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GEOLOGY 11
MAPFPING
Directions for fisld work at Devils Lake
edition 1941

Introduction. Field work at Devils Loke will be divided into throe phases:
One day in testing the alidades and doing an intersection survey; a shoertpractice

traverst . The following three or four days in threc man parties with the
telescopic alidade. (Bach party will have A&1|square mile to survey per porson);
two or threec days doing contouring.

Testing the telescopic alidades,

daterial. Large plane table, sheet of mounted peoper, telescopic alidade,
ad justing pin and screw driver, note boolk, hard poncil sharpencd to chisel point
on nue end, ersser, megnifying glass, One perty will have tepe line (stnel),
plumb hod. merking pinc, wood stakes, hatchet or axo.

Mothod: Ench perty will work together excopt os some members will be detcched
for measuring lines and seotting flags. Go to the level open ground oust of comp.
There measure off a lim about 1000 feet long, .

Set up table so that contor -of instrument when placed on it will bo about 1 foot
back from zero peint of your test line. This will compensate for the constent

which is usually neglected in practical work. Note how your large table is
levelled. Therc ore two wing nuts below the table, Of thoese ths upper is for
levelling end the lower for orienting. Place some grcase or vassline on threods -

o serew Which serves to attach the board, otherwise you will howve trouble in
ccmoving ite Do not place poper on table until you can do so in a warm place or --
it will bucklc when hented. To level the table first loosen both nuts. Note

-thich woy you should turn the nuts, Place nlidodc on it. HOLDING THE ALIDADE

vith one hond level the table and clamp the uppor nut. CAUTICN: NEVEL LEAVE GO-OF--
THE ATLIDADE UNTIL THE UPPER NUT IS TIGHT for otherwise o sudden jerk will couse it
vo slip off ond such falls do not ngree with cony instrument. Never set up the table
on rocks witnout piling stones not less thon 4 inches in dinmeter around the legs.
Renerber that you howve big boots on and sooner or later will strike o tripod leg
7ith one of theri. SAFETY FIRST; it is better to walk around rocks thon to pay for. -
cuzpairs. After leveling the toble it can bo oriented to ony desired-position ond.
then clemped with LOWER nut. After loveling the table it will now be uancecssory

%o orient it for oll you will have to do is to rcad the rod on: nrrk.
Record results in notevook. Change places at instrument so thnt every ... of the
varty will nake * observations. Then comporc with whnt you-should hove
obtalned . Thec conclusions may boe stated in cither of two

ways: (o) 28 the nunber, say 101, by which you will multiply cach full intervsl
reading to got truc distance, or (&) the percent you hrve to ndd or subtract from
100 x full intcrvol to get reol distonce, READINGS AND  COMPUTATICHS MUST ALSO
INCIULE HALF AID QUARTER INTERVALS, both uppor and lower scparntoly. Make sure |
that instrument is nlways seme woy up by kxecping FOCUSING SCREW AT RIGHET. After nll
computations b“v~ boon tcoulhtnd 1n notebook procced to test the drum ndjustment.

: " find out vhat-the.drun actyally
reeds vhen wire is swung over 1 foot%oe 100 feot - Repeat _ .
dnterminotion being sure that clrrmp scrow on tilescope axis is tight ond thot
spring is pressing on lovor correctly. irke all roadings- by turndng TO-RIGHT.
Each nenber of porty should mrke his ovn tests, Last check 21l other adjustmerte— "~
of the rliddde mnking sure thot everything is tight vhon finished, DO NOT TEINK,
HOWEVER? THAT THIS ADJUSTMENT IS PERMANENT., Check adjustnent of wires overy doy, --
and of bubbles whenover you have o chrnee during course of work.
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Intersoction survey.

General, The remainder ef the first duy will be devoted to z survey by
intersections from a base linc moasuring elovavions . by means of verticul angles.
The base line will be measured with stecl tupe. - Tt Will be loocated on the
flot weat of camy o5 far 4o the south as is possible. From the base we nust
be able to see all the shations on East Dluff to the north but need not
be able to see those on South « . u 3luff + Do not use the testing bese line:

Setting signdls. -
Latericl: Red and white cloth in sizes not less
mep, string, hgtchet if p0°“1ble, field glasses

t1an 3 feet each way, location
f ssible.

llethod: Read over the 1natrucmlona and got verbal directiens as well. .
S0 far as posuible each man will be responsible for enly one station., De sure
you understand fulLy the roquirements =25 the setiing of the stations determines
the success of the survey. The stations wiieh are to be marked mugt be so
placed thot a pl“ne table can be set up eitler under, over, or just by the

side of the flog in a safc position to work. Liarking must be good cnough to

so¢ with naked eye and good encugh to sco even if snow falls. th gycoptlons
only 3s piven verbally DI SURE TiL.T DVERY STATIGT Oii EACH DLUFF IS INTERVISIOLE.
Thet is from esueh séation you LUST 345 4L TO SI3 0S5 LAIGHDORS along; the face
of the bluff. Unless this is so you will nover be gble to got accurate rosulus.
Visibility must bo frem lcvel at whieh toblo will be sot cbout $hreec foet ?ro?
the ground;knecl dovm to sce if this is dono. iover locato so tuay next station
can bo secfi oanly through trocs and brush; the linc of sight must bo opon.

Do noi loecabo o shotion on o trua for somo rocscile Use tho ocnpinocrs tripods
WIS buere aro suey « In gonoral it is besi to usc flugs
on verticwd polcs stuck into eracks of tho roecks Tripods may clso bo mado of
tareo docd branciavs tiod topothcer ob the top.e Flogs noy o drnl oG over tops

of thosee You will Undoubivrly find rowcins of forwar signcls but do not
dopend on their location buin: corroci,

Stations on Bust Dluff arc : b Soutlurest cornor

TY Aoy Ty

satnis dg ecllad BEGT DLUNY.

; ass of the trail neor to w large sguaroe
stone on the udge ; mast bo soon frou EeST BLOYE <oy this is
SOUTHEAST . LuSE of Déer Gup ond abov‘ tho cuarry on a ludce whieh ean oasily
bo sen frou Southesst but not frow etiur Zost Jlufi Stotionsg Diil GaP.
Stotions on South DLuff arc: on thoe tolus above ginp not Lor frou tho top
but so located as to bu ¢ble o soo tho Onrlnuurs triped for.-wo The oasb; this
is TALUS.

.

Tho enginooers tripod ot e fartlost vast pert - of Souwth Sluff vhich cam be
socn from eomp; this is SOUMIDLUFF. On top of poue talus cbaut - wilo farther
ocst but not visible frum South Dluff; this is Rz BUN o Ouhor stations
may be sob on Wost Jlufi if thory is timce In this work please aVOID CUTTING
AT LIVE TREESe Pug Pun caunet hs sesc “res Seuth Bluff,

survey by plonotable iwborsoetions and vertical aacle
Hoboriol: larpge plano %: Jlu, shost of mountud puper, toloscopit alidadc,
adjusting pin, notc book, 6 II puneil sharponcd o chisel point on onu cnd,
maghifying glass, orasor; if party ic to measuro baso line, stocl tapc, plumb
bob, markiag pins, stokos, flags, oxo or habtchet. Fiold glassos aro very
holpful. Rod will bo usod oacc by cach party.

71

Uothod: It is first nocossary to locaje the basc linc, W=sT Jﬁﬂ%ﬁdould beo
locatud roughly betwoon Tolus and Bast 3J1uff in tho opon £icld ° 2
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EAST 3AST must bo located ag gopt oad ag fzr gouth as ;JOGSl-glv? L il fot’?;
STATIOLS on Zast Sluff (uxcopt -'huv Door Gop stotion) LMUST DE SZI FROU ZOTH e
EIDS OF i BAS3. It iz not nocessary to sce any South slufi Stations,
During tho time that somc mon arc out sciting flogs tio will measure the base
ono way end (if poscible) wnothor two moagure e othor woye Koup coaroful
count of number of $ono lengths as an crror in this mocis onc of 100 foct.
Kovp tupo alutys on tho :.i"lu tad koop it os ncar lovel as possible usiag the
plumb bob on tho end off the grourds Look for tiho corroct C on the tope

If it is nocessary bo mcasurv aeross tho
roilrowd DO LOT ALLOW THS TAPE TC TOUCH THE RAILS for thosy are cloctricclly
charped ané to touch them intorfores vith the train signtls. &lso look out for
trains vhilo topo is on $av right of waye Trains may bo heard ot some distanco.

Aftor the baso lino hos boon measured find the ulcvu:b:.on of onc ogd of it ¢
by usc of stadia rod acla oa tie railrocd benchmark on the top of th arfhc.m ;
comont baso of Ui oigncl Bridgzo on the west oide éf the trhc.., that ic the one

nearost ti0 ola uw, e . Ihts tlovotion i 9 918 To do this it is best to
rn:;'f:. up tho table about niduay betvuen tihoe boneh mark and the bose linc stotion.
Tio rod will not bo neodud aftor this is donce To do iid i is not nocessory
to mark cny liaus on tho febiv but they mey bo gut ia if 4o

S
Po ©

Tuta

f

To start tic mag :'_rsr. cnoc o guitably plade for 11; on the shovt romombor-
ing ecbout how big it will bu. Sco zroblum 13. Segle 1 inch .= .0 fact.
On thic small seule it io oosidls for gore thom one party to seb their tobles
ot o stotion but o clodlor off eonior position muct bu usvd ab botia wnds of the
'L:L;sa if this is douo. first sot up and lovel tac table as duseribed cbove
romonduring vho ecution-bout not leaving eo of thv alidade until the tablo ic
elompud. Drav « long iinv parcliel 49 one vlge of thu tebleo and lay the alid-:.
en ite Aclenso the nuvodlo and é6rivnt the ‘tbblu.' Da not £cil do do this oh
svory ctobion horceitor oo o chock en buchksipitice WAL tabl. oricmboed sclocs
position to plat tae basoline sitation you “re ons Lork very noably with usuvaol
triongle outsius the dote  Sizht tho other ond of the boso ond drar linc
Licasurc leagth of the buse en this vory ceeuratuly ucing tuo secle on tho basd
of the alidade wiich ig divided into 3\1'513 of inchuse Plat othor ond of linc.
If your toble is off comitor clicv for this in sizuting. Kecp poneil sihcrp
with sondpapor on bebton of toblo. How line in all stations thet you eon scu
irauing linos with ehiscl pointod puneii thw full leaggth of duc clidude,
This is doao in order to f. c:n.}.lc.“mc e _,fll‘lu tho clidade en $ho liance again for
.+ backsigite Reoad vertical anjlos with middiy wire on top of caeh flog.
Lomembur o CENPER Ti CUZCIAO“ L/l F0ii EVARY 5707« Rocord notus in f ollowing
Corm bul ILVER use-eigns for dugrees ond winutus. Instead separciu thon by
e dash :nc eater a C-bofors the figure whon the minutos cre loss thon 10.
Lovk out for tau falsu 0 noint-.a $hu indux. - Look out ror big- orrors like tiic
nd the small oitos liks vibration of 4 Taple WAll fakc ecury of thonmsloves.
One of whe party chould rend wad tae obaer roesrd wnd then chock vy recding
aimself. Chonge pluocss 4o ddvide $ine ovenly.

U‘ (‘.

i B
JOL1;us|Dift, 3tae. osocuried |8ta. s:lr'**‘rT{

w X L‘;r. He Le ins% GI'. H. 'y r

| | !

‘0t coluzm for hoight of iduivrumcat cbove.

Stae Oce | St stde | Divt. i Al Comp. diff,|Elovation

Hoto chgagd from Probl. 13

Geluan ¢ is for (luvation of top of flug, -
Do not furr-‘c'b to indicats on lines what stations thoy arc to. Som. bad orrors

Irwve arison from disrogard of thit, Koup stations in cbbroviated form in notCcg.
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Ficld l&SSwo arc an immonsc holp in picking up stations, After shooting all
ctations which con bo soun frem enc cnd of tho baso go o the oticr ond and

sct up. If off contur muko propur ulloJ&ncu'}?‘Griiﬁilnﬂ 9{ §¢c$31gnt. hock
vith compass. DO NOT FORGET TO BLOCK Tiid CO.PASS i Tﬁ@gLGh OR T0 SEZ TH4T
STRIDIC LIVEL IS FIRMLY O ITS POST., Llcasuro hwoigat ef Ilags with pockot tapo
or othor convunicnt instrumant. If nouvd Do you can usc the scalo on the

aiide Tho nooreost fooi is onoughs HNow you will have intorscetions on
mosth of tﬂu Baast Dluff stations,. Put acat squarcs around %heir locatiouns.
0f “4hou choose tho enc with boest inbors GCtlonu and go te 1% Tredil up biuff

is marked with sign at the bottom. Usc it in proforonce ¢ dlrbct cl¢mb1ng.
Tako toblo apart for convenionee if dosirod. Dc surce to carry plideds in its
caso. wftor a rough climb chock adjustuonts at first staiion. Sot up on
station choscn 1d change the uquaru to a triangle %o show that it hes boun
eccupicds. If you svt up on rocks do not for ot the cautions to be obsurvad,
ilidades arc not intonded for rock bruskors! DO NOT FORGET WEAT THi CONTROL
LEVAL IS TOR or to chock its ndjﬁdbhunb. Iu zets out of adjuulmvnh from striking
the side of tho daso in carryinz. Do not fOr“ut that you WUST sizht the othor
stations on tho bluff along itc fecocs Thisz is of Iltu*.*mggrt,ncg and ggrnot
bo noglogiads If you cannot sou thum from location ex table try anothor place
on table and transfor line by ur“ulng vils parallcl to it through uap ~00a.10n
of station occupiods amotvher trick ic to have your companion 3o %t tle pihor
station and wavse o flag; en a stick until you cun sce diuc spots low you: 1]
bo ablc to jot shois te thw South Dluff stabions. Koop en J2odng te new wations
cach of wiich has proviously buorm w.ll locatcds A pl“n of movononts is o8&,
tizl to aveid piling up a cumulative error. lako all pessible cheok sigits.,
dlways usv tle sighhs from thiec baso for oricntabtien vwhoncver possible. Think
aver tuo interscetions you will pot and how tuvy will stroagbhon the aceuracy
of thoe map. Be not forgut thel in sowc places rosociion is just as accurato
as intorsuction end usc tiis faet o savo haviag to ge %8 somc stations. It

s bottor to lot some statiouns go tian to got tc thux so latu in $he day +that
you would havo te descond tihc talus in tho dark for that is vory dansorous
both to you cnd te your inctrumonis. ISIZFORE LEAVING AY STATION CHECK YOUR
ORIENTATION 3Y RESIGHTLIG Tili FIRST 5HOT. Look eut for rcadin~s of other than
middle wiroe,

In the ovening first gyt what you did."f'i'vury small dots- for station
Lo u.'tlonu, lines botwoon giweivus vatupe dnsid:: the scuarass or 'C-I'lail' les.

7550 otier linos and tumaorary notus puiting nwncs en final locatlong of

ations for lator 1nk1nu Also ink tho ling for magnotic north which vas uscd
fﬂr coLpass oriontation, Ilowv scalo ’StudCuu bOthuCﬂ stations (ocxcopt the
bage which shoulc be shoun as mcasurcd with the tope)e Usc cither the alidado
or a good scale divided into 50ths or lUOtus of iachus. Usc lons for oxtrea
;1¢urucy. Roeord these in aropur columis of notus. Study Problem 13.

- ; multiply tho dis~

5086 vy the naturdl tangont ox tho verticow anjlee Tangont tablu is providod.

« sdetesd sign of ulifcrencos of olovavion rcealling that most of
thom arv foresights. Apply tlcso reoadinge o olovations of instruamvit to cot
olovations of flcgs 2t stobions sightcds Fill out -1l tho columms oxcopt
vhat for H, F. whoru you did not visit tho station. For thuse stations you
con only give the olovation ef tihc flag. You will undoubtedly find that roadings
te tho sumo station from difforont places do not all ehoeck. Tho chiof causo
of this is orror in sealing tho distanccs. Remombor hat stoop mnglos causc tho
geatost orrors from this roason, Anothor orror is to road the wrong wiroce.
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In throc wire ingiruowbns thic ccuscs en orror Uf 17 minutess In/fivo wire
instrucmonts tihe crror is 8} winutus. Roaddng tho false € on tho indux Couses
en orror ef 29 ninutca. Cilor orrors Gro duo to ineorruct counting of the
divisions on thae ore ( rot tho vernicr on tiw J.l‘lu.uX.) Ghocl: zll Gouput?:.m.ons.
Disrogurd roculis which diffcer widoly from otherse If the work hus boon woll
dong, nartieul: wrlj tlhic intorsueiions and sealing, the- difforoncus in nlovotbion

cbbsdnod from difforocms souccs shoulid not differ by morc thun 5 fict. DSofore
pubtin~ dovn on the mop the clevation of a stction W..gh tiic probublo aceuracy
of tiac difforcent obscrvations. Give profercnce to lov vertical cngles.

also consider tho probablo ::.ocuracy of tho w..ovotion of the station from which
goeil sizht was tokons For instanco an orror botwoun tho two onds of tho baso
1ino srould affcet cll shoivs from onc ond of the basv. iion finighed eloznt up
tho mop oad ink din dho ground olevations of all stotions which you have detor-
minod ond olss place thce flog olovotions of stntilons sightoed but not occupied,

Thuse ore distinguished by sguares instoeod of sricng luse Romombor tho rule that

all lottoring should b rond from botou (couth) or onsts Loke lottering
parallol to south sids of mup whoroover pessiblos Give vlevations to ncarost
fool oulye {ae rew siresiiens “er flna. mas.

Trevorse with plano tawlu cad tulcscoflc slidedo.
lipgoricl: largo plone tablo

?
pia, noto book, mormifyins rlc
poselinlo.

tologsconie ;.lid‘:.d.i.., stadio deile , adjusiing
o~ “a ‘d Y < %5 ool s-,d e r\d i’-: Old r,"l 508 it
W0y 41X poncLL, Suldic oG, 3 5 28508 11

Hethods _ Twr ill hieve 49 make o t¥everso tlwourh

Hho arcas assigaud to. your porty for uepping. Koop tho swae alidedo you hud
m the first daye. OChoek all ha_]!.,w*mun B fir:rh. Usu samo shoet =s on provieces
Goys Obicin informciion en ncarcst vonch ne and ids clovotion. Choek over
the lacution of your party's arca from thu lei-uloﬂ acpe Go to tho bonch mork
cnd preparc to start a 'bI‘L.'V‘Cl‘ v bo tho crod. Do not sob up table ever thc
banch mark, NLVER SET UP OJ PAVIIZIET or trovelled port of a main road.
Remonmber coautions zbout loviling. Ygur travoersc w1l normally be made by the
Svory Jther Stotion mothod usinz coupass orionbuations Look outs for loezl

attraevion from fC"lG\—S, recuforecd conercto, stoul GuquI"ﬂo, gt8s GChooso ohzha

ocations so os wo ot long shols whore ncedods. Liark stotions ($ably locabicas
vith triongle cround uw dot ond turning points ond othgr rod points with squors
around o dots  Sot up tablo and tokio a bieksight to the beach mork.

Combdauc wdth foresight tu turaing ;_,c')int. Thar 5o boyvond snd ropow

who proeess uutil you roach the aroas Sce form of notos. on noxt pago.

oz you roach tho area try wo duhrma.u oy nuwmy olovotions and locw.Lons of
Yoeabur.e dthdn it os is poss idloe Troverses need mot clvays follav roads.

u April i% is possiblo to run throush o lurge pord of dho wouds. Hark tuming

7% 89 you eon find thom cgaine.  Ded roags aro bose in tho wo.ds ond small

o area fram dhich _you o ot sover.l sidushots to I‘nyJ{_I’llZ..Ulu points.
loZe soparate columms for 4 cao in your notese The purposc of % 118, survoy is to
help you loeats econbours in your croa. FPlon it c'zrofully. ulr‘w, ajs are
U..ll&'..r\}d for thic kind of work. HEVER GO0 AJAY FROU YOUR TASLE JI TIL3 ALIDADE
Il YThot is the timo $he viad s/All blow it over or a cow nosc it.
Whonover possibtle let sualiant foll on fuee of rode Hold best ond up under
conditions of cach shots bluch ugainst sky, wiito aguinst woods. Plan your
troverse to closo Yack en point of bezinning, fosley L dmch o 1000 Ft,

LG

G
nilos of stones cloiy: ftho Sl(lu.. of roodse OChooso contrel loe:disans for stabions
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Caro in plgnningtstaﬁian and rod locgtions will make sights i??gor1unu ?rfgress
morc rapid but do not tuko so manxﬂinozfguéijus ﬁﬂ;mégﬂ you_mlfs ?fo gﬂlfbs of
vhich you will nouvd olevations. hﬁaP'lﬂO Dﬂl? OF HOTES, q?g_b{ tgu BuaTuq
systom and the othor by the angle sysitchle Iga;?*Bogman reacings flrgt, then move
the middle wiro using slov motien scrow uatil it hltg_lO faft er top of rod,
waichover you prefer, thon wave Eodm“n,af orrEo"laymaown rod Qs ggse‘muy bcuund
road anglo. COLPUTE HET DIFFER&§C£§ LLEDIATALYe +hen COMpare rusul;§ of &1
mothodse If thoy de not agroo flthln a foot or se ropoat rogdlngs. -.nu%gc
placos as rodman and instrucaent man whonover Pnat*§0ums da31raPlo'but bu_suro
+o0 show whon in notos and make btimes cqual. LElcvetions neoed noc‘Pu computo§
in ficld only:not difforonces. Failurce to havo tpeso up to dgtc is o ggmorlt.
Kocp notos noatly and usc orasor if you have to chango @ roading. Avoid soft
penciie Try for level shois vhonover possible romombering ruloes for rooading
other than middle wiroe Uppor wire roadings are + angles, lewvor wiru —~ anglos,
Computod differcnee is HALF INTERVAL. Othor rules samo. Do not confuso with
aﬁc% mothod videh uses full intorvales DO LOT FORGLT TO CENT.R THE COHIROL :
T.VAL FOR EVERY SHOT. Roviow your cepics ef Probloms 11 and 12 to make cortain- -
that you kmov just what each columm is for. Skotch in roods, stromas, luko
shore, ¢tc.2s you pass thom. LOCATE CORIZRS both on outsidu and inside ef
svetionse Gut Shedr clovations if possiblo. If you computc clovations im fiold
ol:obeh contours wioncver you have timos. Do notb forgot olovutions of regg cornoers.

In tac cvening aftor your notos have boua inspeciod gou that thoy are
copicd corroetly in notobooks of ull membors of tho periy. ®hovw vhen instruwacnt
mon changede Thaon cheoel all computations. When agrocuent is roachoed inl in
your survey showing scction and subdivision linos, ucin foncos, stabions and
turning poingg with olevatiens of ground ot lotier to ncarvst foot ( vith
Oe5 foot tuke ovon fout,), lukus and stroans, roads, ctes Give ¢lovation of lal.
“how ngmes of party, sculc, and north point. ALL LEPTERTLIC LUST B READADLZ
FRO:I SOUTH OR BAST SIDZ OF TILi AP,

In cago yor noud to survey a railroad usc the fvery Station Mothod ericnizi-
she table ty baksights. lark stations with shout of papor on a twig or have
rodizcn hold red \n thom. Put nark dirvevly undur location of point en tablo
not under contor f {ripod. After having sot up in samo vay over whob ethor—
wise would have bgn & turning point usc the rod te measure the hoight of tho
tablo abVo the gramd.” Boter this in Rod Corroctien colwan troating it as
& baeksght vith --iign, lndor a @ in distancs celumm ond in onglo eolunn
in the anglo notes @wd 50 in Beamwn cre columm. Thon usc rulos as usucl.

Hotoé for 3caman are
{Full intoral | dre
Jae Sc ‘—“'-.."‘gt--

e,

_ Diff, olivaion | Bovaiion”
D diff.f~o¢ﬂppr, Hot diff. {1560. | Te P,

= el e | im
o et 3Et95u3u~anqlw5ﬂgtun e : : 3. ; b8
possiionlishormal . Retus Diff, olovation ° — [Eovabion |
“ﬁi;?Lgl_-_ff‘sf ¥+ O.JJOD.Iqud DiTT, Comp, diff.TRod cor,|Not diff Sta.|T« P,
‘ ; S o 120 | .

1 Pt =
i i
b | i
1 | I i
I' : G i
1hee s no mystory abwt an clidads and no noud to take a half a day to

make g smgle sight as sonc hove doao, Road over dircetions tiic night boforo
st:vﬁlng‘and ASK QUESTIONS T4=.. Bo surc you undorstand notos. Uso lottors
fo! statlons and numbers for turning points. Ixtra shots arc SIDE SHOTS; add
@oeicl golums for them in prepriato placus. Wateh tc scc whot wird. you
~cad ovory timc, Hotp the Qudtor Intorvel wvircs in somo instrumcents.,

s e
e

These who'h~ve not he

Al L ' ¢ sufficient rrevieus exrorielce must
90 ever : rrretice treverse rercr 62w until both varticel r£nd horizontsl clesture is
s~tisfrectory. :

¥o tis credblem on TOur ¥rrrroing rerer cever skhoet.

~t First o ne% trr rerding sther then middle wire !



, Dovils Leke instruction, 'edition 1941, p. 7

Topozrenit e Breh nonbor of the prrty. will Ye rosponsible for o towogrsphic
and odtorop wip,of Svproximately Y squrrs wild.Wiils Lw #aetrdnent dsn withlow -
t2e olidnde he wi¥lvork neinly on his porsonnl area ond should thoreforc have not
only somo znown clevation points but o start on accurate contours. Naturally the
teclescopic olidade will be used nninly in the rmore open ports of the arcs and 2long
ronds ~nd trnils, In April it is possiblc slso to zZo through the woods wheraver
there is not too much brush. In the forogoing note forms there is no column for
SIDE SHOTS, Add one ot right. ©Side shots are foresights token to points like
fence corners, lakes, culverts over strorons, crests of hills or ridzes to obtain
dato for locating what is to be shown on your finsl map. As far os possible the
rodnan should ncrk those points where there is nothing by which the spot con be
later recognized. "fy1l raZs® an trdes - or sticks stuck in ground ore good. The
conputor of the porty is to keop the figuring of nll notes up to date and report the
results to the instrunent mon, This job recuires work and is not an opportunity to
cotch up ~n slegpl

Boyndories. Your noxt probvlem will be to tell whore each man's oree begins ond
ends, - In gonerol you should be able to locate e¢ither-one corner of one of the aren
or sone lendnork vhich is 2 lmovn direction nnd distence from such a corner. ILocote
this wita o rod rending. Next use your location nmop to lay out tentatively. the outw
lino of tac arens. Study this pap to sec the dimensions of the sections and thoir
subdivisions as :siven by the U, 8. Lond Survey. When resurveyed these nny not 11
chock oxnctly but lorge errors should not be expected. In loying this out on tae
table re or tho DECLIKATION of 4 dogrcos E4AST, In enso you cannot find o corner
DO NOT EOLD UP WORK locking blindly for it but go osherd with the mop ond when sonce
ame ern loter show you the cernor then locate ite You comnot find cornors with
certointy aulos: jou fullow tzo lines vwhich lerd to them. Most corners cro ncrkod
py intersection of fenses., Others have o strke in center of o pile of stones, a
pile of stones without any stoke, or rorely an iron stoke, In trying to follow
fences do not be misled because somec nre strung irrezulorly from tree to tree.
Rorember thot fence wires attract rour corpoass so sight parzllel to fences not right
nlongside thenms Mony property lines vhich nre not fences are blazed. Look for
0ld healed blazes which com be distinguishad from seccidental scors by being on both
sides of o tree ot sooe glevstion from zround. Somo of the Sirte Pnrlt corners hove

zizns. Fonces on propert;r lines are comonl:” nore substontial thon nre the nore or
iess terporcory fenees within farms. It will in nost oreos be uneconomical to try

%0 traversc all of the outside with the telescopic alidade. Run lines to somc of
tho corners ond across the nmore opon parts of the arca. While doing this do not
neglect to nop whet topogrephy jyou eon, using o 20 foot interval. Get all you can
done in woy of locating rocds, trails, houses, =nd rock outcrops while you have the
telescopic clidode with you, fTo finish &ke orea you will hsve to split up cnd each
werk alone in the nore densoly wooded parts of the arcas.) You will probably strike
interior as woll os exterior corners, Do not neglect to idontify thon by seoling
with a2lidade base. It noy ot tines be desirable to detach the corputor of the party.
to scout around cloane and hunt for corncrsy To do this he mmst hove o compass and
if possible a bnrometer. TInke thesc instrunents along nlthouzh not czllcd for obove.
The scout rmust calculrie how pany vpnces o % nile. Wacn he starts on o linc he will
pace to this distonece and then riork the spob and cirele until he either finds o
corner of his personal arec or decides there is mone. In lottor cose he may weat to
carry on onother + mile and look for the next. Renerber that nost of the bluffs is
held by Prodrie farmers in snall 10 or 20 ccre woodlote so expect to find other
boundaries then those of 40's, Note "timber boundaries" shown by different ages of
cuttings Many of these are blazed. The scout should keop notes—-—see samplé, In
goneral he will endeavor to thus lecrn his personal areo,.



Devils Lske instructions, sdition 1941, p. 2

Completing the topogrrohy, ete.

Materinl: Sketcaing bosrd or plane teble, sheet of . PopeET,
Brunton, herd pencil, note bool:, ercser,-sneroid brrometer, 7 tek. Field slasscs
end taller register desirable ~nd o hand level is useful

mcthod: In order to finisa the toporrsvhic ond outerop nop of pour souerc

~ile it will now bo nocassrr; to brook up the pﬂr*r of threo
Onc of tlie portr will keebp snctinn of thie sheoct alrood; modo with tho lerze
plenotrble bl tho others must trrnsfor tho éntn on their arers to othor shestm.

In vrensforing sheot to mnotheor table DO KOT FORGET TER KAGNEDIC DECLINATION!!!
kalko cownics with tuin p-por ©nd errbom nopor using hnrd peneil. On reaching tho
1i0ld yow wiil stert ©% 7 point clrecdr fixed on tho mep snd pun eub the lond lixes
not previonsly trrverscd., It is ersicr te o this wita thoc conpnss $hnn with o
plonetsbla, Bo sure your corm:ss Zrs the declinpiion set off corrsctlrie Chesck by
sighting =loung r lino whick is Iovn o be rorts ~od south sueh a8 the one fixed br
obscrving Pol: YOPﬂ“b‘“ thrt in Iorins oud linss on the plcaet~bls you siheuld
urlen the Cistrnces botweon cornors vhrt thoy ~ro supoosed $o be (use serls of £act)
uot vhet rour voeing mrkes it.: Diroctions nry, howaover, be mede vhot the comwprss

X : It is well to fisure ths nanjar of prges for ¢ ziilel thig will
c i to Imow wiien to oEnoct o gorncrs Sy4g linos on rowsd ground eonnot bo o
~nd ~ust tc r;nvvmﬁﬂ br intorsectin, rcsocﬁlo", rortiesl sdzlcs or I “utourlh,.

I probedlr wont o i s0 ron lines with one or norc neighbors.

won pro treversiags tho uxt"?l”“ of Tour oron rord tiio beronoher,
this =t errp, Tre %o visit 19 ko clovatiinns you eon during the
derre st thon reod ond compute tie crror for 1nt1r use in nrkiss & etrve, Koop
tioe to nerrest five pinutes. ds we do not howve thermi-motors ~nd the probrblo
heaperntare Till ant Bo f7r froo it to which theo instPunonty fro sebt mo ottbe

i1l he nrde to coponsrto for torparaturec. oc Problem 1.
For= of nobes Toy ~uoreid
Loention | Tine PC“dl“” ' Qorrcction | Elcv-tion B

: sbpaiht chocks with circle ~ud cross chocks —ith cross ~nd line lO"EEn* to
vhoe otuar reruldq or rordinge nt srie ploeo. Romenbor now the slope senlo enn e

to ot stroigit checks. Try it vhonever you con soc o plree of Xnowa olevetion
ot » kpewm distance, Mthoungh it is true thrt 2noroic rocdings ecnnot be fully
corrected until tho ond of tho ddy do nst i-1d up the drozinz of contours to weit
for this, Bstincte the ecorrceticn fron tk b 2% tie lost stroight check ond drew
tentrotivo contours vhieh nipy be corrscicd l-otor T

or

17 neod be. Do not forsst to nop
~atcrops, rords, trails, buildings oné fcnﬂﬁs it on llncs, 8how r11 dcond corncorps
yma have found. Use the level vhonevor srou nocd it cither to level up importeont
hillls or to sizit to knowm elevetinng.: Got holrht of wour oye noove thc sround,

On the first dey trr to go around tho outsidc of tho rsren First. DRAT L0 COUTCURS
RXCEPT OF TZE GROUND YOU 4272 LOOKING AT, Deolnyr noenns 1051h$ thae wria sdvonticoo of
t21s kind of noppings Oontour sprcing serlos con bo used.: Koce rmoviag te now . :
loertions wacn Greowing contours. Heop looking brek ot whot you hnwe done snd ercse
if mou do not thinz i$ is rlaﬁt. Prretice nrke perfoct. Reomerber thrt tho true
togt of recurrey dn cont wring is to rcke the vop so tist cnyono con locstc himself
on it from tlie fenturcs shom withoul having to mernsure distrnces. Try to work

in ns neny sncll detrdls ns oou ern. Most beginners .cnorriize oltogethor too mwuch.
Thore bas not to d=ote boen sny vhojlr securnte nop of the bluffs sd try for thls
iderl. Try to see ns much 28 possible of your nror,

el
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Use of Ke“laﬁ Photogrmahb.

w faatures not found

value for they sho:

&

darigl phobogrephs cre an aid of immeasurcsble

on maps and enable ous to get a view of the

gsround from cbove. Please do not wmerk them, pleasse do not tﬂke them iunto the
field withoul special permission which will be granted ornly if you heve means to
protect them fron foliing and soiling. HMake tr001nt o_ tralls, roads, timber
boundaries, etc.,in your srec o put in vour notebook, HFollow methods of Problem
186 t6 moke this o real mep, 1:20,000, in evenings:; ink in end add elevaticns you
hove deternined. Use stersoscope to sketch 20 foobt zcontours »f features in your
rres which show out well. Much detsil can De worked in if your eyes ore good ond
Fou use 2 shcrp vencil. Check form of contours by Treaing directly from photogrerh

Y If yow heve o rainy or snowy Coy you con enlrrge this aerial

& 1:12,000. Use gysten of scusres, say by subdividing

tho ;olJlbs is hes, OShow tizmber toundarics. Some outcrovs can be
Tornted fro:ot owover, thot thers asre changes due to logging since
the pic ncw rozls and trﬂil: not sbewm on them. ITry to work
Imadl moke T ions to pressnt conditicns when
your dota

Rerouaber that the dralnngs is the %oy to the topography, so he sure to
outlined first. Do not sieizh contours too £-»y oway: troverse to the now
ar wallk there condé then leerte yoursclf. Do not guess; try to be as preeise

detailed 98 you con be. Tour scele will perrit of showing features 20 feet
wmd 20 fest Hi Use two oz three poins nathods of locabtion, if neceésssry.

DO ROT FORGET TEZ ROCKE OUTCEOPS out ¢do not map itnlus and broken rock, Obtain
dips by 2 rour eye into plane of beds znd then holding Bruntcon compass or
Abney u; incs in with edze of bed. Then centar %“bb‘ ang rond dip. Rscorc
on nep. Got strike by sightding 2 lovel line on n.bod ond taen orienting tabls and
ghonting it in. Seec symbols in outline for abbrov tions. (Non Zeology sindents
nay omit.)

AD SnT he open p of jyour crea. Parts will be o
denscly rod in April you will not be sble to see very
fors Bat toke notebeeck and cox_ ly or teble top and cosmass. With this
trover: end E-U lines thrcugk the wooded psrt of the srea so that you will be
assure you hoewe not nisséu mnything of . importance in the way of topogropiy
Sne nutcrono. Unless tho.topogrophyr is of very lorge features (corrse texture) rou
shbonld zo throuvgh tho . at lenst overy 1/8 ﬁllw, otherwisc every % nilc both
flarth snd South ond Bsst ond Westi, Boundrries of lots ore shown by bisgzed lines
~nd boundrries botween dificrent g of nuttlng. Do not forget to traverse in all
irmortont lozging rosds clos traverses on corners or points previously
surveyed. Uso protraoctor if roux use compnss nnd koep o record of courses run in
your notebock. Use Bruntoa %o mocosure slope nf crouni gn Fhnt rou con £ill in con—
tours letors Read baroneter as ususl kesping notes o8 bafore. You con secure fro-

gquent cross *bﬂ"ks if you btroverse in o systen of checksyboard, thob is firvst North,
t;or Yost, then Norbh, Znd so on, Ffop insionee. Tais will bring you to corners
U”“Vlanl" detcrninet at more or less regular intervrls. knke side trips vhenever
possible to sccurc strpight checks.. Indicernte positions of nneroid roandings on map
a8 before. Also nop draivaze snd 1 p0331ble draw sentative contours as far as
you ¢an see froz the line lerving thon dotted. Indicnte slopes with usunl slope
: ™ BT ogrees glven at opex of trianglc. At night odjust sneroid
cctod elevations to map sheet. You em then finish the
3“ﬂv¢“se. Soms have fallowad the “etFod of devoting the
?1VE3 ¥ ne 20 justing elevetions and the third door to sketching
cnntac"s in tds fl“ld, Th:a g2sms to be @ good pkon. No neps w111 be accepted
un“'esc uhe CGSTOURS ARE ALL DRATY BEFORE IEAVING DEVILS LAKE. Every nap must be
ingpection every time you return from the field. If rouriap is not
coupleted, return must be nede to Devils Inke to finish it a2t a

FOUr OWR GXDEense.



B

Edition of 1941

Aite: tl2 return to Madison you have the option of either (a) inking in
the mer sheet, or (b) tracing the map .n tracing cloth or paper. In latter
case, a sheet the size of this page, 8, x 11, can be used. All of a party may
combine their naps iatc one. Colored inks will not be insisted upon. If they
are used, contcurs should be either red, orange, or brown, water features blue,
mas-nade features (culture) black. Fil.ow U. S. G. S. style except to nake
section lires solid. TFences need not “o chiown ercept where very few. Do not
attenpt fancy lettering but make ever; vning readable from either south or east
sides of men. Do not forget your nnme, *he scale, true and magnetic north,
Your work will not be complete until 1L other plane table sheets you have
worked on ar: al:o inked in and conmp.eted as per directions., This work will
complete the course for 3 credits, but be sure to inguire if all worlk is done.
This course cannot make you a skilled surveyor, but should teach the uses and
the limitations of the different instruments commonly used by geologists.
Blueprints of tracings will be accepted. Blueprints can be obtnined at Exten-
sion Building basement.



=17

Amendments to Devils Lake Directions, 1952

Testine Alidades. Tirst make normal adjustments of the alidade indoorse Set
Two stakes about 200 to 300 feet apart on the open area west of the railroad tracks,
S2% up the instrument midway between the stales and use the rod to find the
difference of elevation of their tows. Set u» alongside one of the stakes and
measure carefully elevabtion of axls of telescone above the top of the stale below.
Use rod to do this. Then compute what you should read when rod is held oxn top of
otiter stake. If it fails to check adjust horizontal wires. Do not change the
belaele of level. Then follow old directions., Measure baselines for stadia check
eni ror intersection baseline with steel tape always on ground except across
12ilroad tracks., Since Zast Base is much higher than West Base cetermine average
¢1lope of the more steeply inclined part of the base and use a table of cogines to
tind true horizontal distance of this nortion, It is absolutely necessary for more
than one party to measure the base, Some may prefer to hold tape level aad use
plumb bobas Check one another., Checl: zero and 100 foot points on tape. The most
coamon error is to make the line 100 feet too long, If a pin is dropped at initial
point then the rear man has in his hand the correct number of pins for tape lengths
0T counting the last pin in the ground, (Low's method is to not mse a »in at start
and then count the one in zround at last full tape length; this is not advised.)
liever count a pin for the fractional length of tape at the end, Remember how
engineers always count nurber of tape lengths (hundreds of feet) and record for a
mile 52 4+ 00. Zxample: at 1000 feet you will have used all 11 pins and the rear
man will hold 10 in his hand., XRecord, pass these forward, and start new, A%t 1500
Teet the recr mon will hold ¢ »ins, If the end stake is 70 feet farther then the
total distance is 1970 feet. Hence the pin in the ground at 1900 feet is WOT
coanted nor is a pin cownted at 1970 feet. Tue checl or testing line should be
about 1000 feet long, The intersection baseline is in a different place and as
loag as possible, Get advice on location of ends of this line.

Trial Traverse. Use a small sheet of paper fastened to planetable sheet with
nasking tape. Lotter neatly and hend in without inking. A good place to run this
trial traverse is Jjust east of cam» along the quarry railroad and the road north
of %he camp, and bacl: through the camn's area. Look out for local attraction of
rails, air line, and well cazsing. (Well is near water tank) Do not set up close
to any of these hazards. Use scale of 1 inch = 500 feet. Keep notes in corner
of the sheet of paper showing both vertical and horizontal errors of closure. 3Be
sure this is checlzed before leaving for your area in the field. ZEvery party has
a chief who, in absence of any instructor,is to decide all points of dispute.

Intersection Survey. Only one sheet of mounted paper can be supplied to each
party. For the intersection survey use scale of 1 inch to 500 feet. Do not ink
on the planctable sheet. After measuring distances, trace the entire problem
carefully onto a piece of tracing paper and ink this. Inthe notes add a column
for tangent of vertical angle. Use the tangent table. Your party map must give
scale, exact location of stations, lines sighted, and ground slevations of each
station to nearest foot, as well 2s names of party and date. Last erase your
pencil marks on the mounted paper, and clean it up ready for the traverse survey
of your area.

Traverse Surveye =
2 \ = i Use scale ox 1 Inch = 1000
feet. Be sure to get directions as to vhere to start ~-nd how to find your marti-
cular area. Adé to form for notes a column for stadia (conversion) factor as ob-
tained from stadia table (either mimeozraphed or in back of Low). All notes
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should show full interval rod intercept, corrected by proper stadia constant if
necessary.. The f %.€ . constant is generally negligable. Do not multiply by
stadia constant (stadia interval factor) except for platting (when corrected to
horizontal distance) on planeteble sheets Do not place horizontal distance in

the notes. Do not forget to show if half or quarter interval was actually read.
Follow Low and give half interval resding as 2 x 8.3, quarter interval as 4 x 11.0
etcs, .in column with other readings. Multiply when you compute. Do computations
at once and systemotically. Keep column for -~ computation of elevations. This
rortion only can ve deferred until night. All instruments with Beaman arc must
keep duplicate set of notes, one in each system. All instruments without the 3ea—
man arc must keep two independent sets of notes reading a different point on the
rod in each. In such instruments the level reading (with striding level centered)
should be placed below each oblique angle reading when telescope is pointed to rods .
Pemember that subtraction of degrees snd minutes of angles involves carrying of

60 —(60 minutes in a cegree)- instead of the usual 10 of ordinary subtractions
Zven if you have had some surveying experience avoid very long shots, use of drum, .
and readings of other than middle wire until thoroughly familiar with both instru-
ment and computation. Xeep rodman within shouting distance at all time. ' Until
you have completc confidence keep rodman on his place (he can lay down the rod
unless asked to put it up asain) until net differences of two note systems check
within a reasonable degree of error, say not over 5 feet vertical at any time.
Eeread whenever you find a disagreement of greater megnitude. - Otherwise never
alter the notes. Get all data you possibly can onto your planetable sheet; it
helps later..

Field Mapse Some will use planetable top, others sketch boards. Yot every
party can get a barometer.. Use scale same zs traverse, 1 inch to 1000 feets Do
not enlarge. lalie copy from planetable sheet with tracing peper and prick through
control points, or you can use carbon paper tracing with sharp pencil point. - In—
stead of using a "pacing scale" make a small table of feet for every 10 of your
paces up to 90 in your notebook or in border of the map, You can then find numbder
of feet for any number of paces by simple addition of hundreds (decimal point
moved one place to right), tens, and single paces (decimal point moved one place
to left)e. Plat the paced distances with your engineers scale. Plat compass
lirections with protractor. When followingz lines have one man do pacing, other
leveling, sketching, compass work, etc. Change places on the separate areas so
¢ach man draws his ova contouri The odd man detached from a three man telescopic
perty will be scnt out @¥ith one of the men from the party in an adjoining area.

Do not go out alone =~ for one thing there are not enough instruments. Femember
that road and highwey hills are contoured just the same as natural features.

Areas drained by culverts are shown as depressions. Permanent streams do not

have grass in bottom. ote underground streams in many places which flow only

in wet weather, Your final map should show all features which would aid a stranger
to find his location on that map. DO WOT TAKE QUT AWY AIR PHOTOS MARKZD "OFFICE
USE ONLY" OR "ROSTRICTD OFFICE ONLY" %e must hzve a full set always available.



ey Tl N e Lz o
Pevils loke 1nsorveticen, 6L ik

o

Bampl o of notus f5r 1oteDOIk Troversy in
: gealy Lo a0

giketCh in book
Fraenlo tol ke oun
g:gfur,
DU puv on
only iu

T et
41 SuBElu

Stare +D

pR——

LOUQtﬁa

3 \'i‘l'ati
S

x -i'gfn{.'l’ ¢

¥

meko Blivie hecs ohe Faul
< N ale s - P | FRr 3 o
gt 2000 Bo Akl o byt it

(%) thie is tou nord o figure

W1 Dneus b

T xogw slupo and

GCrop Byabols; o5 well

Tarm Lings or tontelive

culltours

i3 dnoruid corroctions cannot
vomnde ungil aich

o <
Stahd ‘!"® T] bt v

%Vléa

-
—

i rabot V ; ?1n bt ¢
Q ;

‘.:.
i,
i
# j&
YNondey, Apral 13, 133% Chsul 7ull ———~=—= Aiuroid Ju,=——=

L

= W T

(%]

O O3,

[

g blion

o

-~
..

o b
o

Boromoter Correctioen  Elovation Romarks

ovils Licku 960 O 980 . 2

Wi, car Suo.
25, 11-6E

bl
L

£
<
o
©)
ch
oy
£
C

315 ¥ L3315 o

&%)
=
5]

+ 1 S, 8125 1385 =5 1330 Pilc of stones
90 p. 8 B:45 1470 10 1460 Ghongo dn slog
5 corner 9;00 1485 ~15 1470 wood steoku,

—

zed truis

iterop quers:
s Btriko g
1265 Chonge in slf
1160 Bdge flot &
1100 Foncu B., §.0

o
1045 Roriag, od:

1150 p. 8 9:35 1385 =20 1365

pals [ S TG o B oy
e

o ¢l
L7

1300 p. 5 10:30 1905
1400 p. S 10235 1200
1/16 cor. 11305 1150
1850 p. S 11: 35 1L00
& cor. 5. 13:00 1015




Devils Lake instructions, 1941
CONVENTIONAL SIGNS : P. 14

CULTURE (black)

Building e School house $ Church & Camp & Public road in gzood condition ===
Road in noor ccudition or private ==+ Trail not omen to wheeled vehicles— — <« -
Railroad, single track +—Railroad, double track == RR, temporary du—i-++
Tunnel}:..| State line = ..County line — - Civil township line —wm —

U.. S. tewnshin line Section line, where subdivision lines are shown -

City limits — . = - Rescrvation or state nark line —— - Land corners found +
fraingulation station € Boundary monument Well, non-flowing o

“ell, flowing, in rock ¢ "el, flowing in drift o Exploration drill hole ¢
Cil wells-drilline Y@ 0il well ® Gas well -}ﬁ‘ Gas and oil well -ﬁ’; Dr hole -¢-—
Dam e  Cewetery « + 1 Bench mark B™M Liznthouse 3 Quarry % Dump ¢

Shaft @ Pit in drifi X Road cut =. Fence, barbed wire —— x— x—'x
ms .y nAn . AT "
SLELEE. Boundary sy~ Sectinn line, vhere subdivisisn lines
. . are ShoTR-——— Subdivision lincge———
RELIEF (if colors are used, brown)

Zlevation of definite moint 793  Cliff v Slope, gentle == Slore, stecp ~>

Undulation, gently ~~~— Undulating, roughly ~~\ Sags and knobs, gentle @~
Sags and krobs, mronounced NJ Flat Plain, pitted —us— Sand or wash ;'
Sand dunes g\ Contours, z:mmberad/«g,uc""" Make every fifth contour heavyr and

rumber it as shown..
YATER (if colors nre used, blue)

Gtream, permanent ¢ ~—7 Stream, intermittent .-* \_.-" Ditch ——w— Sprinz o, ~_
Marsh, fresh =  Marsh, salt Tidal flat =¥  Lake, intermittent ,@

Glaciar or aake blue contours on _E-iﬁe ice }':"3 : Leltes may be left open

GEOLOGICAT

Cutcrop of sedimentary rock, horizontal or unknown dir == dip known .-j-"f

Outcron of igneous rock %5, Outcrop of gneiss or schist .~/ Bowlders or talus
Gravel pit G Clay »it C1 i %

i=drift S=sand T=till cg=conglonerate dl=dolorite ls=limestone

rl=slate ct=chert qzjquartzitc sh=shale ss=snndstone Bt=basalt
Pr=diorite On=gneiss St=schist Db=dinbase Ga=gabbro Gr=granite
Po=porphyry Tr=trap

SCILS

¢l-1 = elay loam sdy-1 = sandy loam 1% el-1 = light clay loam
TEXTURES MDD STRUCTURES

amg = amygdaloidal gns = gneiasice por = porphyritic sch = schistose

str = stratified tkb = thick bedded tnb = thin bedded Xb = cross bedded
Xin = erystalline Xin-c = coarsely crystalline Xin=f = finely crystalline
COLCRS

= drab

bf = buff bk = black br

brown bu = blue dk = dark dr
gn = green EY = gray 1t =

light rié = red wh = white vyl = wellow
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FAR WESTERN LOCATION LAE, 1951 12-13

Departure of east-west section lines fro. normal + or - in feet. Note odd
lengths of 40's on % and N, sides of townships. Closing corners on townshiyp
line (E-%) not shown, On Highway 12-i3 in NE;NW; sec. 15, T. 11 Nes R. 6 E,
U. 5. C. and G. survey B. }M. M109 NE end of east base of railing + §%. above
pavement B. M. = 984,4 Other B. ifs on highway were removed during reconstruc-
tlon but level of pavement may be used. U. S. G. S. B. M. V. & pest @-10-6=848,7
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T. 11 N., Rse 6 &nd T E.
Excess or deficiency of E~W sect.ion lines shown in feet + or =

Railway is double track
See far estern map for elevations on track

Tep of map

Loggin; treile not shown

is north

$ il omipreo—

Par® boundary not shovn.

Flight nuubers of air photography shown at top.

Lengtrs

Ail rorth-south lines are normal unless noted.
T¢; of map is true north:

1951

of lines to meander cormers shown in feet.
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Elevetion: on U. S, 12 Si p. 34-11-€E = 870.2 MN# 27 (Paul Zantow farm entrance)
=13 Nz, 27 (entrance to Myrtie Zantow garage) = 1192.0
U. S. C. and G, Survey B, Mo K109 on concrete culvert 22' E. of center old
pevement, 2' below road, 18' N. of s. e road nesr S. line 27 + 1055.2
U. $. C. end G. S.B. M. L109 on concr;te culvert S8 corner of hesdwsli, 18' B
center of pavement and same level Nuj 22 = 1096.4
C. and NW Ly. 8. M. tobfoundation of ' :nal tower N line 24~=11-6E. = 971.9
top fourdstion si ~al tower N line 25-11-6E = 991.08
5 base of rail unde signel gbout 100' E Vi. line 29-11-7TE =

- 954.0 Mt
basc of rail at for.uer signel bridge NEzSE; 29-11-7E =906.0
;s top of W. copin- of bridge over tovn road, about 580' S of

N. line 32-11-7E = 884.7
G and G. Survey B. M.s have metal plate with number but no elevatlon.
hailroad B Ms are not me - ¢i; locations approximate.

Triangulstion station under tower of hadio Station WiCF assumed to be 162C elev.
Flight nun-ers of air phoetegraphy shown at tep.
Departurs of east-west section lines from normal shown in feet # or -



GEOLOGY 11
MAPPING

Problem 1 (edition 1950)
Object: Theory, construction,and use of aneroid baromepér.
Material: Sheet of cross section paper, pencil, eraser,

Method.,

Theory of Barometer., A small difference in atmospheric pressure dP is equal to
weight of a corresponding unit column of air of height , dh, Air has a density of
# and a weight of p , g, where g is the acceleration of gravity, Hence dP =.p,g,dh
where the minus sign indicates an inverse relationship, Now the value of density may
be expressed by the equation p=2.n where [* = atmospheri¢ pressure, m = gram

R.T
molecular weight of air (28,9), R= universél gas constant, and T = absolute tempera-
ture of air, By substitution: dP -_ P

Ry

1

_R,T,4P vhere R and g are constants,
m,g,P

Solving for dh: dh

W

Yow for relatively small differences of elevation the above direct relationship holds,
The error is less than 5 feet in a height' of 500 feet, But for a larger range it i-
necessary to resort to the integral calculus and to sum up the values of difference
of elevation for a given difference of pressure, Then it appears that : hp-hy =

- R,T log e P2, where h, and hy are elevations of two stations, and Pp and Py
n.g Py .
the respective pressures observed at each, Variables besides pr essure which should
be determined are absolute temperature and humidity of the atmosphere, As noted
above the gram molecular weight of air is 28,9 whereas that of water vapor is 18,
.eglect of the factor of amount of water vapor in the air (relative humidity) causes
an appreciable error, Temperature determination is more difficult for there is no
way to get the average temperature of all the air above a station, Usually the
average of ground readings at two stations is used,

Types of barometers, The mercury barometer is out of the question for field work
and the same applies to certain new barometers where electric heat control is need-d,
Ordinary aneroid barometers measure pressure by change in shape of a metal case frou
which the air has been partially exhausted, In the old style models movement of the
side of this vessel is magnified on a scale by means of a moving pointer which canaot
be locked, The Paulin barometer gives a reading by measuring the pressure of a sprin,
when the index pointer shows that the 1id of the wessel has been brought back to
standard position, This arrangement has the advantages of removing friction in bea:-
ings and in bPeing locked between stations, Both types have an elevation scale whick
is not one of equal parts as demonstrated above, A few instruments have a mechanicul
neans of compensation for the logarithmic relationship, All instruments are suppo:ec
to be compensated for their own temperature and have an elevation scale corracted to
a certain temperature of the air,

Field Use, If the temperature and humidity of the atmosphere were fixed quantities
barometric surveying would be ideally simple, Unfortunately they are not and besiilse
this, the movement of air causes pressure change, especielly when that movement i-
vertical, On 2 windy day there are marked horizontal differences in atmospheric
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pressure at different localities as well as pressure changes dus to metion, Although
readings may be partially compensated for both temperature and humidity changes the
procedure is laborious, and error increases repidly with distance between stations
What is the easiest and best method is that discovered by Gilbert (Gilbert G.K,

New Method of Measuring Heighths by means of the Barometer: U,S, Geol, Survey 2nd
Ann Rept., pp., 406-566, 1882) Procedure is illustrated by the diagram, Three
instruments and observers are needed so that the method is expensive, "atches must
be set to same time and readings made simultaneously, But by means of relative
proportion both temperature and humidity changes are then cancelled out, Recording
barographs might be substituted for the base stations but in general these are not
accurate enough, (Fig, 1) ( on following pege)

Sgne have tried a single base station with either observer or recording barograph but
horizontal chan ges in pressure, temperature and humidity are not easily eliminated
in this way, Lahees method (Lahee ?.H,, The barometric method of geological survey-
ings ---: Economic Geology, 15: 150—169 1921 ; Field geology, 467-489, 1941) depends
upon checking the field readings against known elevations, Although most barometers
heve an elevation scale which can bs set to read correctly at the start of a day or
any other time, it is best not to do this, Keep the O of the scale set corstantly to
2 given point and anply a correction to all readings, Times of observations must be
recorded and as many points of known elevation read at during the day as is possible
including points established on previous days surveys, Comparison of readings witlh
the facts are then computed, Although Lahee did otherwise, it seems best to give a
minus sign to all corrections which must be subtracted from the field reading of the
barometer to give true elevations and a plus sign to corrections which must be added.
When the deys work is completed a curve is plotted (see Figs) using time in one
direction and corrections in the other, The drawing of this curve through the fixedi
points, commonly called straight checks, is a matter of judegment and is the real
limit to accuracy of results, Obviously, the shorter the intervals between straigh*
checks the better the results, Fowever, experience demonstrates that atmospheric
changes often occur in waves thur making results uncertain, Lshee also improved his
method by teking readings on revisiting as many of the previously unknown stations
as possible, Two, three, or more readings at different times then are available for
the same point, They must be so corrected as to yield the same final elevation ever)
5ime since there cannot be more than one elevation for the same point, These readi:a:
are commonly called cross checks and give the net change of error due to atmospheric
changes between the different times of visit, although not the absolute value of the
corrections, Use these readings to 2id in shaplng the curve between straight checks.
Corrections obtained by straight checks must never be chang: . Choose one point
of a cross check where you conc’ude that the preliminary dra.ing of the curve of
corrections must certainly be egsentially right., Read the indicsted correction for
that time, then by taking the dirference between the first cross check reading and
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the second compute what the correction must be at the time of the second realing to .
yiéld the same final elevation both times,

(¢ B2

: "c‘.—._\- - - —— e —_— — o —_— — -
..

\\\\\Qurface of ground
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Figure 1

Gilbert's two base method of barometric surveying, B, By = barometers at two base
stations, M = moving barometer at station with unknown elevation, A4 = difference cf

elevation of By and B, found by leveling, H = difference of elevation of two bagde

- stations from difference between simultaneous barometric readings at both, e =,
difference of simultaneous barometric readings at lower base station and at unknaow:
point, =x = true difference of elevation of unknown point above lower bhase, By
simple proportion A:H:: %45 or expressed in another way;H/A = o/x Hence x=#.efH
which can easily be solved with ordinary slide rule, No other corrections are needed
if the bases are properly spaced and not too far apart horizontally, Example:

H = 1000*, A = 1100', e = 650', x = 7157, Add sea level elevation of lower base

if known, Others who have unknowingly hit upon the seme method in recent years have
used a much more compliciated method of notes and computations.

Time ( 24 hour system)

0700 0800 0900 © 1000 1100 1200
C 3 e | i {
0 5. S . -
r IOi — ek T
T B B S e )
o STk LR e 7.
c 20 J ' ~ ._‘F\l“ 4{1._ ) i -.\.;---.' = = :
L Soenr, G ‘ ks Cagt
= Figure 2 Lahee's method of correction of barometric readings. See next
» page for data. Siraight checks enclosed by circles; cross checks shown
n

by x= furve drawn from straight checks only is broken; revised curve
efter considering eross checks is solide Study carefully to see just how
_--tHese curves were.constructed. Here minus corrections were shown below
; O line; this is not essential although it is customery.
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Station time Reading Correction!Elevation
1 pjo0 | 800 0 800 |
. [0735 835 | The are the notes from which curve
g |0815 925 w5 920 f Figure 2 was constructed
4 0850 | 1000 i oo '
£ o930 945 -15 930
2 10950 855
4 11020 1015
6 '1105 870 w20 850
i 3159 935 =25 910

Elevations given are straight checks,

Readings at Stations 2 and 4 are cross checks, ZEvidently the second reading at each
must show 20 and 15 feet respectively of increase in the value of the correction
required to yield the same elevation each time. Note how each such net difference
was anplied to the curve, ;

the second compute whet the correction has to be at second visit to give same elevation
Plat this correction at proper time and alter the curve to fit, If this fit seems to
introduce an unreasonable irrepularity into the curve try altering the first point of
the check, During and after a thunderstorm air pressure is greatly disturbed and the
down-rush of cold upper air may cause part of the curve to be almost vertical, Read-
ings at such times are worthless, The graphic method of correcting from cross checks
used by Lahee is all right but is more difficult to learn than this arithmetic methcd.
Lahees method compensates only partially for the scale errors introduced by changes
in temperature and humidity, The element of judgment in using cross checks limids
accuracy of results,

Tamperature and humidity corrections, Under conditions of either extreme temperat.re,
extreme humidity, or very high local relief or a conbination of more than one of thess
corrections for both temperature and relative humidity are desirable, Temperature of
air changes the value of the foot divisions on the scale by about 2/10% for every
degree Fahrenheit that the air temperature is above or below that for which the
instrument was calibrated., Paulin instruments are supposed to be correct at 10° C

cr 50° F,, most others at about 70° ¥, Various schemes have been suggested for
correcting readings for temperature of which the simplest is to correct the apparent
differences of elevation between each pair of successive readines by the mean of the
two temperature readings after subtracting from each the calibration temperature,

The result of this temperature multiplied by 0,002 is either added to or subtracied
from the apparent elevation, depending upon whether the air temperature was above cr
below the calibration value, Then the readings of the instrument after the first

are adjusted to agree with the revised differences, See below, Since the effect o7
revision is carried forward a single mistake is perpetuated, After checking
computations, a curve is drawn from the revised readings and elevations computed

for other times than those at which checks were obtained, A somewhat similar pro-
cedure could be used for humidity adjustment which has the same effect, Since ths
gram molecular weight of water vapor is only 6/10 that of air it is evident that a
correction factor of (1 + 0,6 specific humidity ) must be applied.

Fxample of temperature corrections, In Fill's method the idea is to compute the
tpparent difference of elevation for each pair of stations, giving it the sign whicl
it needs to give the second elevation when applied to the first, Then correct this
difference for the average temperature then prevailing. Add correction if temperaiurs
is above 50F, (for Paulins) and subtract if below, Note that in applying this
correction you pay no attention to the algebraic sign of the apparent difference.
Because this apparent difference is used to obtain the correction, the result can
never reverse the sign, Keep the same sign for both apparent and corrected differ-
ences figuring them to single feet. Study the following example,
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8
Temperature correction = apparent difference x ,002 x (aversge temperaturér-SO)
Hill's mothod is published- by the makers of Paulin barometers. 3

Station | Time , Bar, , Temp, Av, Temp, ,Av,Temp, Appérent Temp, Corr forr, Diffy Adj,

Feet | F, ¥, - 50 |dif, feet| + or - +* Oor - Bar,

+ or = Feet

1 0750 | 1540 70 - 1540
71 21 190 8 198

2 0805 | 1730 72 1738
74 24 10 0 10

2 0905 | 1740 76 1748
7 27 260 14 274

- 0915 | 1480 78 1474
79 29 75 4 79

X 0955 | 1555 80 1555

|

Then draw a new curve using the adjusted figures instead of original read -
ings, Remember that these revised elevations are no more correct than vere the
original readings, namely to nearest five feet!

Specific humidity, q, is defined as density of water vapor in a mixture divided
"y sum of density of dry air plus density of water vapor as above, q = Pw
Pad +fw

Humidity determinations necessitate carrying wet and dry bulb thermometers or some

s vivalent instrument, The making of this correction will increase apparent differ -
m.ces of elevation when humidity is high, Apparently few persons have ever attemrted
%his very important correction, Computation is simplified by using tables of
aquivalent temperatures, that is temperatures which dry air would have to possess to
ve at the actmal density, Correction would then be made in the same way as for
vemperature only,

Swudy the accompanying examples carefully, Then draw the curves from following deta
making both on some paper, Show curve derived from straight checks only by broke:
linej that from straight checks plus cross checks with solid line, Compute elevaiious
of all the unknown stations and compare differences between results based on each
curve, Return data sheets filled out., CAUTION: Do not use too fine a scale for
corrections; one space for 5 feet is enough. Also do no show corrected elevatiores
eny closer then the reading: in the fields~ Whe re-readings were teken only to

nearest 5 feet final elevetions should be rounded off in the same way,. [
Experience demonstraetes that even with frequent checks end good instruments t
few barometric elevations are correct to the nearest foot; about 5 feet above or {
below the true elevation is close to actual resultss Observetions of the seme poaii
on several days are needed to obtain positive resultse. :



GEOLOGY 11 Froblem 1 Data sheet A

The following are actual barometric readings taken in northeastern liisconsin,
At several times during this day points of known elevations were visited and
the departure of the barometer resding from these was recordeds These are often
called "straight checks". If a number must be subtracted from the reading of the

barometer it is called a minus quaﬁ&ty or minus correctionj if you hed to add to '

the instrument reading to get the true result this would be a plus correction.
It is customary to place minus corrections below the line of O correction

end plus corrections above thet line. This is not esential,

Times are given in the 24 hour system heres Lay out hours horizontally remember-
ing that they are divided into 60 minutes end so do not use dedimal divisions of
hours. Next lay out your vertical scale of CORKECTIONS K not readings. Do Not
exeggerate this too much. Since field readings were to nearest five feet do not
try to compute final results closer than that. If you use ontdivision on the
cross section paper for 5 feet it will be easy to do this. Your final results
are, after all, only estimates of the real figures. Draw the curve of probabli
correction values between straight checks as smooth as possibles Compute the
corrections for the times of observations. Record in proper column and compute
the final elevations in proper column TO NEAKRLST FIVE FEET ONLY.

Bar. Known

Location Check Time Bar, read Correction Elev. Elev.
Gillett o | CB850 800 --C-- 801
Suring 0 1000 820 <df- 803
1 1040 930
2 1050 880
3 1053 820
4 1105 8170
5 1110 850
6 1115 830 :
7 1130 870

1 § 2235 390 _
9 1345 910
10 1400 925
11 1408 940
12 1410 950

12 1415 960
14 1425 1010
15 1445 950
16 1515 920
17- 1525 920
18 1535 93Q
19 1555 950 _
Breed. o | 1600 | 960 Pe. i 879
20 1603 975
21 1610 450
22 1620 920
23 1640 940
24 1655 955
25 1700 970
26 1702 965 5
R.k. crossing & 1707 550 -5 868
27 1710 960
- S 1730 | 975 e
Suring 0 1755 880 -t 803

o = straight check  NEATNESS COUNIS!



GEOLOGY 11 Froblem 1 Vata sheet B

the added information that several
dey, It is obvious that any location

These are the same readings as on sheetd with
locations were read more than once during the
can have only one elevation. Hence you mus™t adjust your curve to bring this
gbout without introducint any violent changes or irregularities if it is possibles.
The DIFFERENCE of the two readins must then be the difference of the two coarrec-
tion values. Be sure you apply this difference correctly. But you will wonder
which of the t"wo original readings is correct. In some instances one of the

two resdings or cross checks is just beafre or just after a straight check.
Obviously the correction thus is fixed and the other correction is made to

agreees This is the case with Station 4 here. With the other cross checks the
matter is not so simples Refer to your first curve and adjust it without doing
anything which looks improbable. Chenge of atmospheric pressure is most rapid
during the hest of the day hence the first reading is generally preferrable.
Sometimes it is necessary to change both ends of the quss checke Kemember -

only one elevetion for the sume place and all elevation to nearest 5 feet only$

Bar. True

Location Check Time Bar. read. Correction Elev. ___Elev.
Gillett o 0850 I T e R S 801
Suring o 1000 Rl T RN e 803,
1 1040 930

2 1050 880

3 1053 820

4 X 1105 870

5 1110 850

6 1115 830

¥ x 1130 870

ﬁ .61 4 1?15 850

8 [ xJC¥ 1330 900 .

9 1345 910

10 x 1400 925 -

;5§ E’ 1408 940

12 ; ] 1410 950

13 }ﬁf 1415 960

14 1425 1010

7 x 1428 930

15 1445 950

10 x4l 1459 1 940~

16 1515 920

1 1525 920

18 1538 930

19 1555 950

Breed 0 1600 960 mm——— 879 |
20 1603 975

23 1610 950

2 1620 920

23 1640 940

24 1655 955

25 1700 570

26 1702 965

R-R crossing'f © 1707 e e [T S e e S 868
27 1710 $60

28 1930 975 2o

4 X 1740 940

Suring O O (L | ~---| 80

Compute as before and fill

cross checks.

in blanks.

Vhet is meximum difference?

Compare with results without the



GEOLOGY 11
MAPPING
Problem 2, edition, 1941

Object: Inspection and use of aneroid barometers,

Material: O0ld style aneroid barometer and Paulin aneroid barometer, pencil;

liethod: Look over the two instruments, Try the old style aneroid by reading
position of the hand when held first in & horizontal position and second in a
vervical position, If the instrument is working properly there should be a
difference, Vaien you use the instrument always use the same position, When
veading aneroids do not bend over or lay them on the ground but always hold at
zzme level above the ground vherever it seems most convenient to read. Now tap
e ingtrment and see how this affects the needle., Try to learn just how hard
Laps are neefed for your poriicrlzr anercid as they differ, Then try turning
sns outer or foot scale by noving the rim, This is decne in order to set the
instrument: for different wealher conditions, If the sneroid you have fails to
reapond properly to %appirg or turning return it for adjuctment, PL2IASE DO NOT
TAKS APARY YCURSELF either new oy in xisld¢ Thet iz 2 shco job with rroper

taols, Study the foot scalz and sece how it is numbered, Is it a scale of equsal
narts? We have no usc for ithe inch scale whizha runs in opnosite direction,

Next take the Paulin instrument snd lock it cver, Opea ihe case by the single
snap and do not touck the two buckles. Do not use tae seraw drlver’ if any.

Note the knob in center wita attmuhbh inder arm  alsy tne talance indicator at
one side, Xeep top of incirument always level, Tura kunob until balancen indi-
cator is EXACTLY on the mork, Turn so that the pointer of the balance indicator
moves from + to -, If you go too far Love back and lo over again, After dcing
t iis read the pointer on the knob, Try Hrlancing several Simes until you get
‘i- same result, Note that the index ycirter cen go around twice. Is it a
zale of equal partst Read inside scaie =nd study to seec how divided, Note
tn t in setting the halance pointer there is a mirror behind it., Get the re-
flection of the nointer out of sight when setting., Note that index pointer is
sheped like a knife. Fead when it lcoks narrowest. These provisions are to
remove error from readirg at an angle {paralex), Whencver you move from one
place to another be SURE TO TURN THE KI'CB AS FAR TO THT LEFT AS IT WILL GO,
How you are ready to try the two zreroids over a known difference of elevation,
Go first to besement =nd rcad both, The old style will need both a few minutes
to "settle" also tapping, if correct difference is cbiained, Return to base-
ment and see if you checx, Read tou nzerest five feet. OSeveral round trips
may be needed toc get familiar with th: iwo kinds of aneroiés. Record your
readings on bottom of this page, Numbers of oid instruments are on backs not
on cases, Numbers of Panulins are in izk inside cover., HANDLE ALL ANERCIDS
WITH CARE,

QId shyile  Noc. . iues Pagilan-No oo e

Basement 5th Diff, Basement 5th Dift.
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JAPPING

Problen 3, edition of 1938 SR

f Y )\‘ 1 Fj’

Object: Adjustment of hand (Locke) level,
Material: Hand level small screw driver. = 4

Method: First look over the instrument and see how it is made, Loock through

it and note that half of the field of view is taken up with the imaze of the
bubble as seen tnrough & lens. Why is & lens needed? Some instruments have the
wire for the line of sight just below the bubble and others have it in the front
of the tube or box. Some have a sliding eye piece which pulls out mainly to
make a longer line of sight. Iiow go to the musoum or the hall and select two
walls or other marks as far apart as possible, Pace distance between them,
Stand at middle, Sizht each in turn, You can mark where line of sight hits in
any convenient way, A good way in the museum is to set the bottoms to window
shades at this level., Study diagram below to see how these two points are on
same level regordless of the adjustment of your level, Now go to one of the end
points and stand so thot your eye is just on its level, Sight the other end
point end ~Cjust Instruomeont so thet line of sight hits the point when bubble is
on center, Some levels adjust by moving the sliding box which contains the
mirror (prism) and wire, In these, this assembly is clamped by o screw or one
side of the front, Others move the wire only by means of screws at both ends of
the level vial case, Tightcn one when you loosen the other, The screws are
bress and are small, DO FOT USE KICH FCORCE, Tighten with finger tips only, not
full strength of hané, On completion bring instrument to be checked and sign
name on this sheet for record, It will be returned later.
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GEOLOGY 11 x
MAPPING
Problem 4, Edition 1941

Object: Use of plane table-intersections,

Material: Plane table open sizht alidade sheet of wrapping paper 15" x 15",
tape (one for class) plumb bodb markers for stations hard pencil ~eraser.

Method: The object of this work is to learn the basic idea of intersections or
graphic triangulation with the plane table starting from two stations the dis-
tance between which has been measured with the tape, Such a survey will locate
all the other stations, without any more work than taking sights to them, The
work will be Cone in the museum if possible in order to force the season by
indoor work, Moreoveri the first work is much better cone where it is warm and
dry than on the compus as formerly, Several stations have been located by criving
* &= % noils into the floor, Put on paper, Level by looking over the top, Use
the nlumb bod to see that the point on the map vhich is to represent the station
on the floor is mot over an inch off a vertical line, Greater care is needed
here than outdoors on sccount of the very short distances involved which make
any error into a much larger angle then outdoors., Line up your table with the
sides of the room as well as you can and mark the north side of the paper,

PLACE YOUR TTALE CI" THX MAP FIRST., UYNow having set up table over the first avail-
able station mark its location on the map taking care to leave space for the
expected remainder of the stations, ilake a mark vertically above point on the
floor, Mark every point where the table is set up with a fine dot surrounded

by a small’ neat triangle. Use the alidada to sight other stations, Be sure
vou use the end with the string or wire at the front, This must be drawn through
the initial station; either side of the alidade may be used, If there is no
other plane table on a station set a merker on it and sight that, If someone
else is usinz a station have him hold a pencil over his map location for you to
sight, At every station be sure to draw lines to EVERY other station you pos—
sibly can, Iow choose the adjoining station which you will call the other end
of your baseline, Lieasure distance to it with tape (if not known) and plot
along appropriate line on your map on scale of 1 inch = 10 feet. Move table to
this station and set up so that this point is directly above the floor location
with table in correct position, To get table into correct position or ORIZITTATION
lay slidade along line which represents the base and swing table into correct
position, Guerd against the common error of getting the table twisted 180 degrees
in doing this! Yow sizht all the stations you can see, Wherever two (later
more) lines drawn to a previously unoccupied station intersect you have a map
location of a station, Until occupied by the table enclose these points in
squares; after occupied change to triangles, Be sure all lines are sharp, nar-
row,_ and definite, Use chisel point on pencil. There is sandpaper below each
tabie. Remember that all lines should intersect at the same point, Do not
consider that an accurate location has been secured until at least three lines
so intersect ond the angle subtended by them is not less than 30 degrees., The
more 90 cdegree angles you cen get the better, Vhen you have finished with the
sights from the other end of the base move to o well-located station from which
inspection of the map indicates you will get good intersection angles on other
points, Continue thus until the stations have all been located, Remember that
your decision as to order of location of teble will affect the accuracy of the
map, When done, study the results to see what stations are well located end
which are not, OCan you plan how to strengthen their locations? Remove nep from
table to hand in, Leave 211 lines on it. Indicete scale, Please remove all
markers -from museum floor to places where they will not bother visitors, Leave
thumb tacks in floor. No smokine in museum, Get directions if you work

on the campus,



GEALOGY 11
MAPPING
Problen 5 (cont.), Edition 1941

®bjoct: Usc of plane table-rcsection.

Materinl:s Some as for Problem 4 oxcopt ncw shect of paper.
of "rosection." A plane toble survey is often

Method: Reod outline on subjeét
Tvo specific problems are heore outlined both of

speoded up by use of rescction.

vhiéh nny be donc indoors. PFirst, survey around o hill or proninent landmark,
using only onc ncosurcd basc. Sccond, survey along & valley vwlcre only one basc
is measurcd and the river coannot be crossed. In the disgrens triengles indicate
toble locotions ond squores with dotted lines lerding to thenm, points deternined
by intersection ond on which toble is not sct. Renmonmber that a sight to a new
teble locotion ennbl-s ono to orient the teble oithor on the ldcation or on »~ny
part of this linc. Sights dokod fron one of thise now locabtions © °© of a
proviously loented point through its nop location provided they interseet the
orientrtion or foresight line smrve to fix the locotion of tiie new point by,
rogection., Study this dipsgrams; note thot brse line is indicoted ond thot sizht
fron it for intersections arc dotted. Sights for roscction »rc solid lines.

You should drew 2ll lines full. Shiape of figures ncod not be scme 2s given in
Nunbers indicrte order in which stotions sre occupied. 1In first
problen noto orror at finish (closure) and secount for it. Oriticize probeble
eccuracy of sccond compored with Problen 4. Now do both problems. Suggest that
in first ong of the centrel lighits or mostodon supports be used for the middle
In sccond, usc window locks for the inesccossibla points on one eide of

dingroris.

point.
the "vrlloy." Do not forgot the 30 degree rulc for both intérscction ond rescction,
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ZOLOGY 11
MAFPING
Problen 6, Bdition, 1941, ! 2

Object: Use of plonc table-three and two point probloms.

Material: Plone table, now shect of paper, open sight alidade, narkers, pencil,
grascr, tape line, dividers.

Mothod: The object of tho threc and two point problem is to locate onesclf with
the table fronm either throc or two points which arc slready on the nap; it is
impracticeble to visit any of the points and the point which you desire to

locote has never been sighated fronm any othor station before. The solution of
thosc problens onrbles one to set up and locote the tnble say in the niddle of an
open spot provided two or nore elready located points cen be secn. Provided
corpass oricntation is possible, two points &rec cnough if properly loented. The
following met.ods do not use the compass. Vhenever a location has been secured,
it should be chiecked by sights to any othor stations thnn those used which heppen
to bo visiblo. PFirst try LEHMANN'S METHOD OF THEZ THREE POINT PROBLEM ns this is
nost conon. Choose threc pernonent moarks like stern pipos, léskds, etc. Use
tape to necsure distances botween them. Plrt on rour nep with scele on alidede
and dividers to strike interse€ting nrcs. Scale 1 inch = 10 feot. Drew gront
cirele. o :

y Definitions, Rule 1: tho trusc location

| or "point sought" always lies on the

 sone sido (measurod ns you face the

; signel on the ground) of ecch line on the

Groat trionsle \ trble which you have drown with trisl
\\\.* orientntion amd nlidode directdd at the

signal throush its nap location ond is

distent on the toble (neasured ot right

rmgles) from thot line in proportion

to the distance from the signanl.

Sesment

Great cirele passing th;
the three signnls Sct up toble os nearly oriented by cuess
: ns possible; draw the three lines through
nap location of oach points Use this
and other rules to obtain a trial locas’
tion of point sought. Loy alidade
S SR throusa this estisinted point and nop
location of one of the original points:
swing tnble to give new orilentation.
Repeat this until no "triangle or error"
is formed byt o211 three lines intersect
at one point, REMEMBER TEAT NO SOLUTION
OF THE THREE POINT PROBLEM IS POSSIBLE
BY ANY METHOD if point sought is on
or anear tho "sreat cir&&g."
Bk

T e

e e 4 ot
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i

Rule 2 applies to a point souzht outside
of the grent circle, o point sought

_is on sonc side of thd line from the
rost distont signal as the interscction
of the othor two linos,

-




Sk

' Problen 6, pe &, r\ll*ToL iS4,
Socond sicp. Reverse tie alidode on tho Tuo mep poinis used for consbruem
tioxzl orientation (hore a and b) and point the vvaer end of shis line
torzerd tav grouad sigaal roprosomicea ou tho tablo at the otaer ead of whe
1o | Horc o to cirgetol $osand A). JouJ dottud line in upper loft of
ticzrone It is esseaiicl thet tht aiizlo the Goble ds giung thvough 6o” GO

$aig besconaldorchle; orifaribly pbouc B0 dosrocs. - Il thig a‘;le is not
hisCiolsh G000 ¢ anoLhsT pairof 03 en an; guart ovaor., Noxt sight tac
sround gsizual ¢f btac third
B sy peinms (lwere C) tarough $ho
0:i10 0f Gho Two map: poinds
inaica is nos dirvesiic
e % the eorrespoauiar prouad sigual

= (hero b} paying no-atioabion o map
loccsion (aore e)s Draw ©ac conpgi~
CPucticn lino oaova da uppor i ght pord
of the teblog SEnig “biae "1l dabordacy
the first eonziruciica Iine, Gis oad dravn
vislaivae first colstruciion erigataiion.
If $hie fguersveiion coed uos fall on thateb o
003 a Gifferuns pair &f points cad stort
ovor again,

e e ; <
= Third steps 1t ean bo proved by

N\
~

e

A sconosry that the point sought must
e : , 7 lioc somowirvorc in the line waieh joins the
= Fan b |- -invorscciion af viae two consiructien lines
anG tho nap loeation (hore e) of the third point
(hore C)s - Drew this lino. uy' aldidade on ik
S ordads Bhc moolo by aviapine: if WweEl 6 19
found, Oneo the toblo has hoon taus orionted tho
TUsT 45 ovasy. d‘suct on A and B through a and b
rospectively cnd whe Baret linds siaould all
iaverscetd in o peiuve Thus ho pozat sougit
(Gisro @) iz located ithous rocourse %o the
COIDO0S .
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FOR unlsrglsdic Wl Siiroa polnw problem for it is oxivomoly

scful ia goloiag locctions of outersps vic.on o proviously mado map,
particulorly in rogions of magnotic sbfrachion,

TRY T2I3 1L0THOD JITI T5i0 LOCATIONS, ono inmsidc the groat trianzle, and
0nC OULSLGu tac Lroac cireclc. Reneher thet in the field weu de not need
te dror the greci clrcie,
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Problem 6, e S5

Two point Problem

It sometimes happens that one wants to locate oneself on the map when only TVO
alrcadr loceted points can be seen, If the compass can be used the table is
orientated with it and resection lines drawn through both signals to their inter-
section which is the "point sought." Unfortunately the compass cannot be used
everywhere, Then the method
following can be employed,
Lot A and B represent the
two signals on the ground
and a and b their map loca-
tions, Required the map
location of table at C,
This spot has not been
sighted before, In some
unoccupied corner of the
map {here lowar-right), make
a constructional station
location (here e). The
table is then oriented as
closely as possible by guess,
Then sight with alidede at
both A and B through e and
draw the solid lines shown,
PAY II0 ATTENTICK TC THEIR
MAP LCCATIOI'S. Yow choose
another ststion (%zre D) fror which znod intersections can be obtained on A and
B and which can be seen frem C, Czll diei:nce between C and D your "construc-
tional base line"”, This Cistance nc»d nct "e measured but can be laid off on the
table by guess when D is sightel and the third solid line is drawn., Next move
table to D and orisnt by bvacksight z2long the line drawn from C, thus making the
table varallel to its first position when at C, Then from the ccnstructional
location for D
(here f) draw lines
_. toward A and B again
EJ & 3okl paying no attention
X : to a and b, Do just
. as if you were
A 4 starting 2 new map,
" - The intersections
of these lines with
. £ those drawn from e
X rl given constructional
locations for A and

(14
T
K

”
: B here called a' and
\ ~"  Now the line between | b'wsis parallel to
\ s ‘ &' and b? the line A-B on the
: o ground. Required

to place a-b on the
nmap parallel’ to line
A-B on the ground,

To do this  place
alidace on line

s b'-a' and note (or
mark) a point on ground at some distrnce called X, Then move alidade to line b-a
and turn table until lians of sight hits %, Table is now oriented and the construc-
tion diagran’ shown in'Cotted lines in seccond diagran, has served its purpose,

Then resect and find d_ the true map location of D, rdinary plane table resec-
tion will then serve td locate the mop mosition of € which is not shown on diagram,

Ind of Problem 6 edition of 1941,




GEOLOGY 11
MAPPING
Problem 8, Ediltion, 1941

Object: A3justment of telescopic alidnde,
Material: Telescopic alidade, small screw driver, adjusting pin.

Method: 1.e telescopic alidade is an expensive and precise instrument. Learn to
handle it carefvlly. Many things can be done with it. Try to think in terms of
instruments “nd to realize Jjust WHY each thing is done. The first requisite in
the use .” any instrument is to put it into adjustment and then %o see that it
stays in ‘hat condition. Read over outline carefully, but these ingtructions

are more m~to-date. OSome alidades do not have all the attachments listed.

(1) Fc si:z the telescope. Point the telescope toward the sky and turn the
knurles rir around the eyspiece until the wires appear block and sharn. Be caro-
ful not to unscrew the eyepiece but to move it in and out. Now foeus the tele-
'scope(37 rm.ans of the knurled head on the sidejon some definite objeet more than
300 feet d.stente It will be necessary to open a window to see such an object.
Foecus witil when the head is moved slightly from side to side the wires do not
.arpecar to move even if this makes the distant objsct slightly out of focus. ERun
the ovjeetire in 2nd out from proner position tntil desired result is secured.
Last, refocus the eyepiecce slightly w til the distant object is sharp ard the
wires will then become sharp. Having once secured such focus of the eyeniece

it will not be always correct for your ¢ycs. Toung persons have more trcuble
getting thi« focus than do older ones on account of the grerter amount of flex-
ibility of vheir eyes. Thesc instrume: 3 are much harder to focus than are most
transits and levels. Be sure you can scc all the wires —— three horizontal and
one vertical. Remember that others using the instrunent will have to change this
focus so become proficient at resetting it quickly. After your cyocs begin to
tire, you will have to refocus.

(2) Aligu=ent of cross wires. Loosen the knurled ring in front of the support
in center of t:olescope and turn the telescope as far as it will go in either
directica. Set on a level table and set one end of the vertical wire on a
sharply Jefined object. Elevate or depress the telescope by loosening the clarp
on the hc izountal bearings so that the vertical wire passes by the point. If it
coincidos with the point throughout its length the position is correct. If not,
consult fol Lowing diagram to find construction. 8Siightly loosen all four screws
and gen' !y move the entire ring into proper position., Tighten all screws before
checking Repeat if necessary.

e Lo Barrel of telescope
gt R e SR
i ,;ii e //Plate over hole which is larger than screw.
7 ,1“%3 ?ﬁﬁy_ . 4,’ No threads in plate
- S R SN T
H R Tt P e Screw with capstan head. DO NOT USE TOO
W s 1 R ol P MUCH FORCE ON THESE SCREWS. Loosening all
LJ“““““ fﬂ‘_f:-"?:f“?“”?:V[;J four allows the ring to turn. See that
:\ {-;; Tf:?-ﬂ7f ;:;/ screws are not too tight when adjusting.
Brn \;g [ if\ﬂ;{ 1.2 tight only when finished.
% 3 7
. ~
e ngj;// &\““"Ring wr ' :h carries the wires. Screws threaded
P E e 5
St Lo inte this ring. DO NOT STRIP., If tight, 1ook for cau
o A. B. C. means "always We careful", Most instruments

are made of brass!



Problem 8, p, 2, edition 1949

(3) Adjustment of ine of sight or Collimation,
Loosen the krurled ring in front of the horizontal axis until the telescope can be
turned oa ite axis in the sleeve which supports it, Set the instrument on a firm
foundation sc that it will not slide easily., Use paper, sheet of fiber, ete., to
insure fric*®on, Point the intersection of the middle horizontal wire and vertica?
wire at some de®inite object as far distant as possible, The corner of a window

in another brilding or at opposite side of a large room is often a good mark, In
bringing thi: intersection to line up with the mark loosen telescope clamp until
telescope is neariy on desired point, then clamp and finish pointing with "slow
motion" screw, the one which carried a graduated drum on it, CAUTION, Wever try

to move ti - telescope too far with slow motion alone but use only for final adjuss-
ment; try (o k 'p the arm vhich this screw pushes in the middle of its swing, EXTRA
CAUTICN: .tae ow motion screw is returned by means of a spring on the other side of
the arm; wrke a1l adjustments by turning slow motion screw to the right thus pushing
against the srcirg, When you have to move in other direction do so but go too far
so that firal adjustment will always be by tightening (turning to right). If you

do not foilow this rule the telescope will move unexpectedly and make work inaccuraic.
Having set the center intersection on the selected point revolve the telescope 180
degrees (as far as it will-zo), During this process hold the prism on the eyepiece
(which makes things look right-side up altlugh right and left are interchanged) so
that you can kezp your eye constantly on the intersection of the wires. Be certain
you do not disturb the focus of the eyepiece or mistake the wires you are looking at,
If the interseciion remains in the same place the instrument is in adjustment, If
not, let us say that the horizontal wire he3 moved up, To correct this loosen the
adjusting screw «t bottom (telescope still in same position) and tighten the one on
top opposite unt.l the wire moved halfway back to the mark, Reset on mark and again
reverse telesco»re, Continue until final adjustment is reached, BE CERTAIN THAT
ADJUSTING SCREW> ARE TIGHT when you finish for otherwise they would soon jar loose
and your worl would have been thrown away, In adjusting position of vertical wire
do not follow same rule for screws but tizhten and loosen in way to move wire in
direction opposite to apparent movement away from the mark, Do not use all your
strength on the little brass screws but use discretion, %When finished check vertica®
position of vertical wire (Adjustment 2),

Eyepiece with prism Objective
4 2
Tighte"'Jn 1 i % Ay ol
: el e S n S T e e e e e L T
ke S Rl Ll s o S 5
o -
Loos a 2 Dashed line = true canter line
- adjustment of horizontal wire
Tighten __ - L 2
& ';'r'—h_ sl oA, S e T Rt W e
i R =Ees e S Tl e g e MLl R T o s
41_;=;Lﬁﬂwﬁ.u" o —— T =i 1
Ttk =2 Dashed line = true center line

Adjustment of vertical wire

Notes Numbers 1, 2 refer to positio:- of telescore; directions for movement
of adjvsting screws refer to position 2

Wote that with horizontal wire the prism makes the upward movement appear correct
but that with vertical wire a real movemer* to left appears like a movement to the
right, Diagrams show why wire must be moved only halfway back toward first position
since reversal doubles the error,



Problem 8, p. 3, edition 1941

4) Adjustrimt of striding level

The striding Ivel is the removable level which fits onto the post on top of the
telescope. It is in this form both to moke tho instrument smaller when being
cerried nnd to foeilitate adjustment. Its purpose is to level the telescope for use
as a level. Tihe object of the adjustment is to make the level indicate correctly
when the line of sight is level; in other words to make the axis of the lewvel wvizl
parallel to thz axis of the telescope. Floce the alidede on eny firm support which
is approzinat. ly level. Take the striding level offiits storage and set it in place
oi top of the telcscops. Bring the bubble to center dy means of clmp acd slow
notion mewing' lost movement of latter a right-handed one. Now release the levoil
replece on tulescope with ends reversed. If the bubble centers the level is ia
adjustmen .. If not note fromthe diagrem thot the error is doubled by reversal. To
adjust more the bubble HAIFWAY bnck to center with slow motion. Then use adjusting
pin depe.ding on vhich type of instrument you hove to bring it the rest of the way
to contore With Gurley instruments note that there are two adjusting muts ot one
end of tﬂo lovel which are turned by inscrting the pin in holes. Both are on:the
sane screw so that wiaen you loosen one the other rust be tightened. The bubble is
very sensitive and grent dexterity is necded to get the adjustment. When finished
both nuts wmst be tight elsc they would s.:n jar loose and your labor would haove bee
wnsted. With the other instruments use the screw driver on screw below level at

end vhere therc are no screws in the side of the frame. This screw works against o
spring so that the last movement must nlwoys be to the right, If necessary go too
for so you cer finish by tightening. Otiovrise the adjustient will not last. Then
you have rccentered the bubble repent for a check for it is raore to get it right

the first time. If it is necessary to romeat several times it pays to remove the
relensc nechonisi. To do this unserow the pin and then press back the spring., Loy
the prris In o safe place while working. are rust be token to avoid distortion of
the level b heot from the hands. When adjusting in fiecld it is sometines necessary
to sllow th- level to stend half en hour between adjustments. Do not take this timo
in the lcboratory, however. Before getting finsl precise sdjustrent check loteral
adjustrient. To do this use screw driver to romove the pin on top of the telescope ¢
which the “ovel rosts. Now place the st¥iding level on the telescope, hold gently
with one h. ad, center bubble, znd thon rock the level baeck znd forth arcund the
telescone 1or about 30 degrees each woy. The bubble should vemain centered. If it
docs not use screw driver to loosen scrow oppositc to one used for adjustment. Tno.
loosen o~ d tighten the sido or horizontrl serews until the visl is in such o positi
ng to st.ad t is tost. Make sure that zll three scrows arc tisht when you finish «
then rcpast t .o reguler cdjustnent until the level nects nll tests. Be sure to re-
plece all pr ts removed during the cdjustoont. Tho striding level sdjustoent is the
rost freguen .ly needed of all nadjustients. Be sure you can do it with reasoncblc
cpecd rnd with certainty; this will scve tuch time 1n the fields

Horizcntel Horizonta
sty ‘ Fﬂ{‘_#_
l e nut Tighten . F;_ :q
Serew -3 jo : !¢.nu§_ Loosen\\\f Ll
e M i S e TG oxis - T

e e e G X i =

— horizontal -~
R—— ey

ings
st position (/ﬁ\\\ Second position—error doubled.

T S

Dirgron to show ,
. e e it il
laterel adjustnent ’ [__,_ 3 [ Ea u_lﬁ :
i t \Screows for laternl adjustnent
/"*‘4 'ﬁ“Ioﬁson ~nd tighton when finished.
P4



Froblen 8, p. 4, Edition 1941

(5) Adjustment of control or index lovel
Originally olidades were nade with the striding level only. t is possible to
work with this only for when vertical ongles esre read two rosdings of 2onre ond
vernier rrc nrdo: ono with telescope poinsed ot object sighted, a
striding level contered. This nethod is slow and vhen the Beansn ~re is used
bocones nesrly impossible. A level was then sdded on the index so thet rogrrdless
»f tho position of the table (which is rlnost never excetly level in all ulfBCZlLL“)
regcdings of voriierl rngles con be pode without bringing the telescope brek to lev:!
Tris gpﬁgas up work., Be sure you understand just whot this level is for; boginnes
sormotines froaet to use it for ceory sight. The sdjustnent is to ngke this level
indicate coryocl verticel sngles. It nust meke the index on & Gurley reed 30
on the ronola scele ond BO divisions on the Beesmon srce scale when the striding
is ccatercd ot tho sope time ib is. After heving mede and checkod the o]

of the striiiac level set the cre to read these fisurcs while the striding le
is contereC. It is not necessary to hnve the alidnde on o level support to meze
this ~djustier’. In setting ths stridinzg level do not forget to moke the lr-st
potion of ©w» slow notion screw to the right. Follow sone rule with the screw whaich.
controls ti:

indox level., Do not confuse these two scrows, If the index or contro
t comg to ceonter under rbove sped¢ifici conditions meoke it do so with

& adjusting nuts. Be certoin thet the nuts you used aro bizhb whacn you
; or othorwise your lobor will Do wasted. MNate differences in types of
ares in instr zents by differont cokes.

(8) Adjusinme:.t of grodienter (Stobincer Drun) or slow :otion screw.
It is possible to work with ~n slidnde without using the slow netion screw for

anytiing butwhat Its name imwlies- to 13A¢,; setting cither the line of sizht or
level. Bub in nony instencesit is very b L¢I to use this scrow to measurc the r~nale
throush vhich it hiss turncd the tcloscope. ~o do this the nrkers hove supplied o

drun on the screw waich is divided into 100 prrts. This drun is leose 68 tho serew
so thrt you conm hold the lattor snd turn “te drum to reoad O or nuy obther desired
fizura, rmotal strip placed ot right = les to the drum c~bove it sorves to record
the number of whoie revoluvions arde., The linit of turms is sbout 10,  The nekers
intend thet t.o revolvition of the drun wil” bturn the Iine of sight over a distonee
of ong foot =t o distoace from the instrwiont of 100 febt. Use steel tome to
rensure 100 feeu from centor of instrument. Hold a leveling rod vertical ot this
point. Set the niddle wire on the lower nork of o foot division using risht-=hended
aotion of scroi. Set drun to 0. Turn tr risht cxsetly one revolution. Record
reading of :idile wire. Repeat soveral tizes, Accurcte focusing is essenticl to
eccurncy of this test. Avernge resulis, If the averase is nobt exoetlr one foot
procecd to :ljust, The slow motion screw is mounted in o brass bushing which is

el mped with & nut ot the front ond. - Hote theot its ésnter is not throt of the bushin
that id is sccentric. Use o thin flat vronch to loosen the nuf =nd then turn the
bushing until it reises or lowers the position of the slow motion serow. BRsising
inereases thie onount of throw.for » rovolution pnd lowering visa versa. Check
edjustnent oftoer aovenent wntil it is right end the nubt is left firnly set. This
otjustment is rorely necded, DO NOT DO THIS aDJUSTMENT NOW vut be fomilirr with
its purpos .

(7) Ad ustizont of circuler or bulls oye level, (NOT TO BE DONE NOW)
The adjuatncat of the circulnr or bulls cve level con only bo made din tho field for
it roguires the use of the plenco t2ble which it would be unsefe to set up on the flo

Set the «lid: e with its center of growvity over the conter of the plene toble.
Centor the esriding level. Next roverse position of r£lid-de but do not turn the
borrd. If thie Hubble noves bring it half wey brek with the slow nmotion serew on tho
plidede end tho rest of tho wey with the leveling herd of the board. Turn clidade
90 degreces cnd ropert .this process. Continue reveating it with turns of 90 desrees
until bosrd is reslly level. Now conter the cireulnr level by turning screws in ite
bago. 5
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Objecct: Measurment of distonces with telescopic nlidade by different nethods, .
Mateorierl: Telescopic 2lidode, mininture rod, sheet of psper for notes, pencil,

Mcthod: Rend prges 25 to @7 in outline. Set the nlidnde on table or other firm
“rnd rensonnbly lovel support hwerc you con sec the rod indoors at o distance of
not less thnn 40 feet. Set the rod wp vertically. This rod is emnctly 1/10th
the size of rods uscd in the field. Look at it ond notice the lock of numbers.
This is becsuse nunbors cannot be seen at long distances. Bxcept for the fifth
ond tenth feet solid black ond white foot divisions ore shown.inThe fifth ond
tonth feet arc cubdivided with dirmonds the disgonal sides of which each covoers
1/10th foot. Note thrt inches connot bo used on such o rod snd be sure you kmow
why this 1s. The rod is so nnde that it con be used sither end up., It ig in-
tended to put the btleck end up when ocgoinst the sky and the white cnd vhen the
brckground is treecs or rocks. When you rend for g@istance endecvor to set onc
vire to o foot division in such nleco thrt the otkher wire (either a full, holf or
currter interval awer) will fall on o subdividea foot. If you connot do this learr
to estinats the nurber of tenths of the frocticasl foot. Get femilisr with the
rod su thob when wou go cutdoors you will feel ot erse with it. Get o good 1izht
on the free of the rod and ronomooer thet when ou get outdoors it will help o

iot to got the sun to shine on the face of the rod vhenever nossible. MAKE ALTL
COMPUTATTONS IN ROD UWITS not ~ctunl distances.

Mathod (1) Loosen the lkmurled ring in front of the horizontal axis and rotaote

the telescope until the wires vhich ususlly rre horizontel are now verticsl. Have
gsoneonc hold the rod for you. Choosc a pormenont nork for onc end of the line to
ce nersured; Shift the telescope on the table until one of the now verticnl wires
rests on this nork, Notion your assistont to move the rod, holding it verticel
over until it is lined in with cnother verticel wire. Either the half or full
intervell con be used. Which seems the more accurate? Notice thot you will howe
trouble in notioning at first since the instrunent reverses right and left.
Coiting usod to this is the renson for doing this method indoors. When you havs
lined in the rod check position of first verticnl wire to see that.inst:z nent
hrs not noved. Then have your ossistont monsure distronce horizontally bevween
the nmoark ond rod. Multiply rod divisions by 200 if half intervel was used ond
by 100 if full intervol wes émployed.

Veshod (2) EHaove your cssistant hold the rod horizontslly at such 2 distonce that
it will feil to span the full intervol, ssy the longth of the hall or nuseun.
Line in one wire (wires ns in provious method) at on ond of the rod. Motion
rssistant to place rod its ovn length to one sifld so that full intorval any be
read. The sane could be done if rod herd been too short for a half intervel.
Notice that this method avoids signals when used in field but is linited to light
conditions under which divisions on the rod can be seen. Mnke rporopriate com-
putntion of distance.

Method (3) This method is used whon you crn sce less of the rod then will spen e
hudrter or o helf interval, Use wirecs in nornel position, If you hnve trouble
in using the ineginatiom cover enough of the rod with vhite paper held by thuos
tecks so that above condition is nmet. In this mothod we will use the drunm on the
slow notion scroew or gradienter to nessure the ongle subtended by the gop

betreoen the end of the rod and the wire on the other side of the half intervol
one wire having been set on onec cnd of the visible portion of the rod.  Routine:
Sot top or niddle wire nn top of ¥isible pert of rod using slow notion (See fig.
1): Read ond record the drum, setting it to O is desired; tighton screw uhtil
next lower wirc is »n botton of visible nort of rod (see fig. 2): rerd 2nd record

R
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Tighten the screw the same number of divisions as the difference of these two
readings (see fig., 3); read on the rod the number of feet and tenths which the
last movement carried the wire zbove the base of the visible portion of the rod:
add this distance to the length ¢f the visible part of the rod; multiply this
sum by 200 to obtain distance,

Fig. 1 Fig, 2 fig. 3
| | =
’ ! i
T __._,__!n._-__ ..... - : . 3
! i : i I \
] i3 i ‘ [ 7 i
! red ! 3 : rod'\ e f :
Eseneaen i 1 M o e e e s o 3 R i o o
' i \ B0 = i
\ ; :
\ ' i :
v = i et —r i e
5 { .'\ ]
- o e 5
e I ~ ! S
~ e A
4ire set on ';'rO_"{J ol gl ?‘.‘eles‘tope turned 'tl’].-'."O".lg,l’J Telesgope suerned by sane

arz_e of zap argle as over gap thus
finding valus of this
angle in feet.

Mestct (4) This method depends whoily on the 2djustment which makes the full
=zvoiution of the drum turn the line of gight over 1 foot at a horizontal

Gixvance of 100 feet, One tvra also swings the wires over a full intervael.

fgain as3ame that you cannot sse erouagh rod to span a half interval, Routine:

%e top wire on bottom of visidle part of rod; read and record drum, setting it to
U %% degired; tighten screw until same wire is at ton of visible part of recd;
reac 2ad record drum; repeat with other two wires; average results; divide
reusth of visidble rod by drum reading (in which a full revolution is called 1,00)
and maltiply result by 100 to get distance,

Fig. 4 Fig. 5
.f”’mh‘““\‘ P i B
; {Fod = i
B P mev S
,-' / LS
: L ] RS 2 a
: : 3 . :
: — . :
\h 5 -
s - -
First rosition of top Second position of toyp
wire wire after tightening

slow motion screw (drua).
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(5) Method 5 depends upon finding whnt fraction of the helf interval is coveoced
by the visible portion of the rod ~nd thus computing by propsrtion what lenzgth

the rod would hove to be te cover the ontire holf intervel. Thisis done by use

of the drum on the slow netion screw. The proportion is as follows-- Obsorved

or visible lengsth of rod: haolf intervel rending: drun reading obicined by svinging
& wire over tko wisible lengin of rod: drun rerding obtoined by swing » wire
throuzh o helf inteorvel. OGresp thoe fundonental iden before trying this nmothods

do not try %o nmemorlisze the scot routine, Soce figures. Set top cf middle wirec on
bottont of visible port of rod; rend ond record drun setting to O if desired:
tighten slow mwtion serew until senie wire is on top of visible part of rod:

recd and recurd drun, tho difference of rordings nersures nngle obtnined in
mwinging over visible Toncth of rod; continue tighteninz slow novion secrew until
pext lowor wirs is on notton of visible part of rody rasd snd record drums foks
difference of firs' and lost drun resdings vthich represovnts drum reaaing for o
Relf intorvhl Swins. [his should be cxpetls ) 5 turn 1E 1¢str AT nt is in "dgusu-
rent. Now solve the pronortion letting x = 1o
intervel. Multiply result by 200 to obiain dlttvnce.

Head in =11 notos ond inc Jzi & Giscussion of yrolable nceursey of the difforemt
nethods dhich rov cra use whon eoither distorce or obstructieors to the view prevent
the robo fron eovaring oven g hoif interval. Concidors vhrt nechod or adthods
¢molor tie longest line >f nessurerment, What netiiods night not work becouse the
‘0ol gnn o¢ scen oniy dowi n nsrrow lane throvd weods or brush? Whot nethods
Junond woon the cecuvrue; 9% the adjustnont of the slow ;woiion serew drum? Vhet
seshods could ve uscd if 211 but one of tho —ires woro Yroken? What methods depenc
wpor prearrangenent with the rodmer? Rerember tint all use of tae drun depeuds
Tpin - hHeving the elanp on the hordischtsl %18 tizht.

I
(0]
bz

M SR

First position of tel- Second position; drun Third positiecn; differ-
szope. First rerding chernge indicntod anle ence of this drxa roading
of drun, subtended by rod. gnd first indicates tum

gveor A half interval.,

NOTE: Methods outlined ubove qre not commonly used now that alidades are
rade with "quarter intervals.," 01d style instruments without o drum on the
slow motion screw cen uso only methods (1) and (2), In the field beginmers
ought not to attempt very long shots at firstl y
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Object: Determination of differences in elevation with te@?copic alidade.
Materisl: Telescopic alidade, sdjusting tools, miniature rod, sheet of
paper, stadia slide rule, pencil, reading lens.

Method: First check the adjustments of your instrument and a2djust if needed.
The deternination of differences of elevrtion with the telcscopic 2lidede is
one of fts jnsb immortant functions. %There are seveoral distinct mothods

end it is cbsolutely essential that the student understand nll of them thor—
ouzhly. You can zet by without knowing all the ways of menéuring dissance
but not if you do not understand 2ll the woys of neasuring elevations,
Difference of level is mecsured between center of instruvment!s horizantol
nxis snd where niddle wire strilkes.the rod.s The rod is then used to obtoin
the totsl or net differcnce of level betweon instrument ond ground where

rod is held,

(1) Levelshots., Sot up the rod in » position wherc you crn strike it =ith
the middle wire vhen the telescope hos beon lovelad with the striding level,
Moko reoding end compute how much below the level of thoe instrument the
batton of the rod is. This is the sinplest possibléd case snd the alidede is
then used just like an ongincers level or hend lovel with the rod. Getiing
of "lovel shots" is not confined to coses where the niddle wire strikes the
rod.., Move your rod slightly so thet it is either too hlzh or too low for
tho middlc wire to hit it with telescope lewel but in such position thot
annthor of tho wires does striksc it. Now reocd theo distonce by raising or
lowering the instrunont until tho full (or hrlf) intorvel crn be reand,
noving it by nosns of clermp ~nd slow notion scrow. Note that in actucl
vroctice this would be done first since you should olwoys reand the distonce
first ~nd nolrttontion is pnid ot th-t tine to tho lovel. Then centor
stridinzlevit agnin ond rerd vhere o wire strikes the rod, Obtsin whaot

the read&ng of niddle wire wnuld hove been hed rod becalong onough to o
hit by cpplying the hrlf intervel reonding on the rod to tho el ing ot
uppor or lower wire. The two crscs nre illustratod below, Note that in son.
vases the reonding of the niddlowire noy be below the botion of tho rod.

MAKE ALL COMPUTATIONS IN ROD UNITS < roq*
top wire ,
bubble centered S -

= e 7 middle wire ,  rod reading —

e e r—
e T PR T T L

lower wire -

Method of obtaining difference in level botween instrument and bottom
of rod with telescope lovel (level shot)

ground
tep wivre s . e
EOES R ateatr = o SR niddle wire (lovel)y . .
e e o e DO R R S R S e B _ rod reading,
P e A e o

Mothod ef obtaining differonce in lovel botwoen instrument o
and bottom of rod with tolescope level (lovel shot) but WHEN il
MIDDLE WIRE DOES NeT »TRIKE ROD., Note position of the three wires
when DISTANCE was rcad. Upper and lower wires there shown in dot-
dosh lines. Compute what reading of middle wire with level telescope
would have been had rod oxtended far enoush. To do this add the
HALF INTERVAL to netunl rending of lower wire with level telescope.
¥o not make such shots until you havo had some experiencel Jrovidl
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(2) Vertical angle rod readings. Iow place the rod far enough either below or
above the level of the instrument that you cannct hit it with level telescope.
Read full interval in usual way. Set the middle wire on any convenient foot divi-
gslon such as 5, 10, or top of rod. Record what division it is on. Iext center the
bubble on the iadev (control level‘ I TEE FIZLD THIS MUST BE DOWE FOR TV=zhY SHOT
since the mnlane table is never eﬁact]y level, Read the degree scale., This is the
scale at the left which has a vernier on the index arm, It is a scale of equal
parts, It is divided to half degrees. ({These remarks apnly to the Gurley
instruments; the Z, and Z. has the degree scale in the middle with the 0 at the
bottom and a double vernier). Iook out for the "false O " on the Gurley vernier
whose nurnose is a mystery., It is best to use a lens for reading, First get the
right number of degrees and half degrees (30 minmutes); then estimate about where
the 0 line falls; look along the vernier vntil you find a line which coincides with
one of the divisions of the main scale; the vernier reads to single minutes, Add
its reading to the number of degrees and half degrees on the main scale paying 20
attention to what division on that scale hannens tc coincide., The reason for the
estimate of the vernier reading is to facilitate looking for the coinciding lines.
I=ving obtained this reading subtract 30 degrees from it, If the remainder is
nogitive the line of sight is inclined up; if it is negative it 1s inclined down
from the instrument., ezt use the stadia table to commute the vertical
difference, :

+ ZFecord vihis,now correct to get the vertical
d-fference to bottom of rod. Repeat nrocess setting middle wire to a different
auint on the rod; correct to bottom of rod and compare results, Cormute trve
aorizeontal distance to rod. from figures at bottoms of columns.

4= distance of intercept of middle wire from ground = rod correction ¢ a8
L = vertical distance of middle wire intercept on road from level
of table= computed differernce D oA
¢ - vertical distance bottom of rod to Upper ere/r' =0 'T"T‘
level of table= net difference — | &
I' = full interval or intercept on rod ,,J;}&ffgj;;rsafa |
—tower wired—" Ground J B
// .}”‘ﬁ—
S |
: ' l
~iicade |c
T Level of table S e Mmllgl_
% R I
True horizontal distance table to red 5

~
The above method is the most common but it involves reading the vernier and
zonsiderable computation.

(3) Stop method. If you read distance and think that vour telescope is near
enovch level to get a level shot but vhen you try it find that it is impossible,
the "stop nethod" comes into play. Iook at where your wires fall as shown in
following diagrams, Say that the ton wire hits tom low to strike the rod. Noticc
some permanent object on which it does fall, TUse the slow motion screw to turn the
telescone v (tightening as usual) vntil the lower wire is on the sane marls, Tonu
have now raised the middle wire by an amount equal to the full interval which you
read first before you tried for a level shot. Ilotice that this shift is
accomplished without taling your eye from the instrument. Now if the middle wire

1its the rod record its reading and malte aporopriate computation of how high the
nlace on the rod is above the instrument,
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N e

ark ///
e

First position; level . .. .Boé~nd position; onc step up;

rod cannot be seen; upper lower wire raiscd to rock thus
wire Just Lits rock raising middle wire rnount of full
i FOL
interval winll. =3
A
/,'-‘

e

L e 7
T e middle wire, lovol
L | . s e T e e R R S e A SIS SR b s
A | S . -
= —"—q——_—_"_—-—'_“—-——-_... -
-O‘L;ﬁ;_ : : :
G4t Upper e£nd lowor wire solid;

niddle wire dotted

ihe cbove dirgran illustroted the step method whero the toelescope hind to be

vrnised through three stops to hit the rod. Note thrt eocch step rnised the

2iddle wire by the rmount of the full intervsl for the distonce in question. 'mis
fv11 intervel rending wos obtained wheon the distrnec wes rond.

o step nothod is very refid aand corputation is casy but it is linited to obovs
six (6) steps eithor nbove or below tho'levol pesition. Notice that you have to
lcvel the telescope before starting the step method., Whaen it is nceessary to step
iown you will be loosening the slow notion screw; then g0 too for coch time nnd
cono bock by tighteninsg the serow. This will inereonso nceurscy, With the anall
sugles of this ncthod correction o horizontsl distonce is not ncoded.

"o} The Bermon nrc. -The Bornen arc is the scnlc which is found nt the right of
tke arc on Gurley instrurnents ond »t onc end of the rre on the K. and E, Notics
vhrt 1t is not n serle of oquel prrts rud =206 has no vernier. The ides of the
Bennnon ere is exretly the srme as that of the step method illustrnted in obove
diecgrrn. The differenco is that instend of 1lookins throush the tolescope ond
~oving the wircs over a full intorvel by wetching certnin hrp~hagard nerkd on

she ground theo moveneont is meonsured by - scnle on the arc. The Bernan ore is nct
Linited to snall ~ngles from horizontel. Inspection of above disgran shows by

‘t is not 2 scrle of eausl ports. The rre rerds from O to 100 or(0 to 50)

¢ that tho niddle or lovel point 18 50 indtoad of 30 on the anglescale (Gurler
construnents only). Routin’ of ovservetion is ns follows: Rood distence as usval:
zenter control level; look at Becman arc and with slow motion screw nove telesccepe
ntil it reads & whole number; then look throush telescope &nd record where niddle
+ire hits the rod. Conputetion is exactly the srme s with the step method; differ.
snce of elevetion between instrument and niddle wireZ full interval multiplied by
gumber of divisions away fron 50 (= numbsr of stepp). If this proceedure fails
to 7ot niddle wire on rod then clion.je to snother division.
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Note that the Ileaman arc recuires no computer, merely simole arithmetic, TFote how
easy the scale is to read. The objection is that it holds the rodmen longer on
station since you have to take your eye off the instrument to set the telescope on
a whole number on the arc., Correction of horizontal distance with _eaman arc is
accomylished by means of an auxiliary scale. On the Gurley instrunments this is
above the other scale. On the K, and T, it is a'left end of arc and is narled
"Horizental®, It gives nercentage that must be subtracted from anwarent horizontal
distance to give real horizontal distance or percent that horizontal distance is
of ansarent distance, or percent that horizontal is of apparent distance.

(5) Drum method. Since one drum revolution is intended to throw the line of sight
over one foot at a distance of 100 feet it is clear that one turn throws the line of
sight over a full interval at any distance if it is in adjustment. In other words
each revolution of the drum is ecual to one step and to one space on the Beamen arc,
Although not generally used the drum will measure differences in elevation if th
angle is not too zreat. Uv to nearlv 10 turns it will measure "stens" quite Wel;.
The main advantage is that it measures fractiong of steps so that the middle wire
can be stopoed at any convenient readinz on the rod. It is more convenient to wss it
geoinz wn fron level but it works better than the sten method when the rod is below
the iastrument. In this case you can start with wire on top of red and tighten

cew until striding level is centered, Wote how whole turns are read oa the
.zontal scale above the drum, Computation is exactly the same as for step methed
an& Beaman arc except that fractions of turns are used. Try this method with rod
Loth wbove and below level of instrument. Checlt results by another method or betwver
uwe ovher methods, Always tizhten and be sure strlding level is adjusted.

g -
e M

in yoar resultss DBe prepared for e:am guestions on relative advantages and
disedvantages of the different methods, Some students have confused the Leaman are
enc 2:azle methods, How do you fell the scales avart? Be mrenared for catch cuestionu
euck ag "How do you read the vernier of the Beaman arc?"., With vhich methods can yvou
chocse the point on the rod where you will set the middle wire? ith vhich methods
nmunt vou rend the middle wire where it hap-ens to fall? “That is the stridiang level
for! Thet is the control or index level for? When must it be centered? Commare
reizlive speed of Beaman arc and angle methods counting time rodman is held on hi:z
ghtation, 'hat is advantage of level shots? Vhat do you do if another than the
widlie wire hits the rod on a level shot? Conld same correction be made with shohs
ra en angle? How do you know what full interval reading is to use it in ccmputations
whst other term is sometimes used for "full intervel"?

"
v\: F,
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Otjedt: OComputotion of notes trken with planetable cond telescopic alidede traoverse
using desrce scele or vertical snglo systen.

Moterial: Cox stedin slide rule, pencil, erasor; thoco blanks are to be filled. —— .
vt ond handed in,

The plone trble with telescopic clidade is used both to Anke a2 niop, nefs—
istrnzes either with strdis rod or by intersection, rescction, etc., and to
glevations., When used for o traverse it is clnost universally the cvery-
tation method where the frbhleo is oricnted with the comrpass on the
the instiunent. These notes were taken on such a troverse, In thls nethod
tlie zeble ig unever set over either starting or ending points of the travorse. The
rof ‘s held on the stnrting point and the table is gset up sore distance swey.,
7. the toble is oriented with composs & sisht for distrnee and clevation is madc
or tre storting point tlyjs locnting it by resettion. OSuch o sight to get position
snc 2levstion from & previously determined point is enlled o BACKSIGHT(B.S.). Next
the nd is sent sbesd nlong the route to snme eonvenignt loeation. here it is set
mr ond .uz loertion =nd elevation detornmined with the nlidade, Such a sight %o a
«‘.tusir vnimown point is crlled o FORESIGHT (F.S.). The point where the rod was
held is cnlled g TURNINGPOINT (T.P.). The rodmen stays at this point while the
gpsvment zmen brings the table past him and setx it up at some point shead on ths

Line to 1o traverseds. Then o backsiszht is token to the turning point agnin ofter
eoppoags <viontotion of the toable, Then o foresight is mpde ond so on until either
tho “nidv:al point or end of the survey is reached, The.lsst rerding nust alweys be
n foresizi- In tho following notes the verticnl cngle of the telescope was resd
on the der gz seole with its wornier which reonds to ninutes. The nmiddle wire
wee ot oo the rod wherover convenicnt ofter the distence had been read; then the
rofson we s signnled to mowe if it was & backsight or to loy down the rod if =
forsaighy ard Jygst beon taken; next the control level was centered and the vernier
rand. During tines thet the rodman wes walking the instrument nen subtracted 30-00
deprces from the onzles ond nede the cormutations. The computation of distence (as
~opears frorm the stndia rending) ond verticel ancle gives the differonce in
evetiorn of the instrument ond the point on the rod where the niddle wire hits;
SRS 110& COMPUTED DIFFERENCE, Now vhat is nceded for computation of
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sleveotions is »os this guaniity but the difference of clevation between the
ns
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i ‘*Lmﬁwf ant tno bottom of the rod; this is the NET DIFFERENCE. The reading of
he 21iddle vire above tiie botton of the rod is called the ROD CORRECTION. Stulr

he Jdiagra:a below cnd sece that if the siznt is uphill from the instrument the rod
rection is subtractod fronm the computed ul*iorcnre to get the net difforence:
i ot B e 5 downhill the rod correction is addod to the cozputed difference.
Uphill is & & ongl dovmhill is ~ - angle, In the caose that the telescove we
level pag ke il wire was rersd there is no corputed difference. In case enother
than thoe niddle was raad with telescope level the computed difference is equel
to the hrif intervel rod rerding found vhan zettinz the disteonce. Blovntions of |
he instruzent ore here called STATION clevetions for in other problems the torm
BEIGHT OF INSTRUMENT is used in snother sense. In these notos the clevstion of the
ground n stotions is not shown. Sonetinmes foresishts sre token to points which

re not usod for Breksishtsy they ore erllod SIDE SHOTS

& "“‘-hh_‘_
AT - CONT T e

aonID Ok - station
ney Ciffs plus an;le - level
S Pt e D RUEE SRS HnALE e
& ~d — conp d:.ff
e aani —‘"-"l.\‘ t—
zround Y T net
0 i€
e rod corr. | | 43ff




Problem 11, p. 2

In the notes the locations of stations are commonly denoted by letters and of
turning points by ®fmbers. It is possible to compute notes without any more rules
than have been given above; all thet is needed is to keep one's head as to the
proper time to add and subtract. Experience has shown, however, that few begin-
1ers can do this for Yong, especially if the weather is bad or if tired at the

end of the day. It is therefore absolutely necessary to memorize the following
rules which are based on the diagram given on the last page and on simple algebra.
‘a) Give the vertical esngle which is obtained by subtracting 30-00 degrees from
1 observed or oblicue angle (this is not necessary with the K. and E. instrument
T with it you hove to notice when it is pointed up end waen down) the algebraic
cisn of the remainder. Uphill angles sre then + and downhill are —-.

(v, Give the computed difference the same sign as that of the vertical angle in
2> case of foresights and the opposite sign in the case of backsights., This may
:: 311y be remembered by thinking that backsights are taken looking the opposite

we,r from the direction the survey is going. This is the reason for keeping dis-
teace readings in separate columns for foresights and backsights. 4 little study
cf the ¢ilegrom will show how this rule is derived.

1ot Give the rod correction a + sign for all brcksights end a - sign for all fore-
tiynts including sideshots. This rule is arbitrory but is the same as for levelirg,
(4. Comtine the computed difference and rod correction by algebreic rules to get
the ast 2ifference with proper sign.

fe) Tn cuse of level shots when middle wire is read corry over rod correction with
2igy unc.rnged into net difference column.,

{#: In co 2 of level shots when other then middle wire is read treat resdings of
vpoucr Wil (recorded by placing copitnl U before rod correction). as ¢+ sngles and
¢y Tower tive (recorded by copital L) as - angles and then apply same rules ss if
anz.es h  been read. Mcke no chenge in rod correction column but place half
~acsrvel n computed differcnce column with aporopriste sign ond ~pply usual rules.
&) When computing clevations notice that each is derived from the last before by
cuplying the net difference. If net difference is - subtract from preceeding.
elevation; if & add it. Notiece that elevations alternate (where there are no

side shot:u) between those of turning points and those of stations and that they
arc kept in scsurate columns.

(n) Notice that signs for degrces and minutes ore ncever shown for fear of con-
fusion wioth figures O and 1 but that the two are scparated by a -. Do not omit

O atter a decimel point and in case of minutes 00. In case of readings of less
than 10 minutes write 05, ete.

yzution: Do not carry computations of net differences to closer than tenths of
tect. Reomember that results cen be no more accurrte then the original data. Ree
mcnver the error on the computer: "rod reading” means full interval X 100. In

case of distances over 1000 feet compute the differcnce for 1000 feet; then the
difference for the amount over 1000 feat and add the two quantities. Notice that
notes do not show the corrected horizontal distance. This is used only for platting
on the pirne table.



Name :Problem 11, edition 1949, p. 3

Location Distance Angles | Diff. elevation “levation
Sta} T.FP. B .5 ) F.5. Oblique | Diff. | Comp.yitod corril.Neh . Stg T. Po 8.5,
A B. I, 1560 31-31 I 440 | 1204.0

1 1600 31-46 M 14.0
B 1 1800 3407 M 14.0 ‘
2 860 30--00 M 10.2
c 2 1240 25-41 M 6.0
i3 380 19-10 ¥ 13:0
D 3 1020 33-20 ¥ 7.0
4 170 30-00 M 9.2
5 820 30-00 M 14.0
E 5 4170 . 30--00 M 4.7
& 1020 30-54 ' M 6.0
F 6 530 33-20 ' M 6.0
7 680 31-42 | M 12.0
8 600 42-11 i M 5.0
G 6 760 30-00 =
9 550 | 30-00 | M 4.5 :
H 5 730 | 28-37 M 5.0
10 800 31-15 © M 3.0 t
I 10 670 28-41 M 6.0 '
11 730 | 32-57 M 5.0 %
J 11 460 24=09 M 6.0 |
12 310 | 38-16 M 6,0 A
K 12 760 | 27-43 M 10.0 , i
13 330 | 33-33 i 1.0 ' i
13 300 | 30~00 M 2.5 |
14 580 | 30-00 M 10.0 |
N 14 320 30-00 M 11.5 s
15 360 30-00 U 2.4 ;
0 15 500 27=02 K 6.0 |
16 230 37-31 N 4.0
P 16 370 30-00 L 13.5
17 190 33-41 M 11.0 1
& 17 140 30-00 M 5.3
16 350 32-13 M 5.0
3 18 210 30-00 M 12.6 i !
19 230 30-45 M 2.0
S 19 150 30-00 M 6.6
20 300 | 30-00 M 2.6 [
T 20 250 | - 30-00 U 6.0 *
21 390 30-00 U 3.1 s
U 21 260 30-00 M 7e4 %
22 420 32=00 M 10.0 ’
¥ 22 370 30-~00 M 8,2 ‘
23 220 | 30-00 M 5.3 !
W 23 190 30-00 M 6.7 T
24 360 30-00 M 5.4 |
X 24 390 30-00 L 34,1 i
25 250 34-51 M 6.0 |




Page L

Name 11 continued
Location | Distance Angles Diff. Elevation |  TFlevation
! 1
Ste |TP| BS TS Oblique| Diff.Comp|Rod Corr. ffet Fta | TP | & §
Y 25 170 2613 i M 5.0
26 | 130 33-43 | 10,0 i f
g 26 | Gsp | 30-00 113.0 |
Lgn 200 | 30-00 U 0.3
A 127 | 250 | 30-00 M 3.7 !
28 60 30-00 M 3.4
BB 28 | 680 30-00 v 3.8
129 . 580 30-60 M Bk
ce {29 | 970 | 1=13 IM10.0
30 | , 750 | 29-11 {Mlo.o
DD |30 | 640 | 31-33 M 2,0
S | 680 30-00 ‘112.0
EE {31 | 700 | 30-00 M 5.5 [
o i 1080 29=12 {M1%, 0 n
¥ |3z | 250 ; 30-00 | M7.3 g
33 e 30-00 o7l I ;
66 {33 | 210 | 33-36 | M 6.0 , * f
T 270 27-12 M 7.0 g !
B |34 320 33-07 M 5.0 | i
35 830 23-11 M1L. 0 |
IT |35 | 480 | 33-08 M10.0 | i
136 660 | 29--20 M14,0 s
J3 |36 (1130 3222 M 6.0 |
BM 750 | 33-22 M 6.0 1204
1
I




Froblem 11, date sheet Edition 1953
Nabiz
Compute the following actual field notes. . Those used for Problem 12 were taken
along same line of survey. DO NOT compute elevations until you have checked |
the net differences in the two problems end see that there is no large difference
in eny pairs of shots. A EOOu foza is te rule your scretch sheet into squares
and keep computations separate end in order. Do not compute true horizontal
distances for such are used only in platting on ths planetable. When you come
to computing elevations the best idea is to errange & column on scratch paper
and give the + or - sizn before eech net differsnce. You will make fewer
mistakes in this way than in trying to carry across from one column to another.
Kemember that almost all large errors are mede in computalon rather then in
reading or recording. The more you do in computing here the quicker it will
go in the field and there computations must be done at once (not in office only).
The method of computation is based on long experience and is better than Low's.

Show gll signs. + or - Carry elevations to nearest tenth of foot,
Stadia constent (stadie interval factor) = 100:0
Loc. | Intervel [ Angles Diff.Televagion: |~ “Tevatiik |
Bta Te Fo B. Se F.S.‘ Oblique . Diff Factor| Comp.] hod.corr./ Net L 8tad T.Fe |
i el - 1e2 ; I 30-00 | 0 13,0 X 15930,
1 4.0 | 30-00-] M11.0 . f
B| 1 12,0 31-50 } 12,0 [
e & SE SRt 0T T B 6 G SRR GRS S s RERTL SNSRI RIS
g2 L T 28-40 M6.0 5
3 5.6 30-00 M7+0 :
i3 2.6 30-00 Mle3
4 12.0 30-00 2.0 ¢ e
Bt ] Asal 0 i 0T M.l ;
5 2.9 30-00 M5. 17
¥i 5 4o 30-~00 1843
6 i 1ab 30-00 M12,0 :
Eh st ] e M2.6 :
7 9.0 31~-08 M12.0 )
Hi T 243 32-10 M3.0
8 1549 e10 | e MG el
I 8 2x6.5 30-00 M35
9 9.7 30-00 M4.0
Faaa 2.6 31-45 M3.0
10 3.8 30-00 Mb. 6 R
K[10 | 3s5 30~00 M9.0
31 4,0 30-00 M1l.5
Ll11 2x8.8 30-50 12,0
e - Rl 31-47 3.0 Ay
M |12 Te? 29-05 M13.0
13 2x6.0| 28-06 M8.0
N |13 10.0 28-51 M12,0 !
- 134 2x6.6| 30-00 L13.4 :
T e T o 31-10" B M3.0 | L
15 5.4 27-52 8.0 a
P15 [2x12.0 29-05 M10.¢
1 4.8 30-00 M9+ 5 -
Q| 16 [2x11.3 32~20 M13.0
17 et 28-50 M10.0
k|17 2.5 30-00 MO« T
18 10.6 30-00 M1.3
s |18 P 30-00 M52
198 8.4 30-00 | -] e
T |19 Sul 30-53 " M4, 0 g
20 7¢5 32-24 M10.0
Ul 20 2el 30-33 Ml.1 :
21 349 31-43 M4e3 '




Problem 12, p. 2, edition 1939

WAME Keep scratch notes in order on another

sheet. Do not compute elevations until you have cheched net differences and com-
pared with Problem 1l. Figure elevations to nearest foot only. In cass of a half
take the even foot.

Location Full Interval Arc j Diffs of Elevation Tlevation
Sta T.P | B S FS Read Rem.g Comp Rod Corr. Net [Sta T P S 8
A iBM | 15.6 : 52 ! U 4.0 1204
1 16,0 53 ! M1k, 0
B 1 18.0 | 57 | i - o
2 8.6 | %0 i M10.2
o 2 12.4 i 43 i L 645
3 8.8 | ; M13.5
Bl 5 |02 b 56 i M 9.5
[ix 1 L i M 9.2
B 8.2 | 50 % M1, 0
e 14 4.7 50 ‘ M 4.7
| 6 18,2 51 U 6.0
F | 6 e | 56 ! M 5.0
= i 6.0 70 ; M 2.0
6 -6 2.6 j 50 U 1.0
9 : 5.5 50 M L,.5
H 9 2.3 L8 M 7.4
10 8.0 52 M 1.0
T 110 Ga? L8 M 8.2
11 e 56 M11.2
I i1 4.6 4o M 5.1
12 , 3.1 65 M 8.6
A B 746 L7 138.0
13 3.3 57 M 4.8
I 313 2,0 50 M 2.6
| 14 6.8 1 8B M10.0
Yo lstation M f |
vl 14 3.2 I 50 ' M1l.5
15 3.6 50 U 2.4
0 115 J 5.0 L6 M11l.2
16§ §:3 6l M 6.5
? |16 3.7 .50 L13.5
17 1¢9 55 M 8.2
Q 117 | 14 50 M 5.3
18 3.5 5l M 5.3 ,
R |18 2ol 50 M12.6
e 2.8 51 M 0.8
£ 119 1.9 50 M 6.6
20 30 50 M 2.6
g 4 20 245 50 U 6.0
21 3.9 50 | U 1.7
2l 246 50 M 7.4
22 L,2 53 M 8.6
¥ 18 2,9 50 M 8.2
23 2.2 50 M 5.3
® 1.9 ! 50 M 6.7
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Froblem 12 Data sheet, edition 1953
NAIVE
Compute the fellowing checking net differences with 1953 editon of Prohlem 11
Use same suggestions for computation Carry results to nearest tneth foot.
—Show 8ll signs., Make sketches if desired

—Lece  Interval  Beaman arc | = Diff, elevation [ FElevation
B%a. T.PL Bod.  F. 8 Arc  Diff. | Comp. [Wod corr. Net " Bta T. E.
Al B.Mg 7.2 % | o 0 | M3.0 159340
1 4,0 | 50 | | M11.0 |
B3 B 5y | | Ml.4
2_. SN ....,4.4_.3.'4' i _EQ_,_;’_ it Bt _..__.._.h_‘,._i MZ:S_ |
g d .z 487 1 m9.0
3 Sk | 50 i MT.0
;e S 50 | v M3
T URgY 12.0 o e e
E 5 442 50 | M1.2
5 2.9 | 50 M5.7
Fi 5. 44 0 U843
s Nk | 50 1. mi1.8 i
Gl &) 5.5 50 | M2, 6
7 96 | 52 | M12.2
Bl 8 23 55 | 116, 8
8 5.9 S2 | = M6.8 i
I 812x645 50, M3.5
9 917 ¢ I M4.0
J 9 2.6 s B . M3.0
il LO_ e 3 8_ 50 i _._____,Eﬂ_é 6 e o
Kl 360 3.5 50 | U9, 0
: 11 b0 | %50 | M11l.5
| Li 1112x8.8 g2 1 M12.0
Th o s T B TS M3.0 =
{BE 18 a2 48 M10.0
Sl 2x6.0 | 46 MO, 0
N| 13| 10.4 47 M1.0
ek A 2 e S0 e RARRCS 3 HTERRE SR
I a8l el PR M9.0
F o 3 5.4 | 47 | M12.0
L P, 18512 232:0 49 | L12.0
e S S LS Y e e e
| ¢l 16|2x1l.3 54 ! M12.0 '
139 342 | 48 | M11.0
R 37 &5 50 | MO. T
docd BBL o L M0G0 A M1.O 2 o
R B 51 M1,0
: L st S CUEE 5 20 BN S . i : i}
A BRE el 51 | M11.0
it 23l | 39 a3 e e !
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GEOLOGY 11
MAPPING
Problem 12, edition 1935

Object: Computation of notes taken with planetable and telescopic alldade
using Beaman arc system,

Material: Pencil (soft), eraser, scratch paper (use the squares on bottom of
this page).

Method: The readings on page 2 of this problem were taken on the same traverse
as in Problem 1l1. Except for the level shots every one was duplicated with
angle and Beaman methols usually putting the middle wire on a different place
on the rod for the anzle reading than that where it hapnened to fall when
the Beaman observation was taken. The NET DIFFIRENCES of elevation should,
therefore, agree within a small margin of error a large part of which is due
to error in different Cox stadia computers. In the field the routine was:
(1) read distance generally with top wire on top of rod, (2) level index bubble,
(3) set telescope so that it is en a Beaman division because with uneven
divisions no vernier is possible and fractions would have to be estimated
which is not close enough for much work, (4) read where middle wire cut rod
that is the rod correction of the notes, (5) move middle wire to a convenient
place on the rod zererally 10 feet, (6) send rodman on, (7) read angle with,
vernier. This order of work reduces the time the rodman is held on a turning
point. WNote that columns in notes arc essentially same as for other method.
The distance is not put down but instemd the FULL INTEZRVAL reading or distance/
100 Some people call the Ycomputed difference" the "product" because it
is the result of multiplying the remainder after 50 is subtracted from the arc
reading by the full interval reading, Note that this is the same computation
as with both "step" and "drum" methods, in other words one "Beamanfone step=
one drum revolution or 100 unitss The only difference is that the Beaman arc
serves for all angles whereas the other methods are limited to low angles.
Rules for signs are exactly the same as with angles,
For backsights sign of product or cormputed difference ig -
OPPOSITE to sign of remainder when 50 is subtracted from arc.
For foresights including sideshots the signs are the SAME.
All rod correction readings on backsights are +
" w 1 i " foresight--‘ are -
Net differmnce is algebraic sum of cormputed difference and rod cor.
Upper wire = + arc difference (remainder) Lower wire = — dif.
Use these squares in nroper order for scratch notes.

s coaan . v ol e




Problem 12, p. & edition 1939

NALE : Keep scratch notes in order on another

sheet, Do not compute elevations until you have checked net differences and com-
pared with Problem 11, ZFigure elevations to nearest foot only. In case of a half
take the even foot.

Location Tull interval Are Diff. of Elevation Elevation
Sta | T.P B S P 8 Read | Rem,|comp| Rod cor;. Net Sta TP S 8
E ] 43 h
4 | zk 15,65 52 +2 =3 4 Umﬂ.o =350 | 11690| 12040
1 16.0 53 +3 |#%80| ~M1L,0 | +3¥-0 yeado
2 | 14 B 51 | +7 |~n6d +16.04s|-1110 1092.0
2 8.6 | 50 o | 2] ~Mio.2  |-ma2 J0%1-3
c 2 13120 b3 |~7 [4§68] y1 6.4‘;»? +995 | ngl3
3 3.8 | 32 |18 |-GBH| —M13.5 l-gy9 1099
D %1 1.0 5 |46 |~¢ra| +H 95 |5y 047 S
b 34 |0 6 |-o | =¥9.2 lags 10395
5 . 8.2 R0 o o -I-:Illli.o ~fh0 ‘ 16337
E 5 o 50 o -~ E Haf g
6 10,2 1 51 tl |(4p2|—U 6 ,on Eﬁf #387. 1877 %10?3-3
F 6 'l 5.3 56 (L j-2131*+ M50 “268 | 10209 o A
7 6.8 5% : - Mil.5 + 69| jo2% g
8 6.0 70 ‘ 200F = H 2.0  [$BE.0 11389
&+ & | s 50 |0 (% hetPio Fuy s | =
9 55 | 50 0 | o [=Mh5 |-45 1o%aYy
i g 73 hag " |=~2 |[#R6 | 44 7.4 |4220 | 10624
20 8.0 | 52 |#+2 Mo —y1.0 |+150 w11
g 6.7 hg =2 B4 M 8.2 |+ o990
11 ; 56 to |43 - M11.2 |t+320 131.6
J 11 4.6 Lo ~10 J+fo) 4 5,1 |#500 |11 822
12 3.1 65 T HESE - W8S g [P37:7 1220.6
K | 12 7.6 47 -3 |tes| #125.07° [+ g50 12892
13 3.3 | 57 {+7 [|#0]-ul, g by 127725
L 1 30 . RO ) o + M 2. F2.e |i1ig00
1 . 5.8 | 50 o o |- ¥10.0 -/ofo 1270- 1 14 1269.8
No station M =
I 3.2 50 ¢ Lo} eSS DAERL
{15 5% te 1 g |~ U 2,4 -06 b
0 15 o0 46 4 |s200 |+ 1.2 [+ |13 122 4
16 2.3 6L tly |+322]- M 6.5 257 )3375 | (1338:9)
P 16 Tat 50 o 0 #+1id 5, 3”;53 155 {1852 ;
17 1.9 55 +5: IS 1o RBE2— +,,:f’ 135y 5
Q 17 1.4 50 o o +M 5.3 +53 |1359.%
: 18 35 | 5% l+y |rmel-M5.3 147 136%.5
R 18 2.1 S "0 o o +Ml2.6 +12.6 V3%t 1 )
19 2.8 '} 51 +? 428 | -Mo.8 ;2.0 1393.2 | (c# w3
S 19 1.9 50 o lo +M 6.6 |+66 |BFLY
20 3.0 | 50 o to lowae -3¢ s
T |20 2.5 1 50 0| o | +UB0%|+48 V3920 | ;0.
el : 39 } 50 o o ~ U 1l.7m308 + 0.2 Pros
P 12 2.6 50 o |o +M 70 174 13996
22 1},2 53 +3 H26 | -U 8.6 + Y40 14903. 6
v Dol 3.7 H'{l o o + M gna 1-3_2 "f”,‘?{
23 St 50 o o -M 5.3 e 190 6: 5
W 23 1.9 50 o © +M 6.7 > A S




- 4

Diff. of Elevation

Location | Full Interval Arc Elevetion
Sta:TeP | BS | FS iResd |Rem | comp| Rod corr. | Net Sta | TP IS8
B %E I e 1o BN 1Y . AlE
¢ Sl 3.9 t 5O o o +L1u,1’"*"'° tio | 1H23.X ]
;o g5 ko +9 Bans M 7.0 + 505 439.3 ¢,¢:437¢
T o5 f Ly i 45 - HYS|+MT6 et ] [y 55H
- 4,3 | 56 + 6 | +25.9 |- U10,0MT8| 4 150 1913.9
g 186 | L5 Lsa | o o | FL13,0M=15Y ¢ 152 )Y85LY
i 27 240 i 50 l o 0 | -U 0,307 +0.7 19%9.3 i
Ak 21 | 25 L 50 o o |+M 3,7 $3.7: 1 1453,0- 169
{ og ; 0.6 ’ 5,) » 4 X 3.)4 e 14%9. 6 hl’ﬁeif‘ L{‘/m,
BB | 28 | 6.8 [ 50 o 0 i +U 3.,8Mzu| +oy| j9500
v 29 | 5«8 il BY o o ~-M38Mh ~gy 14 §1.6
R 9.7 ! 52 +2 =194 M 8,6 -3 {1,708
' 30 75 ! 149 -/ - 7571 —Mlh,r) - 209 L)y 5.3
Db, 30 ol L 53 +3 -2 +M 3,4 gl =155 py33.5 |
i Bell - B0 b o BAMI-LIEEMTLL Ly 1% 181
IE; 31 1.0 i B o0 [0 H-¥ Hed | + 55 %236
{ ° G (v] o . ri. .
33 1.8 1 50 o o =l Tl ~7.1 139 5.2
ge! 33 | 2. | 56 +6 (-¢2.0] +} 5,1 ~ D 13983 |
L 34 27 1. i-& el ¥ 6,3 “pe | - |haess| @ PEET 1369
HH |-34 | 32 56 | +6 |{-m2|+U¥ 7,0 -2 11356
35 8.3 | 83 B8 -2 |-9.6 |- 12,0 L)/ 1 6 J24%.7
IT| 35 | L4y3 56 rE |-28% | HM12.5 =AYy
I 36 546 L3 = 2 |-na| - g4 S 12068
JT | 36 |1L.3 5y 4 =952 |+ M 540 - 402 |11666
BM | 745 56 + 6. 14570 | =N 68 +38.2 1204 | 1 sure 0.5

120 4.%




GEOLOGY 11

NAPPING
Problem 13, edition, 1930

Object: Computation of planetable survey where distances were found by
intersections and differences of elevation by vertical angles.

Material: Cox siadia slide rule, pencil, eraser; blanks on page 2 to be
filled in ~nd handed ing

lMethod: The sketch below shows the lay-out of the survey which was started
from a baseline measured with a steel tape. Tirst two columhs zive loca-
tions abbreviated to initials . Distance was (except on
base line) scaled from man and is therefore true horizontal distance, Ob-
lique ansle is angle read with middle wire on flag of station sighteds
Difference is obtained by subtracting 30-00 from these readings. Commuted
difference is obtained by uso of stadia corputers Since this corputer is
designed to work with apparent fictances obtained by reading stadia rod
work as follows: Set the verticnl angle (difference) on the horizeutal
distance correction scale to the scaled map distance. The 0 will then
read the apparent distance which would have been obtained if rod had been
used instead of intersections. Fow rend comnuted difference in usunl way.
He I. column gives heizht of instrumeat above ground, ZElevations of sta-
tion occupnied are given both for ground and instrument and rmust differ

by tiis figures Comrubations are made to nearegt foot onlys Colum E. F.
gives height of flsg at stations sizhted above ground so that elevations
of ground and flag rust differ by this amount. o rvles for signs are
needed; simply keep your head., If work is Wwell cone the elevations of
different stations should not differ over § fect when dcrived from dif-
ferent sources. Place rost reliance oa low angless BScale 1 in.=1000 ft.




GEOLOGY 11
MAPPING
PERSONAL DIRECTIONS--DEVILS LAKE FIELD TRIP

General. Unless prevented by heavy snow the trip will start on I % .-

. Date of return will be fixed by weather, not later than *° =xing
Sunday afternoon. (sigri eaye itotm |

Bquipment. ZEach student must provide:

(a) Clothing suitable for work in brush and mud at temperatures down to
freezing; some include thin gloves which you can wear while using instruments.
Footgear are very important. Use either well-oiled boots with composition soles
if possible or lumberjacks rubbers with leather tops, HOBIAILS ARE NOT DESIRABLE
for they slip on the smooth rocks. A water-proof coat or a slicker, a cap or
soft brim hat (on account of the alidade), and a belt are essentials., Take a
change of clothes for it almost certain that you will get wet in April. Lighter
shoes or slivpers for house wear are good.

(b) Bedding for temperatures considerably below freezing; this means not
less than three (3) HEAVY blﬁﬂ’ets, not quilts unlesa filled w1th wool. Mattresses
are furnished to everyone! o

(e) Watch, for use with aneroid barometer and in order to get in on time.

(&) Small drafting instruments such as a ruling pen, lettering pen, bottle
of India ink, triangles, at least two hard pencils (4 to 9 H), scale with .
decimal divisions of inches, protractor, etec.

(e) Pocket noteboolk, not over 4 inches wide; a few sheets of cross sectlon

~aNeres THIS NOTEBOOK WILL BE INSPECTED AT END OF TRIP. S Ee e

o i%7.2. Do not use too soft a pencil when writing in this book

(f) CODleS of Problems 1, 8, 9, 10, 11, 12, 13, and 18; Solar cphemeris.

(g) Small knapsack; this is very important as a safeguard against loss of
small instruments as well as for your lunches, unless you have a parka or hunting
coat.

(h) FPlashlight is handy 2t times.

(i) Field glasses are handy; a talley register is good, also a slide rulc,
but these are not essential.

ORGANIZATION. Direct management of the house and table is placed in charge
of the Cook. Students will be assigned to K.P. in turn. Note schedule of
appointments. These are to help washing dishes, setting table, putting up
lunches, etec. Firemen will attend to stoves and provide all fuel. Sweepers ars
responsible for cleanliness of all quarters. INSPECTION FOR CLEANLINESS of
Juarters and dishes will be made without notice! Xeep beds made up vroperly.
Uishes must be rinsed free of soap; soap has been known to kill a horse!

Firomen sre veluntoers fer ithe trip ené nermai.; erxerrt frex K. P,

PERSONAL DIRJCTIOﬁS

Complaints. As nothing undermines the morale of a party faster than com-
plaints all such are strictly forbidden in public. Any complaints about focod,
service, etc. must be made to the Chief Growler IN PRIVATE., The Growler will
make his report when called upon and complaints will then be investigated.
Every effort is made to make the trip as pleasant as possible but it is not a
pleasure trip and in this season of the year it is inevitable that there will
be some hardships. Violators of the above rule will be put on K. P, ahead of
and in addition to their regular turn.
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PERSONAL, DIRECTIONS CONT'D,

Personsl supplies. Personal supplies can be ordered through the Cook who
will appreciate advance payment.

Hours. Rising hour (unless changed for special reason) 5:45 A. M. Dinner
at dark., No lunch will be served at camp but those working near the .cuzp can
park lunches there and come in to eat them. ZEvenings are devoted to study and
work on inking maps, adjusting aneroid readings, checking notes, looking vp in-
formation for next day, etc., etc. Work will be permitted in the study hsll -
until midnight ~
sleep, Work is permitted on Sunday. Discipline must be maintained to sare-
guard the rights of all, Do not leave the work area without advance notice to
the Chief of Party or stay out beyond reasonable hours (dark). Any violation
of rules involving delay and trouble to others is a serious offense just the same
as a violetion of any University or Park rules. SpPE kP OF DIRECTIONS

Care of instruments. Please observe all cautions literally. Eemember
that telescopic alidades and all instruments for that matter, are VERY EXPENSIVE.
Do not jump fences or off c¢liffs., OCheck up your instruments whenever you go
through a fence and whenever you leave & point you worked at. Follow definite
lines so that if you leave or drop something you will know exactly where to look
for it, Accidents do not "just happen" but are the result of failing to consider
the risks. A, B. C. = always be careful! Better be safe than sorry. The dishes
ete. are property of the Instructor not the University. Please be careful of
them and do not inelude silver in the garbage! TYou are personally responsible
for loss or damage in excess of normal wear and tear of any and all supplies
charged to you or your party. Credif is withheld until such charges are pald
2 the Bursar,

Personal Safety. Be careful on the rocks especially if there is snow.
Remember that Northwestern trains run on the lgft hand track; KEEP OFF TRACKS
WAEN A TRAIN IS PASSING! Do not stray from your area; leave i%{ only when absc-
1utely necessary. There is no excuse for getting lost when you have instruments.
Twust your compass and use your location maps. Do not take shortcuts across
talus and cliffs for they take longer than to follow trails and roads., The
greatest danger you are exposed to is that when alone you might slip and injure
& leg or foot so that you could not walk. To guard against this event carry
matches and if incured make every effort to light a smudge in daylight or a fize
at night, 3Be particularly careful to not stay out after dark alone, Ordinarily
vou should never get out of contact with your party. Do not leave for field
without proper equipment ineluding clothing suitable for weather. A. B. C.

Do NOT carry pencils etc. in bootlegs. Women students must not work alone or
ieave immediate vicinity of the building after dark without proper guard. NEVER
tail to keep an appointed meeting place; do not go looking for the others.

: Fire worning. April is in the Spring Fire Season in the woods. The dry
leaves make the danger very great except during and just after rains or snows.
Fires are particularly hard to fight at the Lake on account of the roeks, Let's
not start one. Please be careful with stubs and matches both in woods and in the
house. Cigarette stubs do start fires, propaganda to the contrary notwithstand-
ing! 3Break your match and step on stubs on hard ground. A. B. C. Use empty tirn
cans on the tables. Don't throw any stubs or matches on the floor.

Health. If it is warm when the trip starts do not be misled into thinking
that summer has come. Some bad weather is almost certain., Avoid wet feet and
chills., Change wet clothes and shoes IMMEDIATELY on return to camp. Try to kesyp
as well washed as at home. Shaving mey be omitted. The menu is selected to
offset any trouble due to sudden change in habits. In general you should feel
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PZRSOWAT, DIRECTIONS CONT'D,

better than at home! Never drink from streams. Leern to avoid drinking w:y liguid
during the day and you will suffer less from thirst. Help keep the dishes

clean — it pays! Apply to Chief of Party or Cook for first aid as soon as
possible after any injury.

Park rules. The rules of the State Park forbid starting fires (Unless you
are seriously injured), cutting live timber, and bringing intoxicants or firearms
into the park, Please obey these rules.

Private property. In many places you will have to trespass on private
property but the district has been selected to keep you out of such as far as
possible., Please do not break any fences or leave any gates open. It is best not
to work on Sunday near houses or on main roads. Avoid contact with natives as far
as possible as most of them like to talk too much and will delay youe Aveis cislu.

Mail. Have your mail seat carc of F, T. Thwaites, Geology Camp, CGeneral
Delivery, Baraboo and the Cook will get it if possible, There is a telephone at
the assistant superintendent's home near the lake.

Transportation. The University is not responsible for any student cars or
for accidents incurred in use of them, Take 12-13 to junction with 159. Turn
right (east) onto that and follow 1t to junction with 123. Go a short distance to
right on that and then leave concrete to follow gravel road to right (south) up
the bluff. Follow that to sign indicating route {east) to south end of lzke.
Follow Pork road around south end of lake to Camp Devils.Lake. Avoid the Skihi
shorteut. If possible, gesoline, RR or bus fares will be paid out of the deposit
Fand. TFile claims for such expenses with Treasurer. No return fare will be al-

lowed if student is dismissed for misconduct. Peri s eng rese ewyesite efics.

Cost. Expenses may run to ¢ao.00. Dc!oeit auet be pric i AT E U T R
prefeTr “or Sho ¥o.8i » Living costs of Instructor,
puy and keep of cook, and rent of house, ure paid out of this fund. Any surplus
w.1ll be refunded together with a group photograph Sy n0351ble) at earliest pos-
sible date. « Owners of
cishes ebe, get nothing for them except any left-oversat end of trip.

Grades. Students who complete the required field worl in a manner ﬁhich ie
rerely "satisfactory" will automatically receive grade of C. Higher grades ar:
tlven as rewards for ACCURACY of work, interest, resourcefulness, dependabilitiy,
ebe. Lower grades are result of CARELESSNHESS ineluding loss of equipment through
violation of rules, neglect of opportunitics to work, unreasonable neglect in
reading and following instructions, slowness in grasping ideas, etc.

Conclusion. Success is up to your initiative and gumption. When in doub:
‘ry to figure out SOME WAY to get the desired result. Get locations from map cun
2ot from natives., Check over equipment when starting and returning to camp.
ftemember cost of replacing losses falls on you, Beginners are not expected %o L~
perfect but arec expected to learn, CARRY ON! Let's try to better the record of
the previous classes! LET!S GO! Making yeur dspeziti cenatituiesc a pledgo to

edsurve meti seove N any new rulng WhiCh may ®ececs neceszary. Xailure te
algn eut fer tewn lesve o fer gsir pretes etc. tmien Irem gtusy hall, steyiug
odg i :'f? is T ! . or crusing c=wy disturbence in equarter: are

erieus offarces. ; v must sign all members in ex ee_re =3 seeil
+9 he reucnas campe. All mccidsnts muet wa reseried premptly,

o rm T ik £ e S “om e -
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MaFPING

"~ rsehand lettering after Orth and Maclin. ©See also T. M. 5-230, sec. IV
{rrows show direction of strokes; nuwbers show their order. Draw guide lines;
lower case letters extend‘2/3 heigth above and below lines. Practice makes perfect.



THE UNITED STATES SYSTEM OF PUBLIC LAND SURVEYS

Introduction. The public lands of the United Strtes extended west
from the east line of Ohio, north of the Ohio River, and west of the Mississippi
River with the exception that Mississippi, Alaboma, Louisiana, and Florida were
also included; large parts of Texas and Celifornia,as well as smaller areas in
other states,were privately owned at the time these regions were acquired and
were therefore excluded from the survey. According to law the public lands
were to be divided into tracts six miles square, known as "Townships", with
north-south and east-west boundaries. Those were to be subdivided into 35
sections each a mile square. The system of surveys is important to geologists
because (a) it affords a means of describing points where notes were made in
a manner such that anyone could find then, (p) in exanining private landis their
houndaries must be found, (¢) land divisions must be found in order % show then
on new maps, ard (d) land divisions are an immense help in finding ones
location on a2 map.

Beselines and meridians. Surveys were started from many initial poiis,
sunetimes several in the same state. A true east-west line was run through th-
initial noint and called the "Base Line". A true north-south line was run
snzongh the same point and called the "Princival Meridian.' ZEvery six miles
¢n the bLase line township corners were establishied. "Range Lines" were run
true north from each of these for from 24 to 60 miles. Pecints six miles distani
from one another on these were joined by east-west lines called "Township Lines™®
thus forming townships. On account of the curvature of the earth townships
‘ras surveyed became narrower and narrower the farther north they were of the
vese line. This reduction below the legal size was compensated for by runnir-
n~w WStandard Parallels" either every 24 {or every 60) miles on which new fui .
sized townships were started to the north. Such lines were also called
“Correction Lines". ZEnds of the lines south of the corraction lines were ceil
tsiosing corners" while corners for the full townshins to the north were calie’
"Zvandard Corners.”

Numbering of townships. ZEast-west rows of townships are called "Ticzye'
‘townships in the first tier north of a base line ere each called "Township 1
¥orthe The next tier is 7. 2 N. and so on. North-south i'ows are called "rar.-
zua townships in the first row east of a prinecipal meridian are called R. 1 1.
i the next row (or range) R. 2 E., and so on. In some cases townships are
nibered south of base lines and west from meridians. In Wisconsin there is
oiily one base line, the south line of the state, and only one princinal meridian,
tie fourth, All townships are therefore N. but there are both E. and W. ransas.
The complete description of a township would read: Township 48 North, Range SE.
E4h Principal Meridian, or usually abbreviated T. 48N, R. 58, 5th P.M., or
more briefly, 48-6E. See Fig. l.

Sections. Townships were divided into 36 sectisus numbered as in
Pig. 2. A few of the older surveys used a different system. Section lines arc
supposed to be parallel to the south and east boundaries of the township and
vork was supposed to proceed from the southeast corner toward the north-west.
The Sections were intended to be exactly 5280 feet (80 chains) from north o
couth with the exception of the north row of each township in which all of t..:
zrror in subdivision was concentrated. Xast and west the maximum discremancy '
& section was supnosed not to be over 33 feet (50 links), except that all
discrépancies, as well as the effect of convergance of the range lines, werc
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concentrated into the westermost row of sections in each township. As a matter
of practice few section lines are straight lines for more than one mile and

few are exactly north-south or east-west. In some of the older surveys, as in
southern Wisconsin, no attempt was made to join section lines to the corners
laid out on the north township line and as a result every township line shows
slisht offsets between the corners for the township to the south and those for
the township to the north, although the township lines themselves run straight
throush. ©None of either the west or the north sections of a township are
squares. A given section would be described as Section 21, Township 47 Forth,
Range 19 East, 4th P. M. or more commonly Sec. 21, T. 47 N., R. 79E., 4th P, M.,
or still more briefly, 21, 47-19B. In the last method the designation Section
and Horth have been omitted where no ambiguity is caused thereby.

Subdivision of sections. The government surveyers placed "quarter
posts" at half mile intervals on the section and township lines; lines connecting
these divided the normal sections into quarters of 160 acres. The points of
irtersection of the two "quarter lines" in the centers of the sections were .o
marked but were left to later surveyors. A gvarter scction would be describe-
as the northwest quarter of section 5, usually abbreviated to NW 1/4, Sec. 5.
¢ simply HW 5. In the north and west rows of secticns the quarter posts we:.
sat a half mile from the south and east boundaries respectively, thus throwing
all deficiency or excess into the marginal quarter sections on the north and
west sides of townships. Elsewhere in the townships the quarter posts on the
szot-west lines were set exactly nidway between the adjacent section corners.
w.oer, settlers wished smaller farms than 160 acres and the quarter sections
~»eire divided into quarter-quarters or "4C's", the others in these sections o
1.1 size. The fractional areas on the north aud west sides of these seetion:
z-re called "lots"™ by the Land Office and numbered in cach section in genersl

~om east to west and from north to south. Geologists gererally do not recc:uu
ons in recording locations dbut treat all sections as though they had deen
cumpletely subdivided into 40's. See Fig. 3.

Meandaring. The borders of bodies of water werc supposed to have - :
~eandered" by lines run at angles along their irregularities but apparently
w..on this was done at all it was very crudely executed and few ‘meander mosth..
s now be found. The odd-sized tracts were called "lots" and numberec ng

vwn on the original plats which should always be consulted. TFor descript: =
nirposes pay no attention to these lots. Adjacent to bodies of water which
irterrupted the usual routine of surveying there are many dascrepancies in the
land survey.

Corners. In spite of elaborate rules and resuloalions for th, marking
¢. corners with stones, pits, mounds of earth, etc. few scem to have heen thus
permanently established., Generally a square wood stake was set; such a“mﬁe;
wzre nmarked in various ways but few original corner stake: can now be found.
Corners were also “witnessed! by talzing the beering ~ad distance to several
trees which were blazed and marked "B, T." generally wita the number of the
cection, township, and range also indicated. Most such trees have long siuce
f£one but later surveyors have sometimes made new ones. Where corners fell
‘alzes, streams, etc. "witness corners" were also established on the lines a-
‘ar as fthey could be run., Many later surveyors have set iron stakes, dressic
stones, or piles of stones often around stakes. Host lines wer:s blazed and

iater surveyors have reblazed them. Such blazes are generally found at the wax

neight on both sides of trees on or near to the lines and can thus be distinguivh-

oy
{4
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ed from natural scars. Core should be taken not to be deceived by corners set
by unouthorized and incompetent surveyors; govermnment and county surveyors are
alone rauthorized to reestablish lost corners. Correct corner descrintions
can generally be obteined from county surveyors.Original plats are on file at
governnent land offices, and in many states at the capitol. County surveyors
also have copies and some "plat books" arc also reliable. Roads are commonly
laid out along section, quarter, and 40 lines and county naps are therefore a
guide to locating land lines and corners. Farm boundaries are generally fonced
in a more permanent manner then are lines within the property since the latter
arc nore often changed. "Line fences" are also a guide to finding land lincs;
farm lines arc shown on many county maps. In vertical meriel photograprhs line
fences are easily seen, elso differences in time of cutting in the forest and
less commonly areas along fences cleared to prevent trees from falling onto
fences and breaking them. These should hot be confused with clearing zlong
electric "high lines": In asking questions remember than many people miscall
40 ucre tract corners 1/8th posts instead of 1/16th posts.
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CONTCUR MAPS

contours. The lattor method is almost universally used in this country, although
in certain places it frils to show 211 the festures. "Hachures" may be used
for stecp slopes which are not indiceted clearly by the contour lines. Although

the general theory of contours is simple the following formal provositions are
useful.

Genersl. Relief may be shown on & map by various methods of shading or by

(1) A contour lire is 2 linc vhich passes elong the surface of the ground
vhrough 211 voints which have the same elevation above a certain datum,

(2) Coniour lines renrcsent the lines of intersesction with the surface of
Sne ground of a plane at a2 definite elevation above datum.

(3) The verticel distence betieon successive plenes is lmown as the
“i.ontour interval" or "wverticel interval" (V.I.).

(4) The less the contour intervel the greater the detail of elevations and
dopressions that can be showng the size of the contour interval is also affected
b;r the scale of the map since 2 small intcrval might make too closely spaced
Iines.

(5) The lend on one side of a contour line is higher then the elevation of
that line: the land on the othsr side is lower. If you should walk along a
contour the ground on your left hand, for instence, is lower end on your right
hend is higher than the clovation of thc contour.

(6) Contour lines never interscet or cross onc another.

(7) An even slope is shown by cvenly spaced contourss a sloping plane
surface by straight contours: a cliff by coincident contours.

(8) Ivery contour rmist cither close upon itself within the map or pass off
the arca mepped at t'ro points or a rultiple of tiro.

(9) Then a contour closes upon itself the arca enclosed by it is either a
hill or an inclosed denression; in the first cese the exact height of the top
of the hill is ofton indicated: in the second case a mond or mersh is often
present. In the case of small deprossions a spocial type of contour line called
a depression contour is frequently used to evoid confusion with hill tops.

(10) Maximum end minirmum ridge end velley contours aluays go in pairs;
thet is, no single lower contour line can intervene between two higher ones and
no single highor contour linc betireen two lower onos. Violation of this
proposition is & very common crror of beginners.

(11) In crossing 2 valley contours bend towerd the source of the stream.
(12) It is advisable to malte every fifth contour line heavier than the
intermedizatc ones. The elcvations of these heavy lines are shovm in 2 break in

the line, not to the side. In very flet country it is necessary to number
every line unless the exect eleovations of intormediste points are sufficient to
tell vhat the elevetion of sach contour is,

In 2ddition to the formal pronositions the relation betwrcen contour lines
and the origin of the tovogravhy should be understood. The key to all topogravhy
is the drainage system. The location, dircction, and elevation of points along
stroams must alweys be determined. The topogrephy developed by stream crosion
dcpends upon the length of tinme stroams have been a2t work and on the materials
théy have worked upon. Certain areas, such as the more rccent glacial drift,
floodplains, sand dunes, erces of recent vulcenism, etc., have not had any
stroem pattorn developed on them; some of these types are still being built up.
Iverywhore olse stresm lines are the control lines of the tonography. Second in
importence to drainege lines arc divides between drainage basins or, in the
case of vory young stream valleys, the limits of the eroded valleys. Normal
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strecems doveloved in materiel of uniform resistence increasc in grade toward
their source while big rivers gencrally have & grado of only a few inchcs to
the mile. In material of uniform resistence to erosion mature strcams develop
valleys with intervening ridges of uniform slone, rounded at the ton. Vhere
layers of rock of verying hardnoss occur thoe rosistent formations malke steep
slones or cliffs while the weaker oncs meke gentlc slopos. It is therefore of
great importence thet the tovosrevher understend something of the goology of
the country. Of two maps with the seme limit of methematicel orror, onc made
by e topographer who undcrstands goology is "alive" and full of mcaning, while
2 map mede without this knowlcdpe is "de2d" or "wooden" in apocarsnce.

Methods of loceting contours. The originel method of locating contours,
or "eurves of equal sleovation", wes to trzcc overy contour with a level; this
is somectimes done 2t the present day in country whore the relief is low or
cxtreme accuracy is demanded. It is evident, however, that such a procedure
vwould neke topographic meps ontircly too cxpcnsive. The method of interpolation
of contour lines betweon points of known lécation and elcvetion was then
adontad. Such voints should be so pleced that thoy deofine the borders of plane
surfecosy within these vlene arcas contour linos are equelly spaccd. Specing
of contours may also be obtaincd by moessurcments of tho zngle of slope of the
ground and thce use of contour spacing scales for cech dogrec of slopo.

Control Points. The number of points vhosec position and clevation arc
necded to locato contours depends wpon (1) the purposce for vhich the map is
to be usod, (2) its scale, (3) its contour inteorvel, (4) the nature of the
topogrevhy, and (5) the forost or brush cover. If the clementery orinciples
outlined above arc noted, it will be scon thet one must locate and determine
the elevation of 211 sumnits, saddles, low places, and changes in degrec of
slope. In the cesc of erosion topogrevhy, this meoens the location and clevation
of points along ridge tops and dreinage lincs. In country vheore the slopos
arc novherc uniform it is sonetimes profeorable to traversc typleal cross scetions
of hills end valleys or to divide the country into a serics of squares and
determine the elevaetion of cach corner. This method is often ncecessary in
country which is hoavily forcsted or has no definite system to its features.
In erosion topography it is most cconomicel to traversc the ridge tops end
valley bottons even in donsc forost. Thc sclection of the lower limit in sizo
of velleys which must be travorsed dopends upon (a) the secale of the map,
end (b) its contour interval. In country like forested torminal moraine the
riothod of smell squeres is preferable since the features follow no law or
systen. If great detail is ncoded the position and clevation of points within
the squarcs can be obtained.

Sketching. The coxcet position of tho contour lincs after 21l control points
arc located is done by skctching. In this worl: porsons vary greatly in natural
ability to sce the locetion of an imaginary horigontal linc o.n the ground and
to transfor this linc onto »nepecr. It is the doing of this work once for all
in the ficld that gives tho planc tablec its groat adventege over othor methods.
It is obvious, however, that in heavily forested country there is no advantege
in the use of the planc tables Traverscs with compass and saneroid are far
more economical unless such accuracy is required that it pays to brush out
linos for the usc of the stadia. The U.S, Geol. Survey uscs a tapc and small
plame table in brush but it is doubtful if the accuracy obtazined is sufficicntly
greetor than that of 2 paced survey to pey for the incrcescd cost. Onc should
nover attempt to slketch contours in timber or brush farther then he can
acturlly sce the ground. If tho mop scalc is small and thoe topographic featurcs
dcvoid of smell deteils which are to beo shown, then contours mey be interpolated



-

Contours

betweon points whore the ground was acturlly observed. In opon country ono
should nover attemnt to sketch contours which lie far above or far below tho
level of obsorvetion. The effcet of perspective gives rise to serious errors
in thesec cascs, so that table locations on the highest summits or in valley
bottoms are of little value for sketching. ©Slketching stetions should be chosen
at intormediate clevations; their locations may often be made by mcthods not
sufficicently 2ccurate for usc in the work of obteining control points. Never
attempt to sketch the roverse side of 2 hill vwhich you cennot scc at 211,

Above 211, do not attempt any sketching of contours cxcont in the immediate
vieinity of the teble until you have outlined the drainage systcm and obtained
sufficient control vnoints. Viewed fron below, & ridge genorslly appears rmch
vider on top than it sctuslly is. 014 U.S.G.5. maps are filled with crrors

duc to sketching from too groat distances. This often led the topographers

to connoet portions of differcnt streems because they had not first followed
out tho drainage patterns Treat cach interstream ridge 25 a2 unit boundcd by
the vellcys on either side 2nd work out the topogrephy unit by unit instcad of
haphezard. Don't assume that thore is no break in slope or concealed valley

or ¥nell in a bit of woods just bocausc the tree tops arc of uniform heighte.

Do not gzet all points on ridyc tops only by interscetions from below. You

must climb hills znd go into brush if your map is to be any better than a wild
skotchs Such a rough sketch is all right for some purposcs and may look better
then a recal mep from the voint where it was mede, but it cannot be corrcct.

The technique of sketching is very hard to deseribe; it must be loerncd by
practice. lany approximetc mcthods of location, such as measuring distancoe from
vertical angles to points of lmnown clevation, spacing of contours with slone
scalc on hills vhose profile can be secn, ete., arc valuable holps. On very
stcep uniform slopcs do not attompt to draw all the contours in the field;

draw only the top 2nd bottom contours and possibly cvery fifth or heavy contour.

Generalization. As it is impossible to represent 211 of the smaller
foatures of an arca on 2 mep somc choice must be made as to what to show and
vhat to omit or goncralize. In this choice (a) the scale, (b) the contour
interval, 2nd (c) the purposc of the map erc factors. The UsS.G.Ss has
steadily increased the anount of detail shown to far beyond what was oncc thought
vossible, Teaturecs whose nroscnce is of geological importence or which are
diegnostic of the origin of the topography should have proferconce ovor nere
accidents, like big tewldeors on a talus slope. Do not choose a scale for the
field map so large thet much of the detail cennot be shown on the reduced map
uscd for publiestion, but, on the other hend, do not use so mmell a scale thet
mesasuring, sketching, orasing, and drewing bocomes very laborious. The scalos
used by the U.S.G.S, for ficld work arc too small for beginners. Above all,
do not scck to excuse crrors due to insufficient travel over the arca, by
blaming them %o gencralization.

Outline of field work. In 21l mepping of morec than a fow townships it is
necessary to heve better "control" over horizontal and vertical locations than
cen bo obtained with the plenc table 2lone. The neesurcnents of location by
trisngulation (triconometric surver), primery traverse, or primary leveling
211 belong to the field of the ongincer. This kind of work is scldom done by
2 gcologists In 2n arca of more than about 15 miles squerc the cffect of the
curvaturc of the earth bocomes epparcnt. A map of such an arca madc by plane
teble interscctions would be on Morcator projection and the scale would diffoer
in different perts. The metter of mep projections to kecp the seele the same
in 211 parts of the mep by chenging dircetions will not be herc takon up,
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Tor small arcas, sufficicnt "control" can be obtzined by cithor intor—
sections from a base line with plenc table a2nd telescopic alidsde or by travers—
ing around the arca znd s2long roads with the stadia. The purposc for which the
map is made, its size, scale, cice., will determine the numbor of points within
the arca vhose position end clovation must be detormined in this way., Whon
vhis worlz, called "scconlary control", is all done and the horizontal and
vertical crrors of closure sdjusted, the filling in of contours may be begun.

In cese the arca is opon and considersble accurecy is required, the remaining
veints needed to locate contours mey be determined by stadis. Teble locations
for this worl mey be made by compass oricntetion using cither troverse with
turning poiats or resection from voints elrcedy dotormined and both methods
there possible. In mony cascs, particulerly wherc sevoral men ere working on
whe arca, it is bettor to transfor the noints 2nd clevations determined by the
volescople alidade to shoeots on sinall traversc tables. These can be used for
peced surveys and locetions by roscctions clovetions being soccured by voertical
angles, hand level, or ancroid. In very dense brush notc book comvass treverses
using the ancroid arc morc cconomical than the plenc table. In arcas of
nagnetic attraction the dial compess should be uscd. In some cascs, 28 in very
complex topogravhy, two nen would be an advantage since onc could obtain
locations and clevations off the line of treverse loeving the other to kecp
track of locations elone, thus following the well known methods of gcological
work in the lale Suporior District. The ancroid rcadings cen be rcduced 2t the
cnd of the dey by one of the methods outlined bofore and the corrccted locations
and elovations tremsferred to the finel nep for use in interpolating contoursa
Tentative contours and slopc measurcmonts should, however, be shown on the ficld
skotchs In arcas where squeres arc preferable to ridge and velley traverses,
the size of tho squercs so a2s to insurc that 211l the arce hes been scen, dopends
upon the naturc of the topographic festures as well as upon the forest and
brush conditions. On crosion foaturcs in herd rocks, or in ground morazinc

much lerger squercs src nossible than in o complex torminal moraine or much
dissceted tomogrephy. Tho squarcs ereo bost traversed in step-like forn, thet
is, north onc squerc, cast onc, north agein, so that two sides of cach squarc
have been nroviously trovorscd affording two choclts on proviously adjustced work.
Unless sgueres less then 1/10 nmile on 2 side arc used, overy strcem and lalze
shore rmst be cither travcrsod or locoted by interscctions. The method of
squarcs 1s slower than treversing of definite featurcs, but that method is
applicable only in erosion topogrcphy.

Conclusion. Don't try to sketch what you can't sce. Don't be in too much
of a2 hurry to bogin drewing contours. You cen cxtend contours up or down &
slopec vhosc angle is known but it is bettor to simply rccord the angle on the
nep and fi1l in contours later after clovations are £ll securcd. Draw contours
a2t changes in slopc first; the others can often bo loft until the map is
inked in. Don't be afraid to climb hills but don't use oxtreme summits for
sltetching, Don't try to sketch distant features., Go throush woods along ridges
and drainage lincs if in erosion topography, otherwisc in system of squares.
Many important geoologicel featurcs arc found in woods. In drawing contours
every linc worth drewing is wvorth drewing definitoly: avoid scratchy, faint lines.
An creser is 2 nocessery pert of your oquipment but by being careful to draw
only what you 2re sure of, you cen minimize errors duc to reopeated cresures,

If you leave 2 line of traversc for an outlook tele the table with youy you

ney get 2 rmch better sketching station and besides, someothing might hapoen

to your mep while you arc avay. Avoid unnccessery interscetion and other linesy
koep ecareful rccord of these lines vhore they sre mumerous, Xecp them around
the edges of the sheot to thet thoy cen be extonded into area being worked

on when nceded. KXecp the nap clcan. Sonctimes a shect of wrapping paper with
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a hole over the place being worled on is a vory good way, but in high winds

it is ept to give trouble. It is best to ink in the map from day to day instead
of at the end of a job. If the mep is to be photographed use only black ink,

Be surc you use the right kind of paper. If you are mapning geology show
outcrops and boundarics by uscual symbols. If you are preparing a mep for a
geologist exact clevations merked on the map neer outcfoys are often of groat
value. Ixect elovations of bodies of water, hill tops, road intorsections,

land corners, sags, eand saddles in divides are all important to geologiste

DJxact location and clevetion of springs may also be valuable,

Geogreaxiic nomenclature. The names of 21l geographic features should be
whown on a finished map. Great care should be taken to find the namcs sctually
urod by the inheabitants of the region; you are not called upon to criticise
wl.oir cholce. Nover moake up nancs of your own unless you are certain that no
neme has ever beon previously applied to the feature. Avoid duplications of
names elscwhere and under no circunstences neme a feature after a living person
{anless possibly someonc of greoat eminence); aveid long and clumsy nanes and
such terms as "Little", "North Branch," etc., in noming forks of rivers.

Finishine the map. Plane table maps should be inked in as soon as possible
after the completion of the field work, if wmossiblc in the evenings and on
rainy days. Watcrproof inks should be used. If the mep is to be photographed
it is bost to usc only black, but if it is to be traced or engraved, then the
three colors used on U.5,G.5, maps may be employed with geologic data in a
fourth color, 3Blue is difficult %o photograph.

Reprniuction of map. Maps may be reproduced by photogrevhy in several ways,
The photostat gives white lines on a dark background. Zinc cuts are made for
printing on paper. In casc the size of the vhotographed mep is to be very
much smeller than that of the original, groat care must be taken to avoid narrow
spaces ~nd sherp angles botween lines which night blur in printing. Cut out
parts of lines where nccessary. This is especielly the casc in zinc cuts. Maps
can also be roproduced by tracing, Informeation is readily transferrod from
one mep to enother of the same scele by tracing on tracing paper in pencile.
Then lzy the tracing on the other mep with a shect of carbon paper bencath and
then trace with herd sharp pencil cor steel point. Tracings used for blue or
- black line prints must be nade wholly in black. It is best to use only the
dnll side of tracing cloth especially if the mep is to be photogravhed. IZrasures
may be madz with razor blade or ordinary eraser, XIemcmber that both tracings
and bluec prints for publication are made by photogrephing onto metal or stone
plates. The lines are then cut in with a stecl tool. Semerate plates have to
be made for each color. Copy for zine cuts, must be 21l in black. To make
cuts fron colored meps have them first photographed with proper color filter on
a panchromatic plate,

General hints on drafting mans. Systematize your work —— for instance do
all roads, then all water featurcs, then all water features, then 21l contours,
etc. Never droaw frechand any line, howover short, which is intonded to be 2
streight line. Use proper instruments and moesuremonts to construct right
angles, parallel lines, or circlos, however smell. Contour, swivel, or Paysent
pons can be used for some curved linos; they insure evenness of width. Use
guide lines for 211 lottering. Do erasing slowly; ncver try to hurry. Wherever
possible place 21l lettoring peralliel to bottom of mep. Where lottering camnot
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be horizontel incline it so that it can bo reoad from the east side of the map,
Balance the size of letters to importance of places named. Follow a U.5,G.S,

mep for styies but avoid fancy lettering. Plen your lettering so that it will

not obscurc importent deteils on the mep. Place your title in lower left hend
corner if possible. The words "mep of" are often unnccessary. Give name of
vrgnnizetion you are working for, date, nome of chief of party, names of
irstrument men, grevhic and at lcast one othor form of scale, megnetic and truc
noridians. Fency borders arc generally not needed. Remember that all of your
work including ficld notes is the property of your employer. All your work must
¢ in such form that anycne clse can™ake over" at any time. o onc is infallebles

cueck 21l your work and if possible, have someone else also check it.

lisz slanting letters for nsmes of bodies of water esnd for public works like
reziiroads end vertical letters for all other features. ©Section numbers can be
eiliher placed in center of each section or on large scale maps put in the corner
cf every section so that there are four numbers around every section corner.
Corners which were zctually found from either a monument of some kind or from
fence coruers should be mariked with groper symbol end distinguished from corners
whose position is simply inferred. heck carfully to see that you did not
violete any of the rules for contouring.
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GEOLOCY 11 7: 7
MaPPING ( ' / .
Frobleu 17, edition 1943 (0ddl7 now comblncd with 18)

Object: To draw a map fora oblique aerizl pthotogreghs

Materiel: Herd pencil, eraser, scele, nagnifier, trianzles, tracing paper,
one or more prhotogreprhs, meprs of area shown giving control deta, white paper

Method: Photographs nay be tasken from the air with the sxis of the ceasiera
tilted.  If the tilt is not far from verticcl the phtos are called "low
obligueg";-if the anglo is net faf’ froa horizohtél«they are "hich obllrvsq“
"Note thuat the reference is to wverticel and not to horizontel in this

Low obligues can be changed to verticals by use of a specizl printer. This
is regulcor proctice with multilens cauers which tuke both verticals end
cbliques ¢t the saue tine. High obligues camnot be treated thus but are
often used in reconmcisence nepping becsuse less flying is needed to cover
a given area ond the requireaents for flying are not so exacting.

Geouetry of cerial photos. The tronsforuetion of aeriel rhotogrephs
into meps is a problea in sclid geonetry. Study the following closely as
several published jepers contein errors. Every photograph is a record of
horizontel and verticual angles which cculd hcve been deteriained if an
alidcde and plenctable had been ot the plece of exposure. From o given
spot in spece all points having the szae horizontel angle (equal to a
single rey on planetuble) lie in sziie vertical plines all objects which
have saue vertical engle lie on surfece of « cone whose spex is at point of
observation. Try this with a telcscopic aslidedes 4s you sight at points
along one ray you aove the telescope up end down in a vertical plene. If ycu
set it to say 10 degrees above the horizon end roatate it te different
directions froa the plenetable you have described the surface of & cone.
The three disgraiis of Fig. 1 show the differences between jictures token
with axis of ceouera horizontsl, with it vertical, and with it inclined at
an angle between thiese two extremes.

> TS =

| wokisoh-trio |

S O MR SRSSOR Lty

W

Center

FIG.1 :

Lines of equal engles Lines of equal angles in  Lines of equal angles in
in horizontel photo obligue yhoto vertical photo

See Problea 15. See Froblea 16

Note thet the oblique is trinsition..l between the other two extrencs. The
ground included is shajped like o trisngle with one e¢nd cut off.

It is highly desircble thet thie Lorizon show in an oblique but this is not
elways Lossible because of weathor conditions or topogrephy. The line on
the level of the jlane is celled the true horizon. It is found ubove the
apparent horizon ot wn angle in minutes aliost exactly equal to the squarc
root of the elevation .of the plene in feet. Center of picture is found in
smic wey ®s with vertisels: In prastice the cemerz may wlso be rotated
sideways around its sxis bubt %hig has no effsny on geomeley of chukn.
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Picture plane

True horizon e oy . étﬁj\ o £
angle couputed Ty - - - .
apparent horizoni7 e 3 Hghn. o bt 5
FIG. 2 §
Vertical section through center : =
of an oblique photo //,/f// :
Center_? :
"Point sought" is = location which ; P
« is desired. The true proint is on : L
& plenv ot right cngles to the plane of X W
the scction and intersects the picture Point-sought ————~ &t s
plane zlong a horizontul line. ertical b
projection of the point to plene of true
horizon is .lso shown. %he picture plane 1
meets the plwib line below the lens at the i
botto.a of the diagrean. n
Lens to picture plane in horizon plenes * Edge photo e
focal length divided by eesine. of engle of
tilt.
Lens to junction of iluab line and ;icture plane= .
focal lungtqgividcd by sdine of engle of tilt. .
FIG. 3 ;
Intersection of horizon end jicture-ylaunes. %
Rentor  plene /huy to joint sought
; cuts horizon . 2 : .
.“‘ ’- 5 [I : 1
; :
! . b --“_4m"w-;7ffoiht sought is %ertically below here.

t
.

s Edze photo
- - IR, T 5

sought.

Lens .
struction.

here below plene-see Fige 2

Figure 3 is & top view of Figurc 2 show-
ing relations in the plane
true horizon. Here a ray iay be drawn from
lens through peint vertically sbove the point
But this is not & precticable way
to draw such reys without soae other con-
Distance froa lens to intersec-

of lens end

tion of true horizon and picture ;lane = focal length divided by cosinae of
angle of tilt. Note that true angle of depression to point sought uay be
found freu this diagrem combined with Fig. 2 as expleined later.
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The following principles nwust first be understood. (1) As & reference point
is required for angles those weasured on the mop will be taken from the
intersection of a vertical plane through the lens cnd center of the photo
with the plane of lens and horizon, (2) all horizontal angles to be shown

on & map must be avasured cither in the horizon plane or & horizontal plane
rardlel to it, (3) *he vertical angle frca lens tu roint scught must be
udessured in e vertical plane pessing through both of these ypoints. It is
evident thet we camnot choose « point in the plane of the photo end use it
to draw mep reys to points shown if such points are at different angles
below the horizons. The following didreis shows soae of tho princijless

N
e e
True horizon
SRR % ¥ e Bia e N e e e 5 SRS
apparent horizon
I‘ 1

// May ray E

£

’ .

Conter T f
l'r_l “)
. , '.
f
----- Foint -sought
90 deg
Edgze photo t
FIG, 4
High oblique photograjh shown
in plane of the pEiture. :
] B "*True,&orizontal engle to joint soug ht

Both true esnd gpjperent horizon drown through this point. Poe
lineg are shawg. .The 5011q horizontel line frou point sought
vertical line is interscction { to plumb line in Fig. 2. This
with « verticel plenc through point found by sczling on Fig. 2.
lens ond center of photo. this

is the plane of Fig. 2 Note
that true horizon is ccuiion
to all threc disgrems. 2The
so0lid line drzwn from inter-
section of picture plene and
}luab line below lens through
point sought is NOT the ray to [ Interscction of ;luab lins and ;icture
be drawn on the wap frou jlune jplane in Fig. 2. ;
. location to point sought.

/
/
/

e

although the solid ray above is not correct far 2. map ray the true angle
ewey from center line of yphoto can be found by transfering the a;acaﬂue
between the tm& rays on the trus norizon line io.rf‘ 3

&t
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However, this solution is not alwsys possible. The lower thie angle of
tilt below the horizon plenc the longer becories the verticel line through
center of rhoto to intersection with plwab line belcow lens. This distance
would be infinity with & picture tekon with horizentel axis. n better
sclution is to figure out the distence from point sought in the photo
tlane to place frou which true horizontal angle may be drawn to get a nep
ray. First the point sought may be connected with center line by & line
rarllel to the horizon. “hen Fig. 2 ceén be used te scale the correct
radius for this garticular point as done in Fig. 4. Crone's graphical
solution is wwuch easier and is expleined belcew.

...... e e e
apperent horizon f ot
k’-‘-ﬁ\ ¥ i
5 1

Center-: Mey
tc true Jo o rey
horizon ;

Center | :

Photo edge
FIG. 5
Crone's nethod of drawing
nep rays.

Lens Conter froa wbhich map ray is drawn

Crone's graphical scluticn. Crone's nethod invloves drawing & right

trianzle; one side (hero at right) is equal to focel lengthg the side

et rizht angles (herc upper right) equals distonce Of photo center

froa true horizon; third side equals distance of horizon line from lens

as in Fige 2. Note this is the ssre triangle as above cazerw exis (focal

longth) in Fig. 2. This triangle should be laid out on tracing celluloid.
The toy side may be extendcd when necessary. Lay the triengle so that the
long side is nlong the line showing intersection with picture plene of o
vertical plane through center, that is the line on which Fig., 2 is drown.
Next scale distunce in picture plone of point sought from true horizon.
Strike o n arc wheose center lies on the upjer side of triangle(here
extended) and pecsses both through center line of photo end just touches
true norizon. The apex of the trienglec is now in proper place to draw
a nep ray through point sought.

Other sclutions. Other sclutions of this problem heve been used
which include both grarhical and mecanical methods. Several plotting
instrumnents heve been devised which soaewhat resemvle telescopic alidades.
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With the instruwients the picture is set up in jroper rolution to map, that
is tilted just as taken. (Ses Fige2 ) “hen sights ore tiken on it with
a telescope or other siwiler devices 7Thé .izchine either ecasures angles
in degrees or plats reys on the drawing beard.

Loceting position of plane. The g josition of the plune et instant
the photogre;h was trken Loy be found aos socn os threc rays to objects
whos ¢ :1cy loections cru alrcudy known cen be drovm. Thesc con bo platted
on troecing peper gnd the sheet of jajer shifted until ‘each ray posscs
through thic knovm locction. Foint frou which rays were driwn cen then be
prickod throuch onto the ump and is the j oint verticelly below the jlanc.
Once this locrtion has been found roys to unkneowm points can be draown.
when other ; icturcs ;ive rays to the ssie jcints loeaticns are securcd by
intersection just as in Froble. 15 or with a planetsble.

Verticrl gn-les. In ordcer to find clevation of the jlene (any record
furniskod by the photogriiher was besed on encroid recdings) we .ust
acasure the verticcl on-les to joints of known elevetion whose lecution is
also knowmn on the iy, The angle ..ust be found in the vertical jlunc
rassing through lens end joint scucht. No quick and eesy sclution sceus
to heve been ypublished. It is necessery to drow beth Figs. 2 and 3. then
the distance froa lens to o point vertically ebove the point scucht end
the vertical didtancc of point sousht below norizon plane can be found.
Knowin; thse two siues of & right triangle the angle sought cen be found
sraphically as in Fig. 6

Lens Horizon plane laj; distance to here

b Sceled froa Fize 3 5 1 S D i
Verticecl angle - ’ i
/ |1 :
| e
= e
| r
n
| r
FIGI 6 ! = e
Deteruinstion cf vertical i a e
angle in vertical plane through ¥ig. 2
¥ 3 x 1 n . - .
L%ns and point sought, clso Foint scught &
difference of elevetion plene to % f
point sought. o
\\ .
Note how uap distence is also plutted 5 1
to obtuin difference of elevition to Liap \\\ &
scale. Couapare with Probleu 15. In finding s ¥
elevation of plane preference should be civen \\\ 2
to points with as sunll a vertic:.l ansle as possibled t
\h\\ i
X 0
Cenedien .rid nwwthoede The Topceireihical Survey of \\\\n
Cunade devised o ucthod for rectifyinz hi h obliques of ™

ncerly flat country which dejpends upon the ordinary ;rinci}las“<\

of persipectives In Fige 7 the elevotion of the plane is shown ta\nay

sczle but the picturc yplanc is shown at cetual focal length distance in
front of lens ;osition. Ficture plene is extended to :eet the ;round.
along line of interscetion with ground picture and nep scales are the samce
axis of caiera is zlso prolonged to ueet the sround. Equal intervels on
ground ere lail out to map secale voth beyond ard back froa plocs wiere
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True horizon

apparent horizen

[l o2 VR

tlane of photo
8 -
"
&
5
it
0
n
I'I
& g .
e
n P 4
5] Sipa - S >
Yunction Ground Axis
J
Fig, T Vertical section through exis of caasrs
True horizon Venishing point
A ﬁi&\ﬁ
RN T e e e e
idze of photo
3 . : e
L . Junction line 0
/ Z i u :.Illl' i j\g fioo ) \ \ gells \ \

verticel line
FIG? 8 Construction of perspective grid in plene of photo.

the axis of the camera intersects the level of the ground (figz. 7). Next t
connect each of these peints to the lons josition es shown by dotted lines.

In Fig. 8 the planc of the photogsrerh is shown. The line aarked "junction" in
fig. 7 is drawn end intervels equel to these shown on the zround in Fig. 7 ere
laid off on beth sides of the vertical line through the center of the jhoto.

The intervuls deteruained cbove are than laid off on this line. Lines parallel

to the true horizon are¢ drawn through these points. “‘hen lines frea the points
on the junetion line are extonded to onverge et & vanighing point at the inter-
gection of the vertiecal line and the true horizon. Each figure forued by crossing
of thede lines corresponds to & square on the grounds To lay out this figure we
wust have both focal length of cecaera and alitude =t tiuc picture was taken.

It is best, however, to check the srid and seec if it shows known points on the
ground in correct relation. Such known or centrel jpoints are shown hy dots ebove.
Draw the squares one inch to e side and then sketch true cutline of izke.

e o b A by
s i € Arikey RS0 § 5
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U. 5. aray method. The U, S. aray wonuels deoscribe & uethod of drewing
meps froa obliques which invelves finding four or aore yoints in the gpicture
whose uop locstions ere known. The diegroms bolow show how thic is amaue use
of .. Cere should be tuken not to draw toc aeny triengles so thet they will
be confusing. WVith only four known joints the prineijles of perspoctive are
used end two venishing jointes cre found. *he work hes t¢ be uone on & sheet
of trecing pojper considergbly lerger thun the photogreph.

v

it - !
i FIG. 8 aray nethod of
PSRRI R s ol e s i urawing ueyp froa oblique
: Rage Jhabe i jff : ! phote with four known points.
; ; : i Nete two vendishing joints enu
: : how triangles were drawn.

The points are shown in

: s e correct relation below and
S ! the saue tricnglces ot
et s : were drown. P

et : Tk o
L :
ok - i :
S o |
e
ey T e R R E .‘ :
: = : R S
- 5 .-.ﬁ‘ -~ ‘.ﬂu -.- ----- . 'i"‘; k.
K S G *D b .C
. 5 - |
5y ‘ o | ;
| ‘ e v
| . £ o 8
e - ‘ : ; |
Edge photo ‘B il
FIG. 9 aray wethod where more than four known - i “n ;

yoints are prescnt. Drew more triengles on the photo and then draw sll the
trienzles on e} shown at right. Whoet kindg of country con this method Be used
for? JNhat edventsge over other sisthods has it?

Roeferences. See list ¢t end of ;Froblea 16. also Trorey, L. G., Survey by
high obliques. The Cansdicn plotter and Crone's grephical solutions
Geograyhicel Journal, vol. 100, ij3. 57-64, 1942



Supplenent to Froblem 17, edition of 1949 Rich's method of rectifying an oblique,

Rich, J. L., Photogrammetric Engineering, 1947 H
-..\\ ¥ 2 :
MH\H‘\H\‘ Line to horizon at H Siseiies {osp wesle) G/
T~ Ground line et map scale

Step l. “raw a vertical cross section ~—~-_ :
through rrincipal plene of photograph. ~—_f= 6.7
Make Hp = distance scaled on photo. Scale HG

Picture
Flane

V] e e e owl oy R

N

Ground S line et -~/ G.‘&\§§\ map scale 1" =100Q;gj£(/
h ‘ i A ANTT

jo ik i ! :
\ \\\ 7 g ok ,// | e ,//// /(/ff
\ >\'<\ ¥ AN c i
KT T o T N sedish dife
\ "4*‘;;:%-""'/ ARl £
Moy B

| Outside of photograph

Step 2.
Lay out parallel lines fo
horizon and ground line at
rrorer distance apart for
map scale, Lay out line HO
with scaled lengdh. €hoose
two venishing points, V1 and
V2 gt any eonvenient locations

O. Now V1- V2 -0 represent
mep plene. %istances along
the ground line are to map scale.
By the theory of perspective all
lines which converge to & single
vanishing point are parallel on the
ground. Therefore, we draw lines
parallel to V1-0, H-0, and V2-0 each
9f whic? Fasioe thr9ugh S POint.Qf. system Rich's method-apprlies only to
intersection of z line to the vanishing

z = : ; nearly flat country or to points &%
point where it crosses the ground line. ¢ S L S S
Draw such lines to at least two differen i i o b el el pd s
vanishing points from each point it is desired
1o locate. Intersection of two or more lives
drawn parallel in ths mep planzs gives ili2 devired locaticns %o map scals.

Mep Ssale 1" = 1000

Gaution: Like the Canadian grid -
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Sﬁpiement to Problem 17, edition, 1950
Proof of Crones method.
The method of getting true map rays from map location of photo where camera axis
was inclined can be solved by more than one method as explained before. The fact
that displacements on the horizon line or line common to both photograph and map
is the one used by the U. S. #, F. The Abrams "Rectoblique Plotter" is a mechanec .
ical means of doing this, However, when the angle of depression is low in a high
oblique photo the lines from horizon to nadir point are very long and another
method is better, i.e. Crones. This method is briefly explained above but is
proved and corrected below. In Fig. 13 it is clear that we must obtain on the
photo the radius FN' from which to draw true map rays to all points which lie
the same distance(in the photo)below the horizon. By projecting this radius to
the horizon line HL it is equal to P'l. Attention must then be directed to the
triangle HPP' which is here shaded with vertical lines. The distance HP'! is the
excess over the length of the desired line which is P'L. Fig. 14 is drawn in the
plane of the photo. Here are two triangles. One is the same as triangle HCL
of Fig. 3 here designated hcl and shaded with horizontal lines. This is in practice
made of celluloid or other transparent material. An arc with radius equal to HFP
of Fig. 13 is drewn with center on prolongation of line hc; this arc is tangent to
horizon line and to principal line HN' (drawing in Fig. 5 is incorrect).
Next we must superimpose triangle HPF' here shown as hpp' and shaded as before
so that it has the 'same relation as before being simply turned face up.
It is then clear that the side hp' cuts off the same amount of the side hl
as it does in blg. 13, and that point p' is on the horizontal line through F.
lne distance below, PN' is then the same as FN' is Fig. 13 and locates the point
on the plumb line from which true maps rays are drawn to all locations on this
horizontal line.

, bhorizon line I horizon line

> . S

“arc with radiup =

plumb line
N? 3 2 Sl O
P on this lineipl | 4 '
principal =
line }
B
or - lj/N' center for rays
» &3 16, 14 for all points same
distance in photo
\\ below horizon

N

Differences of elevation in oblique photos by U. S. A. F. method

The method outlined below was used with the obliques teken along with verticals
in.the "trimetrogon" method used in the southwest Pacific area. It works only
when there are overlapping obliques all taken with essentially the same ang;e of
dey'655193. See #ig., 15 on Tcllowing poga.
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V) Vo L Horizon line H
\2 images of m as shown in
4 oo

angle of 4314
photos with displacemen
reduced by distance

i

4
s

Principal point

tH (elevation of
plane above
datum)

hoto plane

IH = distance in photo
plane isoline to horizon

E = actuel elevation of m
above datum BE' = apparent

\

i = i ﬂdiffarence in photo plsne - -
X_ /K/ ‘ // // / E! E ///E‘ apparent vertical displacment
1 LA 4 4/  in plene of photo
: dllz%;kid2 : “4soline or junction line
B
< B~ D, s Section on principal plane of one
1 rhotograph showing relation of E'
Diagram in photo plane showing converg- to E and IH to H (elevation of plane
ing line to vanishing point of each sbove datum).

photograph

Let m be & point whose elevation is E feet ebove datum plane. DBase of per-
spective line in Fige 15 is the isoline or ground line where photo is equal 1o
map scale. Note that although perspective lines show only one position for m
the positionson isoline indicate an apparent or parallex displacment of m here
denoted as d. This is the sum of dl - d2 otal distance of the air base, B is

the sum of Dy + D :
1 2 Note that B is egual to V1v2 Now dy = E! (Dl ¥ dl)/IH

- and d2 = E' (Dz 4‘ dz)/IH Hence d = E! (B +* d)/ IH Also E = EY cos T

end H = IH cos T Hence &*: IH 3s d s (d+B) gnd B = d/(d + B )

The right hand expression of the first proportion 1is proved by similar triangles.
Solving the second proportion where cos T has been cancelled out gives the
result that B = Heg / (B +d)

For practical epplication refer to Fig. 17. Here a datum plenc was established
by a point Y of known elevation which is near principal plane of one photo.

A well marked point X near to the horizon end visible in both photos is then
selected and a ray to it through Ya?s drawn. A&s extended to the isoline this
ray intersects at O which is the bse point for all meesurments, Similar rays
are drawn to the same vanishing po{ht on the true horizon which pass through

m and through the plumb or nadir point N. DBoth are extened to the isoline.

Next the same reys are drawn to the same venishing point on the adjacent photo.
The principles of perspective demonstrate that these rays are essentially
parallel on the map to thos2of the first photo. Using an inch scale measurments
are taken from the intersection of the base line through X and Y to intersections
of the other rays on the isoline. In this the reading of 0 is taken as equal to
10.00 inches. B, the air base is equal to the distance from the transferred
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horizon horizon v

I N (nadir point) [N

bese line at O in right photo and the line from nadir point, N to same vanishing
point, V in right photo. d is the difference in readings of rays in each photo
to the point sought, m. H is the difference of sea level alltude of plane and
that of the base point Y. If m is lower than Y then the formula %1ven above is
changed to B=d. B @and d are given in inches, H and E in feet. his method is
very briefly descrlbed in a publication by Base Map Flant No, 1, G. Hs @, AFFAC,
1945.

He Te Us Smith's method of obtaining
true vertical angles from oblique photos,
from Photogrammetric Engineering, 1946
In Fig. 18 the plane of an obligue
photo is shown with %he construction
lines dotted.

Draw line nh through principal point p.
s Draw line 1 from p to o, the location of
% o“ the lens as shown by tilting the vert-
ical plene through the ’rlnc1pal point
(1en3}down into the photo plane. op is then
equal to the focal length of the camera,f.
Draw line 3 from n to o making a right angle at o.
Using n as a center st rike arc 4 through point o".
Let a be a "point sought™ for which the angle of depression
is desireds Draw line 5 from n through a to its inter-
section with the horizon at a' Take a right triangle 6
(nadir)here shown with the double solid linesend pass its 81des
through both a' and n and place its corner on line 4. This determines point o"
which is the same in space as o but is here turned into the photo plane. In other
words the triangle na'o" is a representation of a vertical plane through lens
point O and point sought a. ‘he line o™ & (1ine 7) is then drawn snd the desired
verticel angle a o"a' can easily be measured with a protractor. Smith suggests
that the right engle and protractor be combined. <o find elevetion of a on the
map its horizontal distance from the mep location of the photo must be found
by other methods. Compare with method shown in Fig. 6., Smith's method works
best with photographs where focal length is short and engle of tilt is consid-
erable,

FI1G. 18

End of Problem 17.
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UNIVERE(TY OF WISCAM'SIM KA FIIG
Daterminetion of true norii froi Polaris Editien of 1943
Besed on Spualding, G. K., Traicing amanual in tepography, mep reading and

roconnaisence, Us 5. Var Lopt., 1917

Materials Stroug twine oy fisi line sbeut 30 4. Jong, weighi, two stakes
several feet long, one stake less than 2 fect long with cress ber nailed .
to top, 2 neciles, axe, tue rlash lights, pocket tape, scale divided inio
tenths of inches,

Miethods Study the dirgran to see how Poleris is “ound frou the pointers of
the ¢ipper. &oleris is not excctly on the ,.cojection of the earth'’s axis but
rouguly & desrus off. It appears to an observer t- revolve in a suall orbit
ir & counterclockuise direectior. -Co - are wiltu direction of motion of sun.
Study Fige 1 for defirnitions of four different vouitions in this orbit.

At two of tacse the star is direcily wmorth (on the necdidian).

Folaris is found gt an wmuple eoove the worthern hori:zom (¥ii, 2) spjroxima-
tely equal to the letitude of the point of observation( et botk elongations
it is exactly coqual). Study ¥ije 2 to ses why we must krovu the latitude of
e lecality with nmore aid wore cxactitude as wo go north, also vhy no agcurote
obscrvation of Yolaris foi dircetion is poscible in the far north.

If you timed a revolution of Felaris
i hase i*&;r i on you wou}d discover ?ha? it a8 con-
s : £ 1 S e pleted in 23 hrs. 5€ min of earth
Uoper culiinatidn e PR time or "mean solar time". The

. P ——

.Q‘LE4 ; £ 7 "mour angles" given outside the
e ' Ry e 2 circle represent hours after Upner
’\Tll : 0 e Culmination in "siderisl time".
3 : 3 The difference between this ster
: : X Ny tine and cur earth time is du to
* ,J & the fact that the earth goes arcund
: €>/20 the gun every year. We do not
: £ \ have to compute the differencs
. . \ between the tws kinds of time
: i \ because it is tec «.all te make
i ‘ \ a neteriasl difference in any one
Vest vlongation i Bast elon ation \ day with o%servations to be used
@L!; : Pole }ng only with the hand compass.
e e | bEul it is vorth noting that
‘ }o*uz*g% K y FPolaris comes to the same pos-
\ TER | <tion sbout 4 minutes earlicw
\ A / every day. You can look up the
vxract times of each position in
1\. 8 i 4 4/ the erhemeris making corroctions
X - * 16 for both days since the one
b . : given and for longitude. Whers
e we: live the latter is not impertant
' fer compass observetiens.
Yhen you do not heve a table you can
still get time of culmination very clese~
j' ly by watching to see when one of the
"Hw g dottcd lines to second star from left of both
\ Dipper and C&HulOLng@ ré on vertical line below
P Folaris. The Dipper line passes this position
CASSIOPE ubout 8 mlnutbs ocfore Upper Culminetion end the
Cassiopeie line cbout § minutes before Lowcr Culmination. But this
docs not alweys occur during the hours of derkness or uuwy be &t &an inconvenient
hou'. Spauldings method is to iaugine thet the tiue ic shown on & colestial

1 Lower o
5
o cu141n¢tlon ‘,/\14
L



Determin.tion of true north, p. 2, edition of 1943

clock with Folaris &t the conter and with the lines to Cassiopeia and the
Dipper ¢s hands (both hour Lcnds). The hours of this clock run in the con-
trary dircction to the hour engles wnd cech represents two sidericl hours.
You can mcke ¢ clock fuce out of curdboard with a hole at the center. Then
hold this up et right engles to the line to Folaris and resd the "clock time"
by holding out ¢ string.or ruler until it touches tke proper ster.

Near the twoculafgotione time et be estimuted within ebout 15 minutes but
near ithe clongations such accuricy is not nuodod.

Study Fig. 2 to sec why aus latitude increcses tho diveigence of the planes
from zenith through the eclongetions increeses ot the surface of the carth ex

FlG, 2_“ = “'t,:g True FiGs 3
i e . . z ‘ ¥
v widh TR s Orbit of Polapis ~e fanorth
PRy i i _C-(_ .
lidng @f o = \
gagtit o ; i
‘i \-\ El
Pluzb ! - \ﬁxg.
dive - ’ e
3 A il
: i e R V
7B Sy Horizon \
‘ i L't': & Ud . B ‘QJ -
o itude i =~ LF«-Plumb line
ey + Truc north e T\
g

,;r// *Base line ,\\
thku with c¢rosas ber

Stske with cross bar
ct south end base line
Make offget in seae directhiom
28 stoy is Tfrog true norti.
horizon plene. This is liks opcning o door by inscrting e given object
ferther enu farther, :

Tie following table is for 10 deg. north letitude end gives the horizontel
or horizon zngle of Folaric in boti minutcs and offeet in inces per feoat of
basgline for both hour zn;les after Upper Culminstion znd for “clock" tige

! o

__ Bk 2y we:i_o; north | St ;Apest of north uig
R L i e e S A e
- h_ﬂ_WHQE%.Dl.._.f”mgw,.ﬁw Gags Dip i““i_itg. 20-31 1.1
J G o0ilz ke Hol0 12| 6 14 0 0 ; 1138 1.2
1111530 5230116l L0251 13| 5:30|11230{16/.056 | 36-43 1.3
2011 - 1.5 |31 .108 14{5 111 1311.108 ! 23.48 1.4
3130:30 4330 44 <155 150 4:20110:30144 1,755 || 4B-51 1.5
4ii0 J4 .imala8st 164 l3o 3 1,235 r E100 10
6 9 3 61f .213] 1§ 3 9 611213 | 54-56 1.7
8| o 2 53] +185] 20} 2 8 531,185 f 56-58 1.8
9{ 7230 | 1:30{44].155] 21] 1:30§72:30 |44 155§ 58 60 1.9
104 7 1 Sit.I00) 231 - M 311108 # & 61 2.0
11}6:30 L2:3C116|.056] 23] 12530 6230|116 [.05¢ B3l
C.12|6 L2 o] © 24] 12 | 6 65 ) 63 2,2
X /‘ 2 s : 64 i 25
o . 65 2.3 =
66 2.4 7
67 2.5
6% 2.6 | 70 2.85
69 2.7 Tl 3.0
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Determination of true north, sdition of 1943, p. 3
3 y P

Routinc of observation. Prepare stakes, ete, before dark and if
possible select the point for the plumb line and place it. If a tree
it should be as large as mossible and the line hang from a stout limb
where the view to north is rcasonably frce of obstructions, Ground

to the north must be ncariy level. ine can generally be thrown over
and so tied at one end thet it can easily be pulled dcwn whon through,
Place welght on the free erd, If disturoved by a slight wind the weight
can be placed in a pail of water. Choose 2 time for observation as
near as possible to an elongation. Afser vou zo to the locaiion after
dark find Poleris, Then ecstimate "clock™ time. An observer on the
ground will thom liue in the plwub line nsnd star. A flashlight on the
line but turned away from ths eyes of the cobsciver will mske this
possible. Place needle., Then compnte offset in inches by multiplying
the 10 degree value by %i.e latitnde factor. Miasure base line in Loet.
Multinly offset by this.. Set wsecond needls on cross bar in proper
direction from first needle, BScs Fig, 3. Kow usc two flashlights to
set the large stekes from 100 to 300 fest apart along the liane of
second necedle snd plumb line. Tomove plumb line, FNext day find

local declination by readine compass on this line, (Linc must be
removed far cnough from sources of local attraction,)

Example of computation br use of ephemeris,
Madison, HMarch Ny 1048 THme 10BN, 8.9 .0 - 9P M, G 8.0, =
9:02 P.M, Local acsn soler time, (:orrection for longitude),

Upper culmination Groewrich March 15, 1942 oh T3 Pl
Subtract change, 2 days, 3.93 min peor day 5
Upper culm'nation Greemrich Morch 17 2h Obm P.H,
Correct %o Longz., S0 W, subtresct 1 m ¥
Upper culmination Hadiscn liarch 17 Zh Odm P.M.
Time of observation L, ¥, 8. T. Sh 02m P,
Elapsed time since Unper Uulmination 6L 58m solar time
Change to siderial time add 7 x ,15m i

Hour rarsle in siderial time (ster west of north) 6h 59m

From tzble Polaris 1
il

eg, 18 Min, W of north =t 7 hours in lub. 4
- 4
n o

. 21 ¥in. " " " "W " in late

Polaris 1 des. &0 min, West o Norih at Madison (43 deg,

Tarpeht 1-20 = 0233 Mulii o refuce to inches = 00,2796 offget
in inches per foct of baseline. Multinly by length of baseline and
make offset to west of 7

=

H

From e /0, pirg

CST Wl 022 = 20072 e s /"-/3'6,..._1«-2' #3-%

fdl\»am.

—

st
4

GHA 0A.

Hon . dnie SEnas
2004 ML ST D
6 00 T f21%2 TE 12
28 0Y G T v i b Bo « S0
e o LoE Rl
~_2408 quotf~ 4 7
0204 GCTAmY
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Name

Problem p 2

Notes by Twenhofel and Hanners

edition 1942

Locations {Distance| Angles Comp Elevations
Diff
B Diff Sta Oc Sta std
Sta Oc|Sta std| feet Bblique Diff Elev.! Ground | E I | Inst.| Ground] E'F "fi%é' +an
WBa | EBL| 2330 | 40-30 |tlo-dofewaz | 9% | 4 |98b | 1o 7| 10 |)yyy 155
DD 2610 | 39-39 [¥9-39 M?‘l'” 1429 | 7 |li§3e /70
S EB| 3200 | 38-17 |+¥-n [F¥80 1yst | 10 | et L1706
DG 5230 | 34-01 [r40' [+36b ) 346 6l el
T 1140 | 45-33 RISy 130/ 2 Po3s 278
E Ba 2190 31-00 [+i-%0 | 39- 1023 2 e 5 075
BM 1360 | 80-49 |+o4q|_q0- | 9§62 4¢b 992 | 14 |/006 @193
EBa | W3Ba | 2190 | 28-83 |--7| #B | 1023 | 4 |1027 | 9g2 | o lgsy 0095
7 3100 | 35-02 [+59r| 273 & 1298 | 2 oo 0380
S B 2120 | 40-27 w27 | 391 ' o3 | 15 I8 x4
z 3l 2420 | 39-17 py-v7 3%3]' 1] 10 w22 63
DD 1680 | 43-37 Wi3-37| 4o 1427 7 hpd 292
1o-27 Y !
SEB| 1490 | 46-27 |" 440 1467 | 10 L7 294
EB1 | Wwaa | 2530 | 19-31 emlresn | tqin |4 | gvee | asr | o |y 1%
T 3440 | 28-06 [-1-5¢| ~nd 130 2 l3er ,0232
S B 4310 30-02 [+0-02| 1 B} 1404 | 15 417, coss®
w —l-2 =110 .
R R 5110 | 28-35 |~1-25}-12 it 4 b0 4qyr
o 0 ¥ Ba 2610 20-22 |-9-38) + 44> 1q25 4§ 1% 2Y 452 2 |98y 170
S B 3780 | 29-50 |-o0-0| o jye0 | 15 1% 0029/
RR 4330 | 28-08 |-1-52{~13 1252 | 4 #5€ 0339
SEB| wBa | 3200 | 21-26 |~&-14r4?7 | 1457 | 4 | ¥er | 982 | o |esy-14%
T 4340 | 27-50 |-2-10] -6 296 | 2 1#%.03728.
S B 3470 20-18 |-o92] 2 /464 | 15 M9 .0122
DG 2340 _27-27 |~-2-33) Jo ¥ 13¢1 6 17 oygys
R OO ] SO $NGE il /2% | % 1A9¥.04sY

Note: S C = not established - Sights to D D from E Bl and S E B were
omitted except for direction.

RRand D G not on sketch.
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a THOLOSY 11
2 // HAPPTIS
3 Proplem -14, sditiean, 1230

Obj “:  Co:struetion of scclss showing (a) msp or horizoatcl distaace of 20 foot
caﬂﬁdirjon dif:ersnt slopes, and (b) 10 foot Cifierences of iyevotion on a one
derrec slope, botin for mep scale 1 inch = J0U0 feot.

i

1: Bheelgof plane bond paper, anrd pencil , scaole of inchies sinowing Lenths

er Geeciamsl divisions, ercser, two triaagles

of uiits o0i wslevetion

ethod: Secnles showing horzoatcl spucing of contours
for oiven mcp scoles and slopes are military iaventions but cun be ussd by
gaolo ists much more wilely tasn they esre. For simplicity we will first wlke uy
the gecoad kiad of scele; this is kaowa s 2 onp degree slope 8tclos A ouns
ae;ruu slope is one of one vertical uvnit in 5%7.3 horizontcl units or J.7o vet
units in 100 Lorizonicl units. From this intormatcion compute hov many feet
horizoantsl distunce to 10 fest vertiezl cdistauce. Hexe it 1s nsccessory w0 CCi-

puwse how for this is on the map scele of 1 inci 1000 fesdy If we Giesire Lo

1

melke this scole to saow 10D foet totel differsace in elevoiion or
10 ties the cbove figurs. Ke sure off such a lidc using due care.
o

o to iacihes.

8s cacnge the Teot of tus orizia~l coapuwssii
tﬂls 100 foor sccle dateo won aciel “oorisd Dag scalu iaica you .
tie poials which you will iwe 42 mori rocesd as follows.
From one ead of the liau wo bu subdivided 1oy off

lise 1oy of: ten divisions vhich ure siown on yo:
nzle so thck outer end of this cucilicey liac is necrly verticiliy o
eLuner ond of the ling tu bo subdivided. Now join itheé owesr 2ats i D
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; GEQLOGY 11 ? \
MAPPING
Problem 15, Edition, 1941,

Object: To draw a map from photogrephs taken from the gﬁound,

Materialt Hard pencil, eraser, scale giving tenths or other decimal divisions of
inches, protractor, paper either plain or cross section.

Method: It is first necessary to grasp the mathematical reletion of a photograph
to the original, The following sketches show this.

3 A
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el ety lens .......
photo on 1 S W :
film or ’ 0 ---------- {object
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focal lengﬂﬁ e S
~~~~~~~~~ 4
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Eye ) ¢photograph {object
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!,. '-.”'-‘..-.--. 13

The first sketch shows the relstion of the photograph on the plate ar film to the
original, or object, provided on ordinary comera was used and placed with exis level
The sketch applies to eithar & vertical or & horizontal plane. Note definition of
focel length., It is essential to grasp the following idcas. (a) Every photograph
with the axis horizontrl show® a portion of the ground which is shaped like o tri-
sngle. (b) In & photograph all objects which have the same horizantel sngle, away
from the vortical plaone throuhh\th oxis line lie 1n+hc sone stroig ght line on the
picture. (¢) All voints on the level of the cemera are in a horizgntal line called
the horigzon 11ne, (a) In a photozravh token with horizontal axis, both vertierl
angles orc shown by distances from the horizon line or vertical plane which ere
proportional to the tengent of that angle. (An oxcoption to the last st-toment is
the old Ponoramic Kodelt; In thig instrument, illustreoted in the middle sketch, the
film was curved in g semi-circle to secure & larzer cngle in each'picture then is
possible with an ordinary cemers. Its horizontal engles were directly proportioned
to distances on the photograph, 41l points with thc same horizonttl angle lie in
seme vertical line. All points with same vertical sngle lie slong & line which
curves farther away from the horizon line with inc“p“51r% distonce from center ver-
tical line with ordinory comera (straight linos with Panorrmic Kodak - sketch, noxt
page.) The lowest sketeh illustrntes ancther fundamentel idea, namely that if the
photograph were transparent and held in front of the human eye at o distence equal
to the focal length of the camera it would Just masteh with the original if tho ob-
server were on thie sane spot as the picture wos taken from,




Problem 15, p. 2

layinz out the map. Tro different kinds of photogranvhs sre avriloble: (a) some
sets of views token in Alaska with the old Pemoranic Kodak, and (b) some photo-
raphs taken at Devis Lake with an ordinary crmera. Note curefully which you have.
Look over the available drtz which includes the distsnce spart of some of the
comora stotions: and the comnass berrings of some of these and other lines,
Without such auxiliary dsta no mep could be made. In practice ground control is
node by either trensit or plene table. Some elevstions are also suppliecd.
Points shown in more than one photograph are in some cases marked in the pictures.
The first step is to lay out the skeleton of the map (comtrol points). Look over
the pnotogrophs ond decide whet part of the paper you should stert on. Plat
compass directions of other comera stetions first. Now at every station loy off
o line for the wvertical nxinl plene of the crmers for each picture. To 1oc.tc
this linc accurately oxtend o line to ~nothor stotion nesr to this plrne. On one
side of a sheet of paper mark the focal length; on sdjacent side of seme poper,
ot right angles to first side, mork the distence on picture between the other
station nnéd the axisl plone mersuring sane in direction porzllel to horizon line,
Now fit the triingle to the extonded line in proper relation to bring line 2t
right angles to nxiel plcone ot distence fron picture station equsl to focal
lonzgth. Sec disgrom below. Now extend this line snd cz2ll it the picture pleone.
It is where y-u would put & transpnrent picture to just cover the originsl view
with your cye nt stotion. To obtein sngle of roys to nny object in a picture,
neasurce horigontel distroncé from verticel axicl plone and plot on picture plone
of the nmep, dJoin this point to picturc station and you hrve srme roesult as if
sou had sighted op alidrde on a plrne tatle. Obviously, the intersection of such
lines from differont stations gives locrtions just as do intersections on the
planctnable., It constitutes indoor nlronetebling. The rdventsge is thet time
spent in the field is greatly reduced but time in the office is nuch increased.
Certnin climnotes nske this desirablc.
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Finding elevations. The elevations of some of the camera stations are given,
otherwise no map could be made. After you have loceted enough points to enable
you to make a good map it is time to find difference of elevation of these points
as compared with known places. The most practical way of doing this is to solve
the problem of finding elevations from known distance and known angle. The
distances can now be taken from the map, working from a picture where the elev-
tion of camera is known. The angles can be determined from the picture. To do
this a right triangle is solved. One side of this, say the horizontal base, is
the distance from the location of the station on the map to the platted position
of this point in question on the picture plane, The other side, at right angles
to the above, (the vertical side) is the picture distance of the point in question
above or below the horizon line shown on the photographe. The third side or
hypothenuse joins the last point with the other end of the horizontal side. The
angle at the last point is the actual vertical angle which would have been
measured had you sighted the point in question from the camera station. It is

not desirable to measure this angle in degrees. The problem can be solved graph-
icallys On the horizontal line of the triangle plat the map distance of the

point in questio n as transferred with dividers or otherwise. Use the same scale as
used for the map to scale vertical distance above or below this point to the
hypothenuses This is the difference of elevation and should be properly applied
to the elevation of the camera station to get desired elevations Note that with
an ordinary camera the distance from the station to the picture plane is not
constant but increases toward the sides of the picture. It is therefore necessary
to use several triangles for each picture. In the case of the Fanoramic Kodak

the focal length was constant. This insirument is now obsolete.

g

Distance on mep scale-camera %

station to point dgtermined in picture plane
MAP DISTANCE OF POINT - ! .
)

Difference of elevation
to map scale

AT A

Bhinies wtabtok Actual vertical angle

Distance OL
picture plane

SR
\_\\
Note that line to picture planc is not always the same but ~tyoint

déepends upoint relation of point determined from central vertical plane.

Drawing contours. Vhen all points have been platted with elevations it is time to
start drawing contours. The problem of sketching lines of equal elevetiom is the’
same as that met with in the field with ordinary surface surveys. Before accepting
any location it must be checked in more than one photo of the same area wherever
possibles Never draw contours where you cannot see the ground in at least one
picture. Try to make the drawing an real interpretation of the ground form and not
a mechanicel interpolation between known points. Note that if two views are taken
from each camera station with camera on same level and ssparated by 50 feet or more
ground distance these can be used in sn .rdimerv stereoscope thus getting a better
idea of topographic form than can be observed either with the unaided eye or on a
single photograph. All that is needed for a ground photographic survey is an
ordinary camera properly equipped to take distant landscapes. The camera must be
levelled for every exposures FPanchromatic film with a red filter is best. Some
form of ground control must also be surveyed to find position and elevation of as
many camsra stations as poss iblec. Use of photograrhv on the ground Ir =till a

gaod methsd forzsurvaving soms2 ereas. i1yl
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GEOLOGY 11

MAPPING
Problem 16 and 1l6a, Edition 1950

To drav a map from aerial photographs.

Hard pencil, eraser, scale, stereoscove with parallel arm (stereocompara-
granh), magnifier, triangle, tracing paver (about 8% x 11"), photos, map
with elevation data.

Photogranhs teken from the air may be divided into (a) obligues with
camera axis tilted downward and (b) verticals taken with camera axis as
nearly vertical as ossible. Obliques are taken up in Problem 17. Read
™™ 5-230, pp. 188-249.

Yertical Pictures: CZTvery vertical nicture is a complete and accurate
map of the area shown, provided that (&) the camera axis is exactly
vertical and (b) the land is essentially a nlane. The scale of this map
is fixed by the elevation at which the nicture was taken in relation to
the focal length of the camera. In actual »ractice, however, it is very
difficult to meet these conditions recisely. Obviously if the land is
not flat, the tops of hills =re shown at a larger scale than are the low-
lands. Check the szale of your shotographs by neasuring several !tmown
distances. If you do not get the same result in different parts of the
area at the same elevation, the camera was tilted. A line on the land
surface which is straight but runs up and down hill is not atraight in
the nicture. The amount of curve due to differences of elesvation

increases radially away from the center of the photogracsh as shown in the
following figures:
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s g* taat C' is displaced from C
: 2long a radial line from
i center of vhotogrash.
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Three hills rise from a plain. The one vertically below the camera has its top
B shown on the picture in the same place as if it had been at nlain level B!'. But
the hills near the sides of the »icture have their tops A and C. displaced outward
from the center of the view to A! and C'. The distortion of straight lines across
each hill is also shown.

Stereosconic effect. Photogranhs are taken in the air at horizontal distances
guch that each overlans the adjacent ones by 60 per cent or more. Were the land
all flat you could not tell any difflerence in one picture from another of the same
spot, but where there is relief the relative positions of high and low points diifer
in the overlapping nictures.
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Now nlace a pair of adjacent photos so that the common areas are next to one
zuotvher. Shift one or both until you see some of the highlights double. Make these
toincide and the fused image will look like a relief model. ZXeep looking as if you
were in the plane at o great distance from ground until you can get the effect.

The mirrors or lenses serve only to separate the eyes so that each sees only one
nicture.” A similar result may be obtained with two magnifiers or by holding a
vaper between the eyes. In thess cases the common points in the nictures must be
eye distance (about 23") avart. It is -‘ossible to disvenee with the paper. Pub the
common points of two pictures about 2% inches avart. Slowly raise the pictures into
“he line of sight with eyes relaxed (daydreaming). Ths does not injure the eyes but
considerable nractice is needed. The closer the eyes come to the nicture the better
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the stercoscopic effect. Note that two other images, one on either side of that
in relief, are seen. These do no harm to the eyes. Shift photos until you get
relief effect.

Map location of noints. WOTE: Actuzl construction done only for problem 16a
but 2ll must know the principle.

The rays drawn from the center of the photogrenh (which was verticelly under
the plane ond is found by intersecting lines eithor between marks in the
margins or o the cornors) to objcets seen in the nicture represent true
angles just as though you hed sct up a planc table therc and sightcd thosc
points through an alidade. The map location of this center or principal point
may be found by vnassing the rays to three rccognizable points in the picture
which had previously becn located on the ground through the plotted map
position of those moints. This is merely solving the "three point problem'.
This orients the nhotograph in respect to the map control. Now rays may be
¢rawn on tracing vaper from the picturc center to unknown points, mainly hill
tops. Mark on each ray apparcnt position of point using a small definite dot
for cach but extend lines. Next comes the nroblem of correctly locating tho
next overlapping photograrli. Find its center os boefore. Locate this point
on the first photograph. I the centers are both at the same slevation then
the distance betweon them ic the corrcct map distenec. But if the clevations
differ a correction must be applicd. Drow the line betwecen tho two centers
on your map. Usc this linc to orient the tracing over the sccond picturc.
Shift along this line until rays from conter of sccond picture to known
noints already correctly located pass through the map locations. One such
nterscetion would be cnough to give map location of the sccond center but
iwo properly located off to the sides arc much better. Note similarity to
vlanc table method of loeation of unknown point. You may also find correctly
~ocnted points such ~s scction corners in the sccond picture.

Sce TM 5-230 pp. 188-212. :

.nhow on your final map to proper scale the locations of scction corners as
given by U. 5. Lend Survey. These will be your control points. Draw radial
lines from centoers of cach photograph to these on your tracings. VWhen agree-
ment on interscetions has been reached prick through proper map locations onto
vour final sheet. The chief error in such "plane tabling from the air' is
%ilt of the photogrephs. But comparc it with crror in doing the same work

on the ground!
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3¢ sure to understend that dircections hold over distsances and that all lines to a
zerbain location must intorscet at some point.

..... protlem 16a the vhotos will cover two sdjacent flights., Flights are commonly
méo going eitucr north or south with an ovorlap of about 30%. After arranging
sne tracing wencr shects (templets) you will soon realize the advantage of the
.ohted tomplot systom. This was at first dons with cardboard sheets cut with a
:pecial punch along the radial linocs. Thesc sheeots conceal the bascmap and arc
cbrown away when it is finished. Hence metal arms which may be clamped into

orogr ralation to one anothor hnaie displaced cardboard. No templet necd be made
for nroblem 16 since it would add little to accuracy of results but 2 width of
only two milcs should be mapped to avoid distortion due to relief and tilt which
affcets the sides of the photos most. 498 g LR J
Jistortion duc to relicf. Displaccment of points due to difforonce of oiévnflon
abovs or below the normal or d=atum »lanc is nlong lincs which radiate outward from
the point verticnlly bolow tho comera. It is commonly assumed that this plumb or
nedir point coincides with the contoer or nrincipal point. The actusl displaccpent
dcponds upon the »roportion: altitudc of planc, H: difforence of clevation, hi:
radial photo distance of point,R: displaccment from truec position, d. In solving
this notc that cach pair of torms must be in samc units, for instanec if H'=

14000 foet, and h = 200 foot, thon R and 4 must be oxpreossed either both in inches
or both in millimeters. In this case if R = 100 mm. then d = 1.43 mm. and if h is
skhove the datum »lanc the truc location of the point must be moved along the radial
linc toward thec prinecipnal point by this amount. See figure 5 on next page.
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Displacement of a point in photegraph due to relief.
Note that such dsiplacements are along lines which
radiate from the plumb or nadir point. ¥or most
photographs this is not far enough from the center or
principal point to make a material error if the nadir
point is not known.
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Schting up photogranhs. ILwvoen if you find your photos alrcady set up on a board
voi should understand just how this wns donec. Look over the books of instructions,
.2 "principal points" arc all markcd with red circles. Note the marks in margins
corncrs which wore uscd o locate these. If you arc using the Abrams instru-
o you should mark the linc bedwcen the »rincipal points with a sharp hard
gensil. Turn the y dial (mobion across line of flignt) to read 0. Place instru-
acnb over a sheoet of whitc »aer and turn up the right hand marker sbout 4 comrlotue
jurus. Tncn adjust loft hoad marker on its y axis until the two dots blend as onc
wiicn you. look at them thru,LL the lenscs. If you wear glasses yoo may have to
loave tluﬂ off while working. Choosc placc on the board where the parallel arm
"LT allow the ‘instrument tc cover the common part of the pair of photos. Lay
w1 the left photo and turn until the line joining the centors (principal points)
-8 on the linc of the two dot markers. Staple down left corners of this photo.
ircetions say usc tanc but this mey cause more injury than do staples.) Now
2w the right photo ovar the left so that whon left marker dot is on principal
v~int of icft photo tho rigat dot is on princinal point of the right photo and the
%wo lincs joining the principal points coincide. Another way to sct up photos is
S mgo Tront cdge of the instrument as a straight cdge; this is more rapid but
.ss accuratc. Noxt look through thc lonses and sce that you get good storeoscopic
“Faet without cye strain. You may have to shift tho right »photo kcoping it in
e eligamens. When satisfactory, staple down temporarily and flap over the
oézes to sce that therce is no "blind spot". Anothor shift may romove such, but
yoi ms . not adjust without leaving cnough spacce on the x motion to allow of
ing tha right dot by turning to loft to allow of placing it on lowest points
5he photos. Distance botwoon common points must not oxccod 2.45". Now
~waetice roading from ths dots. Whonever you look at the dots they will blend
t5 onc (unlcss too far apart). Practicc looking ot tho ground at the same
.- me; then whon the dots blond into on» it will apnear to touch the surface.
Lt first it is best to blink from onc ayc to the othor to sce that cach dot
iz sot at the samc objoet in the two photographs. First try this on road inter-
s.2bions and othor definitc points. ‘hen you have the dots coineiding meke tho
11al road O by turning its cdge. Study mop of arca to find a road interscction
ncer onc cdge of tho arca whosc slovation is known. O dial on it. Now shift to
.“tor side of tho arca ~nd sce if you still have tho dots coincide on an objoet
& nearly or oxactly the semec olovation. If thay do not ono pieture is tilted
w.%h respect to the othor. Effoet of tilt is largoly, although not wholly,
2.iminated by following Abroms mothod as dvscrlbud on pp. 16-17 of their manual.
Si%ick -a nocoedle through choek point on onc side; thon turn around this axis untbil
yuu got samo parallax rcading at ths othoer ch‘ck point. Thon restaple. A
tolorance of about 0.05 mm. is allowed in this mcasurcment, othorwisc it must be
ropeated. Always check bac!:s on first point again.
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If you arc using thc Fairchild instrument you will find it ocasicr to sct up the
photographs. Lock thc parallel arm. Then linc up loft photo with the common
principal noints under the scalc at the back. Staplc down at once. Thon measurc
map basc or distanco botwoen prineipal points in millimctors. The corrosponding
points on right photo arc thon lined up in same way along same straight linc and
its map bas~ is measurcd. Notc thot with this typoc of instrument you do not over-
lap thc photog. To get proper distance for storso vision do the semc as with the
othor typc. Placc whitc pancr below the dots and thon mako them blend by usc of
the large adjusting knob undcrncath the contor. Now romove paper and shift right
photo along the linc of oriontation until you get good reliof effecet. Bo surc

the micronctor is about tho center of its seale whon you fasten tho right vphota.
Now pick out »points of lnown clcvetion on the two sides of the flight and make

the soame ~djustmeont as with tho Abrams. Note that although the right dot can be
novad for y perallax thowre is no means of meoasuring this motion. Distance between
commion points ic about 6.20" with this machinc.

Licasuring clovations. Aftor the photographs have been 7Finially sot and you have
good storco vision bagin to practice measuring clevetions. As suggested above
you can best do this at first by blinking from one cyc to the othor and thus
locating both dots on corrzsponding mark in each photo.

Parsllax ocquation

a3 Line of fliggt 42

T T FIG. 6

f = focal length £
= I L Lens

Lens o
(air base)
H | (altitude
e
G d - £
L ial roun 4 suriace n2 = nadir or plumb point
€-x-—§

Sees next page for derivation of formulas, It is here assumed that flight
was exactly level, that axis of camera was exactly vertical in both photos,
and that dh is ggall compered to He Qn the two photographs Ba is represented
by by the map or photo base which is commonly assumed to be the distance
between one principal point and the nexts This distance is shown on both
members of the stereo pair of photegraphs.,
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difforonco in parallax = d; 4+ dg = dp
scale ratio = £/E = focal longth/altitude

dp : x it f : H, by scalc ratio, whonec x = dp.H/f (strictly spoaking (H-dh) but
dh is so small it may commonly be noglectod)

also
dh ¢ x :t B Ba, by similar trianglcs, whoneo x = dh.Ba/E

cquating to climinate x,
dp.H/f = dh.B/H, honce dh = dp.HR/f.Ba
but b on photo = Ba . scalc ratio orsBa,f/H

honeo by substitution dh = dp.H/B)
A
noxt substitute for E its wvaluc g.f/p whers g = a ground‘distnnco, and p it s
longth in the photo and £ = focel lcngth
Mcasurc p on photos, also b usually in "

" 1] = s M
005" b 06 b
=1 - .C;‘f—'. ‘.}O

MEE 0588

" 1 1 ¥
= s r‘{_-%.- ,-‘« \: J \ B

honeo dh = dp.g.f/o.p M L = 0 PI§
peg-L/b.p | 5 F

Agsumec dp =+ 1 mm., g ¢« 5280 ft., and f » 8.25 in.
In ordor to balancoe difforent units of moasuroment cither p or b must be in mm,
To change mm to inches multiply by 25.4

Honeo dh' = ap™ £" gt / v".p™ or dh' - 1715/b".p"

(This dorivation is roquirocd of »1l studonts.)

Finding thco altitude. Even if you had the altitude at which tho photographs were
supposcd to have beon tsoken it may not bo corroct, for it was bascd on barometric

determination. Most of thesc photogranhs werc talten with the K-3B cemera which
hed a focal longth of 8: inches. Tho scalc of the photographs is oxpresscd thus:

"~ Scalo = _focal length = _nhoto distance = £ = 3
altitude ground distance E g

Wotc thot thosc ratios domand that both forms be in the seme units.
Solve for altitude =and:
E (foet) = ground distonce (£ft) . f(in) = g.f
photo distanec (in) P

Notc that wo can use two differont units beeause therc is only one term of cach
above and bclow the linc so that the corrcction factor eancels.

Wo could cqually wecll uso nmillimectors for both foeal longth and photo distanco.
Bxemple: f= 8% in.; g = 5280 ft., and p = 3.1 in.

Substituting thesc valucs above altitude, E = 14000 ft.

Study your vhotos in comparison with » map on which %nown horigzontal distances
are shown and comnute flying altitude for cach., The scale of the two photos may
not bc cxactly the same.

1 inch = 25.40 nn. 1 mm. = 0394 in.
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Computation of diffcorconces of clcvation. The forrmla demonstrated above rolates
differcnec in parallax on the photographs to differonce of clevation, altitude,

and map base. The latter is the average distnancc between principal noints of a
pair of photos. It may be oxpresscd cither in inches or millimetcrs. We can

also solve the formula for difference in elevation for unit differcnce in parallax.

difference of parallax = diff. in clov, . mep base dp - gh.b (1)

.

altitude H

Solving for ih, : =
dh= dp.H (2) Substitute for H, H. £:.f then dh = 3
b &~ ﬂaﬁ?ﬁf
If dp = 1%, g = 5260', £= 8.25 " then dh =z h= 10

(4) ¢ L LT AR

¥ 1
oL
i

o'l
o2
S =

(&)

P

(This form gives either feet wer inch of parallax or feet per millimetér. Taking
H = 14000 feet, and b = 2.5 inches the result of (3) is 5600 feet per inch or 220
fcet per millimeter. Note that again different units may be used provided that
the conversion factors cancel out. Check these computations for your particular
nair of photos. You con neasure b in millimeters if desired. Next you must
realize that altitude, H, is that above the particular spot on the photo which
you are reasuring. For instance if there were a 500 foot hill in the photo
deseribed above H would be reduced to 13500 fect changing the results to 5400
feet/in and 213 ft/mm respectively. Although there arc tables which may be used
to compensate for this in TM 5-230 a simpler solution is to figure the value of
dh for the =aveorage H over the photo. This may be used to determine differcnces
of elevation such as heighth of hills above known low places. Using (4) if b =

2.5" and p = 3,1" then dh = 222 ft/mm. or 5650 ft/in. Compute dh for your photos.
You can also get results by measuring a known difference of slevation on the photo,

Note that measurcments uphill rogister on the Abrams machine by motion of the
pointer in theddircetion. On the Fairchild instrument the readings on the scale
increase with elevation, thoat is increase toward the left. Compare this with
what couses hilltops to appear closer under the storecoscope (FIS. 3). When you
measure you mey have to use the y motion to meke dots coincide. This is a result
of tilt (see later). Tilt results in change of scale of the photos so that
corresponding points are displaced in rclative distance from the line of flight
or linc of orientation. In the Abrams instrument use the motion of right dot
only. Left dot is moved only when first setting up the photos. Study the scale
on the Fairchild machine. Whole millimeters are marked on lower side of line
except for those which arc numbered where line is carried across. Half millis
meters are marked on upper side. Since the micrometer head reads only to 50 and
measurcs hundrodths of millimeters you must 2dd 50. to its reading whenever a
half point is passed. Continue nractice on reading spot elevations. 3Base your
parallax differcnce on clevations on roads, cte., on low ground not too far away
on the photo. If you try to measure over long horizontnl distanccs the offeet of
cven slight tild will make results inaccurate. On the homec-mnde instrument
parallax is measured in thousandths of inches; divisions on side arc 25/1000",

on head of drum 1/1000".

Drawing the map. Bach of the mochines is provided with some kind of pencil. See

thnt yours is sharp and not too hard. If you con obtain only faint lines go over
Jthem with 2 softer pencil. Colored pencils (provided when possible) arc ‘geod' -
S . Use 2 sheet of bond paner which shows a watermark when held to light.
If drawing board is rough put ~ sheet of poorer paser boclow. Fasten down in
Dposition so you can map the area common to the two photographs remembering that
you have to reverse the photos with all but the Fairchild., In tracing roads, 2%

streams and boundarics of dense timber use left hand dot only. Locate dwellings
which at most farms are closc the road and more or less concenled by shade trees.

for this. Use blue for streams. red for rosds and hnuses, and green for timbers




o 16=9

Do not man all farm buildings. You will have troublc in following somc strenms
becruse of trees, also in telling what portions of some streams are now part of
the actunl channel. Dot all uncertain parts., Show streams which do not carry
watér all the time by dash-dot lines. Last locate spot elevations., Compare
with the old topo. shecets! All students will make a map based on common area
of one pair of nhotos.

Contouring. The choiee of two methods of drawing contours is possible. All
bookks of directions advise sctting the distance apart of the dots to thot for a
given lovel and thon tracing around tho contour. This involves finding thé
difference, dp, of parallax for o given contour interval., Tilt of the photos
mrkes it nccessary to shift the sctting for different parts of the map in a very
complox manncr. Keeping the fused dots together is nlso difficult at first.
Avter practice they should appoar to just touch the surfance while looking at the
vopography and not concentrating on the dots. You can always mrke the dots blend
if you look too hrrd =t them nlone. The othor method is to measure spot eleva-
“!ons and then sketch the contours from them checking with the stercoscope.
dcmbination of the two methods is suggested. Try to trace the 100 foot contours
virst. Blink from one eyc to another to sec thnt dots rest on same ground point.
Change reading in differcnt points of map in response to spot clevation data.
Then fill in 50 foot contiurs between by sketching. Compare your results with
the old map which was sketched from the ground! Last locate section corners
using the old map as a guide. From these loecate the lines about % mile apart
which subdivide the secctions into 40 acre trocts. Draw all those on your paper
malzing scction lines solid black and the other lines dotted black. Also draw a
line exactly a mile long nccording to the scale you found. Your map may be
presonted either (2) in peneil on originnl paser or (b) traced in ink on tracing
paner. If the lotter also hand in your sketch. First maps cover only the areca
seen on both photographs of the »air. Contour interval , 50 feet. Roads
may be left as single lines but make branch roads dotted. Show also all dwellings.
(not barns), strcams and swemps as far as possiblo.

FOR 4 CREDIT STUDEITS
Problem 1l6a

Material: Aside from that for problem 18, you need 10 shects of trocing paper
7" x 9" plus o shoet of tracing paper about 18" x 18",

Introduction: 4 credit students will do Problem 162, map of 10 verticrl photos
located in two flights, » portion at least of which must be contoured and all
completed to show ronds, dwellings, streams, woodland, swamps, section and forty
lines. The tracing paner nbout 7 x ¢ inches will be required for the radial
line plot and larger sheet for final map. Pirst, make the radial line tracings
taking linos from prineipal point of ench photo to nll section corners, other
principal noints, and to such points common to the two flights as-nccessary.
Draw finc accurate lines and merk the picture loentions defini#“

¢1y Jalthough linos
should extond half an inch boyond cdch. Mark photo number in same position as on
original. WNoxt lay these trocings over onc another to get true locations by
interscctions. Make lines between principal voints coincide. Assume that N-S
township lines ~re stroight. Apply scme criteria to accuracy of location as

with plenetable. When you have a satisfactory adjustment, disregarding the ap-
parcnt locations on photo, tope or staple your assembly together. Then lay it
over the master sheet and prick through the revised locations. Remove overlay
and mark each prick noint with cross for section corner, circle for principal
points and other locations. Place photo number at each prineipal point.
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Draw in the soction lines on master tracing. Next subdivide ecach section into
40's using solid lines for scctions ond dotted for subdivisions. You now have

an accurate framework to which skotches 2nd tracings of each photo may be fitted.
Last use the stercocomparagraph to make a contour sketch of not less than common
area of two stercopairs one in each flight. Adjust contours between the two
flights as secoms best. Do as much contouring as time permits; if you connot
contour more thon minimum finish rest of area as a flat map. Submit your sketches
and overlay with the final map. This may be completed either in peneil or ink.
Usc green crayon for woodland.

Effect of tilt on vertical nerial photographs.

Introduction. 4s noted above, few photographs taken from planes and intended to
be true vertienls are such in fact. Efforts to control verticality by levels,
views of horizon, gyroscopes, ote., have failed although it may vnrove practicable
to indicate the plumb point by a spot of light regulated by a gyroscope.
Portunately the angle of tilt is rarely over 3 degrees from vertical and can
safely be neglected for radial line construction unless the topography is very
rugged with high relief. A tilted photo has the same nerspective as a very low
obligque as cxplained in Problem 17. Note diagrams on following nage. These show
that the side which is tilted below the position of an equivalent vertical picture
includes a smaller area than it should and is expanded; the converse is true on
the other side, thnt toward which the princival point is displaced from the plumb
or nadir point. Midway between the locntions of these two points is a line whers
the equivalent verticnl photo intersects the netual picture, Only along this line
which is perpendicular to the principal line is scalo true.

Fig. TA GSee next page

Distortion of a square when tilted

along a diagonal line.

True shape bdrken line; shape in photo
~ \shown as solid line
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Geometry of o tilted photo

0 = principal point

n = nadir or plumb point

i = isocenter or center of
distortion

d = displacement

t = angle of tilt

f = foecal length

B = angle between line %o a

point and line to iso-
center
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Displacenment olong a line rndinl from isocenter
Displacement along line perpendicular to principnl line = d tan A

Note th~t displ-cements ore proportional to squarc of distance from axis of tilt
from isocenter. Displacements due to relief are radial
Therefore, there is no single place on a photographfrom

but ~re clong lines radinl
from plumb (nadir) point.
which both tilt ~nd relief

is small 1 in most cascs when the tilt does r

can be corrected.

line parallel ground.

Note thet the tilted photograph
mgkes a rectangle on the ground
appear too big on lower or down
side and the converse on upper
side (here to right).

A = angle between m radial line
from isocenter and the principal
line.

Zsrivations (required for 4
credit students)
Vertical displacement of point
a' is 1a ( or ib) ein t
Horizontal displacement = vert.
displacement tan B Since
tan B = ia (or ib) / £ then

d = ia (or 1b% ) sin t /f and

sin t = d.f/(ia? ) whencszéls-

tance no = f sin t

See Figs TA on last page for
effect of distortion when
axis of tilt is diagfonal to
sides of a square.

d/cos A

Fortun~tely, error due to this fact
not exceed 3 degrees. In country with

high relief, mcasured in thouscnds of foet, it is necessary to find the plumb or

nadir point for radial line construction.

Note carofully the distortion of a sq,

due to tilt. If axis of tilt dingonal, squarc is "skewed".
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Flgure 8 shovs results of tilt of camera axis in successive photographs, A; By O
ceaters (principal points) are designated Ao, 20, Co. It is assumed that A is
exactly vert.cal with the plumb or nadir point coincident with Ao. The rectangle
1, 2, 3, 4 1s ~orrectly shown. (enters of adjacent photos are shown in every
case. TWhen set up for stereosconic examination these are aligned along the line
of flight or x axis which 1s horizontal in the stereoscope. Distances perpendic-
ular to the line of flizht are called along the y axiss TFhoto 3 is assumed to t.
tilted along an axis parallel to the 1line of flight. As explained in Fig. 7 the
rectangle is then distored into the shape shown by solid lines (its tiw9 shapu is
shown by broken lines). =n = nadir point, 1 = isocenter or intersection of axisg

of tilt with a plane passing through both camera axis and plumb line., INote that
points 1, 2, 3, 4 are displaced along lines which radiate from i (see Fig. 7).
Distance of 1 in y direction from line of flight 1g al, of 2 = a2 Displacement

of 1 from a line through 1 in A is d1 and of 2 = d2 both measured in y direction,
such measurerents are made with y dial on Abrams instrument; the pairchild has

no gradua ions on its y motion. Fhoto ¢ is assumed to be tilted along a direction
perpiadic lar to the x axis ( along y axis). nistortion is shown by same method.
nsviaceme ats from lines parallel line of flight, dl and &2,are méasured in same
way, y distance of 2 from line of flight = a and x distance of 2 from co= b,
Angle A is determined by 1ts tangent a/t. Note than tilt is demonstrated when you
have to use o0 y motion to yy4 dots on corresponding points in two photos. Cases
of tilt alo.z axes in other directions than those shown by be resolved into com-

ponents alcag x and y axes. Displacements.due to relief are eepaumed to be absent,

gorrection of parallax errors due to tilt. Then a pair of overlapping photos is
gset up for steroscopic examination the average value of dh must be found first.
Known elevations should be present along both sides of the common area and nearly
oprosite one gnother. Tlevations of 1, 2, 3, 4 should be known, DnNots are set

on 1 and 1 in phnto By the effect of difference of elevatlion of 1 and 2 is com~
puted; the x dial is reset and checked on 2 in A and 2 1n 3. Phto 3 is then
loosened and turned until this distance checkse. (Abrams method).™ This adjustment
will (unless the error was due only to faulty determination of centers) serve
only to correct reading *ta relatively narrow area between the two correction :
points, i. e, an area extending in the y direction., A different g¢z:+. position
would be needed for points 3 and 4, IHence it is well to use tave c¢n right photo.
Zrror due to the component of tilt on v axis is not affected by this method,

Meagsurment of relative tilt. Fig. 7 shuws how it is possible to compute the
displacemert of the nadir point in both x and y directions with proper signs.
In ¥ig. 8 displacement left (below) line of flight is ~ and above (or right}is +,
Displacemsnt of n above or left of principal point is -~ and below or right is +.
Photo 3 shows a + displacement in y directioné Such a displacement is called Dy
and is ecual to fesin ¥ Since sin t = d.f/a® it remains only t60 find a, This
must be the average of the two a's on » because we do not know the position of the
axis of +ilt., This average value gorreSronds to ia or_ib of rig., 7 and hence

d = /dl +a2)/2, Ty substitution On = £°(d1+ d2) / 2a° YNote that since both

dl and d2 are to right in ¢ of Flg. 8 a positive value will attach to result. If
the displacements had beon the other way the result would be - indicating a nadir
point helow (left of) the x axis. In photo ¢ the tilt is along a transverse axis:
dl and d2 ave both measured along the y axis as before but one is ~ and the other
is +. In this case we must use the average of dl ~d2 multiplied by the
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tongent of the angle A thnt is by a/%: Wow to obtnin this average value for
d we must reenll th~t the displnocencats are opvpesite in sign ~nd thnat we must
therefore use their algebraic difference. Thus d = (d1 - d2)a/2b. Substituting
and cancelling 2 above and below the line it ~vne~rs thnt Dx = fa(dl - dz)/zab.
In the c=sc shown the algcbraic sun of the y displacements is negntive and the
nadir point is disnlaced to the left or backwerd on the line of flight. In this
nanner the x nnd y displncement components mny be found ~nd thus the relative
rclation to the photo nt the loft (earlier in the series). Bub since we have no
knewledge of the tilt of thot photograph the solution remains relative until the
nissing data is supplied. Then relative tiits may be carried forward by
nlgebrnic differcnces. This nethod is deseribed by Van Camp in "Manual of
Fhotogramnetry," pn. 290-302.

The following wethod is adnpted from one by MAGLEY, pp. 180-192, modified to use

« rectangle (or squore) formed by one or more scetions of land. Because most
acrial photographs were t~ken by flying nlong o N-S section line it would be best
to use n pair of ~dj~cont scctions enst and west of the line flight. It is
essentinl to have the nrincipal point well inside the area used. True dimensions
~nd diroctions of the sides should be checked by ~ ground survey with pl-netable
or otherwise. Elevations of esch corner must also be known. Also foenl length of
comern in inches. OSteps in construction follow,

(1) Loc~te both on mep ~nd photosraph the principal point using rndi~l line
construction with former.

(2) Find the ~vernge senle of the photograph from n scetion line nesr the princi-
o2l point ~nd compute elev-tion, H, by usurl nethod. E = g.f/p, where g
is a &ground dist.noe in feet and p the same on photo in inches.

(3) Compute disvlacenent & of ~ll corners to ench plnne passing through elevation

of the lowest cormer. d = h.R/E, where h = difference in feet elevation of
point considered above lowest corner, and R its dist-nce from principal point in
inches. Move the high points in towsrd the principal point as the isocenter is
2s yet unknown. See Fig. 5

(4) Scmle, in inches, the four sides of the quadrilaternl as shown on corrected
photograph (notediagrom); also distonee of each corner from the
princinal point. Also obtnin corresponding ground distance in feet from map
and field datn. Bee Fig. §

(5) Revise the figure for altitude E = (L°) from the fact thot LO:A%:: fine!
whence L°!' = fP.A o! [ nad" soproximntely. Use mean value from four solutions.

(6) The four triangles embrocing lines from L (position of plane) to each corner
of the figure ¢~n now be drown to map scrle (preferably lorger than photo
sccle). Include corresponding lines in the vhotogreph, Remember tht plane
of photo is normal to line (L°) to »rincinal point. It will now be noted that
since f is the same in ~l1 triangles the lines representing the plane of the
photograph will not be parallel to the ground. See Fig. 10

(" qu we hnve the dntn to construct triangles for each of the four exterior
sides of the pyramid maling the ground line straight. It is not normal to °
l1ine I°%,  Bes Tig, 11

(8) The next step is to nass vertical planes through each apex of these triangles.
The intersection of these planes with the outside of the pyranid are normal to
the ground line and ench will pass through the line (Ln) from L to the nadir
point. See Fig. 13
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(9) Next use the map nnd drnw on it lines normal to each side at proper distonces
from each corner as shown on base of each triangle. These lines should all
intersect ~t the nadir point, n.gee Fige 12

(10) Trensfer this nedir point to the photogransh by tracing paner solution of the
three noint problem. Location of isocenter ard nxis of tilt are now known.
" Angle of tilt, t, may be .computed since tan t = nboff.

TS

L (lens of camera)

fn

H (map scale)

phobo

map. ( larger scale
than photo)

One of a series of four triangles from
line Lo out to each of the four corners
Fig. 9 of the area on the grounds f = focal

length of camera H = altitude of plane

Fyramid over two adjacent sections of &t map scale. In order to fit it the

lend including the principal point., true ground distances at map scale it
abcd = tilted p hotograph 4BCD = map 18 necessary to meke them inclined which
on scale larger than that of photo. indicates tilt of the photograph
Because the ground or map distances Construction must include all of the : .
are horizontal the photodistances must four triangles.
be first corrected for differences of
elevatione o0 = principal point on ground,
3! = principal point of photo on line
normal to plane of photograph.
n = nadir or plumb point on ground ar::
n' = nadir point on photograph.
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a B C D A
Fig. 11

Four sides of the pyramid spread out with base or
ground level as a straight lines OSies of the triangles
scaled from four construction figures like Fig. 10
The lines normal to the base line through the apex of
each trinagle at L are the intersections of vertical
planes with thé sides of the pyramid of Fig. 9 Each

D of these planes must pass through the plumb line

& below the lens position and hence the nadir point
on the map. These planes are not shown on Eig.
9 except where they intersect the ground or map
n planes
B C
Map to scale of the area shown in Fige 9 showing how the nadir point n is
located by the interestion of vertical planes through I This position

may be then transferred to the photograph by the tracing paper solution of
the three point pdoblem, here actually four points.

This lengthy solution is justified only for photographs at start and end of a flight
and then generally in rather rough countrys Location of the nadir point aids in
drawing radiel lines. It does not aid in tilt correction where displacements'are
radial from the isocenter.

b 2
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Rihn's method, "Mnnunl of photogrammetry", 1944, pp. 274-289.

Introduction. Rihn's method is based upon three voints, prefernbly surrounding
the princinal point,whose elevntions nnd true distnnces apnrt in 2 horizontal
planse have becen determined by o ground survey. It is first necessory to find
he location of each point in n plane at level of the lowest of them. Find the
orineinal point. Mensure distonce to each control point. Compute displacement
by formula d = (diff. eclev,) x (rndinl photo dist~nce)/(clevntion of »lnne). A
point 200 feet above dntum and 100 mm. from principal »oint is displaced with
photos t~ken ~t 14000 feet (200 x 100)/14000 = 1.43 nnm. outward. Thercfore the
locrtion to be used in corrceting tilt must be moved by this ~mount toward the
prineinal point since the isocenter is as yet unknown.

Method.

(1) Seleet the three points. (2) Sct dotum »lane ~t lowest of them.

(3) Comwte clevation of plane from scnle = foenl length / elevation.

(4) Compute dismlacements. (5) -Loeate mosition of e~ch point in datum plane.

(6) Men~sure in inches or mm. length of each side of trinngle = P.

(7) Find the actunl length of ench side in feet or meters = G. 1 :

(8) Cnleulnte scale of ench side from formula S = P/B. The differcnt scales of’
gach side are shown ns Sh, Sm 2nd S1 as rntios.

A, B, D = the three
control voints

¥y = plumb or nadir point
i = isocenter
0 = principel Hoint N FIG. 13

"Line of constant
scale"

(9) After finding O (princinsl point) drovo pervendicul~rs from it to 2ll sides of
the trisngle. Mensure distonces L, M, N. Now lay off the snme dist-neces from
the opposite cornors of each side of the trinngle. These will give "scale
points" h, m, 1. If the verpendiculnr folls on nn extension of the side of
triengle then lay off an cxtension ~t other end. In every cnse the midpoint
of the dntun line is midway between the foot of the perpendiculsr ~nd the
Useale pointh.

(10)Find ~ point "a" on line hl from formula hn = h1(Sh-Sm)/(Sh-S1) where S with
subscrints refors to the serle nt the three "senle points®.

(11) Drow ma, the "line of const~nt scnle", and drop ~ perpendicular oc to ma from
-the »rinecinal point and ~nother from either 1 or 1 whichever is longer.

(122 Compute rnte of change in scnle, dS fronm forrmuln dS = (Sh-Sm) /hb.

(13) Find thc scnle »t o from § = Sm +(0c)(dS) when o is on snme side of ma ns h

or S0 = Sn - (02)(dS) whon o is on same side of ma as 1.
(14) Find the ~agle of tilt, ¢, from formula sin t = gggg where £ = focnl length.
: 0



: =18~ 16~18 last

(15) The nlumb or nﬂdlr point, pn, is on tnb linc oc on the side of o townrd the
hisher scrle em = foten ¢ ond o = tﬂn(t/z) which plnces it almost holf
wny between n nnd o.

(16) If the tilt proves large repe~t nll steps substituting n for o in Step 5.
Then S1 = &, -7.,1)(as) in Step 14 ond H = £/(5i) in Step 3. In Step 4 d =
(n.R)(fix sin t)/(h f) 4+ on nndir point side, - on nrineipnl point side,
and x = perpendicular distonce from image noint to nxis of HiEL. . 0If W ois
less thon 150 feet omit this corroction.

Example of o computbt~tion:
Point  Blevntion - hy Tt Reo i, (4 P G

i 692 171 3.90 .05 h = elevation nbove dntun
B 809 288 2.91 «06 R = distonce from nrincipal pt.
D B2l 0 - .00 before correction
d = correction for relief

Lins: 8, €3, P4, P/G Senle Line cunt

4B 9574 6.21 648 65 T e i;“'

3D 8894 5.74 645.42 s1 e <L

DL 10398 6.80 653.98 Sh il

nl = 2.78" hence al = (2. %8) (q 3)/(8.55) = 1,05"

hb = 1.42" (scnled)

ds = (653.98 ~ 648.55)/1.42 = 3.75 per inch

oc = 0.52"

80 = 648.65 ~ (0,52 x 3.75) = 646.70

ein t = (B.27 x 8.75)/646.52 = .04796 t = 2 45
0z B8.27 x 0.,04798 = 0.397 in.
oi = 0.20"

Summory. A common way to allow for errors in por~llex nensurcment due to tilt is
to dr~w n gronh of error 2s deseribed in T. M. 5-230, -p. 2563-254 ~nd Bagley, pD.
198-199., This method of chonging the set of the noints for error in parallax is
~pplicnble only when following contours. It hos often been observed thnt the
nore lnown clevntions the marc complex the groph, which seoms to indie~te th-t
distortion of the photograph in developing and vrinting is an importont iten.
The only renl ~nswer to the tilt problem lies in the use of one of the plotting
nachines such ~s the "multinlor" projection method where the position of the
phaotogranh is shifted until it sntisfies the ground control. PFor less oxpensive
nm~chines the best answer lies in the Abrnms method plus limitation of the aren
used to the conter of ench nhotosreph. This grently reduces errors but obviously
the more known clev~tions there nre the better. Blevation differences should
~lwnys be mensured from !mown clevations os close to the point concerncd ns
possible. ¥o commutntions of ~bsolute or relative tilt will be required in
Problenm 162 but you nmust understond the princinles involved in order to snswer
guestions in the finnl exnnin~tion. See specifientions for final maﬁ given nt
stort of Problem 16a. Be sure you include scale and nadir point.

“30”



GECLOGY 11
HAPPING

Probiem 12 sdition, 1930

Object: determination of length of pace.

pencil,

katerial: Notebook, 1
Method: The base chosen for determining
at an elm tree back of the high chimney
with white paint: "X 11". Tollow marks
of south tewer of ski zlide and thence thron
abandoned drive down the kill to lake, %
lake drive gﬁbgfg?ay stone, thence along on
side of drive just at end of a little point
It is zlso marked "X 11", 3Be sure you kuow
T™e lergth is 2610 feet., linke at least one
Corpute length of nace to hundredths of feet,
Can you explain why?

lensth
of Radi

nro

whi
whe

- Vi ' -
p— - 1 =
o A 2l o
C &

J

E1TM 33w

¥ -woods O
lale side to tree on north

round

of individual pace starts
o Eall; this tree is marked
te paint to north end
woods and brush across the
west side to old

Ll

5
<k

ig north of the ®"Dormst,
the endg of the line are.
trip over the line.

Count paces, not strides.

il
Te

T




GEOLOGY 11
MAPPING
Problem 1%, edition, 1941

Object: Make scale of paces for map on scale of 1 inch = 1000 feet for paces
from 2.0 feet to 4.0 feet.

Material: Sheet of plain paper, hard pencil, scale showing tonths or other decimal
divisions of inches, two triangles.

Method: The idea of a scale showing different lengths of pace is that you can

maxe a scale from it at any time that you find Jjust what the length of your pace

ig under the conditions in which you are working, It is desired to show scales

for all lengths of paces which will generally be found., On the sheet of paper

draw a line parallel to the left margin and mark on it a length of four inches
subdivided to intervals of 2/10 inch, At both ends erect perpendiculars to the
right. Compute length of 1000 paces of 2 feet length on map scale of 1 inch = 1000
feet. Get result in inches and decimal fractions thereof. Subdivide this line

into 10 equal parts and then subdivide one of these in turn into 5 equal parts eack -
thus representing 20 paces. Trasnfer this data to top horizontal line and number the
narks appropriately placing the 0 100 paces fpor the left, Now do the same for - ”
paces of 4.0 feet length and transfer data to bottom line in same way. Join
corresponding points. Now draw horizontal lines at every 2/10 inch vertical interval
and lable the left ends appropriately. The following sketch is only approximate.

Jow when you have found what your pace length is it will be easy to copy a scale

for it which will show 100 pace intervals to total length of 900 paces and a sub-
divided unit of 100 paces total length which will give 20 pace spaces —= or you

can use this scale for 1 inch = 500 feet by taking every other mark.

1 0iga2 a5 & ?-‘83{.960 P(:.cos
.41 B T R
| HRBRBAREB)
LR N W e
L L} \ L ¥ + LW : Note that scale is shown
i i \‘L + ‘1\ \ e e 2.5! for every tenth of foot
i A N T T length of pace. Put your
! ‘tl \ \ \ \ \\ & \ name on your scale,
O L 8 YR Y NOTE: if you do not like to cerry
L \ \L \ \ X \ \ ; a scalo in ficld you can instoad
R 1 VR Y \ nako up a tablo for your paco .
"\ \ \ \ T \ L XS'D' giving nunbor of feot é‘gr 10, 20,
+ o 30 paces etc., up.to. 100 pacca’
\ \ R 3 % \ 9 S , «* . Thon by addition you can :
N T Y BT \\ \\ \g\ \\\ obtain distance in inchc? on nap
R s -for eny nunbor of paces.(Scale
! B e B X B IR R T 351 given i? number of feet to
R S YR O VR R N G S e
T S T T \ \
| \*‘t; $8w
‘ L X W \\ A\
‘ ‘ \ \ 1 \ A \ \ 4.01
2 = 6



GEOLOGY 11

Mapping
Problenm 19, edition, 1941

Object: Compass traverse and sketch map.

Material: Brunton compass, sheet of cross section paper on board or notebook with
cross section paper, scale of your paces for 1 inch = 500 feet, protracter, hard
pencil, eraser,

Method: The Brunton compass is the great friend of the geologist. 1In all regions
which are devoid of lecal magnetic attraction geologists use it to keep track of
where they are. Unmapped roads, trails, as well as geological contacts, and other
features can be traversed. Bearings can be taken to definite points from several
locations which when platted on the map serve the same purpose as planetable
sights for intersection or resection. The two and three point problems can be
solved with the compass. In addition to these functions it serves to measure dip
and strike and will in a pinch serve as a hand level. Other compasses are better
for surveying but the Brunton is the standby of American geologists.

The area to be surrounded by a traverse is from Muir Knoll west to the
longitude of the Observatory, north to Lake Mendota, and no farther south than the
walk on the north side of Bascom Hall., Start at any —oint on this circuit where
you think you are away from ~ipes, tunnels, and other metal objects which cause
local attraction. Traverse the area by sighting in the mirror ahead at some
definite point like a tree. Take care to hold the compass level so that the needle
swings free. Get the line on the mirror in the center of image of the slit in the
vane which is kept upright. See that declination of 4 degrees east is properly set
off before starting. Use screw driver in large screw on side to do this. After
sighting a forward station pace toward it; it may be undesirable to go clear to the
point. If so stop in line with it; then sight back on your course to see if there
is any local attraction. If there is, the two bearings will not differ by 180
degrees as they should. For instance if you read first N, 50 W. looking back on the
same line you should reas S. 50 E. If these do not check you can still make a map.
FPlat line with -rotractor and scale distance found by pacing. Then sight ashead
and repeat process until point of beginning is reached. Show clearly the error
of closure. If no magnetic attraction were feared, how could you vary this routine
to save time? Do not try to traverse all the small bends of the lake shore but
cut across on straight lines. Keep the map platted as you go. Include on it a
sketch of (a) lake shore, (b) roads, (c) trails as single dotted line (d) buildings,
approximate outline only. Remepber that the map is small scale so that care is i
needed in drawing. To insure correctness of platting keep notes in one corner of
the sheet as follows. Mos compasses we have are graduated in azimuth (0-360 deg).

As your protractor is graduated only t4 180 de ees, mak? 3rgper computation to plat.
[Sta,pooupied| Sta. sighted Bearfng! Paces or azimtit

- |
! 1

{Then if there is any large efror you can check your platting. Remember that errors

of interhanging north and south or east and west or of reading the scale in the

wrong direction are more common than slight errors. Do not wait for needle to come

to a stop but hold compass reasonably steady and then note the extremes of the swing

and average them. This is an exercise in field mapping and not in drafting.

HAND IN MAP IMMEDIATELY ON RETURN FROM FIELD. No work will be accepted under any

other conditions so do not stay out over the regular time without pernission in

adYance.. CAUTION: To get on point hold arns ngainst the body and level compass:
then swing on your feet without removing arms until line of sight is on nark.

DO NOT FOREGET A NORTH POINT, SCALE, AND YOUR NAME,

DO NOT LEAVE YOUR COMPASS UNATTENDED! Hand in persondlly and see it is checked in.



fE0LOGY 11
HAPPING
Problom £0

St

Objoct: Planc tablo i0p0graphic uep or part uf.campus

Heborinl: Light plano tablo, open 81gut hlldadu, shoct of papor, flc&d
senic showing your prcos for Y inch = 500 fouot, hard poneil well shar-
poned, oithoer howd Lovel, ébagy lovel, or Brunton compass, orascr.

Mothod: Tho oroa o bo mapped lics wost from Muir inoll {(Ski suido;, #o. v
of Leke Kondote, north of walk from Beoscom Holl {o Obsurvatory, <ad oo
of a north-south linc somowhore near tue Obsorvator duponding or t.u
avelleblog : : ; :

Fivet proparc a fiold pace sealc from tic srivorssl paeo senld you v
Tu this casc wocke ¢vsory othor division for tuis map wiil Lo on Jeale
1 inck = 500 roobe ..f desired you moy clso copy the L dogras siopo sl
previcusly pr%p;:uﬁ aiso moking divisicns twice as Large. If y;u Bogs *
contour space ecales DO .NOT CHANGL THEU for the ceavour interval heic -
to be 10 fut 5ngqu1d of the 20 uced oi Duvile Leko. Qopy ta»sa scel
in poneil end posso thoen onto base of an alidado, PUQYOUE NALL ON 1HTo
so that you e got swumo one again,

Now 1un o sraverse around tho ouvside of th& aroa starting ot any
dosired Loerticna Usc overy station mothod checking oviientafion with
both compase and bocksight., DO NOT FORGET TO BLOCK NESDL. W@l NOT 1.
USE, alsc do not forget which is tho north vnd. Bo surc to use & shery
hard poncil-cutomatic or solf-sharponing pencils will nob dos lerk
stetion locations with neat triangle around o dot.  Gloec the travers.
and 2djust sny crror., Look out for mixing pacos ond sitridos, Wwo will
usc “ACa5 (uvory stop), Ghucx with inch seale to sou if you are all rigat.
Thot is figure tihc distence betweun two stotions in fovi by your pacing
tmd choek to sou ehab you heve laid off the right distoncoe, Each ycar
noarty helf tho class guts belied up on this 51mvlb thingd

whilc wou arc muking the traversc loentc bulldlﬂga, roads, and othor
landacrks eithor DLy pacirg to than cr by intorscetions. 5Some of theso

landmorks may oe outside thoe arca to bo mapped but will be uscful for
2 ond 3 point locctions latcr, licke builaings sclid block, roads two
golid lines. Do not forget the loke shore.

Now procuvd to got olevations oi ot loast 20 oy pulnts in %no area.

(EJEWSQJ)Btart at U. 8. 3. ce Bonch Frrkajust soush of -medin vntranco of Bascom:
Holl. Tt is comonzod into wall seversl foot frow ground, - Usc haad
lovel or onc of the séher instruments sot to O Geob huight of your oyo
with & lovel rod in office, Obtnin clevetions to nonrest foot ad mark
(uwafef T’than on the mop. Bozin figure imsedistoly after,point it oppliocs to.
E-W) Moke locations of points ia cay conveniont way- dacod sroiverse, throu
point, two poiat with compass crivntation, alrcaly locatud points.

Last skotch 10 foot cuntours. Try to visualize cuch contour by loaking
ot whoro it ruas on the eround., while skotching you must know the location
of the toble ovury tinw you stor to drrw, 8o pot estompt oither to draw
eorbours of ground more than 150 fout cwey or thot vou connot sov at the
timoce Practicc using tho contour space sc-loes to obizin proper spacing
af contours on uvun slopuss Try 4o dificrontict. physiosgrephic fozturos,
That is show thoe prsiglacicl loke ¢liff omd roviaes din it s distingd
from tho unoradod ;lacici topograshy. Do neot 4ry to hurry ot first for
mor< anBte moons luss spocd Lf cuulity of rosuld ia considorod,

Tho finished mep nued not oo inked but mect show true wid mognotic north,
3CALE, coatour intcrvall;nd nome of aurvaoyors,



Ultiisainrl LLE
Problem 21
Object: Use of tolemcopic alidede and plans table.

Material:. hurge plane teble with paper furnished, telescopic alidade,
Cecx stadia computer, stadiz tod, hard pencil well sharpened, eraser.

“athod: Two stvdents must work together with this problem. Thilns should

he token in reading the instrument and in holding the rod. Find the elevation
of the water surface of Iake uendota from the known elevation of Bascom Hall
3ench ilerk 961.3 above sea level. The banch mark is to the left of the
entrance to thaopenter of the building; it is a brass plate about 3 inches in
diameger cemented into the side of one of the columns about 4 fest from the
ground.

CLUTIONS: Do not try to set the table over the bench murk either here or
elscwhere. Set up wher:z you con sce both bonch mark and loke., Do not set
up table on pavement or on travelled walk or roud. See that it is firm.
Nover lenve it with the nlidade on it. Carry nlidede in its onse when not
in use. DO HOT LRAVE GO OF ALIDADE UNTIL TABLE HAS BEEN LEVELED WITH BULLS
C gYE IRVEL AND CLAWMPRER WITH UPPER SCIEW. Cieck adjustments before starting.
-.OFPUIE NOTHS IR FIBLD AT ONCE and he e immed inte 5
Drow a line on the table to repfe s};r&d ringgcqcrllg l‘v'{éré'%tdhlﬁ'nl\fﬂ,l;‘;f tohx}a I:r-;bi%l.ér%'f the basr
of the clidade on this lins ond use the compass to orient the table. Clamp
with bottom nut bensath the table. Mcke a mork for the locstion of the
Bench iark. Sight it with cdge of alidnde through this locntion. Read
distance with stodis placing wires so that one falls on o divided foot.
Study the rod to see how it is marked; the fifth and tenth feet are the only
ones which are subdivided. Use stodin computer to get true horizontal
distance nnd li.y this off to get location of table or station. Use no note
book but lay off the following form of notes in ons corner of the map.
This form is for measurments of differences of elevotions with vertical
angies; this requires the use of the Cox stadia computer.
|| Tocations || Pistonce || Angles ThiPe. -clovetios ¢ 0. ] Elevationl)
(ST Fol| 5.8 (¥:B OV quo [DIFTY Ton: AIFf. [RoX fof: [Nk AL Ste.|Rod ;%
i ] i : ! |
The oblique angle is that resd with the vernier when bubble on index is
level and telescope is pointed so that middle wire folls on an-even foot,
forﬁnstance on top of rod. Record what this reading of middle wire was in
column for "Rod correction". Be sure thot it was the middle wire by recording
o "M" before the figure. If ongle is smnll try for & level telescope reading
and if such can be obtained record upper wire recding with o "U" =nd lower
wire reading{if such be only one thrt falls on rod} with o "L". Remember
that in such casesthe angle differenee column must carry & 0 and the computed
difference column the volue of o HALF INTERVAL. Proctice the STEP LETHOD
of reanding if possible.

r T

Also maka o duplicate set of notes using the BEAMAN ARC method. Wotes as follows:

[Locations | Pull im¥é¥val [ Arc IDIfF, &levetiod” " “f Blevation T
iSta. cHeR e TR s TR SR TRSINEE [ Holl . 57 . Net aitTy t~Sta. THod.,
a2 !F S+ _ feod | RomyPrOQUCT | T07, TRT Seifil B B

Do not confuse tha two methods. Reéull that bubble on index must be leveled

and then telescops set to an exact division on the Benmun orc scale before
reading of middle wire on rod ccn be teken., You cennot choose o point on the
rod as with anglas. !

The two systems of notes must check and errors of over r foot or two be corrected.



Geology 11 | ad
Keview questions, six weeks ~Use diagrams :

19" (1) Telescopic alidades define apparent distance
1949 (2) Define slant distance with tel. alidade, and give relation to apparent dist.
| — V’(3) Show how appare nt distance is corrected to true horizontal distance.
4) ‘%ihich, sla nt or horizontal distence is shown on a map?
. .s%L 5)| In computing difference of elevation with Yelescopic slidede which is used,
g when observetion is with stadia rod: slant, apparent, horizontal distaenc e’
Y L &EQH Vhich distance, slant, apparent, horizontal is found when lntersection
__ method is used on plane table?
‘gll' Derive formula for difference of elevation used when distances are by
; intersection and verticel angle is measured.
[ — @>ﬁ§§¥ Yerive formula for vertical difference when stadia rod is used.
9
L

A Define, stadia, interval, rod correction, helf imterval, rod intercept.
10) Define angle scale :
{11) Define, Beaman arc T
(== /277 (12) How can you tell Beaman src from angle scale on telescopic alldadeQﬁj)
—_— {13) | Explain basic principle of Beama n arc. :
1 ju¥9{14) Make sketch showing how you read vernier; on which scale ig it?

(15) Vihat is the drum? .
~— Y 7(16) | Explain besic idea of the drum.

19% 2570 How ie the drum used to measure distance (more than one way)
' 1%%1 How ie the drum used to measure difference of elevation? Show ‘computation.
y/L(“gj What ia dyﬁpose of the striding level?
¢£(°0) Drew a diagrcm of essentizl parts of telescoric alidade.-
[ = 5 Show why and how the striding level of tel. alidade is adjusted.

~8 ‘__{“b

o Show why anc how ths line of sight of tel., alidade is adjusted.
b Wiy is uhere 2 contiysl or index level on telescopic alidade?
o .uplaln why = how ,he indax or control level is adgusted on tel. alidade.
i\ - |27 12 ow would yo: work If there were no control or index level on slidade?
126) Jﬁu do you rx3l the vernier on Beamg™n arc? Explain.
7 {27) Vvat would v:ii. do ii the eiriding level of tels, alidade is not broken bu{ESj
cariiot be edjuzvac?
(28) Yhy is ‘% 2 sued 3333 Lo Jlay down a telescopic amlidade with hinge down?
'429) OCould vuu mezzvre ¢°itaance if there were only one horizontal wire in
» tel. alidadel -Expiain method.
¥ '30) DLafine fil doterval, half intervel, quarter  interval, rod reading.\ﬁd///
(31) ?*pla‘n mare Snen one wav to find dietance when nct enocugh of thermd i

i 7als { No guarter interval on instrument).
: x shoe,  What 1s its advenutage?
{33) fhow uv n diazrem kv you fina differwnne of elevation with telescopic
alidads wher: lsyvalisd anc middle wire dnes rot strike rod.
[ WT;T%?Darlve the forrrila for the W + 8" ‘Ecrrescich to stadia distances.
. .;35 Fxplain why the £ ¢ ¢ correction can ¢! “ten be omitted. ,_‘J,,ﬁm_,_~ﬂ-cga
&Y .36) Vihen u nd why is plumb bob needed wiilk planc teble?
(3?) Wihat ars majsr adveriages of plesne teble?
(38) What are some of the most important chjections to use of plane table?
9439) In what kind of terrain cam you survey by plene table intersections?
p ZL&Q} In what kind of terrane would you survey by plane table traverse?
Vv (41) Explein difference between intersection and resection. i,
_;ﬁz} Compare advantages and disadvantages of two methods of traversing. = ——
13— {43) Explain two methods of plane table traverse. 7
- f{44) Define orientvation, station, turning poin ection, intersection.
v (45) Explain two ways to orient plene table. ,X
(46) Vhat s purpgge of "three p01nt‘£;oblem s of "™wo point problem."

g A

(47) Explain solution of one case of Wone method of solution of three point
problem (method suitable for use Yn field).
I'L_ﬁ,)_.\lileescr:‘o.‘ua golution of "two point problem".
171{49) / Explain foresight, backsight, side shot
(50) Explain edvantages of teleacopic alidade over openslght.
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GHOLOGY 11
6 weeks review, p. 2 /
Yhat is major cause of error with planetable? Ci)
Sxplain rule governing reliability of intersections with plane table.
Should any shots be m which do not conform to rule of minimum angle of
intersection? ¥hy? Z )
In what kind of coun' is use of planetable not advised?
of country does it work besgt?
Define Mase line/!
Caution in use of planetables with leveling head.,
Why does use of planetable appeal more to geologists then to engineers?
You want to measure distence across water with plane table and cannot see

In what kind

a2 readily recognizable point on other shore to intersects Do vhat? (Yater
can be crossed Stadig cannot be used. g EE R
Define"stadia constant. Jiea X X O

Full interval at 1000 feggggrue distance = 10.2 ft. Stadia constant =7
Why is 2 lateral adjustment needed for striding level?

Yhat is limiting factor in accuracy of stadia distance?

thy is full interval reading the most curate’

Diagram essential parts of hand level

What limite accuracy of non~telescopic hand level? Assume it to be adjusted. //

Step needed before use of hand level for any purpose. oxplaine
How is hand level used when worliing alonef?

Terrane in which hand level cannot be used worlking alone(g)

Do vhat after adjusting before using hand level alone’s

Show method with form of notes for use of level with assistant.

Why choose hend ievel instead of barometer?

Why choose hand l:vel over telescopic alidade? '

Suggest a methol of finding a level line for adjustment of hand level op//
telescopic alidad s,

When prefer barozter o hand level?

General prinziple of barometer.,

Give limiting factor of accuracy of barometers explain.

Ixplein a practicadle method cf compenseting for weather when working
Ixpazin use of stasionary barometer.

Zxplein twc base method of compensationy show computations.

Jxpiain basic priaciplc of Lahees method of use of barometer(ij:>
Expizin effert of a thunderstorm on baroueter.

Yhen and vhy use a thermometer along with barometer?

Major advuntage of barc meter over other irstruments.

Defane streight caec” how wesed for correction of barometer reedlngs.
Define cross check: how used for correction of barometer readings.
Describe a practicable method of correction of barometer readings when

" straight checks can be found only at start and finish and vou work alone.

Could you use 2 baromever zs an aid in finding horizental distance? Zxplain.
Give three ways of describing scale of a mep.

Scale 1/90000 1in= ¥ £t

Scale 1/20000, how many inches = 1 mile.

Scale 1 in = 2000 ft. Give fractional scale. .

10

done(j)

Define "wertical photo”. 500
Define "low oblique photo', P P
Define "igh oblique photo'.. (At o ¢ i 7
Define "principal point" of photo \ v
Define "nadir" or "plumb point.

Define "parallax'. >

Jxplain cause of sterec vision.

@)

Sxplain several physical defects which mey vprevent stereovision.

Trnlain in general terminology displacement of points in vertlcel nhoto due to

~differences of elevatlon.

vl

9.4 el9 5T

o

1580

_
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Review questions, first half final exom (Use Diagrams)

Full interval reading = 5.0 ft, Seaman arc = 56, Middle wire at 8,0 ft.
Difference of elevation? (Stadis constant 101) Up or down,
If abecve is a backsight on point with elevation 1000, table elevation =
If abeve were a foresight with table elevation of 1000, rod elevation = %
. Bule for sighs with backsights.
fule for signs with foresights.
. fule for signs of rod reading,
Wen other thon middle wire is read how make correction to middle wire?
. Pull interval = 10 ft. 4ngle scale =131-08 (factor = 2,00%)
35-46 (factor = 10,009) middle wire 10,0
Dif erence of elevation? Up or down? Stadia constant = 100
0, If a backsight from elevation 850, table elevation?
12, If a foresight from table elevation 900, rod elevation?
. "hy keep alidade cases on hinge side?
i, W hy hold onto alidade until table is levelled and clamped?
13. How use the compass on base of alidade when on tablej
i), Describe principle of drum method.
5. Describe basic idea of step method,
15, Whey is there an "f 4 c" constant? How applied? When can it be omitted?
17, Describe briefly 5 methods of getting difference of elevation with %el, alidade
1¢,. M1l interval = 8.0 ft. Stadia constant = 100. Lower wire read 12,0
Difference of elevation, up or down from table?
19. Full interval = 12,00 Stadia constant = 100, Upper wire read 1,0
Difference of elevation up or down from table.
0, List essemtial steps that must be taken before starting work with tel. alidade
Omit details.
2%, Jxplain in full each of above stens,
2, When elevations are obtained by intersection and vertical angles instead of
with rod, how compute difference of elevation? Why?
23. When you enter area of local magnetic attratiion how run traverse with
p. table and tel, alidade?
o', Vhenever you catch sight of a previously located point in course of tel.
alidade survey do what? Wkt two things will be accomplished thus?
5. What is a sideshot. and what taken for?
_- 26, How are sideshots computed and what danger of error with them?
=27« 1f you are going to use aerial photographs to complete your man what kinds of
_ points should you locate on your planetable sheet?
_ (28, If vou pass a body of standing water in your area so what? (tel. ali, surver)
5. What caution must be teken in handling striding level whenever instrument is
placed in its case?
30, Why cennot tel., alidade be used in rainy weather? Two reasons.
31. You are issued a planetable which has a built-in compass and are to use the
tel, alidade, Do what first?
32, Caution in tel. alidade instrument man carrying a compass?
33, Why do engineers have to defer computations to night? Advantage in doing them
at once?
34, S ugzest methods of checking differences of elevation in field?
35 When is steel tape measurement desirable? With planetable?
~36, Cautions in .. use of steel tape. Three kinds,
37, How is slowgcompensated in use of steel tape? Two methods.
38, Could you use tel, Alidade for a Polaris obscrvation? Explain.
39, Explain how without any tables or other aids you could obtain true north
from Polaris using methods suitable for any hour. For culmination?

=
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2 First half final exsmination

40, Define: culmination, elongation, meridan, zenith, hour angle,

41, What effect cdoes latitude have on direction to vertical plane through
Polaris® fxplain.

12, Describe two methods of indicating directions.

hﬁ. Define: azimuth, quadrant, bearing, truc,mognetic as applied to directiond.

Lh, In running o compass traverse could ;ou use cvery-other station method

and under what circumstances,

45, If loczl attraction occurs or is suspected can you still run compass

traverse and how?

46, Eow is Polaris located in sky and how can rou tell its position in orbit

Bive two methods of latter,

h?. If a line of known true direction is obtained by sight on Polaris how can

be corrected to a true -5 line?

48, How can you tell whea you arc far enomgh from a known source of local attirac-

tion to get true(correct) reading.
Mo, Transform sone cuadrant readings to azimuth and vice versa.

50, Transform some true azimuths to magnetic azimuth and vice versa,

51, What must be done to compass when it is moved to a “ifferent latitude? Why?

52. Explain the sundial cormass, What must be used with it?

53. Compass foresight =z 220; backsight from next station = 30, Explain.

5, Draw diagram of coupass eircle showing how divided,

55« Draw a diagram showing how to set off 2o declination of 5 Enst on Brunton;
also 10 West, ©Show line of sight and neeodle,

56« Shov two nethods of getting directions with Brunton.

57. Show how slopes (vertical angles) arc found with Brinton.

58, Diagram construction of prismatic compass.

59, Compare advantages end disadvantazes of Brunton vs. prismatic compass.

w»b0. Are land divisions of U,8. Land Survey truc or marsmnetic?

6le If your retrocing of an old mep shows a differen™ Jloclination than was ori-

ginally used, what is explaaation?
=62, Bxplain magnetic pole, declination, deviation, ne tic storm, long term
‘?socular) changes.

53, Define townshin, scction, correction line, princi al meridian, forty.

64, Diagram subdivision of townshin into sections.

65. Diagram subdivision of scction in U0 acre tracts

66. Diagram wherc error in surveying ete, is concentrated in township.

67+ Explain why correction lines are nceded and where error is concentrated,

63, Somcone tells you that a certain coraner is 40 acres distant; meaning

69« Define, gquartoer corner, 40 corner, Why is latter sometimcs called 1/8th cormer?

70, In following lincs along vest and north boundarics of townships how obtain

distance recordel by original survoyors? If sections are subdivided into
40's vhere is irregularity concentratcdl

71l. What is meander corner? mcander line? chain? link? bearing tree?

72. Explain how original surveyors wcrc supposed to subdivide a township,

73« If you find two scts of scction and guartor posts along township lines what
is recason?

“~74, Define; contour, contour interval, verticel intcrval, depression Bontour,
hachure.

75« What rulc applies to position of lover(or hicher)land as you travel a contour
in onec direction,

76. What rule with regard to vortical cliff contours, to contours on divide, to
contours crossing a valley, to clevation of contours, to choice of contour i
intervel,

77, Draw somc sinple contour diagrams of hill with depression, dfwmlin, valley,
even slop} two-story vellcy, concave slopg cte, ;

78. What methods might bec used to locatc contours (ground survey)

79

Other mecthods of showin: relicef, Advantage of contours,
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3 TFirst half final

Defines thngont, degree of curviture, radius of curwve relation of center of
curve to tangent, station,including spstem of reccording distances,

How can you find yalue in feet of diffcerence in parallaz-two methods,

Parcllex nmeasurcs(lh)mm. to top of a hill; at a noint 500 feet lower the
measnurencnt is ume Corpute differcnec in ft. clevation per mm. of parallax
Explain pwrposc ami ncthod of radial line system of joining vertical nhotographs,
Two niethods of drawing contours from vertical aecrials,

How find alitude at which photos were taken, Show formula,

Derive relation betwoon parallax diffcrence and. other gquantities,

Shew how formule for diffcrence of clevation frosunit parallax diffcrence was

derived.
Why is_thore a motion at right angels to line of flight on one of mecasuring
dotsl What does its usc demonsiratol _

Describe process of setting up a sterca pa. .

Decseribe processof finding multiplying factor with formula given.

Uhere is .-t most desirable to have truec elcewation.on 2 verticnl photal

“hich dot should be uscd to trace detaill

Describe cifferonces between the threc models of steoreo instruments uscd

At what alitade must yvou fly to take photos at 1320000 with a carcra of é in.
foeal lenghte

A milc on photo measur

onc inch. E . .
When and why is truc horizontal distance used with planc tabled

Whon is horizontal distance corroct on.vgrtical photosz G e
How can you correct for error due to diffcreonces of clevation g

¢ 3,0 in, Find scale as fraction. &svnumber of feet to

= i alidade would it affect '
If g S £ roneouns stadia factor with tel. 2licdade w .
R -ccption to this rule?

diffcrences of elcvation; cx :
I vhq; dircetion arc contour intervals noasurcd; nap distances?
& Vv s ()

L



GEOLOGY 11
MAPPING

Review guestions Secen’ hal? final exam (3 credits)

g (1)
(2)

(3)
(4)
(5)
(6)
!

(5)

(9)
ey

JfZ:ijl
[12)

(13)

(14)

15)

-(16)

(17)

(18)

Compute how far apart contours of given interval are on different map scales
and different slopes. Tongent 1 deg. = 0.0175,

State effecet on (a) horizontal closure, (b) vertical closure on point of
besinning, and (2) map seale of an error in stadin constant of telescopie
alidade.

State effect 2as in (3) of failure %o compute true horizontal distance in
telescopic alidade plane table traverse.

What effect on elevations has omission of table height above ground in a
telescopic nlidade traverse run with backsisht orientation?

Under what conditions must you use backsight orientation with telescopic
alidade?

A traverse was run with telescopic alidnde and compass orientation through
a doubtful area; at end the point of beginning could be seen. Do what?

In preceeding question it was found that sight did not check. Give two
alternative procedures to correct this error.

State caution in seeking corners along west and north sides of township.
Where can you find correct informantion on size of sections?

Deseribe methods of obtnining true horizontal distance with paced traverse
and ground is such that ordinory pacing is either impossible or inacenratie.
Actual field practicability is considercd, also different types of instru-
nents, such os opensight alideade and planetable, Brunton compass and sketva®

b§g§3, etc.

Cofffrre difforent methods of using Brunton compass for direction including
type of ground or slope in which each is used.

Compore advantages and disadvantoges of Brunton and prismatic compasses.
Cn some townshin lines you find two sets of corners except at the cornexr:
of the township. Explnin why.

In cass traverse with tolescopic alidade shows that a section of land is
not the shape it is supposed to be, sugpgest check lines to prove which is

s Tight,.
‘Be familiar with different near-obsolete units of land measurements, chair:.

rods, acres used for distance, cte. coverting cach into feet.

Be propared to compute difference of elevation from telescopic alidade
readings with different conditions and stadia factors given; include anglic.
Beaman, and level telescope systems.

Explrin methods of measuring distance with tclescopic alidade when only cn
horizontal wire is available.

Compore different systems of obtaining differcnces of elevation with
telescopic alidede considering which allow you to choose point where midd?.:
wire is placed on rod.

Explain methods of working with telescopiec nalidade which could be used if
you could not adjust it or one of the levels is missing.

Explnin how to usc Brunton compass to measurc slopes and how you will use
slope data for contouring.

Explain how you could use Brunton cormmpass to obtain differences of elevati.
using more than onc method. :

In running telescoric alidade traverse you catch sight at a station of a

- distent oint already located on your table; it is too far away to visit,

Do what to check directions and clevations? Show computations.

On setting up to start a branch telescopic alidade traverse should you set
u» over an old station, hove rod held at a former station or have rod held
at a former turning ;oint, set up on old turning ;oint?l Explain possible
error.

Exploin fully why an index level was added to the first telescopic alidndes.



Sccond half final exan

(25)
(28)
(27)

(28)

(29)

Bso)

(31)
(22)

(52)
(53)

De 2

Explain different ways of correcting readings of the barometer when working
alone; consider case of long interval betwesn visits to known elevatioms.
Compare rcsults obtained in field with hand level with those you obtained
with barometer.

Explain comutations of mapy distances on different mans scales and
transformationr of map seales into fractions and viece vorsa.

Ex-lain the distortion of a vertical aerial photograph due to reiief of
rezion shovn, considering not oniy displacement of noints but also change
in sheane of straight lines on ground.

How obtain faztor to measure differencze of elevation on vertical aerial
shotograrh if you have no informeticn on type of camora used.

Under what two conditions is a veriical aerial rhotograph a correct may of
the grouvnd?

What steps must you take to find the scale of a vertical zerial photograrh?
Compare advantages and disadvantages of Beaman and vertical angle systems
of the telsscopic alidnde.

Ex-lain why algebraic signs of Dacksights and foresights with telescopic
alidade follow different rule.

Exrlain advantage of making sideshots with telescopric alidade.

Wnat kinds of surface features should be carefully located with telescopie
elidnade if you are to comrlete your map from nerial photographs?

Brnlain ndvantage to planetable or comrass survey of locotion of a prominent
alrnough..inaccessiltle noint like top of windmill; include elevation as well
as location determination.

Yxplain why you should obtain clevation of surfnce of a body of stonding
water or slow-flowing streanm.

Explain effect on compass needle of different tyres of local attrastion,
such as R.R. track, Jjoints in rails, rcinforced concrete, end of fenes,
north-pointing fence corner, buried iron pipe, ete.

Exrlain effect on accuracy of elevation determination of high and low
vertical angles.

How can you find true north; explain general principle of two difforent
methods using Polaris.

Way in finding true north from Polaris rmust you know approximate latituds?
Which wny do you move south ond of observation line on Polaris to obtaix

a true north line? Diagram.

Explain use of survey of a railroad in making an accurate map.

Explain steps in checking stadia constant of telescopic alidade includin:
different types of this instrument.

Ex;loain the rules in regsard to contouring which must alwnys be remcmberec
in field drawing of 2 map.

Ex»lain two ways in which you can find the time on a given day that Polc.is
is true north?

Be »nrepared to tronsform true to magnetic azimuth and vice versa: also
pzimuth to bearings and vice versa.

Compare advantases and disadvantages of azimuth system versus bearing
system

How Tan you use vertical angles as an aid in obtaining horizontal distan.s?
How do you distinguish between Beaman and angles scales of teloscopic
alidade?

Zxplein possible error in using for straight cheocks with baromoter of (2)
level of & cold body of water olong with (b) points on opon ground vy
from weter.

Whet would be offcet on difforcnce of elevation of confusing 3eanan end
angle systems on telcoscopic alidade?

How do you detoct arcos of locel megnetic attraction duc to unknown camsct



Socond half finol cxen, s 3

(54) Whet night be ceuse of 2nnarent sgrocnont botwoen Beansn and angle systens
of neasuring clevations with tclescopic alidede whon resulis were ”ctu"llﬁ
in crror?

(55) In =2n intorscction survey vhy is so rmch stress 1nid on sights a2long the foces
of the bluffs?

(56) Whet is liniting foctor in nceurccy of elovations obtained fron the inter-

gscction survay?

57) Compars BOULALY of level and angls stcbs with telescopis alidade?

58) Why and wiere mizkt engineers level be superior to telescupic alidade for

elevation & ete"ﬂlkﬁﬂidﬂ?

(59) "hy is permissible crror in closure tot directly proportioned to distance
covered by suvivey hul increases at a lesser rate?

(80) Be prepared to compube radius of raiivral or highway curves of different
degrees of curvaiure.

(61) Describe Low you lay out railroad or highway curves on a map,

{32) What is meant on map by term "B, M."? by the small tviangles with dot in
center? by letters on such marks "T, Tr,"? Describe merks you would expect
~ to find &t these poirts when visited?

» "hat are advantages ard disadvantoages of different ways of expreseing scaie

cf a man?

(04)  State bare minimum of informstion necessary in legend of a map,

f?f} How can you changa scele of a map in absence of any specizl apparatus?

{66} If e map is to be raproduced by dlueprint (or black line print) what coiirs
ol ink ars allowahle?

(57} “hai coler must be avoided if a mep is to be reproduced by ordinary

vhoiography?

Vhat types of checking may be done %o determine accuracy of a given topo-

graphic map?

Why is "tracing paper solution® of three point problem useful mainly in

cfFicey :

Pxplain how the U, 5, Land survey was supposed to be laid out,

Define, baseline, correction line, meridian, meander corner, township,

section as used by U, S, Land Survey. :

%) Be prepared to compute notes taken with telescopic alidade (any system).

3) Compute notes talken with engineers level or hand level and rod,

4) 'hat is limiting factor of accuracy in using hand level?

7€) What is limiting factor in accuracy with barometer?

1/6) Describe two ways in which paced distance may easily be laid out on map.

\77) What is limiting factor of accuracy in pacing?

/ VWhy is it necessary to set flags to sight on in intersection work?

5) Describe steps in finding a land corner in unfenced region,

) VWhy are results with large telescopic alidade commonly better than with
small or explorers model?

1) 'Yhy are foot numbers commonly omitted on stadia rods?

2) Txplain two major "personal security rules" when working with a party,

) Under what circumstances should telescopic alidade be kept in its case
during moves and when not?

(84) Explain reason for precautions dur1ng leveling plane table with telescopic
alidade and when setting up on rocks,

(85) Yhy is Brunton compass better for following land lines than is prismatic?

(86) Give precautions in carrying telescopic alidade in its case when traveling
by car,

(87) '"hen it happens that you cannot see enough of the rod to span the smallest
interval in your alidade and you cannot have rod moved suggest what method
to obtain true distance,

(28) Outline procedure used to check accuracy of the stadia constant.

(89) Uncer what circumstances could you find a "neutral point" whore the compass
needle will not stand still?

~
1
e



Reviewr, 2nd half

(90)
(91)
(92)
(93)

(94)
(95)

[}?5)
(97)
(¢8)
(99)

(100)

Under normal circumstances does motion of compass needle indicate local
attraction?

Although the f + c constant with telescopic alidade is less than 1 foot
could its omission cause an appreciable error in a long traverse?

It is commonly said that the allowable error in surveving is proportioned

to the square root of distance covered, ZXxplain qualitatively,

Txplein two important reasons why geologists must be familiar with the U, S,
Land Survey of area in which they are working, :

Ty is it better to follow land lines when sun is out?

Yhat limits methods used for long sights with telescopic alidade when rod
can be seen only throush n narrow lane hetween trees?

Plan how you cdould carry out a "two base" barometric survey by cooperation
between several parties, .

Outline best method of using barometer when you are always close to straight
checks,

Outline a method whereby two observers, each with a barometer, could carry
correct elevation over a considerable distance from nearest known elevation,
You desire to check the magnetic declination for use with a hand compass
and. have no. astronomic tables, Outline practical method,

Describe effedt on c¢ompass of (2) another compass close by it (b) of a north.
south fence, (¢) of a vertical iron rod in ground , (d) of a break between
rails of railroad, (e) of a buricd iron pipc not at the ends, (f) of a con~
crete bridge or culvert,



GEOLOGY 11
MAPPING

STOP, LOOK, READ——-— Write on 20 A%uestions and NO MORE. please list on cover of

bluebook which you LEFT OUT,.
BE BRIEF and use DIAGRAMS freely.

(1)
(2)
v (3)
(4)
(5)
(6)
(7)
(8)
(9)
./ (10)
)
/(12)
(13)
(1

(15)
(16)

v (17)
(18)

/ (19)
(20)
(21)
(22)

(23)
(24)

(25)

wer enclosed questionaire carefully.
Telescopic alidade~ full interval = 10,0 ft. Stadiabthfn§?= 101 wmiddle
wire = 5,6 ft. Beaman arc = 44 Yet difference of elevation, un or down?
Explain rule for signs of BACKSIGHTS, :

State rule for signs of rod readings (rod correctionszﬁs*hnT

Telescopic alidade~ full interval = 5,0 ft. Stadia = = 100 Middle

wire = 14,0 ft. Angle scale = 33-24 Stadia factor = 6,04 Difisrence of
elevation, up or down? (Net) cafistant S .
Telescopic alidade wull interval = 6.0 ft. Stadia "= 100 L ver wire=
12.0 ft. Difference of elevation, up or downy (¥et) Instrument lev=1.
melescopic alidade Full interval = 12,0 ft. Stadiaconsint= 100 Upper wire=
2.0 ft. Difference of elevation, up or downt Intrument level, 3
How will you run a telescopic alidade traverse in area of local magnetic
attraction; explain fully how you will rearrange notes from usual form.,
What is a SIDESHOT, what for and how computed compared to ébher shots?

If you desire to complete your map from vertical aerial photographs name
several kinds of objects which should be located on planetable map to
facilitate this work, :

you have been issued a plane table with built-in compass, State precaution

which must be taken when orienting with telescopic alidade.

Expalin with diagram how you can find time of culmination of polaris without
use of any table or other aid. What is direction of star thent

Explain how you would run a compass traverse through an area of known or
suspected local attraction. 7

How can you tell when you are far enough from & known source of local
attraction to get accurate compass directionsjz

Draw a diagram showing line of sight and needle of a Brunton compass when
corrected for declination of 10 deg. East.

Show with diagrams two methods of getting directions with Brunton compass.
Draw a diagram of a township with sections numbered and dimensions and
directions shown,

Show on diagram for (16) where error is concentrated and what 1t is due to.
If in following a township line which is not a correction line you find

two sets of section and quarter corners, explain cause.

Give the rule which shows direction of lower land as you walk along a
contour line in same direction. :

Give two methods by which you can find number of feet difference of = 4
elevation per unit of parallax with vertical aerial photOgraphsJ‘”ﬁ?;uw 8.
Explain with diagram the purpose and method of radial line system of
correcting vertical aerial photographs.

you have a camera with 6 inch focal length, At what alitude must you fly

to take photographs at scale 1:200007 .

Photo scale = 1:20,000 How many inches to one mile?

A mile on photograph measures 3,17 in. Find scale as fraction and feet

to one inch, al

If you used 100 as the stadia * where it should have been 99 what
would be effect on differences of elevation and what exception to this ruletf

Larein



CEOLOGY 11
First half final exam ( 3 credits) April 15, 1952

STOF *LOOK~hE4D Wirite on any 20 questions and no mores .Flease list on cover of
your bluehook which you left out. klease be brief 'and to the point.

(1) You intend to traverse along a railroad track with planetable and telescopic
alidade. Lescribe with diagrams what to do (why?) to avoid error and suggest
how to alter usual form of notes.
v~ (2) Define gideshot and give caution in its computation.
(3) You are making a telescopic alidade traverse and find that frem one of your
stetions you can see & distant but identifieble point whose location and elevation
are already known. Lxplain fully how this will help your traverse
(4) Vhat kinds of points should be fixed by sideshots on planetable in order to
usp air photographs of the area to best advantage in completing your map?
(5) You desurs to lay out a baseline for accurate telescopic alidade intersection.
How best measure distance? How compensate for slope of ground?
(6) Explain with diagram how you can tell approximate position of rolairis in its
orbit without use of watch or table.
(7) Full interval = 10 ft. Stadia constant = 100; Beaman arc = 44 Middle wire=
4.0 ft. Differerce of elevation up or down from table to foot of rod.
(8) Above is & backsight to a point with elevation_900. Table elevation=?
(9) (7) is a foresight from table elevation 850. £levation bottom of rod=?
(11) Explain rule for algebraic signs of differences of elevation with backsights.
11) Explain basic idea of step method, computation, limitation, cause of error.
(19) Diagram two different ways of indicating directions on ground.
(13) TYou desire to run a compass traverse through a region of probable local
attraction. Explain how you would proceed,
(14) You desire the correct compass direction of a stright section of railroad
track. Explain what to do to insure you are far enough away to get result.
(15) Station 1 to station 2 of compass survey = 240; station 2 back to station 1=
60; station 2 forward to stetion 3 = 270; stetion 3 back to station 2 = 80
Explain what is cause. How read backsights to save computation? How lay out
directions from station 3?
(16) Lraw a diagram showing line of 31ght on compass and position of O on dial
in order to read true directitns on compass with declination 20 deg. east.
(17) Liagram how you could get direction with Brunton compass in brush to~h1gh
for normal uss.
(18) Drew e diagram of a U. 5. township numbering section, showing directions of
‘vutside boundaries and indicating where error (2 causes) is concentrated, that is
changes normel length of sides of sections.
(19) Ylu wish to walk along a contour line maintaing same direction. State rule
as to direction of lower land. )
(20) You have tw o adjacent overlapping air photos and wish to set them up for
use under stereoscope. kExplain necessary steps.
(21) Your find on above steresopair thet distance between points on top of a hill
ie 151 mm. Nearby point 500 feet lower, this distance is 15345 mm. Vhat
valuable information can be computed f;om this fact? ,
(22) 1If you neglected to check the stadia constant of a telescopic alidade
and later found that it is 102 how would this alter your measurment of differences
of elevation using angles? using Beaman arc? using level centered?
(23) Explein how you use the compass on base of telescopic alidade including how
to allow for declination and two other major possibilites of error.
(24) Full interval = 5.0 ft. Stedia constant = 100 Angle reading = 24-14
Stadia (conversion) fector = 10.00 Middle wire = 14.0 ft. Uifference of elevetion
from table up or down?
(25) 4vove is backsight from rod point elevetion 1100. Table elevation=?



Z0I0GY 11 ~ MAPPING

First helf final examination (3 credits) April 14, 1953
Ansver 20 questions only indicating on outside cover which you left out.
UsE DIAGRAH5

.r

—~

) You are to survey a railroad with telescopic alidade. Explain method in detail.
Referring to (1) show how you could keep your notes with this method.
Vhat is a SIDESHOT and how do you treat it in computation}
That danger of error causes so many beginners to omit taking sideshots}

2
2)
3)
L)
5) If you desire to complete your map from vertical air photos what kinds of
)
)

™ \m ™~

points should be determined by sideshots of telescopic alidade traverse?

You find that your planetable top has a bullt-in compass. State danger and two

ways to avoid ite.

Should the telescopic alidade observer carry a Bruton compass on his belt to

check orientation}

(5) Explain how you can tell when Polaris is exactly north without tables or watch?

(9) In using the compass can you tell when you are far enough from a known source
of local attraction? How? Diagram.

/(10) You have Brunton compass and the local declination is 15 E., Diagram line of
sight and 0 of dial when properly set to give true readings.

(11) You are following an E-W township line and find that the section corners are
double, and a number of feet apart. How did this come about?

(12) You are to map section{é of a township. Diagram this in township showing other
sections.

- (13) Referring to (12) Diagram section/6 subdivided into 40 acre tracts with

: designations.

_AAP}UE(lu) Referring to (13) are any of the tracts of abnormal dimens ions] Uhere? Why?

(15) Txplein why rule of algebric sign of backsights is different from that for
foresights using diagram. .

(16) During the making of a telescopic alidade traverse you discover that you can
see a point previously located on your planetable. How use this fact for
check on location?! for elevation of check? Be specific. Point too distant
to send rodman.

./ (17) Compass survey: Sta. 1 to 2 2403 2to 1 60; 2to 3 2703 3 to 2 80,

5 Explain. Diagram.

(18) You have two overlapping vertical air phot@s. How set up for stereo
exanination?

(19) Vhat valuable data is supplied by the fact that after setting up two vertieal
air photos the distance between the road intersection on the plain is 153.5
whereas the distance between the top of a 500 foot hill is only 151 mm,?

. Diagram why this is the fact. (Distance is between point in one photo and same
in other photo) :

/(20) You neglected to check your stadia interval in telescopic alidade and found
later that it really was 98 instead of 100, What effect on scale of your map?

(21) Referring to*(20) what effect did this have on differences of elevation
obtained by (a) inclined shots and (b) level shots?

(22)You are to measure the length of a line with steel tape, and have 11 pins.

Iine is over 1000 feet longz. How keep track of tape lengths? Diagram.

(23) 'hat advantage to a telescopic alidade survey is it to find elevation of a
body of standing water or a stream with gentle slopel?

(24) Full interval 10,0 ft. Telescope level, upper wire reads 13.0 fte UNet
difference up or down to bottom of rod?

(25) Full interval 8,0 ft. Telescope level, upper wire reads 3;5 ft. Wet
difference up or down to bottom of rod,

FOLLOUIG QUESTIONS ONLY FOR THOSE WHO MISSED ONT OR MORE SHORT QUIZZES.

(a) One mile on photo measures 3 inches, Focal length of camera 12", Altitude of

plane?

(b) A mile on map measures 5,28 inches., State scale as fraction and feet to 1 inch.

¢) I re racl ine of U.S. Land Survey do you follow true or magnetic
i Elrec 1°ns?g F'}'Dlagram éﬁe system ofyﬁ S.y§ownships showing base and
correction liness Write OFLY no. of gquizzes you MISSFD,s Zeros cannot count as missed

(@)

(
(7
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Pirst half final exam (3 credits)
STOP-LNOK~-READ, Write on 2C questions only and please indicate on cover which you
left out. Be brief and to the point showing computations. Use diagrams.

(1) You must traverse along a railroad with telescopic alidade. Explain trouble you
may anticipate and how to avoid it inecluding change in notes.

(2) What is a SIDESHOT, how computed, what for, danger in keeping notes.(tel. alidade)
(3) You have no tables or standard time. How can you tell when Polaris is true

north or allow how long it will be before it is. Diagram.

(4) You have a Brunton compass and are informed that the magnetic declination is

10 deg. Bast, Diagram relation of dial to line of sight when set to read true
directions,

(5) You are to survey section 18 of a township, Diagram where it is in township and
explain what distances between corners mey be abnormal., Diagram,

(6) Diagram a normal U,S, section divided into 40 acre tracts with their legal
descriptions,

(7) In keeping notes for telescopic alidade traverse explain why rule for algebraic
signs of backsights is different than that of foresights. Diagram.

(8) During a traverse with telescorie alidade you cateh sight from a table location
o1 a di§tant point already on your teble. What should be done? (Rodman cannot

he sent)

(9) If you are to use air photegraphy in finishing your map, list three kinds of
locations which should be made by sideshots with telescopic alidade,

(Li) You neglected to check the stadia interval constant of your telescopic alidade
and assumed it to be 10C, ILater you found it really is 102, What effect on
elevations obtained by (a) vertical angles, (b) Beaman arc, (c¢) level shots?

(11) Referring to 1€ state effect (a) on scale of map, (b) on upper or lower wire
shots, :

{12) Full interval = 10,0 ft, Telescope level, Upper wire reads 11,0 ft, TWet
cifference instrument to bottom of rod, up or dewn from table., Diagram,

(i3).Full interval = 7.9 ft. . Middle wire on 14.0 ft. Angle reading 32-52

stadia conversion factor = 5,00, Net difference to bottom of rod, up or down.,
Diagramn,

(1%} Half interval = 12,0 ft. Iower wire reads 13.0 ft. Telescope level.

Net difference to bottom of rod, up or down from table. Diagram.

(15) You are to measure a line somewhat over 150C feet long using 100 foot steel
tape. You have 11 pins, How keep track of correct number of tape lengths and
excess over last one, Diagram,

(16} Diagram two different ways in which ground directions are recorded with
different types of compasses in common use on land,

(17) You have a plane table with built in compass and wish to use telescopic
alicade., (a) (b) What two ceurses will avoid an error. (c) State its cause.

(18) If you could walk along 2 contour line always in same direction give rule for
position of higher land.

(19) What is the STEP MZTHOD with telescopic alidade, What limits itg use?

(20) Telescopic alidade full' interval = 5.C ft. Beamsn arc = 4¢ Middle wire on
8.2 ft., Tet difference to bottom of rod, up or down from table, Diagram,

(21) You are running a compass traverse and note the following readings (azimuth):
Sta, 1 to 2 = 2205 2 to 1 = 40; 2 to 3 = 10C; 3 to 2 = 260. Explain, Diagram,
(22) (a) What is the horizontal correction factor with telescopic alidade and

(b) where are the correct horizontal distances used?

(23)Zxplain the basic idea of finding difference of elevation on overlapping
vertical air photographs, Diagram this principle not details of formula,



ahe

(24, What are two general methods of locating contours in field.
(25) Define: (a) stereoscope, (b) parallax, (c¢) principal point,

FOLLOWING FOR THOSE WHO MISSED ONE OR MORE SHORT QUIZZES. Low grades are not -
misses !

(a) Diagram system of base lines and principal meridians of U,S. Iand Survey
showing numbering of townships and ranges.

(b) One mile on photo vertical measures 2.0 inches, camera focal length = 6 in,
Elevation at which taken?

(c) You are retracing an ¢ld survey and find compass declination is not that of
original survey. Why?
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Second half final examination (3 credits) April 30, 1953
Write on 20 guestions only and please show on cover which you left out.

(1) A backsight telescopic alidade traverse was run for 5 set~ups and height of
tabtle above ground averaging 4 ft. was not included, YNet effect on elevation,

wpor down, low A Wr0 L/

(2) A section line crosses a high hill near one edge of & vertical air photograph.
Diagram effect of hill on line as shown in photo.

(3) A barometric survey used straight checks on Devils Lake and on a bench mark
distant from the lake, Weather warm, time April, Effect on reliability of
5:r checks?
(5

(4) Explain why some people report violent revolving of the compass needle in
certain places whereas others detect no such effect but simply change in
magnetic north,

) A 3000 ft, shot with telescopic alidade has a probable error of apparent
distance of + or ~ 52 feet, Beaman arc read égﬁ Probable error in difference
of elevation? +an — 4
(6) What is 1imiting factor in reliability of elevations obtained by intersection
method using telescopic alidade? Explain,

(7) A telescopic alidade traverse has poor vertical closure although both Beaman and
angle system net differences check, Explain and suggest how to check this,

(8) A party neglected to show true horizontal distance on table, Effect on
differences of elevation, and vertical closure,

(9) Referring to (8) State effect on (a) herizontal closure and (b) map secale,

(12) Explain the relaticn between degree of slope of telescopic alidade shots and
accuracy of resulting elevation differences,

X

(11) Explain why a level shot should always be made with telescopic alidade if
possible,

(12) Compare briefly relative advantages and disadvantages of Beaman and angle
systems,

13) Some have confused Beaman with angle scales, Effect on elevation differcnces?

(14) Explain advantage of computing differences of elevation taken with telescopic
alidade at once in the field compared with in the office at_night?

(15) What is limiting factor in accuracy of differences of elevation with telescopic
alidade? WAQR Gm3. :

{El‘“ Compare advantages and a1;£ antages of azimith and quadrant systems on Brunton
compass,

(17) You are handed a topegraphic map of an area, How check its accuracy by two
eriteria?

(18) Why is the allowable error of vertical closure with telescopic alidade not in
direct proportion to distance of a traverse?

(19) What two things must never be omitted from a map legend?
(22) What is 1imiting facter 1n accuracy of distance measurement by pacing?

(21) Bxplain two ways of correcting steel tape measurement cn a slope to true
horizontal distance,
{1?2: Descrite and explain two ways in which you can lay out a paced distance on a
map.
(23) Give two reasons why you must be familiar with the U.S. Land Survey. 2
(24) Someone tells you 2 corner is 80 rods distant,é/ﬂaw rany feet? How many miles? (ha~r
d

(25) How far apart sk¥¥d 20 foot contours be on a eg. slope with map 1:12002?
Show computation. 1 deg. slope is 1.75 percent. "2 e !
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Second half final examination, 3 credits, 5/
Write on 20 questions only and please show on cover which you left out.

(1) In a telescopic alidade traverse of a railroad at 6 setups the height of
table above the rP_d el ints was onitted, ZEffect on final elevat1on high
or low? (A # o + amaly giallen ﬁo’
(2) A 3600 ft. shbt was "f&Te with tel. alidade, Interval read ? Probable
error in reading rod was 0.1 fts Probable error in elevation difference¥ ‘X7 X o 4o

Plus or minus? Stadia conversion factor= 10,00 ol —f_ =
(3) Explain what linits accuracy of elevations obtalneg_. from intersection survey

with telescopic alidade, mulial-f 70, vl precdan :
(4) Diagram the effect of a hill on cou&'se ci’ a sectlon line shown near border F2ani

of 2 "vertical" air photograph, (Al L 7 Coaile,
(5) Diagran two ways in which direftione can be read\u/ith Brunton compass, K.~ vt

nentioning why each is used, m\;:q, X e > Jrle b eth G ‘f,?\ e
(£) Diagram two ways in which you use Bruntoln compass to measure slopes, - - geiies
(7) The net differences with angles and Beamans checl well in a traverse yet both.w-f-

vertical and horizonal closure are poor. Explain. 1w y) {m AN, O v, I A A
") A telescopic alidade party neglected to plat true horizontal distances.. State

effect on (a) difference elevation, (D) map seale (e) horiz I@%} closure.,
‘2 Why do telescopic alidg‘a verses in very i‘ougﬁ htm comni ow goor

vertical closure compared to those over flat land? (4Tt :
(10) From your field experience compare advantages and disadv. v_'gtxntagesJ of Beam arc

/7382 compared to angle method for inclined shots. Qo cirdadet_. Yo £ U] Al F o te e {H .
==<{11) Under what conditions is a "vertical" athotograph é correct map of the J /,/1‘5~~ iy
120d? oy Toallh Vo Tiad & La-d fCeX ¥
{12) Compare advantaged and disadvantages of azimuth system of recordlng = :
directions compared with other type of compass dial. @, .« Nl HrmA Pt f’(;"
"3) Explain why the graduations and direction 1ette:§ on a c&mpe.se dial are dot I u il u-{
the same as those on the ground. hecdly ple ;-.;[ m_\ | e /\MC £ ot
4) What limits accuracy of determinations with hand. level? — |) g . ¢ $ ) ““‘:E-

5) Make a plan by which a union of three two-man parties with three barometers
could carry out a "two base" barometric survey of theilr combined areas. ——
,\.‘.;o\ State what limits accuracy of telescopic alidade survey in (a) difference= \
y/ '”/of elevation, (b) accuracy of horizontal closure./#s Lo A }
{47) You are given a topographic map of an area to use in examining its geology ‘. helra/ |
or other resources., State two ways in which ou can. test this map for 3
‘accuracy. j/‘,./f.{’,[bvh«{’._ TR T v P CY

1 J0eled ~unf O plurt

..5) State the two things which must under ng,@irc nces ever be itted in |\
legend of a map. ALoAL \ hate o \ St
.»9) The allowable vertical closure of a telescopic alidade traverse is not in X
direct proportion to its length. Explain why. pae nflasel ., Srvmm . \
{20) State two magor facters which affect accuracy of distance determination {33 .
PaCillE,. A~ C e A f_.-.“ e  Jos B
(21) You must | easure on a slope with 'gteel tane. lee two ways in whlch you e
correct for the error due to slope. £istd 2 : Il A araa
(22) State why it is necessary to understand the U‘ S Land Survey in making a it lo A~y
(23) Compute how far apart are 20 foot contours on a 4 degree slope (2) in feet, R
s (b) 4n inches on map with scale 1/254000. One degree slope = 1.75 percent. Al funlog,
(24) What is limit to accuracy of elevation determination with barometer A a st engf
(25) Bxplain method of finding a land corner by pacing w1th Brunton compasg> w5 :
Dlagram how you set compass, . .
e Eaa —g ot ) / A )
s /7' X (‘va— [f '\\ ‘ y ‘.n’l L, Zv.v\(\f‘ Y, S 7\» g PV AP : “"; ‘~L
\K_ chéfi—\.l o ¢ ba A LA L WA v A BN A \
P R [’f ' !.10‘-“ / " & — okl —
¥ 'H. 0175 e ) Ll Aaw »f
R v Dnd AT - ¥ Curye
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JNO. G. PEW ' S. H. WILLISTON F. S. MCILHENNY, JRr.
PRESIDENT : VICE PRESIDENT : SECRETARY-TREASURER

SPERRY-SUN WELL SURVEYING CO.

3118 BLODGETT AVENUE - P. O. BOX 8B0OO0OB
HOUSTON 4, TEXAS

Mareh 10, 1949

Mr, F. T. Thwaites
Department of Geology
University of Wisconsin
Science Hall

Madison 6, Wisconsin

Dear Mr, Thwaites:

We were indeed pleased to receive your inquiry about the
Johnson Elevation Meter through the OIL AND GAS JOURNAL., We do not as
yet have any prepared literature on this instrument and so are enclosing
e photograph of the instrument, an error distribution eurve, and a
mimeographed description of the operational technique employed and ad-
vantages that might be accrued through the use of the Johnson Elevation
Meter,

At the present time two parties are conducting field surveys.
Party No. 1 has been working in Mississippl for the past four months for
the United States Geological Survey to provide vertical control for aerial
topographic surveys to be used in the preparation of new "quadrangle" maps.
A second party is now on the Gulf Coast, where tie Meter is being used to
establish elevations for geophysical parties (gravity meter and seismograph)
and to provide levels for geological surveys. A third instrument is being
given final tests at our Laboratory in Philadelphia, and four more are in
process of assembly., The first of these is expected to be ready to begin
operations some time in April.

/ ; The Elevation Meter is operated on a service basis, Sperry-Sun
furnishing the Meter and field operator. Charges are made according to the
number of linear miles covered plus an additional charge for each elevatlion
established at points specified by the customer,

Articles giving a more complete description of the equipment
will appear in the near future in the OIL AND GAS JOURNAL and WORLD OIL.
Other literature is under preparation here and will be mailed to you upon
completion. We shall be pleased to discuss your survey problems with you

at any time.

Very truly yours,

SPERRY-SUN SURVEYING COMPANY
ABP:ckt A, B. Palmer, General Manager

Enclosures
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SPERRY-SUN WELL SURVEYING COMPANY

JOHNSON ELEVATION METER

The Johnson Elevation Meter equipment consists of a special three-
wheeled trailer towed by an automobile. Continuous measurements of the change
in elevation are made as the trailer moves along the road. Wherever it is re-
quired to establish an elevation at a given point on the road, the automobile
is stopped, and the elevation is read from a counter similar to the ordinary
mileage odometer. ZElevations are easily transferred to nearby points off the
road by means of a level rod and hand level provided for this purpose,

The Elevation Meter determines difference in elevation by integrat-
ing the instantaneous values of the path length (or velocity) and the sine of
the ineclination angle, The measurement of velocity is made by a device di-
rectly geared to the rear trailer wheel and which provides an electrical sig-
nal proportional to the velocity. A second device which furnishes an elece
trical signal proportional to the inclination angle is mounted mid-way between
the front and rear wheels of the trailer. A special electronic integrator,
which is carried in the towing vehicle, accomplishes the integration of ve-
locity multiplied by the sine of the angle of inclination., The measured change
in elevation is exhibited on a Veedor Root counter which reads directly in
feet. Tenths of feet are read from an auxiliary electrical meter, The total
distance traveled is also recovered from the integrator and compared with
" the reading of an odometer also directly geared to the rear wheel, The com-
varison of these two determinations of distance provides a means of checking
instrument performance since they must agree to established limits., The speed
at which the integrator operates will be realized when it is noted that the
roadway is, in effect, divided into 500 parts per foot of travel,

Advantagzes of the Elevation Meter over standard methods are found
in its greater speed of operation and also in a reduction in costs per mile
traverseds The automobile may be driven at speeds as great as 25 miles per
hour, and it is often nossible to survey as much as 60 to 80 miles of traverse
per day, depending on the accuracy regquired and the number of stations occu~
‘pied.

The attached error distribution curves indicate the accuracy which
may ®e obtained with this instrument. These curves were obtained by compar-
ine Elevation Meter elevations with bench marks established by third order
spirit levels. The verformance may be extrapolated to other distances by
noting that the error of this instrument is proportional to. the square root
of the distance. Thus, for exammle, for runs ten miles in length for Opera-
tional Technique 2 only 10% of the errors will exceed 0,9 foot. This latter
value was obtained by multinlying the value read on the curve at 10%, namely
0.6, by the square root of 10 divided by 5, or 1,4, It should also be noted
that in conducting actual surveys, a2 net work of level lines is established
which close with each other and with a2ll available bench marks., When the
errors of closure are distributed, a substantial increase in accuracy will »e
realized,

33
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Organizatien

Dirsct desendent of Military Mapping of World War I, % wh - /

Puropse to teach use of instruments used in rapid and approximate mapping
to meet needs of g eologists a nd others rather than the precise methods
requirsd by engineers. Cannot include strictly geologic mapping but does
cover methods of such. Speed with sufficient accuracy

Noramel 3 credits work ending 4fpoesible before end of semester.
4 credits includes more work on aerial photographs applied to mapping.
1 credit only for those who have completed 3 credits«n Afpewat W—

Lab hours 4 to 6 a week depending on speed of work. % problems can be done

T —

at home * A T i RO P PR
FILL OUT SCHEDULES indicating hours subject to change. ~ A s G
Regularity of hours essentiml for checking instruments out and in. 'f:'f{ b ’{ie

SOME INSTRUMENTS MUST BE HANDED IN PERSONALLY$ Avrbinirtl oA prr~ -

Theory is simple and only ordinary arithmetic is required. Trig used but
only basic idea is required. & little algebra needed for one demonstration
Dexterity-"practice makes perfect."™ OSome have gone on into civil engineering. B
Work in museum-why

CARE WITH INSTRUMENTS - ~ e e ;
I‘&MPR! O’-’v‘c"" -L"‘-, IJ“ F{"’L u
Devils lake trip W. Vanlation can-be-—girstched for= "‘gﬂﬂd ‘ﬂt&ndiﬂgn

Physical fitness —— "5#4;;; % ,b M‘ lfm&ﬁﬁ_}b Al o 3

Work withothers 1o 250t = <
@ 855 syt . 7 :

Transportafdon. Cook. Ex ens a2l _f By T
ansporta P w M n E“"‘:’M :Mw

Next time .hax barometer.
0ld mimeographed oq&gne =1l T-1)
Lahee new 426-432, -490

~ old 406=%09, 436-467

I

P




Levorson:

Ve hear it s&id that the day of surface mepping is over. Certainly it has declined

in importance in the normal explorstion progrems to the point where it is often difficult

%D find geologists capeble of doing even zn ordinary detasil jol when such emergencies

develop. It is probably true that the heyday of "reconnaissance" surface mepping

is past in the United States but it cen be seriously questioned whether detsiled

plene table mepping is not still en extremely effective discovery tool.

ihere has teen.d

done actually but = relativelyjiéall amount of really careful, detsiled surface plene

table mapping particularly with the add#of aeriel photogrephs.

Most of our oil provinces have been discovered contrary to the orthodox geoldgical

opinion prevailing et the time, which is pretty good evidence thet our fundamental

thinkirg is not sound.

™
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i -



—

Measurment of jictance 2-5 How is distance measured, slant or on level?
Chain or tape, use, care of counting lengths Gpoe ke P“' “““?”‘”“JL”[
line injuse plumb bob 4

tensiorn - hw*dhw ﬂ§343 =

. ” . j_in
M= 23 x 10" |dgrar - com =

Speedometer 2 » -
P LA Ll B ats rthT e K ff
Micrometer 1

Why?

ﬂl M"&gA 5o »}_bl ’)‘\U Rassn
L i + 5 )0 '
Range finder : J= E:FFFK B %)(@ hj} ilﬁ
. & Al = ' a-b)atD) /> 1,

P acing- pace vs stride e ™4 & ﬁQJ

standardization : [

counting. number of talleys Definition Yp0 o ﬁf3W*b

© /

Estimation

A S - Seeln,
Compass , 12-15, 19-22

Basic principle

Construction, Prismatic, Brunton compass on alidades
Adjustment-pivot, magnetization, counterbalance

Declination, changes of short term, long term
determination of — accuracy required
Ephemeris method
Celftial clock method -

L

Cautions-local attraction, magnetic srticles, magnetic rocks neutral points

Systems of recording directions, bearings, azimuth. Comparison,
true and magnetic directionms.

Use direction of strike of formations. lraverse , 2 methods, intersection,
2 .and 3 point problem. Note here also the tracin g paper solution of latter '
Uge of protractor. -
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Mapping, third day
Plene table

Keview berometer-heand level- note thet toeceiions of preblemI—esre

sinply e code

Why and when are corrections for tempersture of air needed?

15-18
Flene table

Construction

Adve n ntages - speed accuracy,elimination of mistskes
Disedventages - we&%her woods, change of size of paper

Cautions, threads, touchlng, leaning _ strimgoon-degs NAMES

Use
\

Why center of bubble?

o

-~
\K

Setting up-why the plumb bob end how used
Orientgtion~ compess-backsight

markers length of lines

drewing lines, need of sharp pencil, sandpaper

Intersection method. Tape not issued -

Caution on engle of intersection
Resection-method adventages

Taadinn

3 point and 2 point problems.

W¥hy?

See directions ~fwdtui -a 4

Treverse mgthod why?

2 methods depending on orientation

Mﬁ“’”

NCMWT

(¥}
enerel

Neatness~promptness— single sheet if possible for each on table

Froblems will be returned

Care of museum cases,k Binding

STANDARDS —

“ ”' Map scales

Trlg :
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M 31
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Railroad and highway surveys.

Geologists often usc reilrond or highwey surveys to obtain elevrtions, ctec. The
following definitions will help: :

Zlovetions of such surveys are commonly brsod on some other deotum than sea

lovel 2nd nced 2 correction which must be determined in some cccuratc monner.

mProfiles in mony cascs show grades expressed in percent. Porcont = numbor
of fect vortical to 100 feet horizontal (not slant).

Curves arc &sfipédby the ~ngle subtended by a 100 tape foot length . 4

1 degree curve has 2 radius of 5730 foet, o 2 degree curve 3+ of this ond so

on.

The beginning of = curve is indicated ns "Point of Garvature® or "P, C."

The end of o curve is indicated as "Point of Toengency" "P. T."

The center of the circle of a curve is located on a line 90 deg. to each
strnight "tangent" adjncent (®vlsescaother curve fellows immedintely
where radius changes along a rondius of the circle of first curve.)

The total sngle included in = curve is nlso steted (often with o A ).

Distonces ore shown in numbers of hundred foot tape lengths from o start
of surwey plus the number of feet in the last pnrtial length. Tias
o mile would be 52 4 80.

Right and left curves are mersured facing in the direction toward which
the distances incrense.



Plane table second day

)5 -2
I
-

‘4‘
Ay L.,(.'_ A< e
Review advantages of plene teble - héren et Cimy o o
R S g
-~ 7

Define:intersectio%;backeight;orieintation. Use distant point, long line

Lefine resectien. Difference. advantsges.

Hill problem, river problem will be omitted because of space

Three point problem .. 1 il +eodtd AT % [1 .
)

Vhy and what for. "0 secure orientation for resection locetion
Methods. 2
Lehmenn's method. Cut and try. Vhy the rules.
“essels method. Advanteges-disadventages

Two point problem. .
SBolutions: (a) by resection after orientstion
(b) by distance from each point.

Suggest latter is easier but orientation follows lecation

2 L
g SR

draverse Mt >3
Where necessery
Involves messurment of distence.
Two methods
. Backsight orientation accurate but any misteke is carried on
Compass orientation-substitute in museum
Compare accuracy of each method accurecy ve compensation.

“istances teken from chart of musseum

Why is plumb bob needed in museum? ' e o B ¢

0 e 2
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g Hand level
Construction, why the lens, Adjustment, finding level line
Accuracy -limit of distance for sights
Yethods of use
“lone- measurment of heigth of eye-counting- odd difference
Ulrich's method ? Py B SN -
With rod = feat e \ g et
B.S. HoI- F- S. lev' £ \ SifE j .H______,....—»""—'_—_.
+ ;J e e
jb) 790 5_ 59 =
1 b

Engineets level.

Barometer
Principle
Construct ion, different makes
Adjustment
Use =care
Sources of error

Correction
Stationary instrument method~ 1 or 2 statioms

ki

o .
) Lo

above lower bases true diff. elev.

Limitations of method
Single instrument method-accuracy

Lehee's method
Sotraight checks
Cross checks show slope of curve - ruuvs~ ¢

Accuracy
Temperature corrections-when needed

General conclusions Significant figures.

Hypsometer

Next problem-to try barometers, handta~hand level bu#;nn—adgustment les:nm%*had——”

Work withplane tqble in museum to beat weather
Will have to stagger work, some stsrt on telescopic

apparent diff of sta. instt true diff. of bases:: apparent elev.
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F ¥ gt 22421 Telescopic alidede, first pa.rt
% E E?QW};'? Problems 4 gnd 5 must be f1n1shed by now 77 5”{;“L-

gy 1 - —
ar” ) Purrose of instrument—better vision= determingtion of distance~ of differ-

ence of elevetion by dietanceiéﬁﬁ engle of gglope(vertical angle)

“onstruction
Objective lens
position of imege™ focusing
Eye piece lens
focusing=loss of focus

B
Croes wires-construction focusing -

P rism-why- motion of - /ujﬁif &,Rﬂfl' e L

Adjustments-why? L, Tty

Line of sight through center of lens along axie of barell

f,

\mﬁ/:< How to loosen telescope. need of rigid support. How wiref;move

b, e A #

Measurment of distance with wires-;principle, rods (stedis). ,L#m ‘J
intervels, multiplying factors, how determined -

98
Need of correction for slope of shot. blope determ1ned by angleﬁﬁo
{ middle wire)— foo x ¥t X oA X L\ Lo ¢ ;. \
Meesurment of verticel angles Pl iy

1 Bulls eye level-limitations of -
"1 Striding level-cere of. Adjustment until it is same when reversed so

¢

+ ) - makes line of sight horizontsl. How adjusted. &AMM1\

: ?%f}i, Arce= methods of dividing degrees, minutes, mils
L Al How find the level resding?
= SRl go-Center striding level

250y Use special index level

T
Derive formula for true horizontel distence 2
~ .distence = constant x full intervalx cos vert. aqgle
C'.t"""\" e ’ :';‘:1 zj{_._,A‘. Y < 5'.-_; f "4"{\-‘4 prwt L‘"-' & LB
. Other méthods of flnding long distence or distance when rod ia obscured

involve |
horizontal distence —mwet uewuLvl
#~ use of drum on slow motion screw to find very small angles

;pél 2 iggggqﬂ g rle:
; CARE OF ALIDADES

AN Never on plane teble indoors 3
3 Use miniature rod and report results in ROD UNI$§
- Lay cases hinge side down. w’'
Place rag around level before carrying in car. . Check firm position
Adjusting screws must be tight L<X do wel
NEVFR FORGET ADJUSTING TOOLS
e
M-h.‘,‘( = AN t*’"‘ ti‘k.z

J






27=32 +telescopic continued

Differences of elevetion.

Definition o e
Ground never meassured st instrument. “ever set up on known point.
“lways refer to bottom of rod. ,

n

Define* computed difference, net difference, rod correction
Level shots- 2 methods of reading we. j9o= [
Angle method.

Computing devices. adventages, disadvanteges
¥%hy record middle wire reading

Z Net differernce
V//;erive formula for computed difference+= app. distance x sin A x
cos A or/what is seme thing)} sin 2 4
\ /

Computetion for distances obteined by intersection

computed difference = true horizontal distence x tangent A
can use stadia computer but it has proved too inaccurate

Ster method . theory

Egemen erc method. =

merks on erc where % sin ?A /stadie constent
is a whole number

comp. diff = full interval x Beamans

Drum method. 1 drum revolution = 1 Beaman = one step.

Can measure fractions which cannot be found by either of other
methods.

Superalidades~ what is left off.

b |

Meke 21l messurments in rod units (tenths of a foot)

Telescopic slidade most adapted to treversing. Two methods of traverse
possible.

orme of notes given in problems 11, 12 v¢¢a'£‘ ‘A%M}ffHux
Lo e o W‘Uw'
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Why use photos? 5=230 pp.

Photogrgphic survey-general ’H’ / CM 2
Adventages :
Disadvahtageg

Types of photos

Next time 5-230

&

E

2309

M&h&,\{: M dmd._*u a,»‘,w I“""'““::*““ﬁ-j‘fw« ‘-

ground asriaix
ordinary
stereoscopic

serial
vertical
ocblique
composits

Verticals
Scale focel length

Ground
kind of cemere-need for leveling-use of filter :
registration of angles-horizontal-vertical .
ground control
locetion by intersection-use of photo as e positive
mcaqurement of differences of elevetion

$%- 100- 128

_').L(( e AR —

R
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Photogr&phic surveying R e T 515,

Adventages. short time on station
better working conditions wudow
from air see 2ll sides of hill &t once
much more detail
directions between places not intervisible on ground

Visadvanteges
Weathe r control very strict
Some ground messurements needed for corrections
Higher skill needed

Geometry of photographs e oo kg
Object to image 1/f = 1/di + 1/do e o
Definitions do rmuj £¢w<i¢ A = Moty O
: A focal length f ) A
object distance o9
P imege distance ol

pﬂﬁvf*“F vertical rbrhﬂ

oblique, high low recohed from vertical 5”“bﬁd4#
perspective = representation in single plene of 3 dimensional
objects
principal point or center LrUmewd— sl
plumb or nadir point
scale for yertical f/H where H is altitude of plane
let p = déﬁﬁgﬁse on photo of line g on ground
then piggssf s H whence H = g.f/p
solve for £ = 8.25 in, g = 5280 ft, p = 3.4n.
= 5280 .8;/12 // 3.1 /12 cancel out 12s and H =14000 ft.

parallax = apparent movement of an object with refersmssxkax
respect to a reference point due to shift in point of
observation
SRR g a 4r base = distance between successive p031t10ns of plane
! phito beosg = distance of phjotos—between succes ive ; positions of plans
Stereoscopi effect ,Uil ot~ - 3 2,
Binocular vision. physical defects [ IV it

Cause of apparent difference in distance Hilltops are neearer together then
valley bottoms Ereper=e¥pe-3-
Displacement of points due to relief. distortion of linees . change of scsle
due to relief.
Ways of obtaining stereo vision. Lenses, mirrors, anaglyph, paper between
two photos,parallel position of eyes with no aids.
Vhat determines gtereoscopic depth
MArun oA = hunoans
distortion of scale due to oblique axis of samera  More late<? credits}
Rectification of slight displacement plus effect of relief.

Locating a point by engles to 3 known positions. Tracing paper solution
[4¢- [ Intersections from plumb point. Usually not far from principal point:
similarity to planetable intersections} radial m% line construction,
. compensation for scale .differences )
Sett ing up @ radial dine plot more later for 4 credits
Plotting methods
\ tracing
! machine {under stereoscope)
projection




F hotographic surveying, 2 : e B

Setting up the photos.
Marking principal points, section corners, etc.
#lignment. Distance between comuon points, 2.45" with dbraams inst.

Feirchild does noloverlap [, 25" (] 4etden
(Q,Diifer nces of elevation from parsllax !
A B "

B A=

\ | (focal leng't-..h)
\ a2 ir base

H (altitude

\ g

Vis
L 2 A

difference in parallax = dj + d, = dp

now by scale retio f/H vooR
, J dpas o x irg il el LY'—‘F
whence x = dp.H/f
and by similar tri 1 e
e eme el ghgox ssH -3 Bog i—/‘.‘.é‘_"
whence x = dh.Ba/H h
equating to eliminate x
dp-H/f = dh.B a/l'l
solve for dh 2 [
dh =dp.H "/f.Ba et 17 3 .
but b (on photo = B a in air or np-np') = B a .scale ratio or Ba.f/d 3

40 by substitution dh = dp.H/b




P hoto surveying 3

Now substitue for H its velue g.f/p where g = a ground distance and p the same

distance on photo J‘P x dh ' b' “6 dhs 30’
hence dh 3= dp.g.f /b . dbphey 2020 8 btb”
- - g P - F100" s’
vhen dp = unity and g = 5280 feet and f = 8.25 in. the number of feet per millimeter
is'computed thue;q_ °":: ' o_k’;”-,q
‘cl" & 241
o0 §6¥Y L dn'’=ap g! Wt /Bt P sap0’ ¥
: = 1.5280.(8.25) / b" p\{ {25 4)) . Lohn g
= 1715/ b".p T 4ss00 4w p
. c;ql .

Let b = 2.5" and p = 3.0" then 1 mm al ference in parallsx =220' diff of

elevation ot .. i‘hl’h {f'n' 50 W’W h .

When pictures are set up and aligned by principal points, it is found

thet par ellax Jor same elevstion Then plumb point is not &t principel point.
This error is partially compensated by taking parallsx point on one side of photos
and holding same stationary &Y other side is rotated about this point until

a point at same elevation on other side reads the same.

In above computation iz value of H is that for the point at which g is measured.
will be different st other places. Hence obtain an average value for each
pair of photos.

Setting the measuring points offers difficulty at first. Blending by looking
at them. Look at topography. Or use each eye separately.

Gontouring :

() Set dots for given elevation and trace conmtour., et © A
(b) find spot elevations and sketch contours

Kadual X ':ml W S | {{){"«
M@‘h 2N ‘f’//?‘hh’\ n M / g0 e "_ ;; \‘u

e ¥V 4 e e
X .
g | 5 n )
— {
™ } H ; b
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GEOLOGY 11

The scale of a map refers to horizontal (not slant) distances. (1) The scale
noy be given in feet or miles to the inch. (2) 4 line representing a2 given dis—
tomce moy be dravn on the mep with stotement of just what it reprosents. (3) The
scale may be givon os the froction thnat any distance on the map is of the distance
on the ground which it roprescnts. This is called the fractionnl scale but noay olso
be written as o ratio.as soy qr 1:20,000, To transform this to No. 1
divide the lowsr or sceond fiide Ey the aurhor of inchos in o foot or o nilé,.
Lottor fizure 1s 63,360,/ Troe gro-t odvantnge of this is the onsc with whieh
eormut=tiong #io Srdos /The ndyrntcon of Wo. 2 4s thet 1t toow erro of shrinkels
of papor snd of chongg in serle vhen ¢ nop is phobtogropliod

Triconongtr.

In mopoing ond goolacicrl comnmatsblons trigononotry is ofton used, Tho follows
ini dirgren shows tho conmon funcbimes. Redlus of eirglo S wnityr,

Heom this the following mrmy bo dorivodt
Agglns ds thet rorsurcd £ron & worlzonted line,

S8leont distrnee x cosine = horizontal distrnce.
" ey x sino = vertical distrncos
Horizonterl distruce x tencont = verticnol distence.
Vortieesl distonee divided by teoncent Z horigontal distence,

g further ust Ia with tho sbedin
MAoperent distruce =100 x full intorvel
Slent distonec = 100 x full intorvel x cosine
orticel distonce = Sl?ﬂt distonce x sine
. " =-oppnrent distanco x sine x cosino
", L : B " x % sinc twice the sngle,
T
True thickness of strote = herizontel distemec in direction of din x sine
of pngle of dip.
i L M = vorticsl Aistonce x cogine of ~nzle of dipd

=

CMete thet (1) for apell ﬂngleu(,up to 10 do.rocs sino ~nd tonsont src acrrly
ene arme.  (2) teagont of 1 degreo = 1. 75 foo t in 100 feet or 1 foot in 57.3 feet.
() “-nzent of rmeles up to rbout 10 = tengont of 1 dogsroe x nunbor of dezrcos.

o
e ey
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xam-wiil--be advanced 3

Plens for Devils Lake directions will be issued both for work and for personal
supplies etc. Everyone should be through with 13

<Photography and review before trip.

Contours
Definition-interval- elevation to right and left-crossing=-joining
cliffs, depressions-ridge tops heavy contours-drainage, divides )& "%+

Methods of locating

following with level, spacing on slopes, interpolation between spot ;}
elevations- trained eye- verticsal photos, obliques- machines /]

e e bk e e e e e

U. 5. Land Survey-
Why know sbout it, land description, tracing property lines, aid in locations P
by pacing, etc.
Origlnal deflnltlon of township- where the survey was made
" section

Actual shepe of townships. straight

Base line-principal meridisn Which is a skxasghk line? :
Numbering of townships, ranges How shoen on map P e
Numbering of sections
Subdivision of sections-lots

How township was supposed to be subdivided into sections
Where deficiency(or excess )was concentrated
Distances to corners, north edge, vest edge.
Closure on next township o5

&, . . . . .
1rectlan of lend lines? +true or megnetic?? Use sun in following-pecing

Map scales, gra1hlc- units per inch- fractlonal or ratio cli~

-\ j; e - o g e T NN . T,
\\ -+ Letermlnation of dlfferences of elevetion from slpe end distance. ' /!

Use of slope readings to spece contour Ge g 42N - LU T

AT

, U
Lt : {
= - § i f-
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e ook
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Gleaned from exam papers

“ U. 5. section is & township which is within a county

Declinstion-when the compass is put on slopes, etc, the angle of decline is
declination of the compass

Contour interval-a set distence that shows all areas of the sume elevation
A contour interval is thet space between two measured distances

4 contour intervel is the land between the contour lines

Contour intervel when contours lines meet ut the same letitude or intersect

Declinstion of compass shows the direction and the ? of the land when put
on a tilt the compass differs from when on a fault, eteci

A contour on a map shows the way the curvature of the relief

The contours show the meximum and minimum emount of relief on the map
& canyon is a deep hole which falls off suddenly from higher points
A contour is a varistion in ground represented by brown lines

The contours on a map show the the height of elevation in relation to surround-
ing country

& terrace occupies the spasce between a mountezin snd a pile of rocks

A U. S. township is a track of land what is owned by the goverrment
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Duvils Loky instructioms, 11 'Wdixitr of %41
Determination of true northn

Motorials strong light string or fish line (whitve), weight, pail -of wator
if windy, two long stckes, one short stoku with cross bur zbout & foot
long nciled firmly o top, novdle, oxoe or notchet, two flash
lights, pocket tape, .leale showing tenths of inches, compass {will not be
needed until- daylight) good watch set to Central Standard Time. :

Methoa: Read section in Outllne on finding true north Study dlagrmma
given below which give: relations betweon Polaris and the true meridian,

Note definitions. B 5 Line toward
Polaris True N,

Z : Upper : inétion &7
fr‘oit of Polaris " "guf;h_:gsm\ h
- .\\\ ;
1"\ e o}.
West Elongs Bast Blongation
. 17h~57m

9
‘Ling ‘ i - e llh—SBm et _/»_/7‘7 Plumb lifle
A gl} ] Rl -—._/' ;
: ' Lowef Culmination R

_ Pointers Fig. 2 ; : Ofiset 5y
take with eress bar }rﬁ\\} g (S time) on stake ah
¥ ' Fig. 4 S. end base line
F‘ig. 1 ; / ‘.\ Figu 3
‘ 2 >
I : \*

= %Tarl 3

Fig. 1 shows tihe relation of the orbit (aprarent movement) of Polaris
in. respect t0 a vertical aorth-south lane passing through-the position =

of the observer., Juch a plane definvs the "true meridian", . The projectiern
of the North Pole of the earth Yies in this plane et an angle above the
northérn horizon equal to the latitude of the place of observatien.. .
The central of the threce curved. lines lies in the planc of the true
meridiaw, Tho central strai zat line from the base line to the Horizon
is a true north linc, The lines at cithor side are lines in vertical
plancs wnich pass through the two sides of the orbit of Polaris,
The angles formed by the traces of thesc plancs with the surfacc of the
carth (horo shown as flat) dofine the amount of error,or rather diver-
gonce,botwooun truc north and appuaront north as dbflVbd from an observatien
of Poiarls when at cvithor side of its orbit. Notice that this angle
dcponds upon the latitude of the point of observation., This angle is
less when Polaris is at other points of its orbit. It may be found in
tablos which have boen computed for difforont latitudes and differcont
positions of the star in its orbit.

. Fige 2 is an onlarged diagram of tho orbit of Pblarls. Note thatithg

timc of onv rovolution is not 24 hours but 23 hours 56 minu#ég / @hls is

bocause tho carth is moving around tho sun which causes a star (not a
manber of tho Solar System) to cross an obscrver's moridian about 4 minutor
carlier cach day than it did on tho day beforo. Note the definitions

for tho various positions of tho star in its orbit and tho diroction of
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.2 Edition of 1941

movement, "Hour angle" means hours after Upper Culmination. Hour angles on

the table are expressed in "Siderial Time," which is different from "Solar Time"
by 0.16 min. per hour. WNote that hour angles less than 12 h mean that the star
is WEST OF NORTH.

Now we need to kuow the time of Upper Culmination in terms of our watch
time (Central Standard Time) for the date in question. Note that Upper Cul-
mination occurs at the time when the star crosses the true meridian of the place
of observation, We will first have to find the difference between standard time
and "local mean solar time" at Devils Lake. Since Central Standard time is fixed
by local mean solar time of the 90th meridian and the Lake is about 15 minutes
or + degree east of that line our watches will be one minute slow (for this pur~
pose). 444 one minute .o reading of watches set to Central Standard time
for use in this problem. Times of Upper Culmination can be found in the Solar
Iphemeris. These are given for Greenwitch tirme, 90 degrees of longitude east
of Madison. Now at Devils Lake very nearly 6 hours or % day has elapsed since
the star crossed the meridian of Greenwitch for its Upper Culmination. This
means that it will cross the local meridian almost exactly 1 minute earlier
(counting by local mean solar time) than it did the O meridian, because Upper
Culmination is approximately U4 minutes earlicr every day. Iook up figure for
last date prior to observations, From this svbtract the change due to time,
then . for longitude correction, Result will be time of Upper Culmination for
date of observation in local mean solar time. Obtain time of observation in
local mean solar time. Diffcrence is hour angle in solar time; transform to
siderial time by adding 0.16 min. per hour. Mark on Fig. 2 where you think the
star is in its orbit. Make computation.to nearest minute only.

A plumb line will be hung from as high a point as possible, A man will
throw his light onto the line keeping it out of eyes of observer on the ground,
Locate Polaris from diagram of Fig. 4 remembering that the Great Dipper makes
one revolution around the pole in a year and therefore will not always be seen
in just this position, After finding the star the
observer on ground will drive his stake with cross bar firmly into ground in a
place where as long a baseline from the bottom of the plumb bob as possible is
attained. Now use a needle to stick in cross bar in line with string and star.
Record time by watch correcting to local mean solar time. Watch the star move
and check your expectations as drawn from diagram (Fig. 2).

Now prepare for correcting the line from pin to plumb line to true north.
Compute hour angle ir siderial time. Divergence for different hour angles is
given in books in angular measure but for us it is better to reduce this to
inches of offset at south end of baseline per foot of baseline., This is be-
cause available scales will always be subdivided into inches. Compute offset
and lay it off on the crossbar. Set another némdle thee. You will have to use
Fige 3 to find out which way to make the offset; it is in same direction from
first pin as star is of north. Now use two flashlingts, one on lower part of
line and other on stake-to lay out a true north line. Make as long as possible
(about- 150 feet)e In morning read compass standing at south end if possible,



Diagram Showing True North and Magnetic North

on the Compass 1al and Declination,
. onic .
East Declination “Line~ west Declination
LA i 0 S 2 3

s TTWN Y \ ] East bf the Line

marked 0°(agonit-
-line] the norlth

end of the com pass
needle points west
of north . West of
that Line if points

east of Mor?h.

| H'n D157k, 1 Qhib
0 Jo 3° 2«: 1:; é'ja' 2030

e Lrue
e ' Magnelic '
Uit Nogpete | Varin, orth) wagretic
Xy MaepefiC atfraclion | 360~ We'g't, of tree
Pl = R § B T
W ~
/ ’5\6 G /éso
/ -]
/
, / \
rll -] > J a
27 e 9k ad
: & fz 2
\ j
\ ”f \ /
g/ >
& ,, ) % o
o ,.-"/ o o i o
B ~— T b

For Wiscensin the Pelar
Magnetic atlraclion ranges

from 1 to7° east. Local

affracton may vary #rom
(4] 10 &

2ty 90" eastor wast.

For Michigan the Pplar
Magnetic ottraction ranges
from /°eas o 2°west
Local atfracliof mea 74 vary
‘//’Of}y Oof() 700(‘9057[‘0/' W€sZ’,



GEOLOGY 11
NAFFING

Determination of true north from Polaris Edition of 1943
Based on Spaulding, G. He, Training manual in topography, mep reading and
reconnaisance, Us S« War Dept., 1917

Materials Strong twine or fish line about 30 ft. long, weight, two stakes
several feel long, one stake less than 2 fect long with cross bar nailed =
to top, 2 needles, axe, two flash lights, pocket tape, scale divided into
tenths of inches.

Methods Study the diagraa to see how Poleris is found froam the pointers of

the dipper. Folaris is not exactly on the projection of the earth's axis but

roughly & degree off. It appears to an observer to revolve in a swall orbit

in a counterclockwise direction. Compare with dircetion of motioa of sun,

Study Fig. 1 for definitions of four different pesitions in this orbit.

At two of these the star is directly north (on the medidizn).

Folaris is found gt an zngle sbove the northcrn horizon (¥ig. 2) approxima-

tcly equel to the latitude of the point of observation{ at both elongations

it is exactly equal). Study Fig. 2 to sec why we aust know the latitude of
e a2 locality with more aud aore exactitude as we go north, slso why no accurate
e, ovservation of Folaris for direction is possible in tlic fer north.

If you timed a revolution of Polaris
you would discover that it is com-
pleted in 23 hrs. 56 min of earth

g time or "mean solar time". The

> hh..,
Pointers [ % LIFFER
Upper culminatifn o X

oy . # “hour angles" given outside the
G . B e TS = circle represent hours after Upper
; ,f\(ll ! \\\iﬂii\\ Culmination in "siderial time".
///’ : - The difference between this star
i : 7 time and our earth time is due to
7, : o \\\ the fact that the earth goes around
“{/:i( 0 - & 2\ pg the sun every year. We do not
ﬂff have to compute the difference
- between the two kinds of time
< because it is too small to make
g a meterial difference in any one
([ﬁWeat elongation j b East elongation | day with observations to be used
9 jr?ole 3}@18 only with the hand compass.

But it is worth noting that
} Polaris coemes to the same pos=-

Eolarig;" 1
:" — g !
: [ ition ebout 4 minutes earlier

\ <3 every day. You can look up the
\ o "~/ exact times ef each position in
BE}IB & 2 the ephemeris making cerrections
- 3 16 for beth days since the one
3 . ; given and for longitude. Vhere
", e we live the latter is not important
ot Lower 5 e for compeass observetiens.
; lUKu\\ culnination ‘,/Xi; When you do not have a table you can
\\ I “"“um,kq 3. still get time of culmination very close-
\ B ly by watching to see when one of the
e E dotted lines to second ster from left of both
‘ 2 Dipper and Cassiordgg are on vertical linc below
AT Polaris, The Dipper line passes this position
CASSIOPELIA about 8 minutes before Upper Culminzation and the

Cassiopeiz line about 9 minutes before Lower Culmination. But this
does not always occur during the hours of darkness or mey be st an inconvenient
hour. Spauldings method is to imagine thet the time is shown on = celestiul



Determin.tion of true north, p. 2, cdition of 1943

clock with Folaris at the center and with the lines to Cassiopela and the

Dipper &s hands (both hour

nends). The hours of this clock run in the con-

trary direction to the hour sngles wnd esch represents two siderial hours.

You can mcke & clock foce out of cardboard with a hole at the centers

Then

hold this up &t right engles to the line to Polaris and recd the "clock time"

by holding out & string or

ruler until it touches the propcr ster.

Near the twoculmigetions time must be estimated within asbout 15 minutes but
near the clongations such accurzcy is not necded,

Study Fig. 2 to see why as latitude increases thc divergance of the planes
from zenith through the elongetions increases at the surface of the earth or

Ly

soly £ < Star True FIG. 3
Zemith  —Sug Orbit of Polaris &F  [snorth
 Cilidne e e L
sight 7~ NG
s 5
Flumb : /ﬂf \\\;‘.
llne‘i 2 \R (e
Pieii A Herizon
o itude _j ‘\\\\\\\ ¢— Plumb line
o \ True north
. ' Bage line
’;rétgke with cross bar - i

horizon plane.
farther end farther,

The following table is

This is like opening a door by inserting

Stgke with cross bar
at south end base line,
Meke offset in same direction
g8 star is from true north.
e given object

.

for 10 deg, north latitude and gives the horizontal

or ho?izon engle of Folaris in both minutes and offset in inces per foot of
baseline for both hour engles after Upper Culminetion and for "clock" time.

Star west of north Ster ecast of north Latit
2Clock? | W gel JiClock™ — | " [*er 0-23 ;?g s
L, Ha Cas§12£2h_-j \.— JHE@ass Dip |' I" f4,| 20-31 1,1 il >
F-5 = Imd ol B8 |80 6 1 oo dvias Lo s K
L§¥ - 1111530 5130]{16] .056] 13| 533011330} 16/.056 B3 1.3 185 L2 e
213 2fir b5 IslooB M9 1 130Li08 | sivad 14 S
e f 310839 43530|44| 4155| 15| 4530(10330|44 |,155 | 48-51 1.5 ek
99 4110- | 4. 531,185 164 {10 |[53],185 | 51-54 1.6 lan= O 22
A7 . 51-5
- 15 6l 9 |3 “lé1].213] 183 9 |61}.213 | 5456 1.7 :
b <t 8 8 |2 |53].1850 20 2 8 |53[,185 | 56-58 1.8 : va
2 917830 | 1530 (44,155! 21 13307230 |44 [,155 | 58-60 1.9 s
g 10{ 7. 1: |31f.108] 2211 |7 33k108 1, 61 9.8 = 2.6 e
oL 11| 6330 [12330{16|.,056] 23| 12530 6330{16},056 | 62 2.1
517 [c,12l6 ho ol 0 | 24|12.7} 6 0| o 63 2.2 A
o 64 2,25 b
65 2.3 % %
66 2.4 ;
67 2.5
ot 68 2.6 70 2.85
69 2.7 71 3,0
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Determination of true north, edition of 1943, p. 3
Routine of observation. Prepare stakes, etc, before dark and if
g possible select the point for the plumb line and place it. If a tree
Py it should be as large as possible and the line hang from a stout limb
[» 51 where the view to north is reasonably free of obstructions., Ground
-to the north must be nearly level. Line can generally be thrown over
and so tied at one end that it can easily be pulled down when through,
" Place weight on the free end, If disturbed by a slight wind the weight
: can be placed in a pail of water. Choose a time for observation as
-5  near as possible to an elongation. After you go to the location after
dark find Poleris. Then estimate "clock" time. An observer on the
ground will then line in the plumb line and star, A flashlight on the
line but turned away from the eyes of the observer will make this
possible. Place needle, Then compute offset in inches by multiplying
the 10 degree value by the latitude factor, Measure base line in feet,
Multiply offset by this.. Set second needle on cross bar in proper
direction from first needle, See Fig, 3. Now use two flashlights to
set the large stakes from 100 to 300 feet apart along the line of
second necedle amd plumb line. ZRemove plumb line, Next day find
local declination by reading compass on this line, (Line must be
/removed far enough from sources of local attraction.)

Example of computation by use of ephemeris.

1;%

From table Polaris 1 deg. 18 Min, W of north at 7 hours in 1at, 42 /=’

Hn

<2 n w o n "
- Polaris 1 deg.
s i Tangent 1-80 = 02833

in inches per foot of baseline,

malke offset to west of first needle,

1 aeg. 21 Min,

S
3
&

/G Y%, Madison, March 17, 1942 Time 10 P.M, C,V.T, = 9 P,M, C.S,T, =
9:02 P.M, Local mean solar time, (correction for longitude).
05.3 /3 7.7 Upper culmination Greenwich March 15, 1942 2h 13 m PM, =
= 6o Subtract change, 2 days, 3.93 min per day 8
T .Upper culmination Greenwich March 17 2h O6m P.M, _
/. Correct to Long, 90 W, subtract 1 m 10
/s 783 Upper culmination Madison March 17 2h O4m P.M, i g 2
g 02 v Time of observation L. ¥, S, T, Sh 02m P.M, B
& Elapsed time since Upper Culmination 6h 58m solar time
o / Change to siderial time add 7 x ,l6m 1 =
: Hour angle in siderial time (star west of north) 6h 59m i

§

o in lat., 44

20 min, West of North =t Madison (43 deg.) e
Multiply by 12 to reduce to inches = 0,2796 offset
Multiply by length of baseline and






GEOLOGY 11 :
Map scaleg

The scale of a map refers to horizontal (not slant) distances. (1) The scele
may be given in feet or miles to the inch. (2) A line reprosenting a given dis-
tamce moy be drawn on the map with statement of just what it represents. (3) The
scale may be givon as the fraction thot any distnnce on the map is of the distonce
on the ground which it ropresonts. This is called the fractionsl scale but mny nlso
be written as e ratio.as soy 1 1:20,000, To transform this to No. 1
divide the lower or sceond fizudc Ey the nunbor »f inchos in o foot or o nild,
Lettor figure is 63,360. The grost ~dventage of this is the onse with which
corputstione rre nnde. The rdventrge of No. 2 is thnt it trkos ecro of shrinknge
of paper ~nd of change in scelo vhon o np is photogrephod.

Tricononetrye

In nopping ~nd gooloienl computotions trisonometry is ofton used., The followe
ing dingron shows tho comrmon functions. Rodius of eirelec = unity.

Fron this the following mny be doriveds
dnzlo is that neosurod fron o horizontal 1ino.

Slont disteonece x cosine T horizontnl distonce.

" e x sino = verticeal distonco.
Horizontrl distonce x tengont = verticnl distance.
Verticel distronce divided By tongent = horizontnl distence.

A Turtior use is with the stedis
Apperent distrnce =100 x full intervel
Slent distonce = 100 x full intcrvel x cosine
Verticel distonce = slant distonece x sine

” " =-apparent distonce x sino x cosine
ol s - " " x % sinc twice the rngle,
T -
True thickness of strnto = hnrizontal distonco in direction of din x sine
of angle of dip.
" n Hn 1]

= vorticel distonce x cosine of ~ncleo of dip.
Ii{Wote thrt (1) for smell sngles{ up to 10 dosroes) sine ond tonzent sro nerrly
the errie, (2) tracont of 1 dogreoe = 1. 75 foct in 100 foet or 1 foot in 57.3 feet,

(3) tonsent of rniles ap to shout 10 = tangont of 1 degroe x nunber of degrcess
g,
e e

= b
\3 [rnqont \H‘H\\ﬁg\“‘N\HM\E\\iiT\

\
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