog)has been

. : : e rea-{;";‘i. !
visited duringz the day. For instance if the is 10 feet less
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at the time of 'the sscond visit the second correction at this point will

be mads 10 feet less than the first. Then join these points with straight
lines; these lines will indicate& +the average slope of the main curve between
the times conceraed. Now use these as an aid in forming the true curve of
atmospheric change for that day. Another method of apglf he same method

of fcross checks" is to assﬁme a curve to the first time a cross check point
is reached. Then look ghead to the time it is revisited and compute the
difference in readings. Next plaﬁk/a point for the curve at the time of
revisit so placed that it will yield the same elevation as did the first
correction. It X may be necessary later to revise the curve to make it

as smooth a@s possible but in every case it must be so drawn that the same
elevation is obtained by correcting all the readings at the same station,

This method may even be used when there are no checks on known elevations
except in the moraing and at night. When the change in presswure throughout
the day is slight it is sometimes passible to estimate the corrections without
draving a curve but the practice is bad. Poor instruments do not yield

smooth curves and this serves %o distinguish kxzmmthem. Lahess method is the
best known for geologicai work but like other methods has the disadvantiage

i {ts need onty
that the rebul s are not known until the days wmskkis over. Reso /

be c.om-}o&' ead to nearvest Five feet.
Notes. Notes for any form of aneroid work may be kept tﬁ-iae—followihgp

form.

Station *ime Reading Correction | Corrected elsvation

limes need only be recorded to nearest 5 minutes. Care should be taken to
(a
mark plainly every visit teo a point of known elevation anﬁﬂto mark every

point on which more than one reading was obtained during the day.(£h¢ is

also a good plan to indicate the stations than have been determined on other

daﬁs.



1%

Deta for checks. GChecks for aneroid readings may be obtained

from (a) U. 8. @. 8. beanch marks and road corner elevations, (b) railway
station elevations mainly given in U. S. G. S. Bull, 274, (c) meddw=y profiles
which can be obtained from the chief engineers of railway companies or in-
spected either at their offices or at division enginesrs offices, (d) highway

e ; . . e
surveysjnot all of which are given in sea level elevations as are many railway
surveys, (e) river surveys or elevations of lakes, (e) levels run for the
purpose, (f) aneroid elsvations taken for the purpose rapidly on days when

4 97 Cautions.
atmospheric pressure is not changing rapidly or irregularlyvn Good aneroid
weather is most prevalent in the summer months when the ehemse—ia teuperature
does not change too much from day to night and when winds are light. High
winds quite generally denote the passage of a cjpclone with consequent rapid
. variation in pressurs. Broken of flecked sk.xlouds (mackrel sky) indicate
W 4 :

an on=coming low or increasing - correctians. North or northwest winds
mean + corrections. South and east winds mean - correctioans., Rapid increace
in temperature indicates - corrections; rapid decrease in temperature tae
reverse. Approach to bodies of cold water changes the correction making the
barometer useless near to large lakes particularly ia the spring. Change in

wind directions near to lakes may influence corrections. A blow against
r
an aneroid will cause a sudden and ggganent change in the correction.
Aneroids must be protected from too violent jars. They should be carried
on the belt or in a coai of shirt pocket, never on the absurd shoulder sirap
- K ' . r
furnished by the makers for reasons umknown. Dont jump off banks or over

fences while carrying an anero Always use¢ the same routine in reading.

If the place of reading is reachc¥@fter an abrupt descent or ascent wait a
few minutes before recording; if you have traveled at essentially the same
glevation for some time a wait is less needed. Do not try to read or to

coréct closer than the nearest 5 feet. Do not take or ship an aneroid higher

than the limit of the scale indicates. Do not expect as good resuts on stormy
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days as on fine ones for the more rapid the change in correction the more
difficult it is to estimate its true value. The requisites for good results
are V‘a) good weather, (b) a good instrument, and Xz} (c) experience with the

use of that particular instrumant. DBe—nei—expeetb—ear—enmeroid—to —yigtd Tesults
Always check }/avr reulmjjerror; of

sloser—Shenr 0 tho—wesrssi—fivefest. p feet or (00 feTare common mistanes
General. Hypsometer.

ﬁz,gggziﬁﬁié‘. Explorers in the mountains frequently make use of the
hrpsometer which measures atmospheric %Em pressure by the temperature of
boiling water. This instrument is generally beleived to be superior in
accuracy to an aneroid but is of little value for geologists.

EngingsrskevakixxRhasxprineipke afxthax

Engineers level.

Construction. The principle of the engineers level is the same

as that of the hand level but it must be used on a solid tripod since it is
much more sensitive. Levels are ¥ two types; (a) the wi® wye level in
which the telescope shows objects erect and which is detachable from its
base, and (bfﬂgumpy level which generally shows objecis inverted and which

is firmly attached to its base. Both types are leveled by means of fovy

A - devsliay serews. R ol Tec o L T SRR

Adjustment. First fdcus the eyepiece so that you can see the wires
plainly when the instrument is turned toward the sky and they do not ap ear

to move when hou move your eye slightly from side to side.



! . Adjusiments— In both kims types of levies the wires that mark the
MQ/ 20

line of sight are moved by small screws which project through the outside of
the telescope. The wye level is adjested as follows: (a) loosen the Belescope
in its frame and point the intersection of the wires at a distant definite
point. (b) Rotate telescope 180 degrees. (¢) If the intersection does not

move the instrument is in adjustment. (d) If the wires mbve use a small

steel pin to move them HALF WAY back. The wires are set on a ring which is
held by four separate brass screws, Loosen one before tightening the opposite
one. Keep trying until desired result is attained with screws set firmly.
fnexdumpyxxkevkexix (e) mow cen.er the bubble with the leveling screws. In
using these first loosen sll of them and turn them so that one pair is

parallel to the line in which the telescope is to be set. OSwing telescope

e s
over the other pair and kmxm center bubble; then swing back to line desired
and level again thus meking the insTrment stay level even if swung slightly
off line. (f) 1ift telescope out of its suppori and replece with skhkzx
end ends reversed; if the bubble dmrxxxak ce€pters again the instrument is in
adjustment. (g) if the bubble moves off center bring it HALF WAY beck with
the leveling screws on top of the tripod and the rest of the way with the
nuts at one end of the level viel using an adjusting pin to turn them.
(h) check adjustMent until ie is correct. Dumpy levels adjust in much the
same way as a hand level. (a) Set the instrument midway between itwo firm
objects on which the rod cen be set and read rod on each in turn with bubble
centered. Figure true difference of elevetion of the two points, (¢) Take the
level to one point and set up very close to it. (d) determine heigth
of instrument above ammiaf the*mark by leveling it and measuring the heigth
by sighting backward through the telescope to rod held close to gyepiece,
marking point with = pencil. (e) Compute what reading should be XX on the
other merk if instrument is in adjustment. (f) Sight rod on other point
and if reading is not whet it should be move wires with aijusting pin until
it is being careful to keep bubble centeredd The dympy level is more apt

to keep its adjustment for a long time then is the wye.
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Use. The engineers level is used in the same way as the hand level
with the rod. Geologists rarely need elevations closer than to the nearest
tenth of a foot so that fﬁuneis no object in reeding the rod any closer than
that. The engineers level in the hands of an experienced man is much faster
than the hand level in level country since sights up to a half mile can be
taken. On steep slopes the advantage is lost simce the time to set up for
each shot is much greater. On steep slopes from 100 to 200 set-ups in a day
is very good work. lMuch time is saved in setting up by meking the plate
esTimated
at the top of the trip?d as nearly level as can béﬁwith the eye. Avoid standing
so that your shadow falls on one of the legs of the tripod. Hever touch the
instrument while taking = sight. Never complete a long sight without looking
back to check the centering of the bubble. At great distances and against
the sun it is impossible to see the divisions on the rod and a-target must
be used. At such distances it is also hard for the rodman to ses signeals.
He must either be provided with field glasses or the instrument man musit
use & hanckerchief to make his hand show. Throwing the hendkerchief out to
the side means hold position of target,_waving in geircle means clamp target,
and weving up and down indicates that the sight has been completed.
Notes are kept in same way as with hand level and rod.

Cautions. The engineers level is a delicate mechanism and mush
be hendled gently. Be sure the tr;pod is firm when it is set up. l:{ever
go away from the instrument and leave it unprotected; that is when soé?iing
wil.l knock it over. f‘{ever set up of floor or pavement where the tripod
might sliXb. Doﬁt get leveling screws too tight or leveling becomes slow.

totel distance of

It is a good plan t0 keep th%\foresights and back sights about equal in order

to comsemsate for &nr possible error in adjustment of the instrument.

it takes much practice to be come proficient with the engineers level.

TiY
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Generel.
EstinAkisK, A geologist is often called upon to eytimate elevations
and inches
which requires constant practice in looking at known heigths. Feet marked

A

on & hammer handle are very useful in measuring sections but the practice
of leveling with a hammer held in the hand outstretched supposedly on the
level of the eye is about equal in accuracy to the weighing of the early

fur treders who are reputed to have used their hands or feect as substitutes
8 v
for ﬁﬁghts! The mere effort of standing on aplope is en%gh to throw off
I-F elcwg-h.on ,-'s o 1stant hcry'f/l cen be
[parisen wrth Obj Cets of Khown he:yv‘};.

Transit.

anyones senge of level.

d by com

es{hnufe

General. The engineers transit may be used as a level in much the
same way as the dumpy level. }t can also be used with a stadia rod and
differences of elevation obtained by reading the vertical angle. In this
case the operstion is exactly the same as that of the telescopic alideade
and so need not be here given. It is superior to the plane table in being
fev

less af}ed by wind and in being handier to carry)besides which it is harder

e
to put out of adjustment by jaxs olis and jars.
~—

Refevences

measvre on@ on +hoseorn co %
encel hedd at arpls /wﬁﬂr
anel s€€ how n—rany times
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locaticns 2rs .eed d or very ﬂc“cnfr&te elevaty%{lred. The 1:tter:is

®

the. case in 1411 .- ,T,t/'c;;n.]rl profitably beised tec give a cintrcl cver mRp-

A

pi_ng whers ne tg/r/'\_ Bep ol o is avzi'able r x{rhe're the l2nd survey is umisully

.
inag at;‘/srﬁumsﬂn Foa M‘A.SURJUG D’REQT‘O’V.S 0”"!

Peints«—Such ﬁirecti ‘ns are ccmac nly ;wen as s :nny dezrees Zaat o Nerth,

"-’831'. uf Nérth, Zast of Scuth, r:r.v_r.egt -c:f _aou:h. Dlrectiens thus daanrﬂ:ed are

ca.l.led "boarings"._ Sailcrs fr:m-:-rly.uscd ancthar systen cf tearinis. .The

iiability cf error in rsa&infg and rec:orci:‘url‘ﬂe bearinys and ‘the ldifficult;sr cf cem-

puting the angles betwae'n different bec.ring have led fe the use cf "azi!mth".
. different systevﬂ.s of wz:r.rvzu.th are in use: that oéstrcmmers who divide tho

cirels . into 350%(‘6.‘&?138 starting at the xxekh south and that used on many.

oupasses which sta.rtg ot ncrtho?“? ai&ﬂ 010‘-“ wise :

roctren : :
{E_iy-pe%—’ggwm. Most "‘Bvlo"'lato emply the Bruntcn comr2ss. In

this instrument the cbject sighted is seen by loocking dewn intc a2 mirver attachec_

eng® ; : : e :
to.4he side ¢f the comass, the line cf sight beinz fixed ¥y 2 line cn the mirror

and the center ¢f a si.t in a vane on tle cpoosite side of the instrument. The

_‘:;éedlé can thus be observed at the same instant that the 1ine of sight is ¢n ’t;.he

ébject_. The principai diSativahtage is that rbjects cannct be clearly seen in 2

mirrer and that the instrument is held 2t a2 differaent alevé.tir,n than the eye so

that brush, etc., which does nct c:'bs‘:t.mcfc fhg observers vision is trcoublescme at

t.ha '1evel ¢f the instrument. The usefu'lliiebss' of .the Bruaton f‘;;rl other purpcses _
.. : g edesmka {rr\,un_q_ 8A- O ok Lodle, aliducle ah be ollavned

cifsets this difficulty.  The pnsm&t:c compass has a card attached tc the needie

-.;rl;.ich is r*egd tﬁrc~uﬂ,;l1l a _reﬂacting p.-ism and 2 lens. The gbject sighted can

e ree.d'il‘y.gicl:ed up-even if .c-f llow visihili’cy sines the instrument is sighted

ty direct vision. .o‘t'her forms. of cuuma3s ueed & jupport if tl.ay are t. be read

accurately. Spma kinds may b Heiuted at the chjeet while beinz read ruch as =

7an ¢an be aimed frem the hips CommRsses with & e#rd on the nsedle are less

Agourate t} o, u__e. *:i@;;mut bacause cf the zreztsr weizht cn the pivot.
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Ad justent Mmﬂ Phe mamgnetic declinaticn can be set cff

cn many 15 truments 56 that they will read time bearings. This is generally
Sgcempli L By lucsening a set screw . wha.ch allows the dial tc be turned. : ‘Care
sizu’d ba taken to ses that the‘declinati;cn is set cff in the cc_rzfect direct i&-n.
If east, the line of sizht will be left of the ncrth point and vica versa, §f
the cempass is sluzgish the jewell in the needle may .be broken or tHe pivct may
b2 dull, cr the need.l-e not masnetized. . If possible, s,eﬁd the compass tc some-
cne vhe is used to, rep2iring instruments.. The pivot can be resharpened ‘b:r re-

moving it (it unscrews in all 'rcod ins trwnents}, placing in a lathe and shnrpen-

oy ynluin (r"\r q
{ s

sy il o 06 B4 varp Ti6s cauBmNn. Soth g8 & Phede Gl If the geadla
i3 de'narmetlzed it my be remametized*!y rubbing ﬂ'ently Wﬂwtt to point on

gad

a magnet, each end c¢f the needle being rubbed cn the pole whigh attmts it emnd,
=

Pass“backf 2y igem the mazastac Never carry a ccmpass wuhcut raising the

needle. If pussible, store & compass with its needle pointing with the local

maznetic meridian,

e
ek Saalea



. ' Declimati-n. A1l bearingze or azimuths read with an uncurrected

: ekl i

cyUmmass a.;-e ealied "musnetich, In few ylaces dces m magnetic nirth corres- £2

pomd tu jﬁﬁ .,rue ngrth. The.:.ry_%lé between true ncrth and minetic nprth is

callsd the "@aclinatic n". It may be either east or wast 'md any wp:alue up to

lsoamai‘ines on a €Aap dmrm'tiirs::u’;a pr-ints haviny the sams declinaticn are

callaﬂui;oganic 1‘131-33‘:’ The declinaticn is not fixecd in valuf '-t any lceality.

p,
It }rgs a daily va::i:?.'tlrn cf less than 1/4.-_ degree.  In tas U. 5§ all east
decl‘inat irns are slov le decraasing and al-l wast doclmatl .13 are slovly increas-

te
: |ﬂ”
inz .  The change is in Mst places less than 1 ; year, Magnetic StLr!EB

{uiten acc wmpanied by displays cf the aurora) may cause temporary variatirns.,
Rocks containing magnetite, irtn and steel, and wires carrying direct current all

cause local variaticns.

i Determinaticn cf true north. Prue north cr the "true ’nerldian" vn.y

be cotermined in several 'fays;'/ 0f %eée the methods best suited to the use cf
geolczists are given. ' (1) By use cf as isolgcnic chart. Such ch_arts arsé pre-'
mered by the U. 3. Otast and gecdetic Survey. U. 5. G« S tcp';gréphic' maps of
rocent date. zive the averaze decl imtion for the date cf survey. (Ccast and
Iake Survey charts zive the same ‘information ‘and state tne emrmual change. land
cffice mRps also can be used. (2) jay te;king the magnetic direction cf a line
Ioicwm to have been 12id out in a definite directicn. The true bearing cr
az.imu.,th from nne '1a1ldrn§.r1c té another can be scaled with 2 wrctracter -g:i\ -t‘-r:e- map
whld\ k) _
4% lmpwn tc be sccuate. This value can then be comared with that cbtained Yy

if 1he majors on't ho

direct observaticn. This is most ‘accurately Gens-cn-a-llercator mep., #

100 &
{3) By cbservation c¢f Polaris (morth star}.éﬂe&hcds-&s«ém%ed/—%y‘k—ﬁ.w
w&q%—-&%-?rran&*‘*ﬁaahﬂ:@t:—ﬁ—-w - Mineral-land-elassificatinns Viscen=
mmwmmwﬁ The axis of the

which votates counteYCioth™

§ i
earth poimts towwmrd the center of the small apparent crbit of Pelaris., obsar-. ‘\
. vationsican be wds (1) vhen th star is (@b the forthuut sast or wost in it 'ar:u",‘"‘,{":‘ :
T 2 we eSS 42 hY
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ﬁt-l {@lomgation), (2) when it i3 3. the weridian (cwlminaticm), cr (3) at any

hgur oY v]_.}_er the time With x-r‘fa‘r'epca t: 1 ngzation ¢r culminaticn is M .

The pfaulctf‘d tipes ©f culminaticn and elang icn.can be dsterminad frem the
'an muljev.s of syrveys  he m§ yyments.,

ﬂﬂhe‘mriu Dhe aporuzimte time > cf culminati.n can als> be deter"uﬂed by tf_e___________,..

' - Pskbarl s (T

,Asu.,pand a line frcm & tree cr ﬂt‘:er

solid object ab.ut 20 feet frcm the 3rfunc1. (g()n the lower end hang a:'?fei@ht-

1

relalti-ir; of thor stérs to the mbridians

giy ean be el J.mmted by putti am the veizht in 2 pril:f water.
4 1lizat sc shaded a c_nz-t shine in the “bservers eyes must be cast (n the .
mlunb line. LC)M; a c‘Li tance S”.lt‘! nf the 1«11::':% 2 such that the star can be sesrn

near the btop ¢f the line dr:w a 3take or -vetter, twp stalzes, with a level bhoard

: ; ; (4 naedle
¢ tp,%rch—%&wem&a—a—e—an—benaet et 2 pin or <aer—wpk ¢n the tep nf

the stake c¢r biard in line ':u.th tne nlwn‘o 11na a.nd Polarise. I.n-—the 'f-:-ref*nethod U)

+ he ’f{--1‘_n(‘

i ')‘C‘( the anmlar corrscticiis given in the =phemer1.d. /f;b_&_m,—»a%h——&%e——}%ﬁude

/@é may be as much as 3°%. It may “iso be commated frcm the table belew.  If
; : : (method ») : : .
thg cbservation is at culmin:.ticnﬂnc correctinn is needsd. ' If ne ephemeris is

b?

at hand -and. as a c¢heck, refersnce “avbe mde tc Zeta of the Great hip'per (Great
-Béarj vhich is ths secend star from the end cf the ha;ndle-.r This star é'=~csses

the vert_ic;?»l 1ine‘th-'__“ou =h Po]aris 8 r.ninﬁtes befere upver .culminaticn. If the ti«::e
of yeaf ia such that this star passes the merlc‘uihn abeva the pele, then Delta cf
ca.ssi-'f.pea gan be used. Thls créssés t;e vertical line below Polaris 9 minutes

bei‘z;rew lower culmirzticn. This is 'the sec:nd star from the laft end

of tiis five as viewed when belew the pole star. (See-diagrams—im—Hetehicios; Boan,
)  The g'bjac.tl‘n t@ +h1g a.r%d the rceding methed i3 th 2t tle v
)
require werk at vhat are often inconvenient hours. %“ﬁmﬁetnodﬂ..lhws t‘ze

ovzarvatién to be- mads at any time "sha.t the star is visable.  The number cf hcurs
baforé or after elcn zatlfn cr calminstica muy be determine’ from the ephameris
cr Siuply estimet ad. from the pisition of the line jeirang the -0ls star With cue

of the stais wencicned above, Wotc must be madx of hothsr the Star is east



S e e =~
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west of the meridian in applying the cerrection. The correcticn is best made
W cffsetting the point at thé scuth erd cf the line. At times after Qepper
culmination, to the{tizne r;f- lower culminaticn, the star is west of true nn‘rtl'i';

PR

fit cther times it is sast. scurve -ziven-by Heotonkiss, Bean, and_Jaeelwright

gives the offset for sagh-fict rf base line for-the latitude-of-nerthern-7isgen=-
gin.—— The follewing table is taken from Spaldinz, G. R., Training marmal in
top graphy, map reading, and recomnaissance, U. S. army, 1917, p. 82. It is gced

until 1930,

vler errver, s
Hours afbhgr upper culmination Aanzle Anjminutes fan—eor cifsetin toet.
: ber foot of basl (M

B hrse O-min. : -] 0. 00000

i : - 18 West 0.00624

2 35" 0.01018

5 49 = ; 0.01825

e, : 61 » 0.01775

B*u-s. 59 Min. (V. elcngaticn) 70 = 0.02036

8 ‘ Gl . 5015

9 : - : 49 = 0.01425
10

- ; 35 * 0.01018
11{hrs. 58 min. ; 18 = 0.00524
Jif(Lcwer culmination) O u 0.00000

Rooe after lower culmination the same valuss but 22st. !ccrrect irn for latitude. )

e

Ncte: Zets of zreat dipper is to left of pcle at east elon@ticn and to
right at west elcunsation. Delt2 cassicpea is opposite.

The above tables will zive resmlts to a cuarter cf a dezree vaich is
abcut as closely 23 a cunpass c2n be read. The base line sheuld be prelenged

. ~
;¢ about 300 feet by day lizht 2nd cemp2sses read con it..
S

Us 2 {/f/me/m;wasl The chief difficulty with the use cf a ccmpass

=

l >
(4 gl mapd 4 §he swinz of the nsedle .Q!““(;r,:' the needle does not swing freely

-
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the irstrument is dafactive Hrit mtil the swing i3 rezulir Jkdedesse

und then toks the nicdls a6int. Phe stop which helds the :.eedls 7hen the

diia LldT =

ingtyrwnent i3 beinz carried may be used tg check the reedle znd hasten its

setctling. 4 sinilar result may be 2ained by‘t i1t inz the instrument so that the

wgeals subs 33uizst the cover. Gars must be takfm that the 'ir stmmer«t iz level

vhen the reading is taken. New model Bruntan cempas3es have two levels set
auf:a

At right ”nrlea which 3re used fcr this purnc se.r ever try to use o complss

Tithin 10 feet of 2 wir.e fence, pipe line, resnfcrced cc-nc:ete bridze or culvert,

¢r railroad tro.ck mtz»m 1a feet of a well w.th stocl edsins, er 20’ fhek. o5 Bl

] AL er‘ S o ¢ O A Y Oin :
antomobile.. /\ atreeg car lines ran by dlrect cuz rent are very trou'olesom .

Always read the north end of the nredle. It is marked by either some different
shape or cclor. The scuth end (in our hemisphere) has a c:unter‘balance made
cf fine coppar wire. Before reccrdinz any cc .ap:.:;s diresction determine ncrth

: : ask r‘l’fse’{
appreximtely by lcekinz at the sun or at land marks; then stem,; :L: this reading
eorrect? It iz very easy to reccrd the wronmz quadrent, easier, in fact, than the
vonz dezrec. Seécond, cheoi{ the direction in vhich ycu rezd the dial, It is

very easy t® rexd in the wronz directicn since the zradudticns run in different

directions in different marts rw — e

Htohinn M. 0 Bw €, &, amd

WW,O.W., «c/w\‘i Dl i
(,Q,wmu{(o;' o Wt ool Nak- fhsh
S‘wwvar (Bl L{ﬁ‘; W&:'- j“f,f'ﬁ"f)d
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‘u THE Pr.ANS -LB—-'-J' ns 8N nel 5/" ‘ﬂ;
e e . & ool
6,3_23_'.'.“‘-! f-'ﬂé""rumdn-f.l For clotermmatior  ,f.c “g‘a,ﬂ'-] compasifon e
cm comprisg (1) plane table,(b] snetl nmy ona 7 ‘4 1
.agperal ( The plane table. consists of a P that it can
; v el
be held hOI'J.ZD +4ally and tu;:m,c‘ se-tret—diroot-ions—or the map placed on it agrees L
ve tables have afevelmg Aevice on fop of thetrs, 00l +
with directicus on t.ne frround Tha operations of traversing, locating objects »-j;!m :"" L
ay a
by means of bearings, or 1scatinz & point Mot previously measured to be me=ns O ﬁg;‘”‘ ;:;

e p—

bear:,rgs of points on the wap 2re all performed with rapidity by means of the
with fhe plese teble,

plane table, ﬁ" Pro‘clems are solved mranhcallg/r\, and a3 the map is constructed
in the field, tha chances of errors from mistakes in notes and from omfxﬂsmns is
minimized. w’ne*a an extraordinarily hizH dezree of 4c<:ur.=.cy is not demanded,

There are ne “JM

the plane table is the most useful of all instruments for mapping.

Us&a Traversin-?. The table is set up as nearly level as possible. If such
e
ba not done, the o.irectlona to pdints not in the hoﬂzo*atal will not be correcily
indicatéed. Oned the table is set up at %;“;a@;“tne bearings of points sighted
can be obtained by drairing lines alonz the edge of the instrument called an
nalidade". The alidada my consist sim;dl&_ of a strip of wood, may ilava open
sights, or a t2lescopic siyhte The line of si:ht rmst be marallel to the edaze
of the ruler but nced not ve wertically a.b'ove that edze 25 asuch a refinement is
beﬁrond ths capabilities of the instrument. l ifter ths direction of the next
station has been dravm on ths rrp, the disztance to that ctation is measured and
‘the table set up at that points Now the table must be turmed on the vertical
axis so that lines on icia;se pa.rallal to their pusition viaen it stood at the first
station. This may be done either V:}n:h the usze of & comMpass o‘i-{:‘ %y layinz the
\
3lidade alony the line drawn to th/e stat ion now occupied and then turniny the
table until the first sizht is ‘;-w in the reversa direction.alons the Yine
from that in which the sight vas first talen. Another nethod iz to a8 once
scale off the 443 t:mc.e neasured on t;he line tins ziving the location of the new
Way the aljdade from tha.t point to some objeet ¢n the map Which is
visible and has been previously loeated, and then turn the table until the 1line
of sight strikes the mark gelested. This process is caled #erientimgf the

_ table. Jt iz best to always use two methods of prisntinz, i€ posaidle, as failure



to agree shows either locul magnetic attraction or em error in the map. & 39
A‘traverse may also be run by the "turning point " method. Then a sight is

teken to a point ahead of the table; this is called a foresigat. <The point

is then located on this line by measurment but the table is not set up

over it. Instead the table is taken farther on to ﬂ;;zﬁx from which the

oriented by compass)
point can be seen. It is set up therejand the alidade laid through

the intermediate point which is callé; a turning point: The alidade is

then turned until the turning point is seen and a Iingﬁdrawn. Distance

is obtained by measurment and then the location of the second table location
or station is obtained. This method is workable only where there is nq‘?
local attraction; it is out of the question in towns and cities. In work

with the open sight alidade it is also open to the objection that the turning

point may be mistaken when seen from another point of view.



b1

to agree shows eithor local m,—.gnetm attra.c"lnn o an error in ‘the Ta P A

= urp oint/!
traw‘rerse my &lso be run by the "f mg bden't metho

Is made by o Dackomht 0 end mldrﬂfnn(f 4c5+un@d'ﬁam ﬂ, .,,,.-f’ ],“ﬁﬂl
mi Th acouracy of the work is then dependant wholly upon the a2b- x

sence of local Agnetic attraction. Tl?.is method is used almost wholly:iin 011 ."’“
i - yf,, o\ Mm@ REVIRDY

worl; /and on Ahe J. Se G Sw-vut—3hould never be used in towns or in regions of} 2 lest

mb-_etlc Amtﬂr‘cance Anless it fis"alvké;jis'iib?:;si‘ble‘ o chinie ormntatzon Yy sishts\

~

o - thér—points—(preTerably three).

rd E cfd‘jfﬁﬂ"
(st~ Intersection§ Points not located by measurement ncan be located on th:
plane tablc by the intersection of two .- or more lines drawn to them Prom dif-

£4he table
ferant locations; A11 the lines should intersect at the same point. If they
: Somé

do not, there is an error either in orientation or in measuring‘distanceﬁ’.

Such intersections serve a valuable purpose as a check on the accuracy of the
whatevey methed is vsed

mapA. Beinz discovered in the field, such errors can be corrected, Never
attempt to locate a2 point accwately unless the angle where the 1ines intersect
is mt&g&han 30% In dra.wi;ig the lines to points to be located by inter-
sactions use a very sharp chisel=-pointed hard pencil. Draw the lines tr-t,ag:;e
estimated posztmn of the object V”l-gf-these lines are t0 be used for orientat ior

in which case
by backsights ﬂ‘draw them the full length of the alidade. Lines that wil]{not be
used for bﬂ.cks“ights should be drawn ;\rery lightly and removed as soon as no longs:
needed. In many cases lines can be omitted within z;.reas on which work is being
done and extendel to points of intersection when needed. Always mark each l'meﬂ"*'?

DABLE

dyawa with mame of object sigiited. After object is located remeve this and

lepter in name of object in proper place. Stations lmwag are
marked with a2 dot or pin piick withm a small triangle. Pointa_loc%‘;jéd by

mtersect ion or otherwise bty a dot Wlthln a w&e;—ea—-botm-& square. In

no
some cases it may be necessary to keen aﬂ reco d of points sighted.
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e

_ ..__——J;ﬂ.&,acm._:; . LOGMATIE | my be mct: rad bv sishtins 2 station and then

only

On‘onﬂ.hh s then medé by a b ux.s:,hf

occupying it without measuring its chuu.ua.n & orevicasly ;o\.a.fr,k. point is, wh::i_f

: e e i o = : L, e & LoV
sizhtad znd a2 lipe drawn f£rom it intersecting the first line which &&usad onlau.#
for purposes of orientaticw. The »oiot of intersection o5f the two lines i3 the

point now occupied. Thiz =ethod is c2lled "resection.' It is very useful in
all plane table vork espeedally in crossing areas where distances cannot be

measured.

l/.Se -Three point proMlem. The location of a. stat ion not previously sightea

LS

can be made by pvesection from three located po:mt- w:thout the use of the com-
vass for orientation. ot of 2 large mamber of methods of solution the follow-
ing are the rost practicable in the field. The zreat advantage of three point
locations is that ehe—foj;?og‘lgapm can sot up and ?btain his location provided the
cowit ry is fairly open, 3t any point vhich pleases him regardlesé of whether or

not it has been previously sighted. Locatienc are independent of commss errors.

WM@WWS&M
A
L Deiinitions. The three locr teﬂrpol :ts are desisnated as fixed po:.nts.

Phe triangls cocnsct iy them is called the "great triangle". The cirele passod.

thre them is ca2lled the "great cirele”. Directions right and left are measurad

as the swr¥ayor face® the signals.

'h_é\_ U)Looat ion Yy est ima.ticn./k

S oot LRl 23 v =3

(1Lshmanng method )

Aule 1~The point sought is always distant from gach of the thrac lines drawn
from the three fixed points in proportion to the distances of the corresponding
actual poirts from the station occupied, and it will always be found on the

corresponding side of sach of the lines drawn from the fized points. Rule 2.~
"hen the point sought is without the great circle it is alvays on the sams side

of the line drawn from the post distant point as 19‘ ths intersection of ths other



st C
— a8t ntmﬁ\nm’éﬁeckeo by new lines until all 1ines intersect at a poirt. i w

4.

=

/‘-—.' = g
B o s e g
e g ; : .
tio 1ines. Rule 3+~ Jhen the poiunt sought £a1)s 7ithin 3ither of the three
segments of the orer_t cirole forael Ty thie :1 #s ot the zreat triandle the line
drers: from th: micdls ooint lies Potween the poinl souzht onl the intesssction
\
P
of ths other two'lires. . Rvie 4.~ :en the neoint coxght it within the zroat
trisnzdle the locstion is within the trionic ol arvor formed by the intersections

of ti:2 thre® liues. RFula 5.—7hon the point scaght is on the zreat circle

no location c2n b2 obtained sinez the sroblem iz indetasrnirata.

v/& s POLACAL R0 0 ?S."CL The tale is oriented a3 nsar as can be done. 69)

tha three 11:.e drawm formioz %ﬁe teianzgla of error, zne point souzht locatad by

—ENE ==

IVEYUIES Mable rcorwnfwﬂe ointss anddgcation

LU

5 4o piexfd Fero thetabip %
mc}ther\ aDﬂth W&a‘f’ﬁ triangles of erio '

oR d—j e ‘Q_ass
‘ A-Hwé QIV'”‘J By of Y T il
strals \:L ix;eﬁ% tiwon *ahe 4 orre sponding angl es-of -eaék%ff M’o" triangles.

Tha pmﬁQ nf&*ﬁe“@ﬁuﬁ 16% these taree, 1inemaiﬂamzhé_§a«im: souzht.

vﬁ/ (3.)_393-391'3 msthod. This method is more accurate than that previcusly

deseribed but the costrmetion 1ings often f2il off the sheet. Lo-t-the tTree

oftho-atawaonss Of tho threu mep points chooss two so lepcatsed that THT
point sought dous not lic too near the linc which joins thom, This can
casily be scun by léd#king ot the points on tho ground. Lay the alidede
butweon the two mop points ond swing the teble so that gach in turn is
diroeted toward the ground point that it roproscats. This moons that the
alidade must be reversed botween the two pointings. When teble is 8ot in
his way sight tho gthgor onc of the threo ground points and draw a linc
towerd-it, paying no attention to its map 1ocg,1;J.on, through the one of the
two map pcunts that is &Q@*ogtu} toward ite ground locutlon. This gives
two construction linus whici lntcrsect. Lay 'Gh JEg\tllf.'mde along thi.linc

d beint
joining this intorssetion und thu mep loce ulOﬂA for he point sought liocs

somewhere on this lino and' OI'lulTC tho toble. m—m-hm*%c’wm
il SO A ~mtmnA +he antoam mﬂ
c ~is_in:e_c_t_- 4 to Q. Than with- taTTe st = Yine 13 drawn £rom .t By

interbect-at-—ov Fre-riymgjoinanmy ©

and b is th3 tyua direstion on-the tabls oR b fron-the-point-soughte. —Sat-the—

i M»—i@eiﬁm\low locate point sought bty rasections from the

other two fixed noints.

Pwo point problem. Yocation from only two points of known location

g

may be made in several waysk )If the point scgaght i3 used only for skebehing 2nd

not 25 a base for other deterainations resaction from the two visi‘ble points



S ) Bs

with the table oriented by eom.aa i3 sutficisnt .(“yf tha tadl: can ba et up
in Mme rith two fixed noiits it cazm T2 oricnted on them and the loeation fixe

by rexcction from ancther iixed point.(‘)c-thar ziethods involve the use of 2

taze 111';9 1l=id off but ﬂot mccus *arﬂy agazuared, from the point souziit. <Erom
= - j !, [-"

Nake a constru"tlon locatl n of tne point sought \dn some un000upleu corper
et .

. \,., o s S
of the map sand from this with table oriented by guess sight the two ground

points paying no attention to their map locations. Next sight the point

chosen for the other end of the basa(?aving previously made sure that the

two points can be seen from tn»r}} Go to that location and lay ofi the

along Fhis bus€ /ms’ 1o

base line of\ the shect by estimation. Orient teble by backsight/Fa p01n
sought. Then sight the two points from which locations are to be secured.
» . 13 h1 3 3 . - on

The construction locations thus determined by intersections £8F the two
points will be in a line that is parallel to their actual position ofy the

6o to pernt Sovghlas an
ground. f Lay Jae alidade on this line and sight = distant object. Then lay
it on the map positions of the two points and turn the table until the szme

distant point can be sighted. The teble is now oriented and the location
® >

the point sought may be made by resection. Anothefpossible method is to

[

0
measure and scale ofi the base. The intersections then give th%distances

L]
to the two Pgonts from the point sought.
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T

_'._ Py be used to obt2in loca-

Zis _measuyd
tion by intersectinz ares., The limitation on tlese solutions iz the possibility
of obtaining 2 base of sufficient lenztl firom vwhicha tie two siznals can be seen.

Jse-summar
ANy IR SRR, @I;n epen couqtry of ,;ﬁapm r@l igf & plane talle sur-

vey may be sitarted by measurinz a base J4ing with steel tape or egpivalent and then
locatinz points by intersections. If possibla mors tlan two stations should
be ocet_xf_aied&&ng ti2 base lire 30 as to get a check on tue iatersections, Iines
shoull &l8o bs drarm to poi-t: which may ba oceurisd ut cammot be located from
the baszs lins op sccount of bLeiny ipvisitle {rom one end or having two small
[ 5
intersacticn gn:lel. Thesz poiuts may be located &It ?Jy intersestion Irom
e . 8, : ~
point3a previously located vy regaction orAt‘zae lines may be used only fer
when poinfs are eccvpid
riengation. A By occuuyiuy successivaely points located froa the orizimal sta-
t ions the systed of trianyulation may he extended over the vwhole sha22t to %2
mapped. Great care mast be used in tois v 'orxfp ince the acgcuracy of the entire

map Qepends upon it. Yoecations zRde by the three point method may be uzed for

triangulation Mt werer any station in whos@ location th2 COMRSS Va3 iiepaw:{ecl

[~ 5

ULon. LYRRISei-Ane S, i 35adetiiipliietbonfilledn T ooalet EITY

te located-hp-gompass rcrientations G)In caze the cox:try is of low relief, with-
aut covSpicuons landieijs to use as siwnals, or is forested, travorsing must bd

X

used. 4 travers2 should be run around the outside of the area to be m-_;;'pld,



4

&. v
preferab;y‘ followinz roads or trailé. The traverse must come baek to the Doint
of bezinning. In practice the vnap 1ocat1on of this point will never e:notly ;
correspond to its original one. 'mus error is .galled the “arror of olo;ure"
Its mamitude de\:tencis upon the care with w}nch distances were ma:ursd anﬂ- tm-ta'bhe
Kkept from turninz after 35t ap. _.rrorJ dus to local magnetic a.ttract:.on w:!.ll

*f‘armm, Pam t methoef

- destroy the accuracy if the 2as been used. Study the error in closure

and ses if you can locate any specific error. If ﬁot, and it is not too large,
join the two plotted positions of the point of beginning. fnss parallel lines
through a3ll stations. Rél ocate them proportiomately to their distance from the
point of begimning. This is called adjusting the closurs. Acc'm'nt_ should be
té.ken of relative difficulty in obtaining directions anﬁ‘:listances -in_ different

parts of the map as well as of distance from the point of beginning. ‘The plane

table is not used to advantage in neav11y forested. orfvary flat country. Other

methoda are more profitable j§n such situations
Ca vtions e
Arrors. The prinyipal source’ of error in plane table surveying ’LE

.m"\")

fa:.lure to orient the table correctly opy movement after orientation. 'Whenévar

| &

\
)
L B

. the table is oriemted a sight should be taken at once to some signal. . Before
leaving, this direction should be checked to demonstrate that no movement has
taken piace. Other faults are %shrankaoe and expaunsion of paper dus to
changes in sreathMThla is ohvmted by mountinz $we—sheets=of zo0d paper on -.‘lﬂ
ittt

o] 8;‘5}1. taxmg-’e&re'tee -eross-the—grain of the-paper.

e—

‘nha aamoy:.ng thing is that paper'does not chanc'e in size equally in ‘both direo—-’
—————— "W B 10 TR

: _tions. ’,k In a3 wet ¢l r—:a.teAcelluloid may be used.

ganerally employed 674-\1:1014 m ‘rowshered wit,

paper. /3 ines aré more readily seen if 3 sheet of paper is i

kind.” / The objectiong celluloid is its tendancy to buekle and 1ts large = =

exfry coefficient of expansion. ftnar solutmn wlnch is not Jmowm-t0 hws— been

7 o= - / , s
tried, mﬁldf be the ﬁounting of paper with rubberszmmsmk cement eiﬁher on cloth

or di{ectly on ano,éher ,heet with its grainat 30% (Paper could also be mounted

i



€3 3 thin sheet of conDNay or iy Rt rgﬁmﬂ:a:meﬂ&ﬂ%

Anotihsr sdurca 2 S o e famlvre £o have the table horizontal vhen

?

31zhting ntjects smeh 9bvva o¥ bv}ow isz level. .-Ja.:ra mst be taken .wit"h ra2ard
i0 oca*'mns dBT‘B"lﬁl u_*mn_i verfecting lines. mhe 3G° rle shbuid.hom in 211
Li3@3. Failurc to proveriy 1“@1‘} Alatant ol jacts when seen from a different
Qireciion may be guarcl-:ir'egf et by‘ wotts desc iving Yhe objects 3izhted and Yy
]:.ine': dravm to them from @ shori hes 2, £00 shovrt {0 woeate the sizmals accurately
but still sufficient to guard ssalnst big errovs. alove all, keep the taldle

{vom Yeing moved, keep the map from exposure to water it on paper, leep it clean

'a:l.; the tiie and 2veid o.'m’nssinns due to erasures.

a,ndr
strip of paper is held on tTolls on both sides _Gugé'_,?/
: amtt sTve
f the board. A-specisd lr\}%Luwwﬂ e—held over tne top of $he-

of reading bearings some i‘;y

A"‘d disTe T4

é—-c& arin 'f"Ac,fo laid off f €
aspecial Aicalp 7rved o one edge of the Boarc)
with #ke protractor?” Yistances are determined by pacing or time of trevel.
= - y re y . 9 - v N
fhe instrument is primarily designed for mjlitary mapping on horseback but
is used to some extent by geologists It is undoubtedly slower then a plane-

tablebu bef‘lev f'han rhc’ icc”"lawrr19 method

Compass and notebook
mveraingyln makiny & compass traverse say (f a rcad, dis-

tance *nay bs measured in any way, but 25 the ¢ mss is nit 2n instiument of

Methoo
Zreat precisicn, they will tsually be measured by pacinz, (' ilark the peint cf

startinz. Read the bearing cr azimuth ahead to some reccgnizable landmark such
as a tree. Reccrd same. Tha nark need not be at!the point ycu next intend teo
mlnd that,
step but may be at-a-distanee. ! Keep cn the line by walking directly toward
the mark end keeping your eves cn it all the time. Vhen you can 3¢ no farther

¢r must make a turn, 3top and take the bearings of nct cnly the next mark or

Mstation” 2head, but z1sc cof the cne wrevicusly occupisd. If there i3 any lcecal



P
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fisturbince ~f the compazs it any staticn this preceednrs will disclcse it.

’(,,\ n regicns wliere taers iz noryeascon to tl:i'nl: there is lccal ;n:,'gnat i¢ attractiin
& considerdable saving of tise oy be acccmplished by nct stcpping 2t every print
ouhoat the iivat otatd n‘si:—;ht. 2 readily reccomizable land z'no.rk at the next
turning; pace tc it, turm; 3¢ cn preinz as long as locking back you ¢3n see the
mark; 3tép and read bearinzs hack tc the mark ond to cne shead. Never fellew
tis rceredure in a tovm.,  Objects off of the line cf traverse shculd have
their bearinys taken from at least twe pcints if it is desired tc obtain their

lecativn.  Along & winding r-ad or stream sh:rt ocuts can be traversed and the

lccaticn of the rcad or stream sketched in. The following fcrm‘é may be used for

nstes.
Bta. occs : 3ta. sizhted Bearin*({or a.zi::mthL \// /2 _Distance
N 4 ¥ g 2
- 2 . Zlf

Tt is best tb GAry @ protractor and Hetually mEp the fraverse in the fisld.

T e

Grosy geetdion wéper o wepey with swiel parsllel linsd 12&%@ r-ginee the *

: : aphroyemet?
nerth directicn can be frund at any poimt. For roush reccnnaissance th% tan-

gents of the anzles maasured may be platted by the use cf cross secticn paper

ne use cf a prctractor. If Aac c.cs3 section paper is available, the

ot

. “iich saves
anzle bestwean tho twp compass readinzs mist be computed and laid cff. This

' plweys .

sn.greatly facilisated by dravinzy

2 rough sketch - £ the relaticn betwesn the twe lines. A rcugh sketch shewing

is éasier with azimths than with bearirzs and i

directicns and distance: should 2lwvays be made in the field even if no attemnt
can be made at accuracy. It will prevent many large errors. The bearinzs tc
cbjects nct visited should be platted. The intersecticns zive the map lccaticns.
“f several sights tc¢ the 3ame cbject dc nct intersect at the same place, an

error is at cnce made apparent. I.ccations cif the line cf travel can be used

in =as3inz Hlaces vhere the distancs camct be melsured. In this case, as with



12,

> location of a print gecupied tut nct measured to, compass bearings are
ccnlenged cn the map ircm the neints of mwn pesiticn. Their intersecticn
.3 the vlace whore thasy tsere taksn frem.  Vhile cnly twe bearinzs are neces-

3ary, thres cr nmure 2re valuable 23 2 check on cne ancther.

~3tation - Time : Bare. : corr:ee-,tinu__._EJ_axr_.ﬁ
A - = =g

A&valhta.gns o@\ care;‘gé& ,@uwe&. A compass survey should be made where

(1) tha Wt welght cf a plane table cr cther instruments prevents their use;
(2) vhere the amcunt cf wrk t¢ be dcne does nct justify carrying other mode
bulky instruments, (3) in thick brushg or (4—} vhare it is desirable tc aveid
attracting attentirn, The compass is slowe? than the plane table under mo#t"

oméitions.

Table of approximate fangents
De%ruus Offgu‘h in dedtane af 10 vnits
. 0'

0 S e e L8

15 Pl

oD e 3.6

29 4,7 Lopyeathi s tabliwis=your-notebook=for-futur:
S0 e g ; R LATa

) 70

LU S n s s Bad : s _

45 10.0 For angles BYer 45 deqrees v @

,;omjplm entor \/ an?liv

e
o,
1]



levation. Instruments
the dip of stratea, d (b) in measuring differen f elevation. 1 5
c - used comprise (a) Abney level, and (b) Bruntan Compass.
= o iy
ADILC ; ]_ “'_:::.n
—— _-vcis” The Bbuey level is Jike the hand level except that
= M :
LA A

the level vial can be rotate’ on & horizonial 2xis. An are and vernier attached

to this a%(is indicates wertical angles. This vernier on most instruments ia

graduated so that it can be read in both directions. It i3 divided to 5?33‘_“"33
In case the reading is less than 30' read one end of the zxkme scale from the 2
0 which is in She middle. In case the fracfional dezree is over 30' read tle

other end)” ~ 1unspeeciion of the position of the 0 point on the scale of degrees

will show at once which end to read.

Ad jus tment, | 0% }ab'f.\.e'_,y 1&3@61. Adjust the .bney levelin the same way
ok e e B 2 screv 3t onme sile 1n frent
as the hand level. Movement is accomplished oy gerews-at--each -ond. of-tke-level
which m~ves the fire and mirror as in scme han levelsi

b5 & 58
T % ; e
NETtations of . hnoy levsls ka2 1limit to the usefulness of the
\O_’ = \ \ o

Abney level is fixzed by its -crude 1line 'of sizht rather than by the sensitiveness
of the buhtle. Never attempt to get accurats angles at distances of over 1,000

\ N < -
feet.:gjp;_-jég?;‘ah{y 'zqgén less ' than k3. Glamped at @ , the instrument is a2 hand

2 S

level. -

4

Brunton Compass./ The Brunton commass can be usad to measure verti-
{ ‘aﬁ_‘"/’

cal angles by unfoldinz the sight vane, foldinz back at rizht angles the little

“'n

L

veep sizht on the end and half closinz the cover. HHow with the instrumemt held
sideways, sizht through the peep sizht on the end of the vane anmd the hole in the
cover. Point the line of aizht at the object and center the level bubble seen

in the mirror by means of the lever on the bottom of the instrument., -Fiwrangle
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\/Measuring dips. In order to measure dips of strata with either of

the above instruments it is impractiable to simply lay them on & bed as shown
in illustrations in meny text books. It is best to either(a) lay the instru-
ment of a long straight stick that is laid on the beds or as this is generélly
not sbaileble (b) place the eye in the same plane with one of the beds

and hold up the instrument so that its edge comes on the edge of the bed in
question where at the seme level as the observers eye. Then center the
bubble. Dips can rar@ly be measured closer than to the nearest degres.

Measuring elevations. To obtain the difference of elevation wher.

"

LA

horizontal distance is known multiply by tangent of vertical angle.

A method which avoids #he carrying of a table of tangents is used by army

officers. GConstruct a scale for the map #ewke used on whichythe difference
of elevetion on a one degree slope in any given horizontal distancelis shown

Fer—instanse—merks canbepluced onthe-seale atauch points fhal Sach—is

Ho—feotiiper i the Tast— i —the—steope~ie—ene—degree. OSince a one degree
; ; .

vmi T units _
slope is equal to one feet im vertical in 57.3 feet horizontal the following

oan de’&f;'@‘(
formula will give the length of a scale to show aaFgﬁiikﬁﬂ difference of
elevetion on a one degre?%lope.

Length®=Diff. in elevationX scale of map divided by tangent of 1 deg.

Recomputed this is:

Length=diff. elev.X scaleX 57.3. j@CJ 'M"*}D Sca lCs
The scale 15 st atecd as a fracfn

. N7 .]1.
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4 Section meking in inclined SEAINERER beds. Sections of inclined

To we this scale to messuré differneces of elevatioﬁs fox"!other slopes
than one degree obtain the reading far the desired distance with tiie scale
an multiply by the number of degrees actually observed. This rule holds
only up to about 15 degrees since it is only an apbroximation. The error

at 15 degrees is abouﬁl%’percent. It is sometimes necéssary to find the
heigth of a point to which horizontal distance cannot be measured. In this
case read two angleSto the point from opposite ends of & base measured in

such a direction that all observations lie in the same plane. Then use the

formula Heigth = base divided by difference @f cotangents of the two vertical

G2

beds may be measured with the Abney level or the Brunton compass in much the
geme way as with a hend level is used in measuring horizontal beds.
In this case set the instrument to the angle of dip and proceed as with the

level. Thickness of strata at eacn shot is heigth of ouservers eye multiplied

by cosine of dip.

A convenient method where the hassxafxkk point vertically beneath the object
cen be reached is to set the Abney level to ope of tho points given on the
scale of slopes which is generally opposite to the scale of angles. ©Slopes
are measured as so many units horizontal @ to one vertical. Set to 1l in 1l
end the angle is 45 dagraesﬂ:l in 2 it is about 265 degress. With this data
it is easy to place ongﬁalf at such a distance from the inacessible object
that it is sighted when the angle is set at a easily co:n'i:‘\u'ted slope. The
horizontal distance is then measured, the computation made and the heigth

of the observers eye above the ground added. This method is a good one

by which to measure the heigth of the face of a quarry.



Contour spacing. Scales may be made for amny particubar map which show

the spacing of contours of any particular interval at different degrees of
slope. The construct.on of such scales is yreatly facilitated by a me.hod
invented by W. J. liead. Construct a scale for the lowest slope desired,
probably + degree. At one end erect a perpendicular. Connect all points
on the scale with the same point on the perpndicular. The proper spacing
for twice the slope of the bottom line is found half way from this point
to the base, for three times at one third the distance and so on. Rather
than use separate scales for each slope the method employed in the Army
can be followed. On one scale spacing for +, 1, 2, 4, and 8 degrees is shown
by simply marking the proper lines in adifferent way. Other combinations
can be worked out so that nearly all slopes up to 1? degrees can be shown
by use of only four scales. .

Distances from vertical angles. Whenever the difference of elevation

between two points is known the horizontal distance can be worked out

by the same process as used to obtaing differences of elevation froﬁ vertical
angles'¥::i2d backwards. The rule is to divide the vertical distance by

the tangent of the vertical angle. If a slope scale is used divide the
.vertical distance by the number of degress meed and the resulting reading

on the skope scale is the map distance of the point. This method is ol

value when the elevation above a body of water is known and distances

t0 points on its shope are desired.

o
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tenrfal. Instruments for determination of directions, 41L8Tances,
SSRTRE
glidade with plane table,

end elevations combined comprise (a) telescoplc all

(b) engineers transi

i folesconic alidade: _corbiistion] ady =
Qagstmctign. Tile telasc op’ic alidade c¢consists of a 31’!@15 telesgope with

two orineipel 1emsau. e larzs lens is called the objective, the smalle/

wanalty cosipewad, is called ih9 ooular. A faflactiug p&'l.ﬂn in‘the ogular cr
e Whieh cun Therefore
wepiece LUles the observer 1;0 logk tarouszh tha instrement a&th—gnu:n&:a.se

: E 4 ! %
Leset near Ly jj base. 8

S Tong wers—provided. It % maXes objects a.‘_psar ngh.t sida yp et with
rizht axd Ieft intarchanged. J‘ust in front of the ocular is a rigg on whizh
ar. mountii fm. wir,a, taree horuontal and ene vertic 1. The ;g}ese‘m 48

2 ko revolve both on & axis in a horizont il ’\1::110 at ri: ht anzles to its e

avis :md %n the mounting around its axis. The former motion is provided -ith 2
clamp ancl glow motion scraw. The ljatter- Motine i orly used fér al jastront vl
: ‘usr n front of The hovizontal axis / -
_r-———“——_m—-_ _________ / \ £
4s elampet by 2 rh,:ﬁ Cn top of tﬂe telessops i3 & post to m~§c 3 seridiny
H i

leral ecan e at-t:—.chc-’r,. Tais lovel i5 remove! to & pust on the t-a.so vhen ks

istrunetit is not in ase. 4 Small commasi mmy oo WMy not te attached to the

. 1
: : A reading YerT)etd
Pasa wiich o@;}'z mas a gealo alon: 016 side. Jhe wre t’“ e e,
= N } e ~\ it & L
(U\f';}{fg‘ hat aun Cu iy stoble indey \fﬂ'(l‘ cary e X

Ve Ad astoent dof oyopiseo. - The syeniaes {or ocular) smst be fecaacd

‘the wires. Durn the toloscope toward %Jm, lisht and move the cyeviece in or ~ut

until the wires 2ppear shary and clear. i ) his i9°done
\L,{/.-ﬂ,—’.*'u_ Fnc _‘512: 7'\T f”f C ; p\é_,f‘rumerff

sither by sliding or by 'otutvo,f. The ~ef1ecti..ﬁ :rfsm is free to turn Lo any
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avflz withent affectiny the focus. This adjustment is mede once for all for
saeh dser of the instrument. Test its accuracy by turning dewn the telescope

aud focusing the objective upon some ob,jact by means of the lomrled screw. If
’rf\'-' side fto sid

:314izbtdy moving the eye, the wires appear to ‘move on the Amage of the objeot
te orror is called "parallax”. See if this effoct is dus to faulty i'ocminq

cf the objectivae, If not, turn to the sky and raadjust the eyepiece.

™ apllimation or line of sight.  The object of this adjustment is %o

:kae' the line of sight coincide with tHe a¥is of the telescope. The line of
3izht is fixed by the intersection of thé cemter and vertical wires.

{1) Loosen the clamping rigg &6 that the telescore may be revolved on
its own axis. L

3 i

(2) Place the instrument on a firm support like a’ﬂtable.

(3) Point the telescope at some distant fixed object of small size
and center the line of sizht accurately upon it. The telescope need not be
horizontal.

(2) Rotate the telescope through 180° beinzg careful to not disturd
the support of the instrument.

(5) Rotats the reflectiny nrism so that you can look through it (this
may be done by heldinz it vhile the telescope is rotated) and see if the point of
intersection of the wires has moved. If it has not the ad justment is correct.

- (6) If the adjustment is off,icorrect the position of the wire inters
section ONZ HALF the distance, both vertically or horizontally, which they appear
s
to have moved on accouné"oi‘:.tbe};o}:ation of the telescope.
. .Ad.justmani:' o¥f the wireé ié aceompl ished by means of four screws which

v._‘

old the ring on wmc i they are mounted. & In many instruments the heads of these
L

serevs, whmh are just in front of the eyenibeé, a.ra.,copceaied by ‘2 riﬁg

>t

Unserew th:.s riny and obtain a sma.ll screw driver with a sharp blade., 'l‘he holes

in the telescope are not threaded, but only those on the ring. Thz holas on

the telescope are considerably larger than the serswse.  “/hen all four scrows



]

g “8

are loose, the entire ring with the wires :ay bs rotzted throuzh 3 eonsidarables
anzle. By tizhteuninyg one screw an@ lcoseairz the onpesite one the ring may be
noved from side to cido. 1:e§er attentd anv conciderable movewont withomt loosen-
inz all the serews. Voaver set the 331‘3‘"":?;'.1}? tos tiziw', They &re brass and cexn

i

readilly be strippad. Set thom firmly with a =1l sersw driver.

[:,i,./ In adjast iny the line of collimation with iustrunents that show an

o

erect ifage witl right and loft roversad, locssn the sersw 3way from which the
vertical wire must apnarently be moved, and tighten the opposite serew. After
correctin: ons half tle error test the adjustuent agein, Continue until no

error is apmarent.
\ VLV Check this adjustment at least once 2 week and whenever the instrament

v

has been subjected to any unusual jar.

f
1—4

Level. Tho object of this adjustment is to make the lins of 3ight
parallel tc thie bubbls axis so that it will be horizontal when the bubble is

centered. The two collars on which the level rests are su.oposed to be concen-
S - W &
tric with the axis of the telescope. : e , =
(f 1610 VG

{1) Set up the instrument and cemter the, Tubble. o1
(2} *Tithout 4disturbing the instrument remove the level and replace
turned end for end.

{3) See if the bubble stdll centers. If not, move HALP AY back with

"

the slow motion screw.
{4) Remove level and turn the adjustinz screw on the bottom of the leval

with 2 screw driver until when replacad the bubbls centers. Check this adjustmen
al !
srith everyset up.

With a new ir tnment it would be well to teot the parallzliam in the
LB DR
same way as with 2 level. 3See section on adjustment of aa.ndwl eval.

jﬁ,f}-;‘a_{ ust ment - indox fevel . -+« - Place tho stfiding luvel on tho tel-
oscogo cAd chuck 1t6 adjuetient. puovel the tolescope. With knurled scrow
on loft sidv of instrument sut the index so thot it reads 30 on the dogrou
scalc and 50.on the Beamen arc. Then with capstan-hcaded secrows at onds of
lovel on the!'de’ sot it to road lovol whon the striding lovel is thc same.
Be surc scrows arc tight but do not strip thom. No-noetes-aro-ruquired-for .
th:r.aﬁxamse‘ CRada odon Koo T F e ISR N e

, Y\

¥y

Q 1



Stadia constant. The distance botween stadia wires cammot be altered.

& t 3t may Yo nade vt a nev ingtrument by rsadinz the rod at, distaneu magFured

with a steel tape (under differant lisht and weather corﬁ.itionri./: 1f any

| §e2 8 = s
S (Lot rd
/ &1 S RS

e —

discrepanecy is cevealed a nes stadia co‘ﬂstani} mast be employed in all work .

If it ever

Sume beesw&_,(

i

iz mecessary to install new wires the constant must be then detarmined.
72y e A < k =
Re p cemenit of wireS.  Provide/a little shellac dissolved in zicouol, i
: s i.'u a1 / d) o amaill st
=ir of dividérs or a forked stick, emd some zpider Web/, Use - gy TWEELES

sither web from 2 cocoun or fresh web of 2

; Ay (
Taka UJ_t two of tle sgeews Lioldirny the ring and loosen the other two), Insert

h

JCrewd.

a' ,aap )a‘_ed sticlz in one hole to use i‘or a

P
{ i Ty

Now remove the ri.-.g._,/ :{eplace in

t.owhrd eyepiece.

Press 2 piece of beeswax on each

Tet a small web fall from the end of one of

from the cocoon, stretch the thread

f old web is used, it should first be dampensd by dippinz in water for 2 few

seco™ds.

small spider. Remove the eyepiece. |

icderately and attach to tis other prong.

handle bafore removing the cther

At

386 TANNeI) pla.cing wires on side
(1*‘ ‘&-‘h ‘T‘)

prong of the dividers or forked stick.

the pronzs or »ick up 2 single thread

/\ ﬁ‘-{f .:i A

Place the wed across the ring, using a mg&xﬁer to insure their being

on the marks. Put a small drop of shellac

v
dl'y- "Ny
 the tulls

eye level. Ievel the tadble with

on each end and allow to stand until

-Plaps=tabtle level. - It is rarely necessary to test this adjustment of

the alidade in one positions Ieverse

the alidade and see if the bubble is still on center, or better place the instru-

ment on a

under the

surface known to be level. Corraction 'mst be made by incerting napar

edges of thig lovel.

—Pelescope axis and vertical wire.

The vertical wire may be out of

perpendicular owinz to slinoinz of the telescope in its clawmp. It may be thrown

out durinz the adjustment.

buiiding or a plumb line,

the field.

Tavel the tabWe and test eitoer on the corner of a2

o adjustment c#tne horizortal axis can be :made fn

Any error in this woald be the reauh of damaze to the instrument.

Lare fﬂ‘ff ".._f,)i:a’f}hﬁm. Phe alidad> is composed of rather soft non-

magnetic metals. Never ley it on the grount or on rocks. Replace in the case



A€

#herever not in usé‘, meking sure the )]evel is firmly attached te its post.
f : lrefadq ¢
Hever lea.va the table with the 2] idade upon it. Never leave go of itrunt il tadble
{76 N ot vio o n -”LL(I ‘T‘:’.’—".f'r{h:.-"' Lni’* 7 hanl

is ’evel and clamped flmly.;' Every two i%eeks wme off the instrument witha \ rded,

.-,. 0 (Lo s

:1;5

rag-damper@r with 11* g 011;- Remove the springs which play argainst the beanng

‘
stude, wipe clean, stretch & little, replace. Remcve the sradienter screw and
clean. Keoep the plate against which it presses tight. Resurfiace it if holes
form (this is necessary only if a gradienter is used for readings}. Jever

[l 1l
move without fzé&ﬁé’the compass needle. Do not release the needle unleas .
approximately on the magnet ic-meridian. Open and dry the compass box if instru-

ment has been used in rain. to, -t use

o= (eneral. e telescopic alidade is
used in the zum2 manner 2: th2 open sizht insitrument except that it can ve used
to deteriine distaince by stadia readings and is capatle of greater accuracy than

the other type. It is used by zeologists mainly in oil work.



(/5¢- Rods. liany different kinds of rods are used with the telescopic
aligggﬁ. Geolngsts generally take longer shots than do engineers and SO
need rods which can be read at greater distances. The writer prefers a
rod divided to single fect only in alternate blackand white except that the

-

fixs fﬁph and the tenth feet are divided into tenths. ©Such a rod fourteen
fest long ie-dhem=wepepaihle-mwi. can be used either way up. <igures on the
feet are handy but cannot be seen at long distances so that the writer
thinks they can be omitted. If pdinted on the rod it would be an excellent
idea to show them as they appear in a mirror so that theyiaéuld aﬁzzééijbdi
correctly in the alidade. An engineers level rod can also be used by holding
it upside down for the distance readings so that one wire can be set on the
top of the rod and the target hﬁzirto the other wire in respoﬂse to signals.
The U. 8. Geol. Survey uséi paper strips which can be gumned onto a board
with shellac. They are divided into tenths of feet. A good idea would be

4o obtaine black paper cut to proper lengths which could be gummed oato

a plain white rod. If & painted rod is used it should fold up for carrying.

h" d Cn’f\T
On:FdéLiaien in the middle of a fourteen foot rod is generally sufficient.

Kainseie—placad at thejodnt. It is most conveniént to place a short
length of board on the upper half of the rod. When in use the rodman uses
this to pull up the top half while the reading is being taken.
(/sC~Signels. If some methods are used it is necessary to have a system
of.;;énals by which the rodman can communicate results to the man at the
instrument. <‘hat comuzonly in use is: Right hand raised vertically= 1,
horizontal=?, down =3, left hand vertical=4, horizontal=5, down=6, both

hands vertical=7, horizontal=8, down=9, over head=0. Remember that the

alidade changes d:.rectionsﬂ; left and right.



I b Use §F Stadia. The rod reading betwaen t%e two outer wires is

- multiplied by 100 to zive the horizontal distance. Thus (the line of sight
beinz horizontal) 1 oot on tlie rcd represents 17C fee’ on the ground. & 14 -foot
rot will thms permit the measurement of distances up to 1400 feet. At greater
distances the interv2®l between two of the wires mey b2 r2ad ("half interval").

In this casaz the rod reading iz mwltiplied by 200.

2he vse of the half interval

will enable one to read distance up to 2800 feet with o 14 foot rods It is

gonerally advisalkle to move the telescope with the slow motion screw until one o

= : vactions of o foot canlbe rvéw &Fl
wire is on an evan foot, oiten the top of the rochﬁ The constant (f + ¢} can ‘.\f"&'".f whivh
genemally be netlected in plane ta&ble work sirce it is less than a foot with a . b¢ (vided,

small instounent. tt 3¢ sometirds necsscary to rsad distances more than 200

timss the rod lensth in order to Grods itpassible greund or £0 avoid having to

wWldge 20 2Y S



nah m 2dditional set up. The following methoda heve Yéen

g g

-
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Ie'~

Wapted Trom Mather, H.Fe? The amipalatien ol W1ﬁ:‘esoorte
alidaldg in geologic mapping:- Mcan Mv. . m._m m.,

¥ols- 29, ppe-9P-142, 1919~ AT Times  pot en sl

Method (1! Rotate the Selescope 90 (eg. s0 that the st..d.ia

wires are vertieal. Gignsl the rodmsn to use gome mark lide

3 tree for ome end of a bvase line. Lline in one of ¢he wires - =
®0 this mark and motiom the rodmam te move over umtjl his :

m held edzawise is in lime with one 0of the other wires.

fo 7111 than oeasure the distance on the ground which was

subtended by the wires used, The digtance may de sither

cmounicated by simals or recordsd for later comunicatiem.

:c:stm-xuﬁmwmmnm«mgnzm . T et

Serval weads /0 oo i e th onb.u:»{ _ gla§s To %" e

Medhod {2) Rotate telessope 86 %@ methed {1). Signal redmen
to hold rod horizemtaliy. Lime i@ sme wize en base of rod.
Iletien Yedmanm to meve rod 9o that 44s Do¥E ore tdp
was before, Hepeat until } amethed wire.
Distanee muwm en have $9° "#ignals.

Cal Py '\M.!-MQ.(
?:’”"' ‘3, if 1‘%35733“iahw~1r3 SAds upon flndlnf the cwount that the

vieibls park’of~the rod fails'ts ‘spaga half irdtorval and adding this to the ok erred

obtain the proper r;fg%Eg’ This cmount is jisasursd in terms of drum reading

—and thon tho valuo his ronding ot tho'flistance dhesbededs is deturmined

¥ scuing how many fout are passel over on the rod when the tocleuscope is

urned through this, cuount. (a) place top or midile wirc on top of visible
bert of rod, (b) read ond record dran, (¢) tighten drum screw until noxt
1o:ur wirs is on lowest visiblo division of rod, (d) revaed and record drum,

\¢) tighton scrow this number of divisions, the difference of the two readings,
(f) road tho aumber of fout ond fractions that the wire has moved up from
its fornur position ot the bottom of the visible portion of the rod, and

(g) add this figure to the longth of visible rod thus giving length £¢ half
intorvel if it coudd have buen secn and obtain distance by multiplying by 200.

Methec L4)1igeﬁ@otuod 4 in-—ouddileesFaie duponds upon the assumption
that.one complete ruvglution of the drum swings the tclescope over 1 foot
on the rod at distancc of 100 feet. It adkse swings tne telescope over a

full intorvel rod roading. Asswaing fhot yousecn. see.1ess.thans “relf-of -tho
full-dntorval. on. ﬁhﬂu-w~:§w1nu the toluscopo over th Jlbtanchﬁﬁzgéﬁ soveral
tines and avorczge the differencos in drua readaings that are obtaincd.

Note that onc entiru ruvolution is cullud 1,00 . Divide distance swing ovor

by drum ruadln’ to obtﬁln distance.

J
d;;wzkdaﬁﬁikhmgniﬂ&ﬁﬂr"&ﬁianminations. “gthod 5 depends upon finding wnut
fraction of tho half iaterval is sponned by the visible portion of the rod..
Obsorved ledth on rod: helf inteval rending :¢ drum reading swinging over
visible lowth of rol : drum reading for half intovel swing. The last figure
should be 0,50 turn but it is bost to check this by actually swinging the
tolescopo through o helf intoval. The—eublimewgives-rulesafor—tire Toutine
of observation but it is bust to grasp the ddea hﬁhﬁfﬁ ﬂ#*GMPtlﬂ§~#ﬂ learn
seterulos. |

}\1; ;'.“-.\’.:":l w“rﬁ'ﬂ(«v Thﬂ.n 3 9. LT( : -‘ oo il
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.\Grownd rod readings. A system of stadia readings |
uc3d by English makes use of two short rods each Wi.th a :
target on the ends, \For distences up to the mn! the

cqh
two roc’s placadmi_m_end (about 6 -feet) the two are

connacted ta ther. The targets are spcecl by signals from
a\,t\
the 1nstrmt to- apan a full or half interval aad the

the Yodman
result signaled backr\ For very loag shots the !tags are

stuck in the ground in accordgnce to sig:ala and the hori-

gi TR ( o
zontal &ifferen"ce-measurod with a tape. i‘ho stadia wu-u ™
,are kept. vexf;_ical.. The method allows of long shets against :

ffero = = Te obtain differences in ele-
vation the rod 1s always held vertically. The formils

Diff. elevation = 100 X red yeading Xisin 2 vertical =agle
gives the vertical distanee betweem the inatrument and the
position where the middle wire outs the rod. In prastice
the results sre found YWy the use of stadia tadles or speaial
alide yules. The latter are much more r: :h t are uﬁ ‘dﬂlh
48 zscurato. Mreetiens for use as e !

b 0h0G b ~?’ $ 3

AeBs net obbly awith ethod s ‘

Qorrection of distance. The umﬂm}g)_)}b‘ﬂ *Oalm:
does not give true horizontal distance sé 484ddtope is
dlevel but the difference i3 sesrcely appreciable at =ngls 3
less than 3 degrees. ?o foramla); horizontsl distance equild
appareht distance X cos” vertieal unglo te-used, In practich
the values are obtained 33 with differunces in elevatioe. In
platting with small acalu they can b n-gxacwl ﬁp te 10 ug.
Vemw uﬂ-e. lv".» fa { S AL, and {o . g

Fisld proceedurs., Differences of elevation can bs measured
(by (1) use of vertical angles read om sre, (#) use of telescops
a8 a level, (3] step method, (4) Seanmam are, (S) gradlienter
drum, Ma tlLAausaAm ‘angle mmwm
W wire will cut the rod with telescope level,
cable to_rather-high-emgles./ m and (5) are
limtted to mll angles but are both very rapid,

Ebrtrrrd—tgun l LYt gt T

\revel sizhts. Always read VM: with the tﬂ;bble gentered if po3sible.

The readings thus taken arsc much more accurate than inelined sights, If the

!

middle wire does not strike the rod read the wire that does and add or subtract
the half interval readinz on the rod from ths actual reading. ECeowryg— (OWCE

bad 150k P . — a9l ale it ek et YT 7 | ¥
W TC 1 Tl T T Pr el oo w

Wite Y Qe



Verticzl angle methed. The routine of observation 3s as
tolll ouUs:

{1) Line in the rod so that vertical wire is e it,
»9 the field of view of the telessope is small first sight cover
the top to get general diregtion, them get exact lins when
looking through instrument. At first a help 1s te place a pin
oy fine needle i{n the tadle to mark the station cecupied. This
¢annot be dome vwhen celluleid sheet 1 used and is not permitiad
on very small seale maps.

{2} Set top wire on top of rod or other conveinent poimt
and resd distanoce. ihen sun is behind rod less distance can
be read than when illuminztion is good.

{3) Heﬂord. distance.

A

(4' Seot middle Wire .my'lhera on the rod. (First-gee-if-any-of-the

=

;C\ LJ‘ n oY 0 f 8o hr Y. ~ \Q C. 0O Y ‘.}4_\; v )(‘—{
wires- v#i’ll—s*rﬂoa the rod with ‘uu.hp‘.l& gentem If ﬂn}_d,g, not follow. this

amethod . )
(5) Record readiny of center wirs.
(6) ;r-ml rodnan tu 30 or.
Y bnden £

(‘7} ‘-'{ead vertica.l an le 'vith vormer. |

{8} Record

P ~-.  (10)-Read-wernier.

(11 }—reco=d-readinz.

Sl drandy 3000 from Awsdae

(12) obtain differonce of to-readings. Since scale is contimious
it will at ?ln?? ‘iekappar‘ent ,vhethar thell:;:ne of »S_l‘g‘ht 1.. :‘mcl ined up or down.l

(13) computs dlfference of eleva.t ion with sl 1de rule or t ble.

{(14) If angle is larze enouzh compute horizontal distance.‘

W-ﬁw_wman ma::tancefmmieh—me &
Wﬂ&—;ﬂ?mﬂ -in-the m’btftaf would be serious, re'peat the operations
£Lrom {9) on with leirel reversed. %M?&B&—iﬁgﬂr -For wery ;eoﬁnea—mfx”
- Mm—%&mm&-ﬁe PEAYL WILH S TEIeNCs ga Totatad 160%-on-its—
axis. making. ﬂm.r readings-to-de aysr&ged, ‘but which shgfuld. mtvazsy ﬁzdoly. ~Phis~
-gliminates al}, ingtrumesntal. er-xso/rsr— mugqg&bmn ui reading the

Vverraier s_uee an-error of-a- ﬂngle«mimt&mans an qxror of 05 féot ‘at 1000 feai.,

\f‘ Y it e
( Brst be sure vhere the zero is %n tha scale of deorees. Bstimate from this what
« hhe reading will be. Then look for the coinciding lines with a m;n;fier.

R@c’énd; Thon look again to be sure, first, that you road tho cobredt 28rp line,

e —

socond, that you read the correcct mber of d.agreas in the ri _,ht é.ii'actidh on the =

~ 3 2 [ SR 1A Y )} of ¥ L 4 - -
?l“u an VErnicy ’ ‘7 A _,.-—-”

\scale. Nunbey



Form of notes-vertical angle system. All motes saould be kept 5‘3(

i

in a good fieldnotémbook in either hard pencil or with fountain pen. The
idea is to (a) put the items across the page from left to right in the order
in which the observations are made and (b) keep related items in adjacentt
columns. The writer prefers the following form

_‘GWW7“__“Diffefence Elevations
Rod. | Compt.xkR2x! et a&x££x|5ta 5.8,

1
|

The two columns at the left are for locations of table and }od respectively.

Do not confuse them with the elevation columns, Distance columm contains

100 times the full interval rod reading, thac is the apparent distance.

oY &
True horizontal distance is not shown. Oblique column is for sagle-rcading.

Diffsrence ecolumn is for angle after 30-00 is subﬁrﬁgggigéﬁgjﬁure to give

Never use signs for degro@s and mniautcs but put das.
sign.Rod columm 1§ for rcading of middle wire for obtaining elevation.

Difference columns are for compuﬁed difference, that is difference of eslevation

of the instrument and the point on the rbd indicated in the columm to left.
Het difference is this figure corrected by the rod reading to iandicate
difierence -of elevation of instrument and ground where rod is held.

Signs must be indicated.
/\Fast three columns are for elevation of instrument (H. I.), ground elevation

of rod $o-be used t0 obtain elevations from later, and ground
elevation of rod where no further sights will be taien to that point 5—the-
tazﬁr1rﬁheatteﬂ(i§de shot}. In this system of notes it is presumed that

the turning point system of traverse%s used. Signs of net differeance
indicate if it is to be added or subtracted from last elevation.

Computed differsnces are obtained with eiggr a @8tadia compuber dr a stadia
table. Many computeys read only to 1000 feet apparent distance. For long
shots compute difierence for that distance, then difierence for excess and

add results.

Signs of =mgles are obtained automatically. Signs of differeace of elevation
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carry the same sigh as the angle in the case of foresights (sights to
points not yet determined, including side shots) and the opposiite in the
case of backsights (sights to determine elevation of instruuent from a
previously determined point.) This can be memorized as the reverse when
the observer is liixlooking backward on igi—tracks. To obtain net difier=-
ence of elevation give the rod readings for elevation a + qigm for back
sights and a - sign for foresights. Remainders are computed algegraicly.
Always show siggs in notes; it is a great help in checking computations.
Bome level sights will always be mixed in among angle shots. Always be
sure to indicate which wire was read. Carry lower wire shots as - angles,
with half interval value in computed difference column,
;\éiddle wire readings put rod reading in net differeﬁpce column,.upper wire
readings as + smgles with heli interval value in computed difference column.
Com u+d+10.n6, oA al comJoo-l-a-h;n remember Thaf

resvitsé avre no more oacevrate Fthen dF4e data. T#
)(ov raad elevatnns on rod +o nearest tFenth

of a Ffoot o o no + coru/bu:f'e closer Fhap

jo nearest tenth and i kinn. Frad an// 4o
pravest e espude ""}y +o nearest . ool

: oS
Whén a t-omjou'f afron com €S past. o o A ﬁ

'a“ch’ +he erven Wholé hum b@r.
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Vertical ansles ,\ In obtaining the elevations of pointa Ioc;ted by
7 ey

intersection or by the hree point method differences of elevation wey-bte computed

by the formala:

Diff. elev. = hor. dist. X tan vert. angle.

g clgcom o #ev
_Seale o0ff ths distance in faet shown on the map and use edtber a slide ru%gﬂor -

F-OVEI A

table.of matural—tangentecer=hoti.. If the distance is comsdde
mile, account a3t be wade of curvature of the earth. This will diminis:; the
obsarvecl.eleva't ~on 2ccerd ing to the formla,_:

carvature = 0.667 ft. ¥ Square of dist, in miles.
Refract ion has the oprosite affect and decréases .the cwvature corrgct ion?
Methor ivas tis farmiiag

Curvature pluz refraction = Q.57135 ft. X sq. of dist. in miles?
Refraction is, ie=xez however, 1ot constant so tlat little dependance can be

vlaced upon small vertical angles to very distant peints. fihe Stebimser drum

may be used to detormino gmall vortical angles. A complete rovolution deflocts

the tolescopo 2bout 34! and as 1/500 rovolution can te rcad it is wuch mors doli-

RS 4 PR -

cate than tho arc.

f
(&)

\r

= o
foxr

o uyt:
: o

i
_f
|

-!. : ‘ 5 g \' o .‘ J&lOYG (O‘}.\”_:J' h‘ K.
Btrl.oc, [Sta sitd. Dlstincotﬁgffﬁﬁﬁ”ﬂmff """" ;Com). dlff.,H‘I. 8ta oc. [HeFo 9ta 8.
.Ima_ :~ é VE i , ‘+ Or‘ —t+ 01‘ e i i {’gl'qr‘i}lﬁt | : }rrr. fl
Hotc tast clovetions must includd clevetion of instrument, clovation of
ground bolow insirumunt, clevation of flog signied, cnd olevgilon of ground
bolow flig. Column H.I, is for hcigth of instrument cbove ground mcrsurad
with pocket tope. Colwm H.F., is for heigth of ¢log cbove grownd as oither
moasurva when ot stotion or obtcined from person wio set thw flag. ‘hesq
fizures neud only bo mersur.d to necrost foot. Do not entoer signs oo
dogress ond minutes sincu thuy cause confusion but use dash botweon the fwo.
[itn loss than onc dogree cnter O bofore tho dash. 7ith loss than 10 minutus
witor O boforv thw figurs. Note that with the K. and B instrument vith
dgivided scale on are tho difforenco column is not nyudud but you must' bo
C .yful to rocord .f the cngle is + O Vit : TRt ceahle
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Gomputation of notes on the system given above may be done with (a) table
of natural tangents, (b) ordinary slide rule, or (c¢) stadia computer.
The first job is to scale the distances from tie map. If these are not
very carefully measursd the elevations will not check. The ﬂ' rst method
is the most accurate. The second method requires the use of Epe scale of
sines for angbs#less than about 6 degrees; this does no?;;isgive much error
but as the scale is coarsely divided is not recommended. If a stadia com-
puter isrused set the vertical angle on the "horizontal distance" scals
to the horizontal distance on the foot scale and taen read difference of
elevation in usual manner. This is because the apparent distance is not
observed in tnis method. Elsvations need only be computed to nearest foot.
After the elevation of the instrument at a station has been determined
the readings are all foresights and carry the same mkexzkXam sign as that
of the vertical angle. ln computing start at the base line stations where
ground clevation is known and figure out from that to other statioms.
Since the flags are sighted the corrections for heigth of flag sre -.
Corrections for heighth of instrument are added to ground elevations.

17 of a given station
It will almost always*%e found that elevation%\?btained from difierent
sights will not check. Go over the work and see (a) that you scaled the
distances accurately, and then (b) that you preformed the computations
correctly. If a difference is still present see if it might be due to
readini pper or lower wire instcad of middle wire; this causes an error
of 17 minutes. An error in reading the scale on the arc or in taking the
wrong O line on the vernier is genp¥ally 30 minutes. See of the error is
of either of these two orders of magnitude; it it is the shot can be dis-
regerded. In adjustment preference must be given to figures based on
(a) short shots, and (b) low angles. As & general thing the errors in this

work should never exceed 5 fect even if elevations are carried for several

miles from the base.

$/
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G) §teg method. 'llea-mw-ﬂet‘ho&*wm éﬁtezﬁibﬁ“ of-the” ﬁreé‘é In c2s¢@
all tAree wires fail to touch the -"05:‘ ( ay fq.lllu‘.; atove the rod) one may note (B

\

some fized objeet cut by the bottom wire. Then turn down tie telescope until
the top wire is at thebace vhers the bbttom wire was before. If the ' Di#dMwire
now cuts the red, :c'!%ac.’tE ghe rod and add the full interval rod reading to obtain
the reading there would havs béenfif the rod were lonz enough to have been cauiht

{
af i"'i.r".;.t.. o t ; T N < i

Sk S S . The process gsn be repeated wp to six times, beyvond

pewused—for-Eide Snots and then

It is an excellert check on mportant uiqhts. s A Iniole
_h\ A D n ¢ e -l .

AT TEVE

,f Beaman 2an arc. the Bea.":an arec is an ada.ptatlon of the step *1eth0d1 An
k

’:l’} 0
~ J

l A =

arc is provi.ded with graduations for each step, These increases in lenzth with

increase of vertical anole. Re«.dn‘ws therefore cannot be interpolated between

r\”\ no fyBYNCY can b v

ma.rksﬂ The gradvations are lar,g'e a":d ea.,ily read and the computation is very

simple, since the—fuli—interval rod-readins is maltiplied ty-the rumber—of-diviséons
from-thecenter-neini—of—the—scale (marked 50} The routine is as follows: —

(1) Tine in the station as directed for other zethod,

(2) Read distince.

e Jire i s e VWA Ny { v @eed 1ngy , n ot c’\._,J)g;:}; en i sTang@e
(3) Recci dievames., 7V '( M IEVYE Y Gl ) P :
z
(2} center “ubbledn | ncl,ex’ |
S
(5)_iiith serew on Beawan RTc, 3et-%ero-point-to-50.

{E'-}--j'rum--t'e&asea‘m m‘m—mﬁ“m =

-

L‘“ Jith slowr motion Bere? turn telescope until Beaman arc zerc i at o
divisjon. é
{6) 3s2d whers carte:r wiire cuts rod. If it does not, try anothei-

division.



s (5’1) Recoxd rod reading
.? (1)) S5izral rodmen on,
Q' {1]) Read Beaman arg.

1) (12)) Rocord zame, .- 4

!
}13& Cb'r-yate gtlfference of elevat:.ors by mltiplying i‘all mtarval

r u

oadm., /b{m’mbgf of drv:,swm on Beaman are a.way from 50 %&“-ﬁeemf-m
_‘5‘6%‘13031 of rod.

(15) Read percentaze ¢o
In th\za

r*mcticn of horizontal di..ta.nca uhhber Sca

: ‘ system the la.bor of commuting is iightamd but the: rodman if'
held on station 1o
N\

\

error in readin;

”er than wmth v
o h ertmal a.ngleq. There i3 less liabiliny of

M—M&e—is-m-chwmmgwtmﬂa

bs ~7

- p o - T 5
el Gl e 18] iPFearmororéitivo 14¢ : /
Lo skl ns '-& 100__ AL % 1 . : _l mlm t__ on = ‘.—;;—‘:_‘*‘ ¢
PR T et e | i‘"&f' “Rod. B§¥.] Not dlg-.F e \6ven TP s,
f ! ; | oL — ot r e ol S
avg | ‘ |

- 1- ki(ﬂ,ﬂ"\ : i [ 2
'cthoqi/\Thu Boamen orc is @o comstructed thet ono d1v1510n 1 sWin:s the i
tolescope oyer one full inturval or svep. Lovel is indicatud by a reading
of 50.M8Ubtract 50 from ®d# rondingg of thu arc una use the algebraic
remuindﬁr to multiply the full interval rod roading l/lOOth opparent
distonce) to ebtain tho product. HNote thet apparent and roal dlscqncus
arv not shown in tho notcs. 89w~mhy"f%uu horizontcl distancus %b-obuhlnud fr_“
with-$hie—systom? Tho sign of the product({or computued dlffurdnCu in ulb—‘{ﬁ)#1

vation)is obtuined by following rulus. . “”’}, £ol

SYre sight is a B. 8. (back 51pht) for determining uluV;thH of the instrumont) ,i.,.tion

from a pruviously nubeurwd point sipgn of product is oppusite to that of - kaa

the rouainder when 50 is subtracted from thc arc reading. P

If sight is a F, S. (foru sight) to determine clovetion of place where rod |,r..,

is held thon sign of product is tho same as that of wrc romeinder.

The column for rod corruction gives’ tho 1 roadings of the middle wire on the

rod after the are hos beun set to read a whole number. It corrcsponds to

the column of rod ruedings in the other style of obscrvations cxcopt that

with anglos the middle wire can be sut on any pert of the rod whiii here

the reading must be taken wherever the arc sctting makes it come.

To obtain net differvace of clevation glvu the rod corrections a plus (+)

gign for B. S. and a minus (=) sign for F. 8. end us¢ clgebraic remaind.rs.

Sl as indicose if rumainder is to bo added or subcracted from last elevation.
1y~¢LA133‘rcmumbor that uphill (+ arc ru“drmn) net differcnce is computed difier-

cncef or product)less rod corrqftlon and downhill (- orc ruading) it is

computed dlfluanCu(SF product) plus rod correction. bh@w~iﬂiﬁ:hﬁaﬂlﬂgnﬁms-

Downhill back sights arc +, uphill BSs. are -, downhill F. Ss. arc -, and

uphill ‘¥, &s. =sra +.

Qa,i—r—\ L - Y = i . A ,. ¢ - . | F- 5o n

~|C P meampd 60S5Cy “TIohn £ Lyeg combpotredmihe some Wa

WA\ Qs A LoVvEe




o —— angles must alwys b read by tarning the telescona in the

direction-accgmpl'is;ahd by tizhtenins the Stebimsor dnm (slow notion soi-ewj

or gradienter against the spring. The number ofrevolutions is
read cn the hnrizonfal scale above the drum. There are 100
divisicas on the d;-t:m." | Care should be taken that th§ tension
on the giowing Goes not vary too much; see that the arm 1s app-
roximatiy in the midile of its swing before clamping. See that
.clamp is 4ight for any slip will vitiate results. The screw
is intended to swing the telescope thrcugh 1 foot at 100 feet
distance. Therefore differences of elevation may be determined
by “he following method: (1) Center the bubdle, (2) read and
rescrd drm, (3] turn drur screw or gradienter screw until
middle wire cuts the rod, (4) read and record drum, (5) taks
difference in turns and fraction and kultivply thls figare

by the full interval rod reading. The result is the difference
in elevetion. As the screw must always be tightened the above
apriizs cnly when the sight 1s up hill. ‘hen rod is below
instrurent reverse the operatioms as follows: (1) set middle
wire on top of rodi, {2) read and record drum, {3) turn up until
bubbl~ sertors, (4) read and record, (5) take difference eto.
On r"-n_;-'l l_us_ siremew.c the screw does not wor!é just as intended

by the maker. GLhen make a correction table by either one of two
methods.: hua%haa-s-.mathod{ :ﬂ\).-'ithdraw the screw until its does
not taks hold. (1) tighten wntil it does take hold znd then
(2) set drum to read 0, (3) ¥igkiz read vernier on arc, (4)
tighten cne complete turn, {5) read vomiaf, (6) go on for

10 turns in szme manner and then repeat entire eperatiom 5
times. ({7) tabulate and average results stating the angular
value of each turn. (8) complete the table by looking up
thgesines of ;;i%éof_oaghhyalue and multiply each result by

299. The results are the feet swing for egch tum at 100 feet.



Bdition 1924

. Ensliah!W{-"?ng}m;“ﬂ.A‘.', Soms planetsbie mothods:

Am. Agsag. Patroleoum Geologiats, .Bun., vol. e, pp. 4?-54 1924}
Set up the 1nstrumm1t exactly 100 roet from a rod. By handling
the serew as mth othar method read the actual tws.ng on the rod
to noa.rest:m 1/100 foot, Repeat seversl times and average.
This method 13 mich simpler and nure repid and offers less

chance for error ia computa.tion. In all use of the gradintn‘
care mst ‘bo taksm to aoe that the pla.to aga.ir.st nhioh it \aaﬂ
has not worn into a hole. If 1t has 1t can be either resurfaced
of roplaced by a rlate of hard dronze. The use of the gradfentey
is confined to rathe:- small ansles Tt it is ouch saszier to

read than is the arc,

5

5

5
=
»
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| Traversing with telescopic alidade. lMethods of running

a traverse with the telescopie alidade are in thoor; Sust
the sams as with .an open sight instrument. In practice

several differences are introduced because of the
greater precision with which distances are measvred and the desire for accurate
ele'g'_a.tion;s.' Traverses may be rads in two distinc.t vays; (1) either legat ing
every nev. tadle station with 2 foresight or (2) by _taking a ._:oresig‘llt- to_w}nt is
called. a "tarning peint' then tzaking the table bayond, ;\b'l;t'trig '.le by :naana of the
con:a.,s andt odtaining hot;1}£;cafloh and elevat 1.0“3 from the tumiﬁg point. The
first method closely follows the method of transit traverse used by engzineers. .
Tae second is almost niversally sed in o0il work ard in £illing in topography
on the U. 3. Geol. Survey. It is out of the guestion (&) in country with loecal
megnetic attraction, (%) vhere mmy locations may be made by intersactiOnS‘-Wﬁich
would be btosed only on compass oriemtations, and .(c) where lines lonzer than the
compass ne2dle have to be drawn on the map. It is aquicker, however, and has the
great advantage that the elevations are not entirely carried ty foresights as in
the other method. In method (1) the H. J. i3 determined by simply helding the
rod alonzsicde of the instrument. The slame point on the rod is then sightéd at
.'avery shot from that gtatiqn S0 that in figuring ground elevations the exset éleva;--

tion of the instrument;'&afé no fizire; everything is automatically reduced to ground

level. I the instrument is even slizhtly out of adjustment, however, the error

‘et

-

terds to pile up as all sights are of the same sa.gn- ¢ With turningy points midway
tetween set ups the error is 13;!:;{913- minimized. " Uherever other stations can be
sizhted for checks on location and orientat ion, the tiurninzg point system gives
very ageurate 1ocations althoazh it 15 not pernitted ‘by the U. S cuast a.nd
Geodetic Sur'vey. : ; ‘ i | i 2 : s
latt;gn;‘ Plane table stations are locatad on the mp by = dot or
pin prick within a small triano-le- turning points by a dot within a small square;
sids shot" by a dot alone. Wherp elevations a-re platted on the map, use the

dot for the decinal point. = . e AL
~"Baldwin selar chart. The Baldwin solar chart is a device used by

the U. S. Geol. Survey to orisnt a plane tadble in areas of mavnetic attraction.
Its construction and use are erplained in Topovraphic lnst'ructxotu of the U- S-
\rG‘Ol- Survey, pp. 136-141, 191'8. Itz theory is much the came a.. that of the

dizl commass, but tze time co: rectmn.. are obtained from several auxiliary vraphq.

An onen sizht alidade is woas¥sy used to cast the shadowe .
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TRANSIT

General. The transit can be used for much of the work that the

2l
4
Pl
Fiy:
1

plane table is. It ofiers the advantages of being more accurate especially
in windy weather and being easier to carry in brush but this is ofiset by
the liability of mistakes in the course of oifice work. The construction
adjustment and use of the transit is described in all texis on surveying

amd could soon be picked up by anyone familiar with the telescopic alidade.
1§ s
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IS TRUFIRTS

bial comxsc. T dial commass, 2 form of solar compass, ic used in

region: of masmetic attraction. Tt serves two purpoces, (a) defining direc-

tions =z from true north and {b) meas urmr the amount of the declination or
““; i le o FTh A..ha,"f‘o{: the
-oc:i-l attraction. The 1;“\,“11(,111: il thn reverie of= sun dial. The shadot

cast by 3 taread fived parallel to the earths aiiz is cast by the sun on a dial
around the edze of the comas gra.dua.teé. in tine units. Tie instrument is
loveled and then turned until the dial reading agrees with local solar time as
determined by an accurate watch, It must be remembered that local solar time
yaries through the yeér? oh account of the “equation of time.m In practice the
t:ue meridian is deterained: the compass is then set up on tlzis line and a table
prevmarad showing the differences between watch tinze and time as indicated by
the dials These observations ars made at intervals throuzhout 2 day. Tbey
.»er‘Ee to corrsct dlfference., in individual instrunents .__,*- The theory alﬁ u.»e of

- i

th uyi co-naz/:. are se::plamed in Eotcﬁkws, W.‘o.,' Bean, . F., and !?heelm-i,ht

7{. M.m a.1 l-arng! c],a”ifzcut;on- "fluGO‘D‘yIn n,eol. and Tat. Hl..;t. surva.v. Ball.

e

44 pp. B&ls-? 191“5. e Tne mgtnman’c 1f *3roger1y used L, a.ccurate to about i
] e i

d.lgrae. i _.,ht mofnably be employed to orient a plane table in areas of

marnetic attraction.

Dim needls. /The diwkeedls i3 Wsed to trace megnetic formations)and)

Dip needle. The dip needle consists of a magnetized bar so pivoted
that is can swing in a vertical plene. It,;é?ﬁ measures the verticel com-
ponent of the earths magnetism which is more importent in tracing magnetic
formations than is the horizontal forse measured with the dial compass.

Im practice the dip needle is counterbal?anccd so that it shows not the
true direction of dip of the lines of force of the earths field but the

departure from normal in that loczlity. As originally devised the dip needlg_

registered only local attractions of a high order of magnitude but improve-



ments designed by Hotchkiss have rendered it much more sensitive. Among
these were*(a) addition of aFevel vial so that instrument could:g;a§21d in
a level position, (b) an improved system of blocking the necdle, and (e)

a different method of counierbelancing waich insures maximum sensitivity.
Instruments with the last improvement are commonly spoken of a ébppsr-qﬁp
needlesf It is impossible here to explazin the zm theory of the dip needle
but references are given below. It is used largely for tracing the strike
of more or less magnetic formations wherever such formations are inclined
or disturbed; it is of little use in aress of flat strata. As a gez}\?-al

thing it does not indicate directly the position of ores.

Other megnetic instrumsuts. Lagnetic instruments of other types

are either not extensively used in this country or are still in the exper-

mental stege. They consist for tne mest part in either measuring tue streﬁgth

of the earths field by counting the swings of a needle or by induction.,

—— Holebboo, WO, Ben § p oy
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CCITCUR MAPS

General. Relief may be shown on a rap by various methods of shading
or by coutours. The latter method is almost universzlly used in this country,
2lthough in certzin places it £2ils to show all the feattires.  "Hachures! wey
Yo usel for steen zlojpe: t:hiéh ars not indicated clearly by the contour lines.
Althouzh the zenmeral theory of contours is simmple the following formal propositions
are useful.

(1) A contour line is 2 line wiich »asses alony the surface of the
ground throuzh all points ~hich [ave tha same elevation 2bove & certain detum.

(2) Contour lines represent the lines of intersection with ‘the surface
of the ground of a plaae at a definite elevation above datum.

(3) The wertical distance between sucecessive planes is Xmown as the
Tg0ntour intervali or "vertical interval® (Y, I.).

(4) Tz 1as5 tho contour interval the greater the detail of elevations
and denra;-z ions that ean be showng the size of the mmmimz contour intarval is
zlso maed ‘by tiie sc2le of the map since 2 3mr1l interval mizht make too closcely
spaced 1lines.

(5) 72 land on one side of 2 contour line is Ligher than the sleva-’

o]

tion of thet 1ins; the Jand om thz other side ig lower. If you should walk
along a contour the ground on your left hand, for instincéy is lower and on your
‘right hand is hizher than the elevation of the contour.

(6) Contour lines never intersect or cro:: one anothor.

(7) 4n over slope i. showm by cvenly spacsd ccntcurs; & sloping plane
surface hy straisht coutourz: 2 cl iff Yy coincidont comtours.

(6) Every contour must 2ith:r close upon itself —rithin the map or
waos off the arcs znonid at tvo points or 3 rmltizlo of two.

(9) Wasn 2 contour clcses upon itself the arca onclesel Ly it is either

2 hill or an onclosed doprecsiong in the first eas3 thi exagt hoizht of the top

By
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of the hill is often indicated; in the sepond case a podd or msr:‘»h iz often
present. .‘_{In the caze of cmll devpressions a special type of contour line called
a dapresaion contour is frequently uced to a\;oid confusion with hill tops .:L‘:’--

(10) Mamimum and minimum ridge and valley contours 3lways ge in pairss

’

that is, no single lower comtour line can intervene between two higher ones

and no single hizher contour line betweem two lower ones. Vio’ation of this
pronosition i, a very comon erxror 0f bezinners.

(11) In croszing a vallay coctours bend toward the souree of the ctream.

(12) It is advisable to meke every fifth contour line heavier than the
intermediate ones. The elevation:s of the.a leavy 1lines are chown in a break in
tixe 1ine, nof to the side. In very flat cowmtyy it is nacessary to mumber
avery line unlas: the exact elevatiorn: of interediate voints are sufficient to
tall what tle slavation of eac;.ll contour is.

In addition to the formrl »Hrdrozitions the ralation between coxntour
line: and tlhe orizin of the tonowaphy should be underctood. The key to 311
tooozraphy ic the drainage cystem. The location, direction, and elevation of
points alony streams must always be determired. The tovography developed by
ctream orozion dopends upon the lenzth of time streams love been at wvork and on
th> matorials tioy hav: worked upom. Certoin arsas, such a5 thz moro recent

- Alacial drift, floedplains, sand dunes, area. of racont valeaniom, ete., hav: not

had any strean pattem devalonad on themg som: of thas: typss ars still beinz
bailt up. Bvorywhore clse ctream linss are thaﬁo:atrpl linas of ths topozrenhy.
Socond $n importance to drainage lines are divide:s 'etwoen drainage tasins or,
in the eace of very youny stream valleys, tho limit: of the eroded valleys.
._,efﬁe:z?ber-r_?thét ’ﬁomal streamc developad in :atorizl of uniforym rosistcae: inerslss
in yade tomrd their source while biz rivers: genarall& have 2 zyade of only 2
few inchas to the mile. In matorial of uniform rigistancs to erosicn maturd

stresms dovolop valleys —7ith intorvening ridzes of uniform sleope,rounded at the
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top. Where layers of rock of varying hardness occur the resistant formetions .
make steep slopes or cliffs while the weaker ounes make gentlé slopes. It is
therefore of great importance that the topographer understand somet:ing of the
ze0lozy of the country. OfFf two mmps with the same limit of methematical error,
one made by 2 topozrasier who understands zeolozy is "alive? and full of meaning,

vwiile & mep made without this kmowledge is mwdaad" ox "wooden" in appearance.

et

= e A8

Metihods of locatinz contours. The orizimal method of loeating con-

+racl

tours, or "curves of equal elavation'., was to map every contour with & level;
t.is is sometires done at the wresent day in country vhere the relief is low oY
e2rtrame accuracy is damanded. 1t i3 evidert,however, tiat such a procsdure
would zeke dopograhic rRp; entirsdly toc armensive. - Ths sethod of internolation
of curtour lines between noiits of knowm location and slevation was tlhen adéopdd .
Such voints should be sc vlacad that tley define ths hordsrs of plane suriaces;
within thes2 »lane arsas coustour lines ars sgually s»zced.  Spacing of contours
mey 210 be obtained hy neasursmeuts of the anzle of slope of the Iround and the
uss oi cortonr snacing ;62135 ior each dezrse cf slope.

gontrel points., The numbsr ©f points whos: »osition and elevation

are :eeded to loec2tz coviours desends wyen (1) tle juraese for which the map i3
to be usad, (2) it seals, (3) its conteur int:orval, (4) thc nature of the
topnyrasuy, 2nd (5) the forest «r brusi ccvor. If the elemsntary principles
outlinid abev. ars netod, it will o scen that on2 mmst lceate znd deternmine the
glevation of =11 sun dts, saddles, low ylaces, and chanses in degree of slope.

In thy cas: of orosion topography, this :acans the location and slovaticn ¢f peints
alonz ridge tons 2pd drainfiie lincs. In country whers the slop2s &rc novhers
uniform it i; somstines .raferabls to traverss tynicsl eross sections of hills
and valleys or tc divide thes country into ~» sarios cf scuares and determine the
slevat ion of each cormer. This aetliod is ofte. veeessary in country vhich is
havily forostad or Das n Asfinito systom to its foatures.  In erosion topezraphy

it iz 03t 2conomigal to traverse the ridze tops and valloy bottoms sven in
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dense forest. The selection of the lower limit in size of valleys which ‘

must be traversed depends upogplhe scale of the map an4ﬁgts contour interval.
In country like forested terminal moraine the metiod oé:ggtares is preferable
since the features follow no law or system. If great detail is necdsd the
position and elevation of pbinté within the squares can be obtained.
Sketciing., The exact position of the comtour lineés after all control
poinis are located is done by sietching., In this work persouns vary greatly
in natural aﬁility to see the location of an imaginary horizontal line on
the ground and to transfer this linewto paper. It is the doing of this
work on?ifor all in thg field that gives the plane table its gréat'advantage
over other methods. It is obvious, however, that in heavily forested country
there is no advantage in the use of the plane table. Traverses with compass
and aﬁeroid are far more economical unless such acuracy is required that it
pays to brush out lines for the uSe.of the stadia. The U. S;'Geol. survey
uses a tape and small plane table in brush but it is doubtful if the accuracy
Abtained is sufficiently greater than that of a paced sqr#ey to pay for the
increased cost. One should never attempt to sketch contours in timber or
brush farther than he cen actually see the ground. If the map scele is small
and the topographic features dsvoid of small details which are to-be shown,
then contours may be,interpolafed between points where the ground was actually
observed. In open country one should never éttempt to sketch contours which
lie far above or far below the level of observation. The effect of perspective
fives rise to serious errors in these cases, so that table locations on the
highest summits or in valley bottoms are of little va ue for sketcaing.
Sketching stations should be chosen ut intermediate elevations; their locations
may often be made by @chods not sufficiently meccurate for use in the work
of obtaining control points. Never attempt to sketch the reverse side of
e hill which ypu cannot see at all., Above &ll, do not attempt any sketcuing

of contours except in the immediate vicinity
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0f the table until you have outlined the drainage system and obtained sufficient
cortrol points. Alveys-lkeep—in-mind the Iagt That the zeolozy Is important—in

“Por—initanca..g.certain-stratun-may-determine-a-line

oi cliffsos Viewed from below, & ridge gener2lly appears mach wider on top
than it ~2ctually is. 018 U. 8. G« 3« 0278 ars filled with errors dus to
kotching from too grest distancas. This often led the topographers to connact
~ortions of different strsams heeause they had not first followed out the draimaze
wattern. Treat each interstraam ridze &5 2 unit bounded Yy the valleys on sither
side and work out the topography unit by unit instead of haphazard. Donti assume
that there is no break in slope or concealed valley or knoll in 2 bit of woods
ust he oause the tree tops 2rs of uniform heizht. Do no%t zot all points on
ridze tops only by interscetions from below. You mmst climd hills and 30 into
brush if vour map is to be any better tham a wild sketeh. Such a roagh sketch
iz all right for some warposss and may look batter than 2 real map from the point
-faere it was made, Yut it cannot be correct. The technique of sketching is very
hard to describe; it must be lsarned by jpractice., lMany approsisate methods of
location, such 25 measuriny distance from vertical anzles to roints of known
elevation, spacinz of contours with slope secale on hills vhose profile can be
seen etc., ara valuable helps. Cn vary stes) uniform slopes do not attempt to
Graw all the contours in ths field; draw only tha top and bottom contours and
w0ssibly every fifth or heavy contour.
Generalizatigns 45 it is impossible to represent all of the smaller

features of an area on 2 map some choice must bs ”a.de as to what to show and what

zp \
to omit or generalize. In this cucnca the scala, contour mte“va]. and %urpcse

¢f the map are factors. The U. S. G. S. has steadily ineceased the amount of
detail shown to far beyond what was once thouzit possible. Features whose
orasence is of geolozical importance or which ars diagnostic of the orizin of the

toHozraphy should have nprefersmes over mers ageidents, 1ike big towlders on 2



talug slopel Do not choose a sezle for the f£isld mep so-12rge that much of the
detail cannct be showm on the reduced map useC ior mb? icat ion, but,on the other
hond ,do i*_.ot use 30 small 2 scale that measuring, sketching, erasing, and draw-
iaz besumes very laborious. The scalos used by the J. S. G. S. for fisld work
axse 'fur tos sm=ll for berinnars. above all, do not seek to excuse errors due

nsusficient travel over ths araa, Ty blaming them te gensyal ization,

| 5
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cutline of {isld woxk. In 211 mapping of mowe than A few townshipe

it “$s mcassary to have ‘better'“cnnfzol" over norizontal ond vartieal lecations
than car be obtained with the plans table 21one. '1’51@ measurenents of losation
by primary trizngelatior (trigonometriec su;'vejr), primry traverse, or primry
!.e{vel inz 211 belonz to ihe fiald of the engineer. This kind of -ork is ususl-ly
done-ty ":;nvgrmqg.t.«-—‘mreaus. saldoéx;’jit;y: éeolo gist. xn'any araa of more thnn
about ;15 miles Squaré the effect of Vthe curvature of the eaz;’ch becomes apparent.
4 map of such an arsz made by ple.ne- t:n;ﬂe intersestions would be on Mercator pro-
jection ané, the sczl'e ;:foulﬁ cfii‘far o diﬁereﬁt perts. The m"-‘_'.tter of map pro~
Jdctions to lmep the_' m thé same in all parts o f the map by changing dirsetions

will not be here taken upe

3

For sm2ll areas, sufficient "control” can be obt2ined by either inter-
sections from = boss line with plane :t‘;fble and telescopic alidade or YWy traversg-
iﬁ‘-; around the ars2 ond along zoads with the stadia. “.-I'.he mirpos2 for which tha
mep is mode, its size, scale, ete., Will determine the number of points within
the arex wWiose position and elevation mst be determihed in thé—same way. Vhan
this;_ work, called "secondary control®, is all done and the horizont2l and vertiesl
srrors of closure 2djusted, the filling in of contours may be begun. In case the
2rez i3 open and considerabla accui-acy is feqt;ired. the remining points needed
to locate contours may be &&ermined by stadiz. Table locations for this work
moy be made by camoass o-rieni:ation daing either traverse with tur#ing points or

s233ction from Doints 2lready deternined ond both methels where mossitle. In
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meny ¢asas, narticularly whare several men ~re working on the area, it is better
£0 transfer the moints and slevations determined by the talescopic alidade to
sheets on small traivarse tobles, These can be used for paced surveys and loca-
tions by resact 1611, glevationag teinz secured by vertic2l anzles. hand level,

or 2neroid. In very dense brush note hock comrags traverses using the aneroid
are more economical than the plans table. In areas of magnetic attraction the
dial compass shoull be used. In some cases,‘ as in very complex to pography, two
men wéuld be an advantage since one could obtain loeat 1ons and elevations off the
line of traverse leaving the othar ta‘keep tr2ck of locatzons alone, thus ;araﬂ-sl’
<inz-the well knovm methods of ﬁ'eological work in the Lake Superior?district. The
anGroid rsadings can be reduced a¢ the snd of the day by ene of the methods out-
‘1lined before and the-coryetiad lochtions and elevations syansferred to the finRl
nap £ar.ugae in irterpolating cdntours.- HTE&zE;t;é contou.rs and sloya msnraments
should, however, be showm on the figld sketch. _ In areas where squé.res are
vreferable to ridge and vallsey traverses, the My;n; out of the squares so as to
insure that 21l the are2 has been seen depeﬁds upon the maturs of the topographic
features as well as upon ths fores.t and brush conditions. On erosion .features
in hard rocks, or in ground morzine mach larger squares are possible than ina
comple: terminal moraine or mich dissectad topozraphy. The squares are best

traversed in step like form, that is north one square, east onz, north agin, so

that two sides of each square have been previcusly tr:wersed ﬁffordmg two checks E

.,A)’

on previously :J.djustec\l‘work. Unless very-—small squ:.resf ..re used every streazu
and lake shore must. be eithér traversed or located by intersections. TPhe method
cZ Squ.a“es is slower than traversiniz of definite features, but thit method is
applicable only in erosion topography.

Conclusion. Dontt try to sketech what you can't see. Den't be in too
much of 2 hurry to begin drawinz contours. You can extand contours up or down

o slope whose angle is known tut it is better to simply record the angle on the

map and fill in coutours later after el evations are all secured.. Draw contours af
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chinzes in slope fisst: tho otliers can often be left until the map is inked in.
Dontt be afraid to climd NBtlls but domMs use extrame sgunmits for sletching. De
tey %o sketeh distort <ootures. 3¢ fhroush woods alony ridzes and drainagze

lines if in ercsion t

o

sozraviy, ovherwise in system of sqmares. Many dmporteuc

5s0lozieal features zre Fun? 4w woods. In drawing contours every li~s worth

c

drawing is wrth dravies cefinisaly: avoid seratchy, faint lines. An eraser is
i mssary part of rour s, ulviant tut by beiny eareful to drcw only what you ail
sare 0f, you cop wirini. srrors due to revzatal s osures 7f you leave 2 line
of traveras fo. an cuti .ng tuwe tte sahie with you; yo. @y jet 2 mach better
sketaning statu-a 2no booigs Lomething mizht sanpen tu your map while you _re
aways  Awoid tnnceessaly intersection and other lines; keep careful record of
these lines whars they =re rumerous. Kegw shaem 2round the edges of tne sheet

50 that they can be ariended into area beiny '‘orksd on when needed. Xeep the
mp clean, Sometims 2 z.get of wrapnirg nawyr with a hole cver chie place beins
worked on is & very zocd way, but in hish win's it is apt to give trouble.

it is best to ink in the mem from da_w; o Aoy i~akead of at th> ewl of & Job. ¢
ghe map is to be vhotoyrooied use only Waek inks Be sura you use the right
rsver alsghol. I you are

mapping 300102 chov ouLarops 2vd boundaries by uswd symbols.  If you are pre-

ey ivE,

kind of paper. .

: 'y O T T

v

paring 2 wap for > 7a0lozist emact elevaticns marked on the map near pubcrops 2.
often of zreat vlue. Tmot slevatians of bodies of water, hill tops, road
intersections, iand cormers, sz3, and saddles in aivides ars 211 immortant to °

3eolozist. Tmact loent fon nn? etevatdon of sprinzs may also be valuable.
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e U OTTYE vomeficiature. The names of all geographic featurezr should

be shown on 2 finished map. Great care should be taken to find the names aetually
used by the inhabitants _r.wf the region; you argc not called upon %o c¥iticise their
choice. Hever meke up names of your own wnless you are certa:ug _?hat no name

nas ever been previously applied to the feature. Avoid duplications of names
elsewneres and urﬂ;er nc:; Gircumstauces mawe 7 foagnre ‘after a living jemon.wnlass
possitly someohe of great eminepce), Avoid long and clpmsy names and such

terms as ‘%ittler, mjorth Branch,” ate,, in naming forks of rivers.

Finishing the wap, Plome table maps should be inked in 3s Soon 2s
possible after ther caapletion of the field work, if poss_ible in the svenings and
on rainy days. Waterproof inks should be used. If the map is to be photogranhed
1t is. best to use only black ut if it is to be traced or engreved, then the three
colors used on U. S. G. S. maps may be employed with geologie data in a fourth
color. Blue is difficult to photographs,

| ',_ Reproduction of map, Mens mRy be reproduced by photozraphy in several
ways.. The photostat zives whita 1ines on a dark 'backgroﬁm. Glass plates can
be uséd for prints which show dark linés on a white:ground., Zinc cuts are mde :
for printing on paper. In case the size of the photosraphed map is to be very mmoh

smel ler than that of the original gi'aat #a‘re must be taken to avoid narrow spaces

and sharp angles betwden lines which might blur ¥n printing. Cut out parts of

1ines where necessarys - This is esﬁediﬂily the cage in zinc cuts. M=ps can also
bé\é"i)rodixca'd by tracing., Information is read‘ilzv. tga.nsfefad from one map to ancther
of‘the same scale by tracinz on tracing paper in p‘énc‘g,- Then lay the tracing
on thé other map with a sheet of carbon parer beneath .';md then trace with hard

siarp pencil of steel point. Pracings used Ifor biue or w}ﬂte‘ prints mst be

x

430 W nolly in bla.ck. It is best to use only the dull 51de of tracing ¢loth
2 , y 8 0 ! - > l } 3 e Vi r'
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#3nscially if th: ma»n is to hn »whotoarsoh~d. 3rasursis mey b m=d> with rezor

blzd2 or ordinary ~rasor. Romombar thaet both tracings and blu2 »rints shrink

irraaulerly and thorsfors greohict 1 scalss must be showm. Z2naraved mens for

miblication arec mad-. by shotogranhing onto matal or ston n»l&tess Tho lines

ar> thon cut in with a stesl tool. Scparate vlat~s hav? to b» made for cach

color.
‘*:51 Ggnzral hints on drafting msps, Swvstomatize your work -- for

instance do £11 roads, thon 211 wat>r foaturos, thon £11 contours, cte.

Never draw freehand anv line, however short, which is intended to bo a straight

linz. Use prop:r instrumsnts and measursments to construct richt angles,

varallsl linss, or cireclos, howevar smell. Contour, swival, or Paysant pens

can bc usoed for somz curved lines; thov insure evennass of width. Uss guide

lines for £l11 latt-rine. Do erasing slowlv; naver tey to hurry. Wherever

10ssible place 211 lottorine warallel to bottom of maw. Where lettering cannot

b2 horizontal incline it so thet it cen b2 rcad from the nsast side of the map.

Balance the sizo of lattors to immortanc? of vwlscns named. Follow & U. 3. G. S.

men for stvlas but avoid fancy 1-ttorine. Plen vour lettering so thet it will

not obscure im»ortsnt dsteils on tho mew. Plece your title in lower left hand

corner if nossible. The words "map of" are oftgn unnecessarv. Give name of
organizztion you are workine for, datz, nzme of chief of wnartv, names of instru-
ment mon, eranhic and at lzast one oth-r form of scale, maenetic and true
meridians. Fancy borders ars ganorallyv not neaded., IZecmemb-r that all of vour

work includine field notes is ths vnromerty of vour emnlover. A4All vour work must

ba in such form thet anyona 21s? can "tsk? ov-r" at eny time. 'No one is infall-

gbla; chack all your work end if possible, havo someons else also check it.

X
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PHOTOGRAPHIC SURVEYING 76
General. The subject of photographic syrveying is introduced not so
much because of its importance to geologists as because it is a good method
to learn topographic mepping indoors., Photographic surveying has the advan-
tage that it requisﬁs less time in the field then do other methods. In
regions wher: much ardous climbing has to be done and wecther is uncertain

it has had =z large appllcutlon.

——

: - sofveT"‘*"' G %
Theory. Tne office work with photogr&phl%‘ls essentially the same

as the field work with the plane table . Given the locations froﬂwnich the ‘
i3 Gastly fousd “When

pictures were taken the bﬁar&avs of obgects shownn wo or more views from /

Show the same oﬂjéc“ the ars obtamed 4

different statlons ape—obteined by intersections when these angles are /
] & |

/

laid out on paper. Hklevetions can akso be determined by obtaining fii’////

» vertical angles after distance has been found. i 2 ic-

If a photograph were made transparent and held in front of the eye

0 Was od be“
of an observegﬁat the same place that the camera wa# it would have .o be

JuSt as far in front of the eye as it was back of the center of the lens W
’-hrsdgb.nhtc‘ g_s__c,'t“ed +he .[or_qf Pu "/

in order to just register with tae real*V1ew;ﬁ As the photograph with an
ordinary camera is a plene it is evident that the distance from the cenier
of the photograph, assumiﬁg the camera‘to have been held horizontel, to any
object is proportional to the tangent of the apgle between the line to that
object and the optic axis of the camera. All points on the same level as

i

the cemera are shown ink.horizontal line and all objects at the samefangle

e e e s A

_in_a<égiiiffff§§3§§eﬁ%ﬁbﬁI’roﬁ the optic axis &ﬂ?:?kown'lnaiverltical lines

It is theﬁfdre possible to draw streight lines on the view throuph all

points haveing equal angles above or below the level of the camera and
having the same horizontal angles to left or to right of the optic axis.

The locetion of the intersection of the optic axis and the picture is not
elways the center of the picture since some cameras have a “rising front" and
the upper part of a photograph is somé:fimes trimmed off. The U. 5. Geol.

Sur}ey has used the panoramic Kodak to a considerable extent. In this in-

strument the film is curved in ateml ¢ircle and the lens SQJE%HQS so that
o total angle of aboutb 126 degrres 18 ipncluded as compare
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35 to 45 degrees in most ordinary cameras. As a consequence of this con-
horizontal
structlonAﬁlstances from the center of the view a{WABrOportlonal

s

directly to the angiéé. Vertical df%ﬁﬁﬁgz%s are shown in same way as with
ordinary plctures* This difference accounts fqr the peculiar curved eifect

}1@ [’Aa.f\or&m\t-
noticed in photographs teken with %ﬁtﬁtiype—ﬂf instrument. BaispeculiTF

N W\US+

pﬂragaciixe—has—#e be taken into zccount when drawing contours K frem—tirese

pictures. IncardzrxiaxsiarkMaRK NKEAXAX@aNBRAXSURKBXXXExisxassankiakigasxx
Computations. In order to carry out a camera survey it is

necessary to determine accurately the positions and elevations of some of

the points later to be shown in photographs or from which photographs will

be taken. This is usually done with eituer the plane table or the

ordinary
transit. In working withApictu:es thise points are identified and used as

reference pints. Plat them on a map and then determine the horizontal

direction of the optic axis at every camera staiigg,{\}t a distance from

I

i

each equal to the focal length of the ceamera or distance irom center of
"_.Jr(?

lens to picture, plat perpendiculars. On these lay off the actua;{iififffff)

to right and left of the vertical plane through the optic axiq(??“objects

- I
shown in the p icture./ These objects lie,ﬁeﬁQﬂijffijgyfﬁgga;;;;zhééftnexn

lines Whichpoin these points with the camera station point. If this is
repeated with different views of the same objects locations are obtained
by intersections, Use of thraads obv1ates drawing many lines on the paper .
Similar proceedure is foilowed.fhn vertical distances above or below the

camera. WNote that distance from the piciure to the center of the lensx is
\Icl"ﬂlh(:fe
notfthe same in—ell-—perts., Allowance for this is made in computation.

roper
Draw a horizontal line for the optic axiéj 2

distances on this irom a

A

point which represents the center of the lens erect perpendiculars,
Obtain these distances for each point of which the elevation is desired

by scaling them irom thévgbnstruction ;;;;;i;;é£;;;> At distance from

camera location d%@QS;;;E:ng to map distance of point as found by inter-

sections erect other perpendiculers. Now scale off on first perpendicular
[
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the picture distance of the point above or below a horizontal line through

the optic axis. The line betwesn point taus determined and the location

of the camera is tinen drawn. On second perpendicul then scaie&alfierance
5 ——— T e S

of elevatlon with same scale as that of the map. If constructions are made

A

on cross seciion paper and a thread instead of a line is {ised the sheet is

kept cleaner. In the case of the panoramic Kodek the number of degrees

per inch of horizontal dlstanc#is easily determined. Lines of equal bearing
can be drawn on the:ﬁg; Eﬁg then directions can be laid off withla protrac-
tor. Other constructions are the same. A further axtensiﬂén of this method
is that where the elevation of a point in the picture elsewhere tnan on the

level of tiie cammera 18 known then its distancﬁcan be estimated by workifg

the diffierence of elevation Rhackward.
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THu UNITWD 5TATad 5Y50Tws OF PUDBLIC LAND SURVWYS

Introguction. Thu public lends of tho United Status extended west
frou the cast linu of Ohio, morth of tho Ohio Rivur, and wust of tho iss-
issippi River with tho wxcception that Mississippi, alcbama, Louisicana, and
Florida woru also inlucud; large parts of Toxas cnd California as well as
smaller arcvas in other states were privatoly owned at the time thege.pugions
wers aquired and wory thoerefore oxcluded frow the survey. According to
law the public lands wore to bo divided into trocts six milus squars, known
as "Townships", with north-south and esst-wost boundirics., These were to
bc subdivided into 36 scctions cach o mile squore. The systam oi surveys
is importont to goologists buccuso (n) it affords a mouns of doscribing
points whore notoes wore made in 2 nmenner such that anyonc could find them,
(b) in oxamining privete lends their boundarius must be found, (¢) lond
divisiions must be found in order to show thom on new msps, and (d) land
divisions arv an iminse holp in finding” onos locotion on o map.

BDaso lincs ond meridians., Surveys wore started from many inipial
points, sometimus sovercl in the scme sitate. & true east-wost line was
run through the initicl point and called the "Bese Line". A truc north-
south linc wos run through tho some point ond called tac "Principal Meridian,™
Bvery six milus on tno base lino township corners were vstcblished. [I'Range
Lincs" wcrcﬁkultruc north from cach of thesc for from 24 to 60 milecs,
Prints six milus distent from one another on thuss worc joined by eusp-west
lines canlled "Township Lines", thus foruing townships. On account of tho

curvBurs of tho earth townships thus surveyod bucaus narrower and narrower
tho forther north they were of ths bose liro. This reduction below the

logel sizu was compeonsated for by rumning now "Stenderd Porallols" either
every 24 or c¢vory 60 miles on which new full-sized townships were started
to the north. Such linus were clso callud “Correction Linss", £nds of the
lincs south of the corrcetion lines were called “"Closing corners"™ while
¢Hornors for the full townships to the north were celled "Stondard Corners. ™

Numbering of townships., sast-west rows of townships arov calied
"biers." Townsiips in the first ticr north of a base line are cach called
"Township 1 Hooth".  Tho noxt tior is T. 2 N. and so on. North-south rows
arg called “"rengos ' rnd townships in the first row east of a principal
inenidianiare ealled Re 1 ., in tho next row(or range)ﬂ. 2 #., and so on.
In somo coses townships arc auwberod south of baselinus and west frou
moridians, 'In Uisc.ngin there is only one baso line, the south lino of the

state, and only onc principel nmeridicn, the fourth. All townships arc

thorefors N.but thore cre both B. and W, rongos. The complete description
) = i ro- . AL i [ ~r - &.n - ot : 3

of a township rcnds: Township #&North, Renge &-B Gur:sij,,gzéPrlnc1pal :

Meridian, or usuzclly abbreviatoed T.ig;N, R, —‘PE’ 1§ﬂ?, M,y mo
Sco Fig. 1.

Sgctions. Townships wor. divided into 36 scctions numbercd os in
Fig., 2. & fow of tho oldur surveys usoed o different systom. Socction linus
ars supposcd to be parallel to the south and cast boundarius of the towaship
and work wns supjosed to proceed from tho southoast cornsr toward the north-
wost. Tho scections wore intonded to be exactly 5280 foot (80 cheins) from
north to south with tho cxception of the north row of ozch township in which
all of the error in subdivision was concentroted. Kast and west the maxi-
mum discropcncy in o suciion was supposcd not to be over 33 fout (50 links),
cxcept thot qﬁl discreponcius, os woll as the offect of convergance of the renge
tings, ﬁwexﬁﬁoncontratud into the westoraost row of suctions in each town-
ship. as o wottor of prnctice fow scetion lines oreg st;aiwht linos for

. oreast- wesr,
more than ono mile and fow oro oxactly north-southy 0" s688T0f the older
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Lpada Survey 2
survoys . as in sowtaera }isconLin)an attwapt wos mode to join secetion
lincs to the cornurs laid out on the north township linc wnd as a result
ovory township linc shows slight offscts butwoon the cornurs for the township
to tho south wnd thoss for the ownship to tav north although thu township
lince thumselves run séraignt through. None of cithor th#qut,gr the north
suetions of ‘3 township cre ruedly sguarcs. & giVey scciion ¥¢- duscrived
as Sgctiion ‘l, ?ownslillf?'Mthh, Rengo ﬁ?—Sast,égtP.M. or morc commonly
SuC-i’], T4 §., R ,»'—? e, 8P, K., or ° still hore briofly 21, 47-19 Ak~
In the last method tho d.signation Soction and Horth have beon omitted
whoro no cubiguity is coused thengby.

Subdivision of sgctions. The goverament surveyors placod "quarter
posts" at helf mile intervels on the soction ldmmeeyaad towaship lincs; linos
connueting thuse divided the normal scctions into quarters of 160 acres.

The points of iaturscetion of the two'gquartor lincs”in the centors of the
scetions wers not i ried but worc loft to latur suryeyors. 4 quarter scction
s duscribed gs tho northwest quarter of scetion , usually abbreviatoed

to N, Suc.ﬁghor gimply Wi, In the north end west rows of suctions tha

quarter posts woere set o holf wile from the south and ¢ast boundariocs ros-

sectively thus throwing all duficicncy or ¢xcoss into the marginal gquarter
scctions on thu north and wost aidos of townships. Elsewhore in tho townships
the quorter posts on the vest-wost linvs were sut uxactly midway betwenn
the adjecent scetion corncers GﬁaiﬁaﬁffﬁffﬁﬂfDwM&lSwL&RUTHEPuiﬂuiﬂiﬁﬁﬁﬂﬁpﬂﬂﬁv}
Lotér, scttlors wishod smollor farms ticm 160 wervs cnd tho quarter scctions
were divided into quartur-quarters or "40's". Thesu arc duscribed as, for
instance, tho northwest quartur of thoe southvast quarter of scction 4, or
mory commonly &s the NJSEkaz On the north and wost sides of townships -
21l of thc deficicacy or c¢xcess was thro ‘wn into tho marginal rows of 40's,
the others in these suctions being full size. The fractionzl arces on the
north and wost sides of thesc suctions wers called "lots" by the Land Qffico
end numbered in coch seetion in genoral from east to west and from ndth to
south. Goologists gunuially do not recognize lots in recording locatlons
but treat all soctions as though they had boon completely subdivided into
40's. See F-rj.?: Bt : e
Lsandgywy Tho borders of bodics of woter wers supposcd to nave been
"moandered® by line: run ot snglos clong their irregularitics but apperently
when this was done ot nll it was very crudely cxecutud cnd fow "amoonder
posts" cun now b found., Thoe odd-sized tracts wery celled lots and numbered
25 shown on the original plats which should olvays be consulicd. For dus-
cription purposcé poy no attontion to tivso lots. adjuceat to bodius of
wotor which intorrupicd the usunl routine of surveying thors aro may dos-
cropancics in the land survey.

Cornurs. In spito of cleborate rulus cad rogulcations for tho marking
of corncrs vith stonus, pits, mounds of onrth, Jte. fow soum to have boun
thus permancntly cstcblished. Gonerally o squorc wood stoke was set; such
slakus wore marked in verious ways but fow originel cornor stolies con now

be found. Coracrs wore olso Mwitncsscd" by tcking the buaring ond distance
40 sovoral trocs which worc blazed cnd marked "D. T." gonerolly with the
awiber of tho scetion, township, ond range zlso indicated. Iost such trous
licve long since gonue but lotor surveyors hove somctines made nuw onus.

“hore eornurs foll in lckos, Swemps, cbc., "witnuss cornors" were also ostab-
lished on the linus as for os thoy could bo rum. Ileny latyr surveyors haove
sob iron stakes, drusscd stones, or pilus of stonce oftun cround stokus.
Most lincs wore blazud cad loter surveyors hove roblazed thaa, Such bl.zes
are gonorally found ob thoe somc hoigth on both sidus of truvs on or near

Lot 1 -

o . .
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to the lines .nd cun thus be distinguishod frow necsurcl scars. Caore should
be takon not to bo ducuived Dby corners sct by unauthorized cnd incomputent
surveyors; governuent cnd county surveyors oclone are &uthorizud to rousteb-

. lish lost corau;s. Correct corner descrijtions ccn genorally bo obtained
from county surveyors. Origincl pluts orc on file at governumont lond officus,
and in weny stotes ot thoe cupitol. County surveyors clso have copioes and
gouo. “plot-bouoks" are elso rulicbles  Roads aru comuenly laid out slong
scsction, qutrbter, ond d“ linvs ‘nd county mops cro therfors a guide to
locrting lond linuu cad cornurs. Form boundorivs ore generally fenced in
£ more perasnent menner than are lines within the property since the lattber
arc pore oftun changud. "Line feneos" arg also a guids 10 fladlng lﬁnd
lincs; form linces arc shown on many county nops. s BC Loeadd
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GAOLOGY 11
Conventional sipgns

GLUTURE ( blacks )
Building @ ®chool house® Church & Camp & Public road in good condition.

Roed in poor condition or privatez:: Truil not open to wheeled vechicles—- -
Railroad, single track+4—— failroad, double trackeF:t.:p:ﬁR, narrow gauge or

Z electric 4mmttit
Tunnel:: -/ @state line—-.. County line ..~ - Civil} township line — —

U. S. township line -— Section line, where subdivision lines are shown ——-—
Section line where subdivigion lines are not shown--.-- Subdivision lines-----
City limits - —. - ®eservetion or state park line—- .—Land corners found +
Triangulation station 4 Baundory monument¢ Well, non-flowingo

Well, €lowing, in rockd Well, flowing, in drift® Exploration drill holeé
0il wells—-drillinge 0il well® Gas well¥x Gas and oil well-* Dry hole<r

Dam == Cemetery:y, Demnch mark?‘b}.:ighthouae* Quarry " . Dump Iy #haft@

Pit in drift &% Ramd cut = Fence, barbed wire x x
B-ELIEF : '! ~‘_ {,Lio‘.-";. cuy € VSECL X ‘U‘y 0 W }
Zlevation of definite point 7¢3 Cliff 4% Slope, gentle—== Blope, S‘teep>

Undulating, gently - —-- Undulating, roughly ~~~ ®ags and knobs, gentleon -

-
|
Sand dunes/\$ Contours, numbered?,""" iicke every fifth contour heavy and
: . number it as shown
WATER:{"";{:‘"“" o v et :

N\ :
Stream, permanent ...~ Stream, intermittent ' ~Ditch ===.. ®pring 1
iy -y

Marsh, fresh s Mopsh, salt <=7 Pidal flat sz Lake, intermitsent =,

R Y

Glacier or mcke blue contours on the iceé:—-‘; Lokes may be left open

o p
e

GEOLOGICAL

Outcrop of sedimentary rock, horigontal or unknown dip - u;P Rnown :T?
Outcrop of igneous rock & Outcrop of gneiss or schist 3~ Bowlders or talus¥
Drift exposure (hoy Au 4 pit) 77 Grovel pit X G  Clay pitXCl

D=drift e=samd Tetill cg= conglomerute dl=dolomite ls=limestone

sl=slate ct=chert qz=!uartzite sh=shale ss=sondstone Bi=basalt
Dr=diorite Gn=gnegiss =schist Db=diabase Go=gabbro Gr=granite
Po=porphyry Tretrap

L TR e
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aghider a.
o
2p genles. The scale of 2 mp rooresents the relaticn whiéﬁ elists
botween the size of distancss on the map ard the driginal distances. 3cales ke
have nothing directly to ds with ccmparative ARZAS, only with DISTUCTE3. Tho

-

zeale of 2 mAD my be stated in Chreewaws: (1) is 3 statofomt~dn wesds (Exmils

6 inches oquals 1 mile) (2) Iy means of 2 line dravm on the map te reprasount
2 givern srcund distarcol Thais is ¢211lad 2 graphic geale. (3) Ry 2 fractioca or
a _,J

preporticn (the same thing) which Fives thc relation detween distanges on tie

mp 20d the disganees on the ground whieh they roprasent.
A

v Tha first mothed is couvenient since it cunveys an ide2 - f tiaa scala
23 comargl to cther meps, i’he secciil éltruld be given cn 2]l mApe sineo it
affords the surest mothod cf moasuring distances cn the map, oven after tho paper
cn whieh it is drevn has chonded in size. This is especizlly trae of blue-
vrints which are wet axid.shrumcen in the -Qre;:es_s of maXkinz, Tho Jast 18 eallad
"fracticmal sczle" and has 2 maaber cf :xdvantzges; Procti ons or retics are

tha same in every cauntry, 50 that when the seal: ¢f 2 man s givon as & frace
tion, or ratic, :.J for izstance 13100,000, it mezns the same to VIrse:s _v.'-i‘ a1l
cmntries; Furthemacrs, i it is desired tc compute the distance on.tha P
than ié equivalent tc¢ any zivendistance on the ground it is readily dena., ' On
the cthor hand, if it s2id sn a fereiom map that 1 centemeter egquals 1 llometer,
ona w uld have to _v;c tc some refereunce bock.to find the sczla in terms of cur
units.

- = — . ;
Metheds of Measuring Distances.

Ghaininz., The niccess of mpasuring dist:\.nces"_'wi‘th a tape, wire, or

chain is genarally cz2lled "chaiziing' aYthough the old fashicned surveyors ghain

is nearly obsoleta. -\\‘\\

N . : +
Instruments, The surveyirs c::-ah\, 66 foet long, is cumpsed of 100

i ; N
links. The links wear rapidly in us2 ~nd 2re 2pt to eateh i brush but the
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PHOTOGRAPHIC INSTRUMENTS
Introduction. Geologists make use of photography mainly to (a)
illustrete and supplement their field notes and (b) illustrate printed or
typewritten reports. They are interested mm in views of stationary
objects and in clear pictures rether than in artigtic effects. The following

outline is aimed to supplement existing directions by emphasising the peculiar

needs of the geo}ggist.

Acknowie

Choice of equipment. From what has been stated above it is evident
edher

) '
that & geologist is not interested in,cameras which are inte@ﬂeq primarily

Lor 1nstanky with .,-ﬂao&/-/’f e (ﬂr"“!uqe bu““/ ms-f.'r’lfmen-p_'J
to shorten the time of axposurenfs'o that moving objec e photographe(ﬂ'

What is needed is%.(a) a reasonable size of pa..cture, preferably not less than

et s

ok incr:as in smeller dimension, (b) a reasonable focal lengtlf) se as to secure

good perspective,(preferably not less than 5 inches{ a=¢ (c) a lens whjc i
s lrght cem + §
Jhat 13 and(d; o ottt/ T

makes sharp, clear-cut images, Aan anastigmatic len t is ekme—highly

a
desirable that the camera use either )roll film or(&cut film rather then a film
whieh ofiTen allows
pack fer-ihe last—denet—elweys—hold-the film dventyvuc mrrow—it to buckle.
awd :
There is no o’ adventage whatever in using plates, while ther¥ weight,

fragilty, and liebility to blurring or “halation™ render them very undesirable
e/weeh with
for use in the fildéd. Most comparisons =% work with plates andﬂfilma woere arC

based upon comparisons of amature snapshots with 1 Bmme exposures made by .

—

ariovs

professionals; where similar methods are used differences disappeer. -%ﬁ‘-afen-'b—
kinds of films are discussed later. Akthough there is comparatively litile

+hem6elvc.5 j"ﬂcr“’/}/
edvantage in high-speed lenseg) cameras fi¥Yed with such lensesﬂhave so much
better shutters and other attachments that the‘fuse of—sueh—erduetrunent
is necessary. In addition to the camera there are needed (a) ,Q‘bripod which
is. rigid in considerable winds,.(b) not. less then two.color filters, (c)
some_form of J,eﬁ'fs nood, (d). an exposure meter, and (e): 4/ tins box in which

desirable to choose a camera. with.a rising front amnd if possible ong where

Jl-.ha'I R en bo changed so thet ibmemm—be—wsed both £em near and Forytelephoto
en :

¥



views can be taken.

Stops. In order to get good results with & camera it is essential
to understand that the amount of light which passes through the lens is
regulated by changing the size of the aperture. ,v'l'he several standard
apertures or stops are @ thebettergrp.dgs Q_f”_c.a;qp_l_';a“j designated by a figure
precekded by the letter f. Since th-q.s number is the denomenator of the fraction
which the diameter of the opening is of the focal length)the larger the
number the smaller the aperture. The figures in comuon use are/with the
exception of the largest 0pening) so calcualted that each sucessive higher
number gives exactly half as much light as the next smaller number. There
is no appreciable difference in the exposure required by lenses of different
makes when the same stop is used. Since a geologist always desires a sharp,
waade clear view in which objects not in the same plane are all egyually definite
it is necessary to use as small an aperture as possible. A further advantage
of a small stop is that m%w? lenses give much better results when
so used thap when dpenedd up to the widest possible extent. With a small
stop qxa.ct focusing on the primcipal subject is not necessary, for the distance

within which X% all objects will be sharp is 3} much increased. This dis-

tance is called depth of focus . Maximum depth of focus is generglly obtained

by setting the focus to 25 fect and using the smallest opening. The "} range

- and qrovnd y/as.s Locvsing SCréens arg
finder which is supplied on the larger Specm‘jh nnecessary for masr
‘}/:a.f AN

(Fi95-182)
geological work. The accompanying diagramsﬁ,snow some of the relations
o porTvre,
between depth of focus and focal length. It is evident that increase in

JasT first e e R
the kettsr is at the sacrifice of the fermer, elthough this is minimized by

sto
ging the smallest npeﬁa'a and if, offset by the vastly better perspective

given by a long g« focus lens. Lenses must. avaou}a be KejoT
cleaen w.l‘H\ o~ (softYprect o Fylinen |
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Exposures. Recording of a photograph depends upon the relative number
of particles of silver com};und affected by faint and by intense lights.
The stronger the light the darker the resulting negative. Making of a prinﬁ/
or positiv?freverses the above conditions so that the strong lights are
white and the deep shadows are black. Heré@fterjwhen photographic reproduction
is discussed the positive is referred to and not the n@gative. In order to
regulate the 01£g;£g:Zhof the picture wi:L different intensities of light
the duration of the exposure must be changed to meet thesemepiery light
condiﬁ%na and this is what causes the greatest diffi%éty in photography.
Correct exposure rqu&?rea Xx long enough action of the dight to secure
differentiation between varying degrees of shadow. Most modern photographic
fims have sufficient e f exposure¢™within which the differences
in the result’ are not very merked, to permit of both (a) merely a rough
determination of the necessary exposure and (b) photography whefa the light
varies greatly in diffei?t parts of the picture. In spite/i} é&is facﬁ)
to secure best results it is desirable to take photographs of many kinds of

subjects in shade rather than in a mixture of shade and sunlight. —Especial

en that the sun does not shime directly into the lens and
e e T
i BRI oo
it-is-also-desirable to avoid views in whicﬁ,ﬁky and objects in shadow

A

.are_seen-close-together.

Classification of subjects. With reference gts efposures, subjects

ma

aaég be divided into the following groups: (a) normal scenes in which the
. distont of the l€05 (Gyo.

EEkx princip14 objects are jover 24 times the focal lengthnpnd ess than

500 feet from the camera, (b) close-ups with objects less thet the smaller

distance noted &b%%lwhich is usually about 12 feet, and (c) distant views
fhe }nv;ru:]ml'

in which (objects are more then 500 feet from the instrumentaﬁuk——er-#¢¢74Ljr~“4L1“¢;
» ~
. Exposure meters. Tge approximate eposures for the above classes

[———

of subjects in clear Bunlight)and in lights not far different from that,

can soon be learned}but when photograplis in deep shadé, close-ups of rocks,



4
and extremely distant landscapes are takegr%heg_an exposure meter is abso-
lutely necessary. The only type of such an instrment which is of any value
is one of the actinometer type. OSo far as the writer can determine there
are only three mekes of these, all German; these are handled by dealers in
photographic supplies and séll at‘}ngg $1.75 to $10.00. These meters are
based on the measué?ent of the strength of the light by means of a movable
glass wedge. The meter is held to the eye and ad%%?sted until the detail
which it is desired to schow is just ob{i}ter&ted. Care mgst be taken to
read’ rapidly before the eye becomes accustomed to faint light for plehr-
wise tq short an exposure will be measured. BSome instruments read exposures
for normal subjects directly and others reqihire the use of a table with
a correction factor for diffeﬁ?t mekes of film. The exposure for normal
scenes in full sunlight in the sumuer months with f 45 is 1 second with
most films. Close-ups in the same light require from two to three times
normel exposure because as the lens is drawn out the amount of light teken
into the camera is redu@ed. iloreover, it is necessary to show neayby objects
in much greater detail than distant ones. Onlthe other hand, very distant
5§§2§3§ cannot be exposed long enough for complete detail without risk of
—"Togging™ the pe picture by excess light from (a) the sky, which forms a
. large part of such distant view, (b) stray light which enters the lens and
not being needed for the picture is scattered from the insidqy of the bellows,
and (c¢) dispersed rays from the dust and water particles in the air. Huk
Unless some extra device is used to minimigze these troubles atiempts to
photograph very distant landscapes will be failures although the exposure
would have been correct for naarerv objects. Such methods comprise (a)
filters, and (Db) hoodg)and are d;Scussed below. With no such aids the best
that can be done is to keep the exposures as short as poé%ble, about 1/5
second under cong¢jitions and with materials m@ntioned above. The directions

-~ 1]
g&ven with some exposure met‘ers are sncorrect on this point and must be

3 ,“‘.
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doc

disregarded. Reemtion of exposures applies no matter how clear the atmos-
N when mist, smoke z:\tgzhggggj;/

phere appears to be, but usmm tag or dust¥fo such en extent

5£)mehm35’ A)

that it isAlmposaible to get satisfactory pictures under—suehmeenditions—

if the bare lens is used. OSome landscapes with extraordinary contrastg such
as snow and rocks or smow and trees}taka much less exposure than do normel
views at the same distances. In Alaska views of glaciers from the sea

can scarcely be underexposed, 1/100 second with f 45 being too long.
the
ABAligﬁrdiTiﬁ:iS?s in intensity,the necessary exposure increases rapidly GSeﬂ'?lé;/)
9€
and;[t is)Pest t0 err on the side of too long rather than too short exposures

because just mg;h detail as possible should always be shown. In teking

i

exposures fro om; tables it is necessary to realize that not all the
'figures there given are speeds built into ksx crd#%ry shutters and to take
the next longer exposurq’. In ge%%bal, the neceassary exposures will be
from ;/second t0 over a minute so that the necessity for a rigid tripod
is apéi;ent. It is best tv use time rather thaa bulb exposures and to
use a watch rather than to attempt to count seconds. In fact, a shutter
for the use of a geologist need only have "time" and one instantaneous speed.
Moving water and slowly moving cattle over 100 feet away do not necessitate
instantaneous exposures which, no matter how much you paid for the leng)

and 6 f Extreme defadl,
involve the sacrifice of depth of focus’i If it is very windy it is necessary
40 avoid moving trees and plents which are closer than 100 to 200 feet if
a time exposure is taken. Where exposures exceed several seconds rapidly-

moving persons or animels will no[register at 2ll and may cross the view

without imparing its sgcess in the slightest.
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Checking the exposure. Directions with exposure meters are not

always correct and if speeds built into the shutter are usedjit must be
ve exhosuris

realized that they may not anything like the %3 which were
intended. It is therefore best to expend a roll of film in experimental
work with exposures on the same object varyin;ﬂﬁfuzéfgral hundred percent.
A careful record ogjii;osures should be kept and the negetives examined
with this in kad hand. This proceigzﬁlwill fix individual correction Razaxs
factors for the particular paraoé?;nd :egion in question. It must be recalled
that the use of exposure meﬁters involves a very considerable personal
eguation and the geologist must practice ':;."t.:;,jreadings until uniformity of
results is attained. UndereEposed negatives are thin and lack detail; over-
exposed ones are very dense and black to gray so that detail is obscured.
In rare instances overexposure may go so far as to make very bright objects
reverse and show light where they should be ?efk in the negative. Examination
of prints tells little as to exposure Binca/err rs may %;f;ﬁgg in the length
of their own exposured

Leveling. It is absolutely essential that the camera be level,
for otherwise the pictures are bﬁdly distorted. In feirly level couniry
all that is generally needed is To sight across the top of the camera both
ways to the horizon. In rough countrx,and when the best results are desired}
the use of a level is necessary. ©Some cameras have attached levels but if

|
ec[ﬂ.
none is furnished eithe:r a level must be carried or a Brunton ﬁompaas level sworahiy

A
be used.
Panoramas. It is often desired to take several pictures from the
same location the prints of which are to be fastened together to make a
panorama. For economy of films it is desirable that as litile overlap be
mede as possible. Here the use of a ground glass focusing screemn is vastly

to be preferred to a finder. Many finders do not tell anything like the

truth as to the included view. To check a finder remove the back of the



v
camera when it is empty and place either a sheet of ground glass or a sheet
of tracing cloth or tracing paper over the rollers which carry the £ikx.
film. !U'V.l.‘bh the camera placed on a tripod compare the view seen in the
finder with the actual view which will be r;::rded on the film. The view
in a finder can often Ex be examined witﬂogmlens so that more detail can
be observed ¥ +thmn with the naked eye. Gareﬁggdalways hold the eye directly
over the center of the finder and t0 watch® +the same object in turming the

f _ : : s@
camera will usually prevenit excessive overlap or failure to overlap. Findgs WEAET

Jett and vight.

In mounting the prints make the line of junction midway between the two edges
but trim only one of the prints to this line so that in case of faulty
cutting or pasting no gap will be left. Special cameras like the Panoramic
Kodak, are made especially for panorams but th!;r Xk use as regular eqqagp—
ment cannot be recommended; the pictures which they produce show a curved

distartion which is just as objectionable as the angles between stiraight

lines in adjoining views taken with the ordinary camera.

Phedpising front. In e¥der to take pictures of objects much above
or below the level of the camera a device called a rising front is often
supplied; such an attachment is very desirable, if not indeed absolutely
necessary, forwork in rough country. ivnnFn the plains, undesirable fore-
grounds may be eliminated with this device. In the folding of the camera
after use it must be remembered to put the rising froat back to normal
position.

N

Hoods. The light admitted by a lens is in the form of a cone Shaide—

Whose? js; eoverecl b 7‘4@
the—£ilm oply ecemmmy a-:cempersiiymy small protion of ##e base o%—%hiﬂ—figurwﬁy £rim,
The actual light which is used is in the form of a pyramid inside the conme.

The excess light is supposed to be absorbed by the black sides of the bellows
but in practice this is not completely done and much of it is dispersed
to cause ggﬁgégﬁ of the picture. Dispersion is worsi whem the camera poiats

toward the sun; the same phenomenon may be seen in field glasses looking
in the same direction. Even if the sun is not visible in the picture any

sunlight which falls on the lens is dispersed and causes bad fogging.



8
Much can be accomplised by shielding the lens from the suns rays with the
body of the operator, a hat, book)or othsr opaque objecﬁjbut if the best
resulis are desired a l@ns hood must be employed. These are usually made
in the form of a truncated cone fitted around the outside of the lens mount.
The angle of the cone can be calculated graphically from the dkmms diagonal
of the p;cture and the focal length. It is best to make the cone longer
with snaps

on the $op than on the bottom and to make it take apartAso that it can be
carried flat. It should be lined with black velvet to reduce reflection of
light on the insidle. A much better device has been constructed wkkk by the

writer; this consists of a box lined with velvet ,of such dimensions that the

A

light which reaches the lens is formed into the necessary pyramid. The

dimensions of the box can easily be calculated from the focal lenth and the

dimensions of the picture. Mounting on the lens can be accompis:ed by using

a filter %o hold the box on the lens or by Bupplyingia special split tube to

8lip over the lens mount. The box might be made to fold but as it is a

convenient place to carry filters and other attachments it may be made of
carvied m

metal and cevemed—with a2 bag. The use of a lens hood is of most value

(a) with telephotocameras, and (b) when views are taken toward the sun, but

it is probably of : some value in nearly all cases and its wider use is stroagly

any exports
recommnended by r;enJ aulihe-ri'fri'es'.

g;.‘ght and color., In order to understand the use of filters it is

first necessary to review the nature of ligft and color. Light is now
interpreted as a wave motion in the so-called "ether™. Sunlightw'x“:ga‘.;sed
through a prisim is divided into different wave lengths some of which are

not visible to the eye. :\éh‘gg\fimisibla rays are called “ultra-violet™,

then comes the visible part of the spectrum ranging from violet through bivt,
green, yellow, and red to long invisible "yginfra-red™ rays. The color of

.objects illuminated by daylight is due to absorption of certain portious

of the spectrum,aa 3o



® eflected golor Absorbed or complementary color
Bad. o e v .Blue and green
Tollow. .. vusesaBLUO
QTOen," .. i Blue and red
Blue-green......Red
WA WG o e .Green and red
Parple..........Green
17 SRS None
Biagk. e All ’ s
nature | silver comjpoon

Sensitivity of films. Theﬂsensitivity of #iims and of the eye

t0 colors is widely difierent. Inasmuch’ia.s no commercial process of photo-
grephy in natural colors has yet been perfected the best that can be done is

$—=bvempt to reproduce the difierent colors in varying shades of gray #e-

whosé ’
srrangod—thet~$hedr intensity is proportionate to the''apparent brilliance.

of—4ro-differsmtTutors. Fdr instance, reds should not be as dark as black

but should be rendereé darker than yellows) and blue should be darker than

yellow. Unfortunately the chemical activity of the llght increases with
jnwub/tf
decrease of wave length, that is the blus, violet) and/‘ultrawviolat reys

ars mgx much more powerful in their effect on the film than are the longer
xR ray/although some of the latter eppear more brilliant to the eye,ead
faref b 3 : ol od cruldakaii

according to thez.r sensitiWity ~
_K_inds of films. Films may be dividedfinto three kinds: (a) ordinary

wo!d'f .role)"-
or bluenlight films, (b) orthochromatic orﬂblue-green-yallow light films

and (c) panchromatic films siémsitive to light of the entire visible spectrunm.

Phe differences are due to treatment of the silver emulsion with different

two kinds of film are sold in rolls and film packs. In choosiag a film

belongs
it is necessary to énqu::.re carefully as to the class in which it rsgp-]:zg'ed
fes+s show +hat mislead g «
and in some instances¥the makers claims are watrwe. Tesiing will soon con-

A

qvmmm Panchromatic film is sold only as cut-film

which must be used in plate-holders.
k]
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Color rendsring of films. All kinds of films, no matter how much

corrected for colog,are chiefly affected by blue and violet lightand There-
fore these color";;rende#too light on the prints. W;thh ordinary film no
difference can be detected between white and blue,‘:rdeyellow, orange, and
red all render the same as black. In some case;:ii::ée or brown will

#
mubh
render darker than red. In all cases it is impossible to getﬂdetail in any

of the colors sx memkiansdxakax® whose wave lengths are longer than the film

is sensitive to. Orthoch#%atic films render green and yellow much better 7447 < 0.

ordinary

.
but do not differentiate between orange, red, and black; they also show
blue too light. Panchromatic films are much betteq’but the necessity of

and unloading
loadingaﬁlate holders either by the light of a faint green lamp g; if this

cannot be Becured}in absolute darkness,coupled with the greater difficulty =

of development render their use in the field rather too difficult for general

G silver gompovnd —~

application. Films with a very fine grainmjare very desirable bgcause of ]
wt/%-ieﬁ_/_ﬂ_mw_o::iﬂﬂﬂw
the much improved definition‘n e best films are of foreigh manufacture
but cost no more than do inferior American films., 1t is reported that
o 2
there are no American orthochﬁﬁatic films of dependable quelity.

Filters. The supersensitivity of all films to blue and xik violet
called a filter
light is overcome by the use of ﬁhmedium through which the light passes and
il The ultra-violet anc A
which absorbs, some er==il of thew;ﬁw rays. A large part

150 ch rom&f'*f—

of the very active ultra-violet is absorbed by the glass of the l?ff_ifa__fgﬂ)
eny event. Filters are i& two general types: (a) orthochromati?A or intended

simsay to correct the rendering of color values, and (b) contrast, or intended
to increase color differences and to show detail in colored objects. Filters

are generally made of stained gelatin placed betweén two sheets of glass

f—‘;ff@f.“v{-'o{very
which are enclosed in a metal cell to slip over the lens. Euihlong focus /enses

Yégquire :
c:muras—ithée—eeeon%ieﬂlte—usa the very best quality of glass meunding

which is very expensive. Filters accomplish litile with ordinary films. ;
grve qo0d resolfts  ordhochromatic

Orthoohﬁ%atic films of the best quality wili--phetograph—werl wityﬁfilters



_mf,a—*’"’ﬁfféhe use of an orthochromatic filter improves all picturesy peats i

11
a largé

L
whe¢ih excludﬁnpart of or all of the blue and mskviolet light. Panciaromatic
oth
films can be used with a3l kinds of filters; when a fully correcting ortho-

ad pRat ble
chromatic filter is used then color tones are renderadfporrectlyaé ]oosSf

anchro -

£1ims

employed whenever one is not forced by circumstances to use a very short

o ; e
exposure. ‘pRewided-realorthochruati Linis-shininagd. Filhers most ke
HQPT~)Usf a clean as She Jens .

Color contrasts. If olored Babject is photographed with a filter

of its own color it appears light and markings on it ﬁ%iélbe well d?fined.
Yellow roecks should be photographed with a yellow filter if heé%ggéz;%anet*
and lamination are to be shown. A green filter serves to differentiate Sﬁ&*ﬁ’ﬁ/
between greens andlrada even with orthochromatic film. Red and orange filters
can¥¥¥ be used 5:25%5 with panchromatic film. It must be remembered that

such contrasts are at the expease of truthful tone rendering. If a colored
object is photographed through a filter of a color which it absorbs, it
photographs dark and no detail can be shown. The effect of different filters
can generally be obtained by simply lookipng through them at the object,
remembering the limitations of the film. The proper use of filters to secure
detail in close-ups of rocks is a study worthy of serious consideration

by every geologist once the true reason for the complete failure of most

AlHhovy h
such pictures is appreciated. /§here can be no question but that the—uee

~ pHeTe Mo reTtTe St
- A
_.:\\\\\\p47panchromatic film is most desirable for such work. 6piose—upe—with—erdinery —

i

CL U0 AL W LY

rea satss

o il Av chromatic

f. mr—-are—a Ry - TR T - WA ima 5 = 0 == i
fflms o factory where there rs ho red 1» fhe view ane ard

Penetration of haze. Even when the air appears very clear, as m v ch /655
Frovb /Csome
Fo us€.

e

after a rain)there is more or less dust, water vapor, and smoke in it.

When these substances become mer# sbundant ii_is said thet-—Lhe-visibility
imbpatred

is ¥ew: Geologists cannot always afford to wait for Wes=bwwt clear weather

to teke photographs and in some climates such a walt would be fore@ver.




Aoe +5 haze @#c
aion‘increases with decrease of wave length so that the remRdy is a filter

which will teke a photograph by the longest weve length that the film is

sensitive to =zmd completely excluéﬂf&ll shorter wave lengths. Such filters

aronge 0 r

BEEE
_~are limited to deep yellow with orthoch%?atic films hutﬂred filters can be

used with panchromatic films. These are contrast filters and nearby objects

are then rendered with exaggerated effects known as over—correction. A furtljer

difficulty is thet since shadows are lighted by dispersed and reflected

Xifkk light which is mainly blue the use of such filters destroys shadow

deteil to an enormous extent. The use of contrast filters should therefore
: Jandscap&S

be confined to the photography of very distant objeede under conditions

which absolutely necessitate their use. When the air is clear an ortho-

chromgPic filter is betier. Even the best filter will not remove all the

+he best
haze if it is very bad; with films commonly obtainable filters push back
/] rc;ua,vhu.b'@

the veil for many miles but do not remove it completely. ThﬁAphotographs
of Mars and some airplane photographs were texen with special plates which
are sensitized to infra-red rays and these cannot be kept long enough to
use in the field,te—ary—eensiderappe—extent. Ordinary "ray filters™ or
*8ky filters* should never be used for these purposely let in enough kx

blue and violet light to fog the distance and give the "atmosphere" eifect
etested ind physiographers
so desired by artistdand so muéé—unéﬁstrvﬁ by geologiatgr The efiect of

——— S —
a filter in removing haze can generally be estimeted by looking through it;

a deecp filter is a great help with field glasses in haszy weather.
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Exposure with filters. It is evident that the use of a filter necessarily
involves an increase of exposure. This increase should be obtained without
sacrificing the desirable small stop unless it is absolutely necessary to
‘ s ,
teke an instantaneous exposure. Zhe multiplugg%factor ordfary exposuras

is celled the filter factor; it is variously computed by different menu-

fecturers and should be tested by actusl use. It should be applied to the
exposure determined with the meter for normel views, not to the reduced

exposure recommended for distant views with the bare lens, Igcxeasnxa&x
prdho chramosti
BXPOBURS RO ELO8E-<ups 1B ROEARLECEBA A BUEEXNMAREEL Afilt er factors with

range from 2 to lqugfatrong yellow filtersused for
Cquive

orthochromat%&i L3
Y
distant views on hazy days ﬁaia’ a factor of 20 to 30. With penchromatic

films factorxs arc much less since the increasai,aenaitivity to long wave

lengths permits shorter exposures. In genera},close—ups require larger

factors than do distant landscapes because of the increased detail which
must be rendered. Not all filters with the same name have the same factor,

hence the need for experiment. Statements to the effect that filter factors
can be determined with the aid of the exposure meter are incorrect.
Choice of subjects. The proper choice of subjects can only be learned

by experience. Some geoldgists seem to think that only unusuel features
need be photographed and then when illustrations of typical common features
::eneeded none is forthcoming. It is also well to remember that the necessary
limitations of photography in the rendering of colors may meke some subjectis
undesirable)particulaﬂy if ordinary or orthochrmatic film is used. It is
essential to realize that the camera shows everything in the field of view
both above and below the horizon; it cannot skip the foreground or omit the
unessentials. Many a view which is instructive to the eye is in the photo-
prla brushpateh,
grepp mainly a fencejur e field,/ In level country the rising Front will

sometimes enable one to cut out ewek undesireble foregrounds but it is better

to take the picture from seme skiphély elevated position such as a dump,

a reilway crossing, or even a large stump. In taking a view along a road
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or railway the camera should be set at the side and not in the middle.
The best results in landscapes are when the shadows fell across the view
end not directly toward or awey from the camera. Although distent land-

scapes are in all cases best in clear weather, c¢lose-ups afe often better

/P iG
in moderately cloudy weather or when the subject isfin shadow. Avoid subjects
where more than five times the exposure is required in one part of the view

e et — - o .
Tt 7 e Lled) bttty s dnnat .

than in the other part.

oty —to—comfuse: OSomm types of topography, such as terminal moraines, are
very hard to photogreph. In some instances it is best to take photographs
when the shadows are long rather than near midday. Undrained hollows are
best shown just affter a rain when they are damp or filled with water.

Scale. A very common fault is to fail to show the scele of a pho-
tograph. Something of recognizable size must be included in every view of
nearby objectf} This may be a hammer, notebook, camera case, etc., never
a coin for that is illegal and may make diffuculty in getting prints from

some photographers. If the distance is moderate,a person should be shown
in the picture; a self-timer is often helpful for this purpose when the geolo-
ogist is working alone. Since most self-timers work only with the speeds
built into the shutter their use often necessitetes the use of a larger
stop than normally in order to get sufficient exposure. &k Seli-timers
which work by clockwork are dependable but those which operate by leskage
of air are very freakish in operation and are more nuisance thaf they are
worth. This accessory is also very convenient for camp scenes gmwx in which
it is deisired to show the entire party.
A Flashlights. It is sometimes necessary to take flashlights in
__—~"order to get views underground. Ordinary directions are of litile value
for this purpose for the flash will in genersl have to be much more Ppwarful
than is recommended for rooms with dark hangings. It must also be recalled

that the intensity of the light decreases with the square of the distance.
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betweeh
Unless the contrasts =% light and dark objects are very clear underground

views are likely to be disappointing until the photographer has had a great

deal of experience. The same remark applies to flashlight camp scenes.

brodfos
. It is often necessary to take pictures of groups of

e

persons. These should never be teken in full sunlight since someone is sure

to make & disagreeable face on account of the glare. They should be taken

either in shadow or on a moderately cloudy day; the north side of a building

is a very good ﬁlane. Hats should be removed and the group inspected from

just in front of the lens to avoid reflections from glesses. It is almost

elways necessary to use a large stop with a group for someone is almost

sure to move if the exposure exceeds a second.

o= Developing. Except in the tropics field development does not payfev”

2T 15 foo ha:ra{ to oonfro/ temparatores ar}e’f‘_ an a-afc:jrfdff? 5"/’/’7 o f
Special uirections are furnished for development under high temperatures clean

wesh-
wollr,

such as are there encountered. Films must be carefully protected from both
(a) moisture and (b) excessiJe?%z;parature both before and after exposure.
They should be kept in tins or other metallic container?%ealed with tape.
In this conneetion it should be noted that Autographic films suffer mweh
more readily from both these eniﬁief than do other films and shouh?never

be used in the field: £Fiims afe“ﬁﬁiled at ownefg risk and must the&?ore

be carefully protected for shipment. It is best to send them by first class
mukk registered mail. Films should never be taken to drugstores or to small-

town photographers who do not specialize in such work. liany of these do

vdry poor work and use poor material; few of them have ever seen anything in £1ims
excepl pooy

bud anfture snapshots and expect nothing better. Spotting, scratching,
o’dﬂ.hd OY-
touching of films in devepping tanks, and use of pdirty developer ead- fixing

:ﬁo;ﬁﬁi b ; :
beth are common sins of theseﬁ ihishers. It is not easy to find a good

photographer who will give proper atteation to development of films. In

ju&ging results it must De remembered that longitudinal streeks om roll films
are almost always due to touching in the dmXx developing tank. A stuck shutter

makes a light spot in the centers of pictures, A light leak in the camera
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avey
makes a light line which is generally in exactly the same place on wee/picture.

Poorly rulled film may make irregular spots along the edges, oé=thr: Films

vld Pe 1["/6’6/
must always be handled by the edges to avoid f:.ng,erpr:.nts. 777 y sho (

m olbems macde for fhe perpose

Prints. Prints should always be on glossy paper of the kl%whlch

and detail
shows contrast’ to the greatest degree. Such paper has been treated before
sensitizing so that it is much smoother than the soft finish which was once
nearly

demanded byneveryone. Prints should be mounted soon after they are made
for if kept == long they seem to curl more and more. Paste should never
be uscd. Mounting tissure is sometimes good for avoiding curling but the

40 soffen it
high temperature requirednoften burns the picture. Rubber tire cemeunt

%.Quse/mlc{ "

avoids @urling but sometimes causes staining. DuPonts nitrocellu osa/r cement
is recommended by some &uthorities.

Summary. Good results in photography result from experience gained
from the examination of negatives in connection with a record of lijh'b con-
ditions and exposures. The proper composition of views so as to show 'jus'h
what is desired, the choice of filter, the determlnatlon*of expoaur

ocus1né ) h“"? mj'#l‘h’ f’/m
the setting of the shutter and stop, and-—bies timing of the exposureﬁare

feps ‘
all p%eegoeewhich demand methodical care and

set routine. There is no excuse for "double exposures", or faulty focusing.

a

The mottasof the field photographer must be"Always be careful.” .anid P”"“'f”"‘o
mokes }JC v fect. !
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