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1.

GEOLOGY 11
Final Examination
May 12, 1955

Total points = 67

(5) A magnetic reading has been taken at N,18°E,

(5)

The declination = 5%W,

True bearing = .

(Underscore correct word)

aa

be

A magnetic bearing is taken at latitude 40°N., longitude
70°%. The declination at this point is 13%W., If a bearing

is taken at latitude 50°N., longitude 70°W,, the declination

will be Smaller
larger °

If a bearing is now taken at latitude 40°N., longitude 75°W.,

the declination will be SMaller 4y.n at latitude 40°N.,
larger

longitude 70°W,

3. (1) The isogonic chart for 1940 can " be used for obtaining the
c

b,

(&)

anno

correct declination at a point in 1955.

The distance between two points is to be determined by pacing.

Give two ways of correcting for the slope of the ground.

1.

2,
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5. (4) Give in proper succession the steps necessary in adjusting

the striding level of the telescopic alidade.

6., (3) a. In order to determine slope distance from true distance, it

is necessary to know:

b. The formula used in calculating slope distance is

7. (2) A shot is being taken with the telescopic alidade. The distance
is too great for a half hair reading. ' The more accurate method

to use is the(Stebinger drun quarter-hair shot.) (Underiine correct

answer)
8. (5) Stebinger drum problem

e %% as Tep halr on tep of 12! rod.
Middle hair below visible portion of rod.
Stebinger drum read 0.27.

b. Middle hair on 2! division.
Stebinger drum reads 0.49.
Instrument is level,



8. Continued
c. Stebinger drum reads 0.71.
Middle hair at 3.4'.
Height of instrument is 3.5' above station which is occupied.

Stadia distance to rod is s

Difference in elevation is o

9, (3) Locate the point sought.

10, (3) List three methods of tying in known elevation to a barometer

survey.

1.

2.

11. (5) In running a barometer survey with an instrument calibrated at

50°F, this following information is obtained:

Sta. 1 Shag 2
T emp . = 6?°F . T emp y 69°F .
Barometer reads 317!'. Barometer reads 439'.

The true difference in the elevations of sta. 1 and sta. 2 is
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12. (3) List in order the steps involved in determining the difference
of elevation by the step method. Assume that the point shot

is lower than the instrument station.

13, (2) a. In mapping an area, selection of too large a scale is wrong

because:

b. Selection of too small a scale is wrong because:

14, (2) You are working in an area of local magnetic attractions. What

method of telescopic alidade traversing will you use?



e
15. (3) a. In space below draw a diagram to illustrate what is meant

by the turning point method of traversing,

(2).'b. How could you check periodically during the traverse to make

sure no serious errors have been made?

16, {(2) The (vertical angle scale, Stebinger drum) method is more accurate

for measuring vertical angles.

17. (3) Draw and label a diagram showing the system of land division of

the U, S. Land Survey.
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18. (10) Opposite each item put a check in the appropriate column.

More important in More important in
Item small scale mapping large scale mapping

1. Holding rod precisely vertical

2. Resection

3, Setting point on table directly
over point on ground.

L, Use of large plane table

5. Use of cover sheets

6. Correction for paper distortion
7. Establishing triangulation net

8. Special care in pricking in
points

9. (f + ¢) correction

10. Stebinger drum methods
11, Level shots

12, Taping distances

13, Use of high quality plane table
paper

14, Large number of shots per unit of
area

15, Preliminary reconnaissance

16. Accurate determination of stadia
interval

17. Adequate signal system
18, Detaile notes by rodman

19, Correction for curvature of the
earth

20, Use of barometer, hand level,
and brunton



GTOLOGY 11 -~ MAPPING

Pirst half final exam (3 credits) ‘
STOP-100K-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 railrcad with telescopic alidade., Explain trouble you
may anticipate and how to avoid it including 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. East. 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 may 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 catch sight from a table location
of a diﬁtant point already on your teble., What should be done? (Rodman cannot

he sent)

{9) If you are to use air photcgraphy in finishing your map, list three kinds of
locations which should te made by sideshots with telescopic alidade,

(.3, 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?

(i1) Referring to 1C state effect (&) on scale of map, (b) on upver or lower wire
chots,

{12, Full interval = 10,0 ft, Telescope level, Upper wire reads 11,0 ft, et
ciflerence instrument to bottom of roed, up or down 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.
Diagram,

(14) 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 15CC 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 courses 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 its use?

(20) Telescopic alidade full'! interval = 5.0 ft, Beaman arc = 48 Middle wire on
8.2 ft. Vet difference to bottom of rod, up or down from table. Diagram,

(21) You are running = compass traverse and note the following readings (azimuth):
Sta, 1 to 2 = 2203 2 to 1 = 40; 2 to 3 = 100; 3 to 2 = 260, Explain, Diagranm,
(22) (a) What is the horizontal correction factor with telescopic alidade and

(b) where are the correct horizontal distances used?

(23)EZxplain the basic idea of finding difference of elevation on overlapping
vertical air photographs, Diagram this principle not details of formula,
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(24) What are two general methods of locating contours in field.
(25) Define: (a) stereoscope, (b) parallax, (e) principal point,

FOLLOWING FOR THOSE WHO MISSED OFE OR MORE SHORT QUIZZES. Low grades are not -
misses !

(a) Diagram system of base lines and principal meridians cf 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 cld survey and find compass declination is not that of
original survey. Why?



GEQLOGY 11-~MAPPING. —{

Second half final examination, 3 credits.
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 heizht of
table above the rod points was omitted. Effect on final elevation, high
or low? 3
(2) A 3600 ft, shot was made with tel. alidade. Interval reading? Probable
error in reading rod was 0.1 fts Probable error in elevation difference?
Plus or minus? Stadia conversion factor= 10,0C
(3) Explain what linits accuracy of elevations obtained from intersection survey
with telescopic alidade.
(4) Diagram the effect of 2 hill on course c¢f a section line shown near border
of a "vertical" air photograph.
(5) Diagram two ways in which directions can be read with Brunton compass,
nentioning why each is used.
(£) Diagram two ways in which you use Brunton compass to measure slopes,
(7) The net differences with angles and Beamans checlr well in a traverse yet both
vertical and horizonal closure are poor. Explain,
A telescopic alidade party neglected to plat true horizontal distances. State
effect on (a) differences of elevation, (b) map scale, (e¢) horizontal closure.
‘77 Vhy do telescopic alidade traverses in very rough country commonly show poor
vertical closure eccmpared to those over flat land?
(10) From your field experience compare advantages and disadvantages of Beaman arc
compared to angle method for inclined shots,
11) Under what conditions is a "vertical" air photograph a correct map of the
land? i
(12) Corpare advantages and disadvantages of azimuth system of recording
directions compared with other type of compass dial,

3) Explain why the graduations and direction letters on a compass dial are Bot

7 the same as those on the ground.

'i4) What 1imits accuracy of determinations with hand level?

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 their combined areas.
State what limits accuracy of telescopic alidade survey in (a) differences
of elevation, (b) accuracy of horizontal closure.

{7) You are given a topographic map of an area to use in examining its geology
or other resources., State two ways in which you can test this map for
accuracy.

..0) State the two things which must under no circumstances ever be omitted in

_ legend of a map.

...9) The allowable vertical closure of a telescopic alidade traverse is not in
direct proportion to its length. Explain why,

(20) State two major facters which affect accuracy of distance determination b
racing,

- (21) You must measure on a slope with steel tape. Give two ways in which you o -
correct for the error due to slope.

(22) State why it is necessary to understand the U. S. ILand Survey in maliing a inip.

(23) Compute how far apart are 20 foot contours on a 4 degree slope (a) in feet,
(b) 4n inehes on map with scale 1/24000, One degree slope = 1.75 percent.

(24) What is 1imit to accuracy of elevation determination with barometer?

(25) BExplain method of finding a land corner by pacing with Brunton compass,

Diagram how you set compass,



GEOLOGY 11
MAPPING

Calendar 1953-54

Text: Low, Planetable mapping. Purchase of other books is not advised. Ref-
erences are given to Lahee, Field Geology with pages in 1931 edition in ( ),
also UeSe Army Technical Manual 5-230e Both are in library also some coples of
an o0ld mimeographed outline, portions of which are currently ready for reissue.
Keep your laboratory and field directions, for they add mich to published matere
iale Read up in advance of class meetings, for short quizzes will be given from
time to time,either with or without notice. Note list of problems due cach
weeke All prohlems must be originals, not copies,unless permission is given in
advance. All mist be cither handed in directly to the instructor in charge or
folded and put into box provided in room 211i. If more than one sheety use staples
not paper clips. Paper on cloth must not be folded.

Febe 9 Organization
11 Baromcter 195=206; Lahee; W426~432, 481-490 (436-467)

16 Eand level Iahcc 459-461 (406-409)
18 Planc tablec 18-35; Problcms 1, 2, 3

23 Planctable, cont. 78-93
25 Toleoscopic alidade 35-62; Problems 4, 5

Mar. 2 63-69, 73-78, 93-106, 207-216
L 123-167, 221-229; Problems 6 or 8

9 Air photographs 230-245; Lehee: 536-558; Teche Man. 5-230; 74—-99
11 245-276; T.M, 5-230; 161-212; Problems 7, 8 or 16

18 B5ix wecks cxam; Problems 8 or 16

23 Review of exam
25 Contour maps, etc. 167-194, 277-325

30 UeSe Land Survey 1-17
Apr. 1 Distance, scales, ctc. 69-73; Problems 9, 10 or 16
6 Compass 217-220; lahee: U420-426, 443-L59, (L26-436) (502-512)
8 Revicw Problems 11 or 16

13 TFirst half final exam for 3 credits "What must be known before
going into ficld."

15 Briefing for trip. Deposit of $20,00 must be made by noon,
April 16. Problems 12, 13, 16, (18, and 21 if possiblc)

17-2l Trip to Devils Lake (cxzact dates subject to change)
27 BRoview of trip

29 Seccond half final cxam for 3 credits, "What should have been
learned in the ficld."



Assignments for U4 credits only. Meceting plahce to be announced. Read parts
applicable to each day from at lecst onc of the following refcroncese. Quizzes
mey be given with or without notice,

May 4 Revicw of exomination
6 Radial iine adjustment

11 Use of sterecoscope (review paraiiax fuemula)
13 idjustment of horizortal map from photographs — tilt problem, ctce

18 Hopping from vertical photos coniinued, making mosaics
20 Gontouring methods——tilt cont.

25 Qbliques.
27 TUsc of oblique photographs and trimctrogon method

June 1 Roctification of obliques, contimuied—ground photo method
3 Hoview

12 Tinal exam (4 credits) 3:50 PaMe

Heferences:

Bagley, J. e, Acrophotography and acrosurveying, 1941
McCurdy, Pe Gs, Manual of acrial photogrammetry, 1940
Pendlcton, T. De, Map compilation from acrial photographs; U.Ss Geole Survey
Bulle 788, ppe 379-479, 1928
Sharp, He V-, Photogrammetry, 1940
Smith, He. Ie Ue, Acrial photographs and their applications, 1943
Taileyy Be 3., Engincering application of acrial and terrestrial photogran-
netry, 1938
U.S. Coast and Geodetic Survey, Manual of coastal delincation from aerial
photographs, 1947.
Te Se War Depte, Advanced map and acrial photograph reading. Basic field
mmal 21-26.
Field service pocketbook 21~35 ~ Sketching
Techuical nanual 5-230, Topographic drawing
Hand in original sketches with your final maps, including all construction
diagramse In accordance with Ue We rules, laboratory work for either J or
L crodits should not be acccptod after 5 p.m. June 4 ILotc work may involve
arn "incomplete". All grades mast be in by Junc 15.

Supplics nccdedt: 2 or 3 sheets of cross section paper; Engincers Triangular
scale; small protractor; pcncils.h—H and 6~H; ruby crascr; art gum crascr;

2 triangles, 6" or 8%, (1 45°, 1 30°-60°); scvoral shocts tracing paper 8%”

x 11" ficld notc book; Irndia ink; ruling pen; small lettering pen like crow

quill with holders. Optiorai: §lide rule (simplo); crasing shiclde.



GFOLOGY 11
MAPPING

Six weeks examination
STOP-LOOK~READ, Write on 20 questions only and please list on cover those you left
out., Show computations and BE BRIEF omitting everything not called for.

(1) Explain two ways in which planetable can be oriented in the field.
(2) Diagram two methods of traverse survey with planetable,

(3) Diagram essential construction of hand level including field of view, Explain
clearly,

(4) Lacking a known level line how can you find a level line to adjust hand level?
Diagram,

(5) Bxplain the basic principle of correction of barometer readings by curves.

(6, How measure height of hill with hand level working alone? Diagram,

(7) Give three ways of giving scale of a map,

(8) Explain one practicable way of compensating for weather changes when using
barometer alone and no kmown elevations can be reached except at start and end
of day's route.

(9) Define: (a) "vertical air photc", (b) "prinecipal point" of air photo.
1C) Define: (a) "parallax", (b) "plumb point" of air photo.
(11) Explain with diagram the physical cause of stereovision,
(12) Scale of map given as 1/126720. (a) How many miles to one inch?, (b) How many

feet to one inch?
(13) Define: (a) "full interval", (b) "stadia constant®,
(14) What are major advantages of planetable survey over map compiling from notes?

(15) Which distance, "slaat" or "true horizontal" is found with planetable
intersection survey?

(1) Explain difference between "apparent distance! and "slant distance',
(17) Why is there a "striding level! on telescopic alidade?

(18) (a) How is the striding level adjusted? Diagram (endwise adjustment only;
(b) If cannot adjust, do what?

(19) First cross check reading 90C; estimated correction —— 5C ft; second reading
same point 920; Second correction? Elevation?

) You are to measure distance across a wide river using planetable and open sic:.-

alidade, You can cross only once and no recognizable point ' is present on fea:
side, Do what?

(21) Accepting the fact that weather varies what really limits accuracy of baromet-.«

(22) In a certain area a television tower on top of & building is visible from ma-r
places; what advantage will it be to your map fo locate it by planetable
intersections? Explain briefly.

(23)A mile on a wvertical air photo measures # inches., State fractional scale and
feet to one inch,

(24) What weather instrument might be used to advantage in connection with a
barometer? Burvey. Why?

25) State two major advantages of the barometer é6ver other instruments.



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, 4 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 - P.m where P = atmospheri¢ pressure, m = gram

‘ R, T
molecular wéight of air (38.9), R = universél gas constant, and T = absolute tempera-
ture of air, 3By substitution: dP -_ P.m.g.dh

2.7

Solving for d¢h: dh : _ R,T,.dP where R and g are constants,
m,g,P

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 : hgp-hy =

- BR,T log e E2, where hy and hy are elevations of two stations, and Pp and Py
n,g P :
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,
Teglect of the factor of amount of water vepor 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 reasdings 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 needsd.
Ordinary aneroid barometers measure pressure by change in shape of a metal case from
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 cannct
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 being 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
reans of compensation for the logarithmic relationship, All instruments are supposed
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 besiiee
this, the movement of air causes pressure change, especially when that movement i
vertical, On a windy day there are marked horizontal differences in atmospheric
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pressure at different localities as well as pressure changes due to motion, Although
readings may be partially compensated for both temperature and humidity changes the
procedure is laborious, and error increases rapidly with distance between stations
Yhat 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 chenges 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)

Scne have tried a single base station with either observer or recording barograph budb
horizontal changes in pressure, temperature, and humidity are not easily eliminated
in this way., Lahees method (Lahee, F,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 be set to read correctly at the start of a day or
sy other time, it is best not to do this, Keep the O of the scale set comstantly to
2 given point and anply a correction to all readings, Times of observations must be
recorded and as meny points of known elevation read at during the day as is possiltie
including points established on previous days surveys, Comparison of readings with
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 fired
points, commonly called straight checks, is a matter of judgment and is the real
limit to accuracy of results, Obviously, the shorter the intervals between straigh®
checks the better the results, However, experience demonstrates that atmospheric
changes often occur in waves thus making results uncertain, ILshee 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)
;ime since there cannot be more than one elevation for the same point., These readia..
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 aid in shaping the curve between straight checks.
Corrections obtained by straight checks must never be chang. }. Choose one point

of a ecross check where you conclude that the preliminary dra.ing of the curve of
corrections must certainly be essentially right, Read the indicested correction for
that time, then by taking the difference 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 reading to .
yiéld the same final elevation both times,

(#. B2
Yol = o s G

- ‘ == T
N | ‘

&

P ST g N4

o

Figure 1

Gilbert's two base method of barometric surveying, By, By = harometers at two base
stations, M = moving barometer at station with unknown elevation, = differende cf
elevation of By and Bp found by leveling, H = difference of elevation of two bade
stations from difference between simultaneous barometric readings at both,, e =.
dlfference of simultaneous barometric readings at lower base station and at unknaw:
point, = true difference of elevation of unknown point above lower base, By
simple proportlon A:H:: 45 or expressed in another way, H/A = r/i Hence x—ﬂ.efﬂ
which can easily be solved with ordinary slide rule, No other corrections are naeded
if the bases are properly spaced and not too far apart horizontally, Example:

= 1000', A = 1100', = 850", x = T157, Add sea level elevation of lower base
if known. Others who have unknowingly hit upon the same method in recent years have
used a much more complicated method of notes and computations.

Time ( 24 hour system)

by x= Curve drawn from straight checks only is broken; revised curve

after considering eross checks is solide Study carefully to see just how
_.—~tHese curves were. constructed. Here minus corrections were shown below

0 linej this is not essential although it is customary.

2 0700 0800 0900 1000 1100 1200
3 — f‘:'X--..:__ ; i :
& 5] N | . L
Ir 10! R B — “e = }
¥ - 35 e ok
" ; gl e ey ok PR e A ;
c 20 : [ : Lad l-\'f‘-..\‘ : _‘f“ ! CR "N\.“_-‘ o .. ¢
% 25 e S
= Figure 2 Lahee's method of correction of barometric readings. See next I
‘ ; page for data. Siraight checks enclosed by circles; cross checks shown *
i
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Station time Reading|Correction|Elevation
1 o700 | 800 0 800 |
- E0735 o The are the notes from which curve
= [0815 - o 930 of Figure 2 was constructed
4 0850 | 1000 & :
£ 9930 945 15 930
2 0950 | 855
4 11020 1015
8 1gh 870 -20 850
12 . mes 935 -25 910

Elevations given are straight checks,

Readings at Stations 2 and 4 are cross checks, Evidently 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, X 5
the second compute whet the correction has to be at second visit to give same elevaiion
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 change=
in temperature and humidity, The element of judgment in using cross checks limits
accuracy of results,

Ismperature and humidity corrections, Under conditions of either extreme temperati.re,
extreme humidity, or very high local relief or a conbination of more than one of these
corrections for both temperature and relative humidity are desiresble, Temperature of
air chenges 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 2t 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 appareut
differences of elevation between each pair of successive readings 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 subtracted
from the apparent elevation, depending upon whether the air temperature was above cr
below the celibration 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 elevationg 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 »
correction factor of (1 + 0,6 specific humidity ) must be applied,

Example of temperature corrections, In Hill's method the idea is to compute the
tpparent- difference of elevation for each pair of stations, giving it the sign whic!
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 temperaiur:z
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 avparent 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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Temperature correction = apparent difference x ,002 x (average temperaturé'—so)
Hill's mothod is published: by the makers of Paulin barometers.

Station | Pime , Bar, , Temp, Av. Temp, ,Av,Temp, Apparent [Temp, Corr forr, Diffjy Adj.

Feet | F, T, - 50 |dif, feet | + or - + or - Bar,

+ or - Feet

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

2 0805 | 1730 72 1738
74 24 10 0 10

2 0905 | 1740 76 1748
v 27 260 14 274

- 0915 | 1480 78 1474
79 29 75 4 79

1 0955 | 1555 80 15656

|

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
fad +fw

Homidity determinations necessitate carrying wvet and dry buldb thermometers or sone
acnivalent instrument, The making of this correction will increase apparent differ -
s.ces of elevation when humidity is high, Apparently few persons have ever attemptel
this very important correction, Computation is simplified by using tables of
squivalent 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.

<wvudy 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:
line; 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; onc space for 5 feet is enough. 4Also do no show corrected elevatiors
eny closer then the reading:in the fields- Whe re-readings were tcken only to

nearest 5 feet final elevations should be rounded off in the same way, [
Experience demonstrates that even with frequent checks =nd good instruments i
few barometric elevations are correct to the nearest foot; about 5 feet above or ‘
below the true elevation is close to actual results. Observations of the seme posati
on several days are needed to obtain positive resultse. '



The following are actual barometric readings taken in northeastern Wisconsing
At several times during this day points of known elevations were visited and
These are often

GEOLOGY 11 Froblem 1 Data sheet A

the departure of the barometer resding from these was recorded.

celled "straight checks".
barometer it is called a minus

If a numﬁFr must be subtracted from the reading of the
quag@ty or minus correction; if you had 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.
Times are given in the 24 hour system heres
ing that they are divided into 60 minutes and so do not use dedimal divisions of
Next lay out your vertical scale of CORKECTIONS not readings.
Since field readings were to nearest five feet do not
If you use ontdivision on the

Your final results

Draw the curve of probabli
Compute the

Record in proper column and compute

hours.

exeggerate this too much.
try to compute final results closer than that.
cross section paper for 5 feet it will be easy to do thise.
are, after all, only estimates of the real figures.
correction values between struight checks as smooth as possible.
corrections for the times of observations.
the final elevations in proper column TO NEAKLST FIVE FEET ONLY.

This is not esential. 5
Lay out hours horizontally remember-

Q

= straight check

NEATNESS COUNIS!

Bar. Known
Location Check Time Bar. read Correction Elev. Elev.
Gillett o | L850 T SRR S 801
Suring 0 1000 C R IR R il 803
1 1040 930
2 1050 880
3 1053 820
4 1105 870
5 1110 850
6 1115 830
Ly 1130 | 870
{3 1235 gl
9 1345 910
10 1400 925
¥ 1408 940
12 1410 950
32 1415 960
14 1425 1010
15 1445 950
16 1515 | 920
3. 1525 920
18 1535 93Q
i 1555 950
Breed. 0 1600 RS SURe e 879
20 1603 975
231 1610 $50
22 1620 920
23 1640 940
24 1655 955
25 1700 970
26 1702 965
R.Kk. crossing o 1707 e e 868
27 1710 960
28 1730 | 975
Suring 0 1755 e s e RS FEE 803

Do Not



GEOLOGY 11 Froblem 1 Llata sheet B

These are the same readings as on sheetA with the added informetion that several
locations were read more than once during the day., It is obvious that any locetion
can have only one elevation. Hence you mus™t adjust your curve to bring this
ebout 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 correc-
tion values. Be sure you epply this difference correctly. But you will wonder
which of the t"wo original readings is correct. In some instances one of ths

two readings 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

agrees This is the case with Station 4 here. Viith the other cross checks the
matter is not so simples Kefer to your first curve and adjust it without doing
anything which looks improbable. Change of atmospheric pressure is most rapid
during the heat of the day hence the first reading is generally preferrable.
Sometimes it is necessary to change both ends of the dg?ss checke FKemember -

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

Bar. True
Location Check Time Bar. read. Correction Elev.  ELlev.
Gillett =_ 0850 800 B e 801
Suring 0 1000 G e 80}
1 1040 930
2 1050 880
3 1053 820
4 x 1105 870
5 110 850
6 1115 830
1 X 1130 870
8 5 1239 850
8 x 1330 900
E 9 1345 910
. 10 x 1400 925
Il 1408 940
12 1410 950 =
o 1415 960
[ 14 1425 1010
g x 1428 930
S 1445 950
0 ) X 1455 1 840
16 1515 G20
17 1525 920
i 18 1535 930
19 1555 950
Breed i 0 1600 960 e e — 879_
20 1603 975
21 1610 g50
22 1620 920
23 1640 940
24 1655 555
25 1700 S70
26 1Ta2 965
K K crossing ) 1707 GEE T et N e S e e O 868
27 1710 960
0. D L R L brio e
4 X 1740 940
Suring 0 L R S R S R S 803

Compute &s before and fill in blanks. Compare with results without the
cross checks., %hat is meximum difference?



GEQLOGY 11
MAPPING
Problem E, edition’ 1941

Object: Inspection and use of aneroid barometers,

Material: O01ld style aneroid barometer and Paulin aneroid barometer pencil,

idethod: Look over the two instruments, Try the old style anercid by reading
position of the hand when held first ir a horizontal position and second in a
vertical position, If the instrument is working properly there should be a
difference. Yhen you use the instrument always use the same position, Vhen
reading aneroids do not bend over or lay them on the ground but always hold at
same level above the ground wherever it seems most convenient to read. Yow tap
the instrument and see how this affects the needle., Try to learn just how hard
taps are needed for your particular asneroid as they differ. Then try turning
the outer or foot scale by moving the rim, This is done in order to set the
instrument for different weather conditions. If the aneroid you have fails to
respond properly to tapping or turning return it for adjustment, PLIASE DO FOT
TAXE APAPT YOURSELF either now or in field, That is a shop job with proner
tools., ©Study the foot scale and see how it is numbered. Is it a scale of equal
parts? Ye have no use for the inch sczle which runs in opposite direction,
Next take the Paulin instrument and look it over, Open the case by the single
snap and do not touch the two buckles, Do not use the screw driver 1if any,
Note the knob in center with attached index arm_ also the balance indicator at
one side, Xeep top of instrument always level, Turn Xmob until balance: indi-
cator is BXACTLY on the mark. Turn so that the pointer of the balance indicator
moves from + to -, If you go too far move back and do over again, After doing
this read the pointer on the knob., Try balancing seversl times until you get
vhe same result, Note that the index pointer can go around twice. Is it a
szale of equel parts? Read inside scale and study to see how divided, UNote
that in setting the balance pointer there is a mirror behind it. Get the re-
filection of the pointer out of sight when setting, Note that index pointer is
shtped like a knife, Read when it looks narrowest, Thesc provisions are to
remove error from reading at en angle (peralax)., Whencver you move from onc
place to another be SURE TO TURN THE KNOB AS PAR TO THZ LEFT AS IT WILL GO.

Now you are ready to try the two ancroids over a known difference of elevation,
Go first to bascment end read both, The old style will need both a few minutes
to "settle" also tapping  if correct difference is obtained. Return to base-
ment and see if you check., Read to nearest five feet. Several round trips

may be needed to get familiar with the two kinds of aneroids. Record your
readings on bottom of this page, Numbers of old instruments are on backs not
on cases, Numbers of Paulins are in ink inside cover. HAIDLE ALL ANEROIDS
WITH CARE.

Bld style No...sews Paulip Yo, .cicen

Basement 5th Dife. Basement 5th Diff,
cAeR e S R e FE R Sl R
S n S DR e ARG . AEA T e et R SRR
ine st PR e e T | S e e
e T T e D R T S UBI R e G e e
S A T TR S e e s S

DATE.--..-.' }T*“‘Eo



GZOLOGY 11
LAPPIFG
Problem 3, edition of 1938

Object: Adjustment of hand (Locke) level,
Material: Hand 16?61’ smell scerew c'.'_r'iveI"g E ¥ .

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

it and note that half of the field of view is taken up with the imaze of the
bubdle as seen through 2 lens., ¥Why is a 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 vox, Some have a sliding eye piece which pulls cut mainly to
mcke a longer line of sight, IHow go to the nuscum or the hall and select two
walls or other marks as far apart as possible, Pace distance betireen them,
Stand at middle, Sizh% each in turn. You can merk wnere line of sizht hits in
any convenient way. A& good way in the museum is to set the bottoms to window
shades at this level. tudy diagram below to see how thesec two points are on
same level regrrdless 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 ené ~Cjusgt instramcnt so thet line of sight hits the point +hen 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 » scerew on one
side of the froni, OCthers move the wire only by means of screws at both ends of
the level vial case, Tighton onc when you loosen the other, The screws are
brass and are small, DC NOT USE MUCE FCRCE, Tighten with finger tips only not
full strength of henc, On complction bring instrument to be checked and sign
name on this shest for record, It will be returned later,

true level line .

v

HEREE emer = T LSS IS e o g e R e e NS e R i
™ = . Linep of sight Dbefore A >
o & . =
: b -
secord josition of adjustuent
| instruncut first pocition of instrument
f
\ ! i
. P
i TP ‘f—ﬁh—_“?’g_wwww
b B
ey level vizl
Ty Burewr— & O o ;
Bt AN e jejusting serews in
ey Vi s -
h 7 ey, 1| elenggted hoeless.
peer i : _ i, et et prisnrc e i phift level ferward
hole [ LeEEe / SR o backward urtil :
righte.
— n esseably ef
H snd wire shifts
a3 e
u J 1 piiers en
et side.
2 il Locsen one screw,:
“ 7 il tighten ether to
[L f\ ) ! shift frazeholding
el n
e ﬂ{, ‘ : - .‘“3111‘9'
Thrse types of adjustmeuts :



GEOLOGY 11
MAPPING
Problem 4, Edition 1941

ObJject: Use of plane table-interscctions.

Material: Plone toble, open sight olidede, shoet of wropping poper, 15 "y 15,
tape (one for clnss), plumb bob, markers for stations, hard pencil, eraser,

Mothod: The object of this work is to learn the basic idea of intersections or
grrphic triengulation with the plmne table starting from two stotions the distance
between vhich hos been meosured with the tnpe. Such & survey will locate all

the other stotions, without rny more work thrn taking sights to them. The work
w7ill be done in the muscum in order to force the scason by indoor work. MNore-
over, the first work is much better done where it is warm ond dry than on the
campus as formorly. Severnrl stations hove been located by driving thumb tacks
into the floor, Using screws, put prpor over the compass vhich will not De used,
Whon vou set up ~ trble put one leg on the floor. Then grasp the other two legs
one in each hand r~nd lenning so thrt you can look over the top set it as level

as possible judging from level objocts soen ncross it. Usc the plumb bob to seec
that the point on the mmp which is to reprosent the station on the floor is not
ovor an inch offa verticrl line. Grenter core is nceded hore than outdoors on
account of the very short distnnces involved which make any error into 2 rmuch
lapmur ongle thon outdoors. Line up your taoble with the sides of the room as
well os you con ond mark the north side of the paper. PLACE YOUR NAME ON THE

MAP FIRST. Now having set up tcble over the first available station mark its
location on the map teking core to leave space for the expceted remainder of the
stations. Ieke o nark vertically cbove point on the floor. Merk every point
where the toble is set up with » fine dot surrounded by o small cnd neat triongle.
Use the alidode to sight othor stotionss Be sure you use the end with the string
or wire nt the front. This fust be drovm throush the initiel station; cither side
of the alidade moy b2 used. If there is no other pl-ne tnble on a station sct a
narker on it and sight thot. If someone else is using o stetion have him hold

o pencil over :is mop locntion for you to sight. Af every stotion be surc to
draw lines to EVERY other stotion you possibly can. Now choose the agjoining
station which you will call the other end of your basehine. lieasure distance

to it with tape if not yet known and plat along appropriste line on your mep

on scale of 1 inch = 10 feet. Move table to this station and set up so that

this point is directly above tho floor location with table in correct.position.

- To get table into correcct position or ORIENTATION lay alidade along line which
represents the brse and swing table into correct position, Guard agoinst the
common error of gmetting the table twisted 180 degrees in doing this! Now sight
all the stotions vou con see. Wherever timo (or later more) lines drown to o
previously unoccupicd station intersect ;ou have n~ now map location of a stotion,
Until occupied by the table enclose these points in squares;after occupied change
to triangles., Be sure all lines are sharp, narrow, and definite. Use chisel
point on pencil. There is sandpaper below each table. Remember thal all lines
towmohe tho Miwcegtationdhould intorsoct at the sanc point if work is accurate,
Do not consider thet an accurste location has begn secured until at least three
lines so interscct and the angle subtonded by thom is not less than 30 dogrees.
The more 90 degrce engles you can get the bettor. Waen you have finished with
the sights from the other end of the basc move to a well-located station from
which inspection of the mpp indicates you will get good intersoction sngles on
other points. OContinue thus until the stations have 211 been locrted. Remember
that .your decision as to order of loeation of teble will affect the accusacy of
the mop. Waeon done, study the results to see what stetions are well located and
vhich pre weake OCan you plan how to strengthen their locations? Remove anp from
table to hond.in. Leosve all lines on it. Indicate scole. Fleese romove oll
nerkers from muscwa floor to placos where they will not bother visitors. Leaove
thumb tacks in floor. No sioking in ruscuris




BALOGY 11
MAPPING
Problen B Edition 1941

Usc of planc table~-rcsection.
t of peper.

G

gme as for Problem 4 sxcopb now sho

Moterisi® b
4 plane table surveoy is often

Mothod: Rend outline on subject of "resaction,."
spcoded up by usc of rescction. Two specific probloms are hore outlined both of
wniéh noy be dono indoors. First, survey around o 1ill or proninent landmark,
using only onc neasurcd basc. Socond, survey olonz o valley vlhore only one base
is neasurcd and tlic rivor connot be crossed. In the disgrens triengles indicnte
toble locotions omd sourres with: dotted lines leoding to thoen, points detornined
hich table is not sct. Renomber thot a sight to a now

ample
Vida

by intersecction nnd on

toble loccotion cnabl s one to orient the toble citiier on the locatisn or on ~ny

part of this lino. Sights bokod fron once of thise new locstions ° gt a

previsusly loectod point throuzh its nop loeation provided tiicy intrrsecbh tic

n ov foresight line sarve bte f£ix the loention of tiuo new peilnt by

note thnt bose line is indicited ond thoil sight

ts for roscetion rro solid lines.

goine 28 given in

[ T

~

arienteotin

rogectlon. Studyr th:o diage:
fron it for intersecctions are dotited., Si;:
You should drew nll linasg full, Bhepe of figurcs nood not be
Naibers indiccte order in wiich strbions rre occupied. In first
ount for it. Oritiecize probeble
Sugpest thot

s

dingronis.
vroblen note corror at finish (closure) sud recoun
pecurocy of sccond comphred v th Probleon 4, Now do both problens,.
in first ong of the central tights or nnstodon supports be used for the middle
point,. ' In socond, use window locks for tho inesccessibla points on one side of
the "vrlley."A Do not forzot the 30 dogrec rule for both intdérscction ond resocciion.
2 e
)
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GIOLOGY 11
MAPPIAG
Probvlen 6, Edition, 1941.

Object: Usc of planc tablo-thrce and two point problons.

Matorinl: Planc tablc, now sheot of poper, open sight alidede, narkers, pencil,
orascr, tope line, dividers,

Mothod: Tho object of the three ond two point problenm is to locate onesclf with
the table from either threc or two 001ﬁt° which arc plrendy on tho nap; it is
impracticable to visit ony of the points and tho point which you desiro to
locote hias nover beon sightod from any othor stotion before. The solution of
tiicsc problens onnbles onc to set up a2nd leeste thoe tnblo say in the niddle of an
open spot provided two or nore alrendy locoted points con be secn. Provided
corpass oricntotion is possible, two points are cnough if properly locnted. The
following mot-ods do not use theo compass. Wihenovor o location has been sccured,
it should bec cliocized by sights to any othor gtotions t:nn these used which hrppon
tn bo visible. First try LEHMANK'S METHOD OF THE THREE POINT PROBLEM os this is
nnost conton. Choosc three pernanent -nrks likxe storr pipes, lights, ste. Use
tspo to mecsure distances between tien. Plrt on ;our nrp with scole on alidede
and dividers to atrlcc intorseéting srcs. Scoleo 1 inch = 10 feet, Drow groot

cirelc. e T
e g -\“*-.
=

Dcfinitiogs. Rule 1: thoe true locotion
"point sought" always lies on the

same sido (mensurecd ns you frnco the
_ \ signel on the ground) of cach line +n the
¢;// Groat triensgle ‘\\\ \ trble wiiich you have drewn with triol
Jr"“—»—n-h__ e oricntstion nmd nlidade directdd at the
’ M-h—-.—__‘n__m -‘,‘ . ox . n d_ s
i signal throush its nap location ond is
: Se.ment distrnt on the toble (neasured ot right

) i
i
{

~nzles) from thnt line in proportion
to the distonce from the siznal,

eat eirelec possing th
the three siznerls Sot up trble ns nearly orientad by guess
as possible; drav the three lines thirough
nep location of cach point. Usc this

end othor rules to obtain a trinl locas’
tion of point sought. Loy alidade
o TS throusii this ostisnted point -nd neop
location of one of the original p014ts;
sring tnble to give new orientotion.
Repeat this until no "triangle or error'
is forned but 211 three lines intersect
at one point, REMEMBER THAT NO SOLUTINON
OF THE TEREE POINT PROBLEM IS POSSIBLE
BY ANY METHOD if point sought is on

or acar tac "srent Clr%&?-"

e — om e

_..--——"‘”"M‘—-—-—
Rule 2 &pplies to a point sought outside
of the srert circlec. Tho point sought

_1s on sonio side of thé line from the
rost distont sisnal as the interscction
of the other two lincs.
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Roie-3¢-poirt sougnt-is-in-~sezment of-
rreat cireles-—The-point sought—iz-on
site~9f line from mid-“le of three points,
OPPOSITR to intersaction of other two
lintse Tso srvie tri-n los -8 for Rule 2.

case with all pointa In-
the circumierance of a

nite fiametor. Sce above.
Tnc et ostea e A aa e GR0
. Rule Y: point scusht is within great

\\k triasnzle, The poiut gought i§ within
the trianzle of ervor.

\ wives the test detsrmined location,

far. ila g & Shd O

i Wian aeea dedeflle S

This condition. .



P roblem 6, p. 3, edition 1949

BESSELS AETHOD of solution of "Three Point FProblen"

i

First plot accurately another trinagle on same sheet or on other side.
Use same markers as before.

If desired draw "Great Circle"

‘he following diegrams show BOTH markers and plane table. lhe solution
illustrated is for a “point sought" within the "great triangle"
DO THIS CaSE? wiS0 ANOTHEK OUTSIDE GREAT CIRCLE

A

1y B

g

Let 4, B , C represent the three
signals on the ground and a, b, ¢
their correct locations on the
table as previously determined.
You cannot set up the table on any
of the signals but you must locate
on the map the place where it is,
a location which wes never sighued
from any other station before.

- “B'B

-

-
First step: Of the three map points choose
letters to apply to each. Call the two points

L a and b which lie on a line not too near the

proobable location of the point sought, Call the
reaneining peint ¢. Lay alidade on line a-b
Loosen orientztion screw under table and swing
it until one end of the line a-b is directed two
B on the ground. blamp and draw a ray throu-h:
g to C on the ground paying NO ATTENTION TC



sFroblem 6, p. 4, edition 1949

Second step: heverse alidade on line joining a to b on teble. Loosen orientation
nut, Swing table until a is airected to 4 as shown. Then remove alidade from
line and use it to draw ray through b when sighting G agein paying no attention
to ¢ on the map. NOTE: If it should happen thet the two rays do not intersect
within the area of the map change the pos}tion of the letters denoting both

ground and map points correspondingly. hen repest rrocess.

oo Ln
S
=
=
S S
a#’fr\\\

=

5/

.c , :

B
1
]
i
{

ﬁ&)

5 /B
’\\ -
e -
o Pl
b = Third step: It can be proved by plane
- georstry thet a line joining the intsr-

section of the two construction linse

anc point ¢ passes through the "poin~

e govght", d. Draw this line, Since we

| now know a line along some point of .”ich

the table location lies it ir only

| necessery to lay ihe alidade on this line and orien®
the table by sighiing C. Take care not to disturb

| correct relation of map locations to ground signals

The table is now oriented correctly.

-

!  Fourth steps Last use the alidade to sight the cther
50 ground signals, 4 and B through their mep locations
a and § (resection)s 4ll three rays from 4, B, C through a, b, c should intersect
at the same point. If they do not you have made & mistake at some point of the
operations. hecheck each step and find where you went wrong.
Note the advantages of this method, It is often useful to locete an outcrop on

8 Map or to locate a new station at = roint which could not be sighted before.

It is most valuable in areas of local magnetic disturbance.
L0 NOT FOKGET ThE SECOND CASE OF THIS FROBLEM, outside "great circle".



Problem 6, D. 5

Two point Problem

It sometimes hapoens thet one wants to locate oneself on the map when only TVO
already located points can be seen, If the compass can be vsed the table is
orientated with it and resection lines drawn through both signals to their infter-
section which is the "»oint sought.," Unfortunately the compass cannot be used
everywvhere, 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 lower right) make
a constructional station
location (here e). The
table is then oriented as
closely as possible by guess,
i Then sight with alicade at
i e both & and B through e ard
e “7 draw the solid lines showu,
| ™ e PAY 10 ATTENTICK ©C THEIR
e 1{AP LOCATIOI'S., YNow choose
zouther station (here D) from which good intersections can be obtained on 4 ani
® ond which can be seen from C, Call distence between C and D your "construc-
tional base line", This distance need not be measured but can be laid off on the
:nlle by guess wvhen I is sighted and the third solid line is drawn, Next move
:atle to D and orient by backsight along the line drawn from O thus making the
suble varallel to ite first position when at C, Then fron the constructional
location for D
(here f) draw lines
. toward A and B asain
i B i vaying no sttenticn
. = to & and b, Do josh
< ag if yeu were
A - startins a new =ap,
N 2 The intorsecticre
: of thes¢ lines with
. = those drawn froo ¢
N o given construzii .oel
- - locationy for A .nd
: B here nelled a' and
- Now w.c line betwnnri}jﬂyds varallei to
= ' and b' the lins A-B o1n .os
ground. Requirec
to place a-b on She
:] g /,1 nap parallel to line
i \d A-B on the grounc.,
X ’ To do this_place
! elida‘e on'line
b'-a' and note (or
mark) a voint on ground at some distance called X, Then move alidade to line b-a
and turn table until line of sight hits X, Table is now oriented and the construc-
tion diagram’ shown in'dotted lines in second diagran_ has served its purpose.
Then resect and find d_ the truc nap location of D, drdinary plane table resec-
tion will then scrve td locate the mer mosition of € which ig not shown on diagren,
Znd of Froblen 6_ edition of 1941,
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MAPPITG

Problen 7, edition' 1941,
Object: Use of plane table-traversing,

Material: Plane ﬁable’ sheet of paper omen sight alidade markers pencil,
eraser vlumb bob, tape line,

Method: ZIraverging is the operation of surveying a trail or road where condition
of the country prevents use of intersection methods. It consists in going from
one station to another measuringz the distance in any convenient way and the angles
between straight lines between stetions with the plane table, iwo methods are
possible for orienting the tzble at each station: (a) backsight as used in inter-
section methods to last station occupied{which is commonly the only one v1s1bl@
and (b) the compass, liaze a traverse survey of the stations in the museunm vsed

in Problen 4 going around the outside of the room, Sczle as before 1 inch to

10 foot. HMeasure distance with tape or obtain from diagrem. Iiake a round using
packsights for orientation, Zring survey back to starting point and show failure
to close (if any)., Show this by two locaiions for this spot connected by double
ended arrow and labeled "error of closure'

Hext, on another part of the geme gheet make 2 second round. Since we cannot
use the compass indoors a substitute will be necessary, Here we will line up the
table at each station by use of the floor boards. Sight down over edge at floor
to orient table. Note that when you use this method you do not set up at every
point but at every other one. Vhen you set up at a point to which you have
measured the distance but not the dirsction, get your location by resection after
orienting the table, Sights toward a statisn not yet occupied are called fore.-
sights. Sights from an unknown location back to a known are called backsights.
Note that this kind of traverse consists of making alternate foresights and
backsights. Note error of closure and consider which system seems better for
accuracy and which better for time saving. Get oral directions for work on

Campus «

End of indoor work with plane table, Save dircctions. Be prepared to
discuss in class the various methods with their advantages and disadvantages.
Why could you not use the compass?

Error o f closure N =
Y o= i
4 Dia gra.: o f ba ckosijht or every ¢ tation
: tranruCo iark stoctions (table locuticns)
vith ncat trien_les. Lxact points are shoun by
dota witain thesc triun:les.

o /N /o

“rror of closure
T RS .

&?’\ Yiagrea of truning joint or
cve r’y other stztion truverse. ilark
. tavle locutions (stutions) with triungles,
a nd the other points (turning points)
e with ssell neat AQuares, arounu dotso,
5 ___—_________._————“'—"'-"“ —'—‘"_"-'—-»-—-.__‘_._"_‘ !
]
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Problem 8, Xdition, 1941

Object: Adjaistment of telescopic alidsls
Material: Telescopic alidade, small ser=w driver, adjusting pin.

Netbr”' The :eleccopic alidade is an expensive and precise instrument. Learn tc
handie it carefully. Many things can be dore with it. Try to think in terms of
1n5uruments =ad to realize just WHY each thing ig done. The first requisite in
the vse of any irstrument is to put it into adjustment and then to see that it
stays in that condition. Read over outline carefully, but these instruciions

are more i.-to- date. Some alidades do not have all the attachments listed.

(1) Focucing the telescope. Point the telescope townrd the sky and turn tche
kmurled r ng around the eyepiece until the wires appcar black and sharn. Ea earv
ful not 1o unscrew the eyepiece but to move it in and out. Now focus the tele-
uLuUe(by me~ns of the knurled nead on the 31dp101 some definite objeet more than
00 feet dictent. It will De necessary to op on o window to see such an object.
Focus ur _1 when the head is moved slightly from side to side the wires do not
appear tc move even if this maokes the distant object slightly out of focus. Far
the oojective in and out from prover position until desired result is sccured.
Last, refocus the cyepiece slightly un%il the distant object is sharp and the
wires will 'hen become sharp. Having cuzece secured sach focus cf the eyeniece
it will no. be always correct for your eyes. Young persons have more trouble
getting tl s foecus than do older ones on account of the grenter amount of flex-
ibility of treir eyes. Taese instruments are much harder to focus than are most
transit: and lcovels. Be sure you can =2c all the wires —— three horizoacal and
one voerticnl. Remember that others using the instrument will hnave to change this
focus so become proficient at resetting it quickly. After your oyes begin to
tire, you will nave to refocus.

(2) Alignmet of cross wires. Loosen "me knurled ring in front of the support
in center of tclescope and turn the telescope as far as it will go in either
direetion. Set on a level table and set one end of the vertical wire on a
sharoly defired object. ZElevate or dercess the telescope by loosening the clamp
on the horiz.ntal bearings so that the vertical wire passes by the point. IIf
coinzides with ihe point throughout its length the position is correct. If not,
consult fol owing diacgram to find cons*ruction. Slightly loosen all four screws
and genily wove the cntire ring into proper pesition. Tighten all screws before
checking. Repeat if necessarye.

e

gt
S e Barrel of telescope
P ,,/
Gt ,"; Sreai /(Plate over hole which is larger than screw.
_;zf% ;rwhh \\ 7 No threads in plate
25 SRR \ ‘ Screw with capstan head. DO NOT USE TOO
[T e ditdy BT pra e t~/ MUCH FORCE ON THESE SCREWS. Loosening all
g "".i::j?.._fﬂ'“'7b four allows the ring to turn. See that
2 TR e P secrews are not too tight when adjusting.
s =3 ﬁ.J“ﬁimﬂaf lake tight only when finished.
S 2 Cf%’ Ring which carries thc wires. Screws threaded .
S g, into this ring. DO NOT STRIP. If tight, look for ¢~
ket A. B. 0. means Walways be careful". Most instruments °

are mace of brassi
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(3) Adjustuent of line of siszht or Collimation,

Loosen the knvcle? ring in front of the horizontal axis until the telescope can be
turred on its axis in the sleeve which suprorts it, Set the instrument on a firm
fourdation so that it wiil not slide easily, Use paper, sheet of fiber, etc., to
insure friction, Poiut the intersection of the middle horizontal wire and verticza®
wire ot come delinite ohject as far distant as possible, The corner of a window

in anuther builling or at opposite side of a large room is often a good mark., In
bringi gz this intersection te line up witk the mark loosen telescone clamp until
telescope is nearly on desired point, then clamp and finish pointing with "slow
motion® serscw, .lhie one which carried a graduated drum on it, CAUTION, Never try

to move the jelescope too far with slow motion alone but use only for final 2djusi-
ment; tiy to kee the arm vhich this screw pushes in the middle of its swing, EXTTa
CAUTION: The sluw motion screw is returned by means of a spring on the other side ¢f
the arm; maks a . adjustments by turning slow motion screw to the right thus push.rg
against the spring, 'hen you have to move in other direction do so but go too far
so that final adjustment will always be by tightening (turning to right), If you

do net follow this rule the telescope will move unexpectedly and make work irzccure®
Having set thu ceniter Intersection on the selected point revolve the teli-cope 180
dezroes {as “ar as it will go). During this process hold the prism on the eyepiece
(weich mokes things look right-side up although right and left are interchanged) so
that you can :.eep your eye constantly on the intersection of the wires, Be certain
you do not «isturb the focus of the eyepiece or mistake the wires you are locking at.
If the intersec -icn remains in the same place the instrument is in adjustment, If
not, let us -ay that the horizontal wire has moved up, To correct this loosen the
adjusting sc.ew at bottom (telescope still in same position) and tighten the one on
top opposite un.il ths wire moved halfway back to the mark, Reset on mark and again
reverce telescope. Continue until final adjustment is reached, BE CERTAIN THAT
ADJUSTING SCRLWS ARE TIGHT when you finish for otherwise they would soon jar loose
end your work - uld have been thrown away., In adjusting position of vertical wire
do not folow same rule for screws but tighten and loosen in way to move vire in
direction opp site to apparent movement away from the mark, Do not use ail your
strength on t..2 .ittle brass screws but use discretion, When finished check vertizo"
position o: vertical wire (Adjustment 2),

Eyeriece with prism Objective
Tighten . 1 R Y 2
B Do T e R e e e
T e Rt s e SRl PR e g e i e
S S 5 = = e ¥,
e (R D i e = = . = 2 N l
e = o
b S 4 .
Lousen G Dashed line = trus ceniter line
Ae  Adjustment of horizontal wire
Tighte‘"’ - 15 i e e - _2.
el L e Sl S Al R e s e L g e
L CeasNeal S e TR e I s hase et < T EIC E L S n e s i i
-1-.|> e e e A B e -
= . S % < ~
toosan 2 Dashed line = truc center line

Adjustment of vertical wire

Neotes: !'mbers 1, 2 refer to positions of telescope; directions for movement
of a< usting screws refer to position 2

fote that with horizontal wire the prism makes the uvnward movement appear correct
but that wi'h vertical wire a real movement to left appears like a movement to the
right, Dia rams show why wire must be moved only halfway back toward first position
since rever:al doubles the error,

L3
L
3
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(4) Adjustrio .t of sitriding level

The striding level 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 an” to foeilitate adjustment. Its purpose is to level the telesccepe for use
as o level. The object of the ~djustment is to make the level indicate correctly
when tho liase of sisht is level; in other words to make the axis of the level wvial
porallel to the axis of the telescope. Ploce the alidsde on any firm support vwhich
is approrinatsly level. Take the striding level offiits storage and set it in place
on top of the Selescope. Bring the bubblr to center by meons of clamp and slow
notinn o 'cing lost movement of latter a right-handed one. Now relense the level and
replpce ca t levcope with ends reversed. If the bubble centers the level is in
adjustment. If not note fromphe dingram thet the error is doubled by reversal. T°
adjust mo 2 the vubble HALFWAY bnck to center with slow motion. Then use adjusting
pin depe ding on vhich type of instrument you have to bring it the rest of the way
to cant~r. With Gurley instrurents note that there ore two adjusting nuts =t one
end of the level which are turned by inserting the pin in holes. 3Both are an :tho
sare screw so that when you loosen one ti.c other rust be tightened. The bubble is
very sensitive snd grent dextzrity is ne Jod to get the adjustment. When finished
becth nuts rmst be tizht elsc thoy would soon jar loose and your labor would have bee
wonsted. Vlith the other instrurents use tks screw driver on screw below level at
end vhore therc are no screws in the side of the frame. .This screw works agaoinst .
gpring so that she last movemont pust nlwoys be te the right. If necessary go too
for so you con finish by tightening. Othorwise the adjustment will not lest. Then
you have rocer .cred the bubble repeat for o check for it is rare to get it right
the first time, If it is necessary to remeat several times it pays to remove the
relense nechanisn. To do this unscrow the pin and then press back the spring. Lov
the nrris in a snfe place while working. OCare rmast be token to avoid distortion of
the level v heet frorm the hands. When adjusting in ficld it is sonetimes necegsars
to allow the level to stend half on hour between adjustments. Do not take this tinm
in the 1lr-bo_atory, hovever. Beofore getting finel precise edjustront check lateral
adjustnent., To do this use screw driver to romove the pin on top of the telescope
wnich the lev~l reosts. Now ploce the st¥rding lovel on the telescope, hold gently
with one h-nd, center bubble, ond then rock the level bock cnd forth arcund the
telescope 'wr about 30 degrees each wry. The bubble should vemain centered. If it
does not w'e screw driver to loosen screw opposite to one used for adjustment. Too
loosen »nd tighten the side or horizontsrl screws until the visl is in such 2 positi
as to st nd this tost. Make sure that £ll three scrows ecre tight when you firnish o
then reop- et t2 regulor cdjustnent until the level nects nll tests. Be sure to ro-
ploce o11 po .8 romoved during the sdjustient. The striding level sdjustihent is the
rost freoauently needed of all ndjustionts. Be sure you con do it with reasonable
rpecd ~nd wish certainty; this will srve much time in the field.

Hsrizontold Horizontal
, SR e B
= = Tightcn,_) l S
Screw - o[ ' Loosen-._ | L
G e - IE
e -
e BRESHERSE, T e et .
———  — e ———
e et

Rings
First position

izgran to show
lateral -4djustnent
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(5) Adjustnment of control or index lovel

Origzinall - alidades were mode with the striding level caly. It is possitle to

work with this ¢nly for vhen verticel ~nzles src read two roadings of the srec ond
vernicr rro asde: one with telescope pointed =t objoct a8y 0Nt cnother with
striding lovel contored. This method is slow and vhen the Beanon rre is used
beennes nesrls impossible. A lovel was then »dded on the index so thet regsrdless
af tre position of the table (vaich is rloost never excctly level in all directions)
recdings of vertiesl rnrlos cen be mede v ithout bringingz the telescope beck to level
This specds up work. Bc sure you unders*: nl just what this level is for; begiunmers
gorctines forg:t to use it for ewvery sight. Tho adjustpent is to nske this levol
indicate carrccl vertienl sngles. It mmsh ooke the Index on & Gurley rect 50 dntic.
on the rneole serle ond 50 divisions on the Beenon erc scele when the striding ievo.
coptored at e sane time 16 is. Afber hoving mede and cheeked the od jusiuchac
the stridin- lovel sct the cre to resd these fisures whilo the striding leved
conterel, it is not necessary to have the alidnade on o level support to mere
this sdjustnent, In setting the striding level do not forget to noke the 1l-st
nation of the slow notion sercy bo the richf, Tollow sone rule with the serew whiech
contrela the index leovel. Do not confuse these two screws. If the index or coairol
lcvel dnes not come to conter undor rbove spoéificd conditions meke it do so with
withor poir of adjustiang nmubs. Be cortein thst the nuts you used are tight when you
sre throuzh for othorwise your labor will be wasted. Noto diffcrences in types of
orcs in instrupents by diffcront rakes.

e O
m Hy 6

(8) Acjustront of zradienter (Stobinger Deun) or slow notion screw.

It is poss. le to work with 2n alidrde without using the slow motion scrow for
anything buiwhat its naoe irvlies— to finish seiting cither the line of sight or
level. Byt in naony instracesit is very hendy to use this screw to measurc the ragle
through “2ich it hos turned the tclescopc., “o do this the mrkers hove supplied =
drun on the s-rvew waich is divided into 1CO prrtse. This drun is loose @a the serew
go that ywu co.. bolé the lattor 2nd furs the drun bo rozd O ox oy obthor desired
fimurag., A tal strip plocod st pi-ht “n-los to the drun: obove it scrves te record
the nunber o whole reovolutions nsde. The linit of turns is #bout 10, The mckers
intend thrt the rovolution of the drunm will turn the Y¥ine of sistt over a distance
of one oot =t o distonce froan the instrimont of 100 fedt. Use steel Lome 1o
necsure 100 foet from . centor of insbtrument. Hold a leveling rod wortical ot this
print, Set tio middle wire on the lower nark of r foot division using risht-hondod
“atisn of serow,. Sob drum o O, Porn t3 richt oxcctly ons Pevolution.  Héicerd
rosding of middle wive. Repeat soveral :iies, Accurste foeusing is essentisl bte
eceurncy of this test. Avorsge results. If tho ovarase is not execetlr one foot
proceod to nd ust., The slow motinn screw is mounted in & brass bushing is
cl-mpnd with a nut ot the front ond. Not: thot its conter is not thet of tho bushin
thet i% is cecoatrie., Use o thin flat wrench to loosen the mut ond then turn the
bushing until it raises or lowers the position of the slow motion sersw, ZIHsising
increases the -nount of throw.for » revolution gnd lowering viss versa. Chocck
sdjustoent oftor novetent wntil. it is ri 0 and the nut is left firnly sete This
adjustriont is rorely necded, DO NOT DO THIS ADJUSTMENT NOW vut be fonilirr with
its purposc.

(7) Aqjus'nent of circuler or bulls oye level., (NOT TO BE DONZ NOW)

The adjusticnt of the cireulsr or bulls cyec level con only be nzde in the fiegld for
it reouirecs the usc of the plane trble which it would be unstfo to set up on theo flc
Set tho ~lidede with ils centor of grovity over the conter of the plene table.
Center the stiiding level. Next revorse position of alid~de but do not turn the

bosrd, 'If the bubvle noves bring it half wey brek with the slow motion serew on the
od of tho boord. Turn glidade

90 dezrces ond ropert this procoss. Continue rewoeting it with turns of 90 degrees

wntil borrd is reslly lovel, Now center the circular level b turning serews in ite

base,

rlidede on.. tho rest of the wey with the leveling herd
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Object: Measurment of distonces with telescopic rlidade by different nethods,

Moterirl: Telescopic nlidade, ministure rod, sheet of peper for notes, pencil,

nghoai Rerd prgexz 25 to 37 in outline. Set the nlidnde on tnable or other firm

snd ron SOﬂﬁbly lovel support hwerc you can see the rod indoors at = distance of
not leoss than 40 feet. Set the rod up vertically. This rod is exnctly 1/10th
the size of rods used in the field. Look at it snd notice tie leock of nunborse.

This is becsusc numbors connot be seen at long distances. ZEBExeept for the fifth
ond tenth foot solid block ond white foot divisions ore shown, inThe fifth ond
tenth feet oro subdivided with dinmonds the dingonal sides of which ecoch covers
1/1Cth foot. INote thet inches cennot be used on such 2 rod and be sure you know
why this is. The rod ls spo mode thet it eon Do used either end ups It is in-
tonded to put the black end up when scgrinst the sky and the white end vhen the
brckzround is trees or rocks. Waen you rend for @istance endeavor to set ono
riva 40 a foot division in such »loce thrt the other wire (either a full, half or
ourrter interval awey) will £2l1l on o subdividea fooi, If you cannot do this learn
t» estinste the nunbzr of tmnths of the frrcticnel foot, Get fomilisxr with the
rod so thot when you go outdoors vou vwill feel ot ernse with it, Geb o good light
oa the foeo of the rod 2i:d rononoor thot when wou get outdoors it will help o

lot to get the sun to shine on the foce of the rod whenever »nossible. MAKE ALL
CRIPUTATIONS IN ROD UWITS not :ctunl distances.

Mathod (L) Loosen the knurled rings in front of the annrizontal axis nnd rototo
o telescope until the wires vhick ususily sore horizontsl are now vortical. Have

soneone hold the rod for yon. OChoosec o permencnt pork for one end of the line to
Le nmensuredsy Shift the telescope »n the teble until one of the now verticnl wir:ss
reats on this nork. Motion your nssistont to move the rod, holding it verticel
over until it is linecd in with anothor verticel wire. Either the half or full
intervell con be used. Which seems the nore accurate? Notice that you will Lo
trouble ir notioning nt first since the instrunent reverses right and left.
Getting usod to this is the rerson for doing tihiis méthod indoors. When you hrv:
iincd in the rod check position of first verticrl wire to see that instr ueny
hes not moved. Then hove your cssistont messure disteonce horizontaolly beoicen
the nmork ond rod. Multiply rod divisions by 200 if helf inbterval was used sod
100 if full intervol wos émployed.

Yethod (2) Eave your ossistont hold the rod horizontnlly at such 2 distence that
it will fedil to span the full interval, sey the longth of the hall or nuscur.
Line in one vire (Wﬂves r8 in vrevious mothod) st rn ond of the rod, Motion
resistant to place rod its owm length to one sidd so that full intervol any bo
veads The saie could be done if rod hod been too short for g half intervel,
Yotice thot this method avoids signals when used in field but is linmited to 1.ghs
conditions undor which divisions on the rod can be seen. Mnke sporopriate coo-
putation of distonce,

nd
¥
in using the izepginatiosn cover “nough of the rond with vhite pops
tecks so thet above condition is nmet. In this mobthod we will use
slow motion serew or gredienter to rnegsure the onsle subtended by the

betwocn the end of the rod and the wire on the otner side of the half intervold,
one wire hoving been set on onc cnd of the visible portion of the rod. Routinc:
Sct top or niddle wire on top of wisible pert of rod using slow notion (Sec Fi
1): Read and record the drum, setting it to O is desired; tighton serew uhtal
-nv4 lower wirve is on hot<en of visible mart of roda (see fig. 2); reed and rg oo

vethod (3) This nmethod is usecd vhon you crn sce less of the
tudrfter or & helf interval. Use wireos in nornsl Uositlon.

= B

e

(=
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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 vhich the
last movement carried the wire above the base of the visible portion of the reod;
add this distance to the length of the visible part of the rod; multiply this
sum by 200 to obtain distance.

Fig. 1 Fig, 2 Fige 3
: : e
. : %
: ' ; ! : ; | \
; rod ;| i : rofil rodr[i :
SRRTE -1 by e MBS et i R i i et S e ol i T e
| f : - o
kS ! '. : \"._ i
) R ; ‘\‘\ e h SRS .:__._ - ....4.....:..'
3 ; i A
b -; S . { -
wire set on top of rod Telesnope turned through Telescope turned by same
argle of gap angle as over gap thus

finding value of this
angle in feel.

Me%kol (4) This method depends wholly o1 the ad justment which makes the full
rerolation of the drum turn the line of sight ovar 1 foot at a horizontal
fistance of 100 feet. One turn also swings the wires over a full interval,

:2'n asstme that you cannot see enongh rol to spen a half intervel, Routine:

«5 top wire on bottom of visibdle part of rod; read and record drum, setting it to
. 1. desired; tighten screw until same wire is at top of visible part of rod;

read. and record drum; repeat with other two wires; average results; divide
Leagth of visible rod by drum reading (in which a full revolution is called 1,00’
and multiply result by 100 to #et distance,

Fig. 4 Fige 5
-/’—--.—-\‘\ =, —/.’" . ; e .
. e = ol
. / ] t1Tod
,f / Uil
! L ! Eor e 4 :
e wf SIS S
N e / /_.
e o o
First position of top Second position of togp
wire wire after tightening

slow motion screw (drua).
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(5) Method 5 depends upon finding vhat fraction of tho half interval is covsced
by the visible portion of the rod ~nd thus cormputing by vropsrtion what length

the rod wonld hovo to be to eover tho entire holf intervel, Thisis done by use

of tho dru- on the slow hotion serew. The proportisn is as follows— Obsorvoed

or visible lengsth of red: helf intervel reo~dinz: drun recding obloined by swinging

£ wrire ovor tho visible length of rod: drun recding obteinod by swing o wiro
throuzh a helf intervnl., Grosp the fundriental iden boefore trying this nothadg
do not try o menorize the sct routine. Seoo fijures. BSet top or niddle wirc on
botton of visible port of road; rend ond record drun setting to O if desirod:

4

tiziiten slow notion screw undil ssme wire is on top of visible part of rod:

rocd nad record drum, the difference of resdings nersures anglc sobbtoined in
swinzing over visibleo longth of rod; conbinue tightening slow izotion serew until
noxt lower Tire 1s on botbtor of visible part of rody rend nnd record drun; btake
differcnce of first and lost drum readings vhich represonts drun rending for o
Eedf intervol swins. This should De exmetls 0.5 twen if iastrunent 18 dn odjush—
aont. Now solve the promartion letting x = lensth of rod necessary to span half
intervel, Multiply result by 200 to oblain distomes,

Hend in c11 nobes ond ineclude = discussion of wrobsble oceursey of the different

methods which you ern uss whon oitheor distrnce or obstructions to the view provent
e rod from covering coven g h-lf intorvel. Consider whot netiiod or nathods

crploy tiz longest line »f nessurenent. Whot neflinds micht not work beccouse the

rod enn be soen only dovn & merrow lane throuvgh woods or brush? What nethods
demond upon tho rocurracy of the adjustioent of £he slow motion screw drun? vart
netliods could be used if 211 but onc of tiic " ircs vere brokent Whot oethods depend
urom proesrrongenent with this rodrent Hemoesher thst all use of the drun depends
upon heving the clarp on the hozizonbal -xis figak,

. | <
\\~- ! - - B ) Hiok

First nosition of tel- Second pmositinn; drun Third position; differ-

ascope. First rocding ciirnge indicnted nnzle ence of this drxm reading

HE drun. subtended by rod. and first indiectes hturn

pvor o half infervel.

KOTE: Methods outlined nbove are not commonly used now that alidades arc
made with "quarter intervals." 014 style instruments without o drum on the
slow motion screw cen use only mocthods (1) and (2). In the field beginners
ought not to attempt very long shots at firstl :



GMOIOGY 11
MAPPING
Problem 10, edition 1941

Object: Determination of differences in elevation with ueIECOplc alidade.
Materisl: Telescopic alidede, ndjusting tools, miniature rod sheet of
paper, stadia slide rule, pencil, reading lens.

Method: First check the adjustments of your instrunent and a2djust if needed.
The determination of differences of elevrtion with the tclescopic elidade is
one of fts Boed important functions. There are sevoral distinct mothods

end it is obsolutely essential that the student understsnd pll of them thor-
oushly. You can get by without imowing all the ways of mensuring disbonce
but not if you do not undorstand ell tho woys of measuring clevations.
Difference of levol is mecsured between center of instrument's horizontdl
nxis mnd whore niddlo wire striles.the rod. The rod is thon used to obtain
tho totrl or net difforence ¢f lovel between instrument ond ground whore

rod is held.

(1) Levelshots. Sct up thc rod in ¢ position where you con strike it with
the miadle wire “%Cn tha teloscope has bean levelaéd with the striding level,
Molke recoding end compute how mach below the level of tho instrument tho
b.tton of the rod 1s; This is the sirplest possiblé ecose cnd the alidede is
then used just like nn ongincoers lovel or hend level with the rod, Getting
of "lovol shots" is not confined to ceses wiers the niddls wire strikes the
rod.. Move your rod sligitly so thet it is eithor toe hiigh or too low for
the »iddle wire to kit it with telcscopo lovel but in steh position thot
nmothor of the wires does strike it. Now rocd the distenes br raising or
lovering the instrumont until tho full (or helf) int-rvr-l crn be rend,
noving it by porns of clerp rnd slow notion scroew. Note that in sctuel
practice this would be done first sinco 1u should slwoys read the distance
first ~nd nolrttontion is pnid st thrt tine to the lovel. Then centor
atrldlnﬂlﬂvgﬂ o#ain ond rvepd whors ¢ wire strikes the rwod, Obtzoin whai
the rehéﬁnﬁ of niddle wire would heveo boen ard r2d b Judl“ﬂ’ cnoug. to
hit by coplying tho helf intervel reoding on the rod to tao ro: - ng of
uppor or lower wire. The two crsce sre illustrated below. Note that in gon
Ty

vasés tho ronding nf tho niddlowire noy bte bolow the botton of tho rod,

MAKE ALL COMPUTATIONS IN ROD UNITS i roc.
p wire . ,

bubble centered _,-wﬂ_$4~—~f—f""!

mi&dlo wire . rod readire

6

()

-

= S

.
1ower wire -~

Method of obtaining differeunce in level betweon instrument and bottom
of rod with telescope level (lovel shot)

ground

tor wirc e i B

e —————_

s .m..id.@.l@

Mothod ef obtaining differcnce in lovel between instrument
and bottom of rod with tolescope levol (lovel shot) but WHEN
MIDDLE WIRE DOES NCT STRIKE ROD.. Note position of the three wires
when DISTANCE was rcad. Upper and lower wires thore shown in dot—
dnsh lines. Compute whot reading of middle wire with level telescore
would have been had rod oxtended far enoush. To do this add the
HALF INTERVAL to aetual reading of lower wire with level telescope.
Do not make such shots until you have had some experiencel e Ay

s



Problem 10, p. 2

(2) Vertical angle rod readings. Ilow place the rod far enough either beleow or
above the level of the instrument that you cannot hit it with level telescope.
Read full interval in usual way. Set the middle wire on any convenient foot divi-
sion such as 5, 10, or top of réd. Record wvhet division it is on. Text center the
bubble on the index (control level) I THZ FIZID TEIS MUST BT DOJE FOR ZVIRY SHOT
since the nlane table is never eractly level., Read the degree scale., This is the
scale at the left which has 2 vernier on tihe index arm, It is a scale of equal
varts. It is divided to half degrees. (These remarks apply to the Gurley
instrumente; the Z, and 3. hes the degree scale in the middle with the O at the
bottom and a double vernier). ILool out for the "false O " on the Gurley veranier
vhose "urnose is a mystery. It is best to use a lens for reading, IFirst get the
right number of degrees and half degrees (30 minfites); then estimate abovt 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 minmutes, Add
its reading to the number of degrees and half degrees on the main scale paying no
attention to what division on that scale hapwens to coincide. "The reason for the
estimate of the vernier reading is to facilitate looking for the coinciding lines.
Having obtoined this reading subtract 3C degrees from it, If the rcomainder is
Hositive the line of sight is inclined up; if it is negative it is inclined down
from the instrument. Wext use the stadia ¢gble to compute the vertical
difference, g

« (ecord vihis,now correct to get the vertical
dtifference to bottom of rod., Repeat nrocess setting middle wire to a different
A on the rod; correct to bottom of rod and compare results, Cormute true
aorizontal distance to rod. from figures at bottoms of columns.

Rod
& = distance of intercept of middle wire from ground = rod correction (0
B = vertical distance of middle wire intercept on road from level ]
of table= computed differerce Sier D
C -: vertical distance bottom of rod to Upper wire »- e 1”4-
level of table= net difference o e u
-.Il 3 = y o
D = full interval or intercept on rod ,,zﬁbﬂ’ jis
// / -"/
_—" _—~Lower wire - Ground |, B
- L
= | I
| !
¢ lidade : ¢ {
Level of table s - = lJ =

True horizontal distance table to red 3

‘he above method is the most common but it invelves reading the vernier and
ronsiderable computation.,

3) Stop nmethod, If you read distance and think that vour telescope is near
enovch level to get a level shot but when you try it find that it is immossibie
“lLe "stop method" comes into play. Iook at where your wires fall as shown in
Zullowing diagrams. Say that the ton wire hits to» low tc strike the rod, Mo’ :r
sune pernanent object on which it does fall, TUse the slow motion screw to tur.
.2lescone (tightening as usual ) tntil the lover wire is on the sane mar!s, 1-
have now raised the middle wire by an amount equal to the full interval which e
reag first before you tried for a level shot., ilotice that this shift is
accomplished without talinz your eye from the instrument. Mow if the middle wire
hits the rod record its reading and malwe aphropriate computation of how high the
place oun the rod is abeve the instrvment,



Problen 10, p..3, edition 1941

a e

P

i
#A
mark
N —e
First position; lovel . .. .Boo~nd position; onc step up;
rod enmnst be 3001' uppc? lower wire rriscd to rock thus
viro gust its rac roising middle wire rnount of full
5 s
intervol. 7ol
’,/V
-

.~~/'-'

e e

,,--—7‘2'h
=

o

St .
"'ond stop--- ,f/T" 5
--------- '__,..—4‘_"’"—"__—'-
e
((f ,,,,,,, lsb-step
o P i e T ' middle wire, level
S : PR e e i
2L R 0 s
ob Tt
T Uppor ~ad lowar wire solid;

aiddle wire dotted

Yre obove dirgran illustroted the step nethod wherc the telescope hrd to be
rrised throwh thres stops to hit the rod. NWote thint ooch step rnised the
niddle wire by the rnownt of the full intervs] for the distanee in question, Uk:e

#ull intervel reading wos obbained vhon the distrnec weos resd.
JLo step mothod is vory rofid aad corputotion is onsy but it is linited o cbou:

Six (6) stops eithar nbove or below tho'levol position, Notice that you hove o
lovel the tclescoPO before storting the step method. Vhon it is nocossary to step
irtm you will be loosening the slow motion serow; then 7o tno frr cagh tine out.
acmo brek by tightenins the scrow, This will dmcronso nceurncy. With the snei)
mgles of this nothod correction %o harizontsl distonce is not needed.
‘4) Tho Bornaa nrce The Beeomsn nre is the senlo which is found o% the right o
e arc on Gurley iustruncnts ond ot onc ond of the rrc on the K. and B, Noti. .
cesb 3% 18 nobt o scele of equrl p""t“ ~nd so has nn veranier. The iden of th
Beonnn sre is QX‘ctl“ the s-mie as that of tho step method illustrated in cbove
Airsrea, The difierence is that instend of looking throwh the tolescope and
i~ving the wires over a full inturval by wetchiag cur*nln hep=hnzard marké on
o ground the movenont is msnsurcd by r scale on the arc. The Berman sre is
inmitod to snall rnglos fron horizontel, InSpuCthﬂ of above dlugra: siows by
it is uot o scrle of equal marts. The sre reeds fron ® te 100 or(0 to 50)
ac that tho niddie or lgvel point if 50 indtoad of 30 on the anglescale (Gurle;
construments onlv) Routinr of coservetion is nos Tollows: Hend distence as usun.:
center control level; look &% Becman arc end with slow motion screw move telesccpe
until it reads o whole nunmber; then look thronsh telescope @nd record where r.ii7Le
=ire hits the rod. Computetion is exactly the srme 2s with the step method; d-ffer-
:nce of elevation between instrument and ﬂiddle wrires full interval multiplied v
aumoer of divisions “an fron 50 (= nubar of stepp). If this proceedure fails e
>oonk maadl e widwme inp wad o ancliraae Ha wot er division.



Problem 10, »n. 4 edition 1941

Note that the leaman arec reguires no computer, merely simple arithmetic, Hote 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 telescone on
a whole nvmber on the arc, Correction of horizontal distance with _eesman arc is
accom>lished by means of an aw:iliary scale. On the Gurley instruments this is
above the other scale. On the K, and . it is a'left end of arc and is narked
"Horizontal", It gives nercentage that must De subtracted from anrrarent horizontal
distance to give real horizontal distance or percent that horizontal distance is
of anvarent 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 throus 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 equal to ome step and to one space on the Beamen are,
Althoush not generally used the drum will measure differences in elevation if the
angle 1s not too great. Uwn to nearly 10 turns it will measure "stens" guite well,
The main advantage is thet it measures fractions of steps so that the middle wire
can be stophed at any convenient readins on the rod, It is more conveanlent to use it
&oing up fron level but it works better than the sten method when the rod is below
the instrument. In this case you can start with wire on top of red and tighten
a27ew wnbil striding level is centered., ifote how whole turns are read oa the
~o-izontal scale above the drum, Computation is exactly the same as for step method
=l Beaman arc excent that fractions of turns are used, Try this method with rod
both above and below level of instrument, heclt results by another method or better
twe ather methods., Always tisghten and be sure striding level is adjusted.

Hand in your results, 3e »nrepared for e-am questions on relative advantazes and
disadvantages of the different methods, Some students have confused the Le~ymn arc
and 2azle methods, How do you tell the scales amart? 3Be nrevared for catch cuestion.
suck as "How do you read the vernier of the Beaman arc?!, 'ith vhich methods can ¥
checse the point on the rod where you will set the middle wire? fith which methods
misl you rend the middle wire where it hap ens to fall? “hat is the striding level
for? ‘het is the control or index level for? When rust it be centered? Commare
relative speed of Beamea arc and angle methods counting time rodman is held on his
statlon., 'hat is advantage of level shots? Vhat do you do if another than the
rlddle wire hits the rod on a level shot? Conld same correction be made with shot
cn an angle? How do you lkmow what full interval reading is to use it in ccmputati o =
what other term is sometimes used for "full intervel"?



GEOLOGY 11
MAPPING
Problen 11, edition, 1941

Objeét: Computotion of notes trken with plancteble ond telescopic alidade treverse
using degree sccle or vertical onglc systen.

Moterial: OCox stodia slide rule, pencil, erascr; those blanks are to be filled. —
out ond handod in,

Mothods The plone trble with telescopic ~lidade is used both to mnke o nirp, neose
uring distonees either with strdia rod or by intersection, resection, etc., and to
neesure elevations. When used for a troverse it is olmost universally the cvery—
thorwstatisn nmothod where the trble is oriented with the corpass on the _
brez of the instrument. These notes were taken on such a trrvaerse, In this method
the table is never set over sither starting or ending points of the trevorse, The
ro¢ is held on the starting point znd the table is get up some distonce ewey.
attar the teble is oriented with compnss o sizht for distonce and elevation is madc
vo- the storting point thys locnting it by resebtion. Such 2 sight to get position
snd elevotion from a previously determined point is called a BACKSIGHT(B.S.). Next
the »od is sent ohesd along the route to some comvenisnt location. There it is set
un ond its loesticn ond elevotion detornined with the nlidsde, Buch a sight to o
previousiy unknown point is erlled o FORESIGHT (F.S.). The point where the rod was
held is called @ TURNINGPOINT (T.P.). The rodmen stays at this point while the
instrument mon brings the table past him and setz it up at some point shesd on the
line to Lo traversed. Then o backsight is trken o the turaing point azsin after
corpass crientotion of the table, Then o foresisht is mode ond 80 on until either
the initinl point or end of the survey is reanched. The:last rording must always be
a foresishi., In the following notes the vorticnl angle of the tolescope was recd
on the dezrece sesle with its v-rnier which rerds to ninubes. The niddle wire
wes set cn the rod wherever convenient ofter the distance had been read; then the
rodmen wee sismaled to mowe if it woas a backsight or to lay down the rod if o
foresizghy wod jyust beon token; next the control level was centered and the vernier
rocd. During tines thet the rodmen was walking the instrument men subtracted 30-00
desreoes from the engles ond node the computations. The computation of distence (as
it cpvears from the stndia reading) ond verticel ansle gives the difference in
elevetion of the instrument ond tho point on the rod where the middle wire hits;
this is colled the COMPUTED DIFFERENCE. Now vhat is nceded for computation of .
elevrtions is not ‘this ocuaniity but the difference of clevetion between the
instrument ond the bottom of the rod; this is the NET DIFFIRENCE. The reading of
e niddle vire above tiie bottom of the rod is called thie ROD CORRECTION. Study
the diagrza bolow ond see that if the sight is uphill from the instrument the rod
corrcection is subtrocted from the computed diffeorcnce to zet the net diffcorences
if the signt is downhill the rod correction is gadded to the computed difference.
Uphill is a + ansle; dovnhill is & - angle. In the case that the telescove was
level eond the 2id&1c wire wes renad there is no computed difference. In cose asnother
than the middle wire wns rond with telescope lovel the conputod difference is equyal
to the half interval rod resding found when gettinz the distance. Elevetbtions of
the instrunent cre here cnlled STATION clev-tions for in other problems the torm
BEIGET OF INSTRUMENT is used in another sense. In these notes the clevotion of the
ground at stetions is not shown. Sosetimes foresizhts ere token to points which

sre nob used for breksizhts: they sre ernlled SIDE SHOTLS °
1 ‘-‘-‘-‘-'-—-. ;
rod corr. [- e
1Y conpe QTR . station
mi Ao o L
nct diff. plusg agale T Tonrail
i o e e R R LU e R B et 3 e e T e e AR s ST e SOy e
o — R - y
o 1inus angle 5 7
\ e S > conp diff,

net
a3t

cround , g ==
P —
rod corr.s
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In the notes the locations of stations are commonly denoted by letters and of
turning points by dhmbers., It is possible to compute notes without any more rules
than have been given above; all that is needed is to keep one's head as to the
proper time to add and subtract. Experience has shown, however, that few begin-
ners can do this for Xong, 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 angle which is obtained by subtracting 30-00 degrees from
the observed or obligue angle (this is not necessary with the K. and E. instrument
but with it you hove to notice when it 1s pointed up and when down) the algebraic
sizn of the remainder, Uphill angles are then + and downhill are -.

b) Give the computed difference the same sign as that of the vertical angle in
the case of foresights and the opposite sign in the case of backsights. This may
easily be remembered by thinking that backsights are taken looking the opposite
woy from the direction the survey is going. This is the reason for keeping dis-
tance readings in separate columns for foresights and backsights. A little study
of the dicgram will show how this rule is derived. :
(¢) Give the rod correction a + sign for all breclksights end 2 ~ sign for all fore-
sights including sideshots. This rule is arbitrary but is the same as for levelirg,
(d) Combine the comvuted difference and rod correction by algebraic rules to get
the net diifference with proper sign.

(e) In case of level shots when middle wire is read enrry over rod correction with
sign unchonged into net difference column.

(f) In case of level shots when other then middle wire is read treat rendings of
upper wire (recorded by plncing cnpital U before rod correction). as *+ angles and
of lower wire (recorded by capitel L) as - anzles and then apoly same rules os if
ongles had been read. MNscke no chenge in rod correction column but place half
intervel in computed difforonce column with aporopriste sign ond ~pply usual rules.
(g) "en computing clevations notice that each is derived from the last before by
applying the net difference. If net difference is -~ subtract from preceeding.
elevation; if + add it. Notice that elevations alternnte (where there are no
side shots) between those of turning points and those of stations and that they
arc kept in separate columns.

(h) Notice that signs for degrces and minutes are never shown for fear of con-
fusion with figures O and 1 but that the two are scparated by a -. Do not omit
0 after a decimal point and in case of minutes 00. In case of readings of less
than 10 minutes write 05, ctec.

Caution: Do not carry computeations of net differences to closer than tenths of
feet. Remember that results con be no more accurcte than the original data. Res
member the crror 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 feot and add the two quantities. Notice that
notcs do not show the corrected horizontal distance. This is used only for platting
on the plane table.



Froblem 11, data sheet Edition 1953
Nal&
Compute the following actual field notes.a Those used for Problem 12 were taken
along seme line of surveys, DO NOT compute elevations until you have checked
the net differences in the two problems and see that there is no large difference
in any pairs of shotss 4 good fd=za is to rule your scratch sheet into squares
and keep couputations separate znd in orders Do not compite true horizontal
distances for such are used. only in platting on the planetable. When you come
to computing elevetions the best idea is to arrange a column on scratch paper
and give the + or - sign before each net difference. You will make fewer
mistekes 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 all signs. + or - Carry elevations to nearest tenth of foot.
Stadis constent (stadie interval factor) = 100,0 g
Loc. | Interval | 4ngleo Diff. élevation’ _ ﬁ;gygtiOQLT
§ta Te Fo B. So| FoS.  Oblique DIff(Fuctor| Jompni hod.corr.i Nel 1 8tay T.ggmq
& | BeMs To2 30-00 | 0O 0 e} M3,0 : 1593.0
15 440 30-:00- ! M11,0 ;
B 12,0 31-50 } M2.0
2 4 3ed 1 30~00 T M205__|_ =
C 2 Te3 28-40 M6,0
3 5.6 30-00 M7.,0
B3 246 30-00 ML, 3
4 12,0 30~00 L12,0 ; e Taee
T % BeZ | . .| 00 Ml.l
5 249 30-00 | M5.T
2 ks 4eod 30-~00 1843
6 Te¢6 | 30-00 | M12,0
G| 6 5.5 | 3000 M2.6
T | 940 31-08 M12.0
Bl % | 223 32-10 M3.0
8 5.9 31.10 | M740
T & 2x6.5 30-00 M3.5
9 | 9.7 30-00 M4, 0
Ji 9 | 2.6 31-45 M3.0
10 3.8 30-00 M6 6
K[1o | 3.5 30~00 M9.0
33 4.0 30~00 M1l1.5
L |11 12x8.8 30-50 M2, 0
12 340 31-47 M3e0
M]12 Ts2 29~05 M13,0
13 2x6,0| 28-06 M8.0
N |13 10.0 28-51 M12.0
14 2x6e6| 30=00 L13.4
0114 Te3 31-10 =] 2 = 9.0
15 S5ed 27-52 8.0
P 115 [9x12,0 29-05 M10.0
16 448 30-00 M9 5
Q| 16 [2x11.3 32-20 M13.0
17 3e3 28-50 M1040
R |17 245 30-00 MO« 7
18 10.6 30~00 M1.3
5118 3e3 30~00 M52
119 8.4 30-00 7.0
T |19 e 30~53 " M4.0
20 Te5 32-24 M10.0
u| 20 241 30-33 Ml.1l
21 349 31-43 - M4o3




GmOLO“" 11
!.". HE J.J.‘!G'
Provlen 12, edition 1948

Object: Commutation of notes teken with planetabdle =nd telescopic alidade
uging Beaman arc system.

Haterial: Pencil (soft), eraser, scratch paper,

dethod: The field routine was: (1) read dlstance genecrally with top wire

on top of rod (2) level index bubble (3) set teiescove so that it is on a
Besman divisié;) because with uneven LlV"Slonq no vernier is possitle and
fractions would have 'to be estimated which is not close enough (4) rcad where
middle wire cuts rod’ that is the rod correction of the notes. Yote that
columns in notes are essentially same as for angle method. The distance is
not put down but instead the FULL INT:RVAL reading or distance/ 100, Some
peonle call the "computed difference" the "jproductﬁ brcaunse it is the result
of multiplying the remainder (after 50 is snbtracted) from the arc realiing by
the full intervel reading. Fote that this is the samc zomputation as with both
"step” and "drum" methods K in other words one "Seaman’ = one step = onme drum
revolution of 100 units, The only difference is “hat the Beaman arc serves
for all angles whereass the other ne*hods ere limited to low angles, Rules for
signs are exactily the same ag with zngle

For tocksights sign of product or commuted difiference is
OPPOSITE to sign of remsindor when 50 is subtracted
from arc reacing. :
For forcsights (inciunding si‘eshots) thc signs are the SAUZ,
All rod correcticn rs 9tln5¢ on backsishis are *
" f : foresights are -
Wet difference is algebraic st of computed difference and red cor,
Upper wire = + ar difference {remainder). Lewer wire = - dif,

KEEF YOUR SCRAICH NOTES IN A B3YSTEMATIC WAY.



Froblem 12 Data sheet, edition 1953
NAME
Compute the fellowing checking net differences with 1953 editon of Problem 11
Use same suggestions for computation Carry results to nearest tneth foot.

— Show all signs, Make sketches if desired

_ Loes __ Tnterval  ~ Beaman arc | ~ Diff, elevation_ Elevation
S%ao ToFp BaBs  Fa S arc Diff. | Compe | Nod corrs Net ta T. F,
Al B4 Te2 | 50 | 0 0 | M3.0 159340,
1 | 4,0 | 50 | M1.0 -
B 3 1.0 | 53 { M4
2] & T n oo WS ]
B2 me 48 | M9.0
; 3 ' 5.6 1 S0 | i M7.0
B Sl R 50 | ¥ M1.3
bl o R SRR | 1330
BT OBl Rl | 55 | PoML.2
5 LB | L M5.T
¥l 5l b 50 | | M8.3
6 48 ?b 50 :;_ i I‘M’Il_]_—oa
G' 65 515 50 I M296
7 | 0 | 52 . M12.2
}: 7 292 i 55 5 M638
8 5.9 | 53 M6. 8
I 8|2x6.5 50 . M35
9 9« | 50 | M4.0
-8 2.6 83 M3.0
6] 3.4 | b M6.6 .
E| 10 3:5 30 | MG.0
11 440 50 M11.5
Li 11}2x8.8 52 | M12.0
12 L {5 S =
M| 12 T2 48 | g M10.0
13 226.0 46 | MO.0
¥l 1 e | 47 i M1.0
14 2x6.6 | 50 | o 113.8
ai i Ts3 L : M9.0 |
151 Byd | 4T | [ M12.0
P| 15{2 x12.0 49 | | 1130
R S R | L NS |
G| 16[2x11.3 54 ! ] M12.0
17 3 | AR z M11.0 |
Bl 17l .S 50 ! : MO. T
& £ 10,6 S 14 M1.0 ¥
5| 18] 33 | 50~ i M52
19 8.4 | 50 ™ i 740
1] 13 3.7 - i M1.0
20 s LIE 5 B e PG X EE S S O
¥ & i 51 { ML140
21 39 | 53 & b M43
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GEOLCGY 11
MARP TG

Probliem 13, iition, 1948

Object: Computation of planetable survey where distances were found by
inteirsections and differenzes of elevation by verticel argles.

Material: Table of tangents pencil eraser; blanks on page 2 to be filled
in ard handed in,

listuod: The sketch besiow shows the lay-out of the survey which was started
from a baseline measured with a steel tape., First two columns give locations
abbreviated to initials, Distances arc true horizontal, Oblique arzle is
angle read with midéle wire on flag of station sighted, Angle difference is
obtained by subtracting 30-00 from these readings, Computed difference is
obtained by use of table, Multiply horizontal distance by tengent of aungle
cifference, H. I, column gives height of instrumont above ground, Elevations
of station occunied are given both for ground and instrument and must differ
by this Figure. Computations are made to nearest foot onily, Column H, F,
gives height ¢f flag at stations sighted above ground so that eleva’.ions of
ground znd flag must differ by this amcunt., HNo rules for signs are neaded;
siuply keep your he:d. If work is well done the elevations of different
stotions should not differ over 5 feet when derived from different sources,
Place most relicnce on lew ar=les, Scale 1 in, = 1700 ft.

Dg & rd HR ere locetzd only roughly. Where should these observers have gone
next and what shots s hould they have tried? VYihet shots did they o nit?
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Enter your ground elevations on this sketch and : 8
*SEB \

hisgd in with notes. Y ou can record velues of
tangents at right of fla; elevaticns in notes. BR .

Top of sketch is North.,
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S ZEOLGGY 11
S HAPPTIG
f}’ Problen 14, edition; 1330
."/
Objecuf Construction of scclas showing (a) map or herizoatcl cisicnce of 20 foot
cortdlrdon difiersat slopes, snd (b) 10 foot Ciflerences of Lrevation on = one
Lrogrev slope, bota for mcp scole 1 inch = 1000 feout.

tericl: Shestgol plzas bond paper, aord pencil , cecle of Inches showing tenths
or other decinesl givisions, eroser, two trizagles

Mjethod: Secnles showing horzontol spscing of coantours and of uaits oi wlevation
for qiven mop scales and slopes nre militery ianventions buv con be used by
eolo,idts much more wilely tinn they arei For bimplicity we will first % ke u
& svconp kind of scrle; Shis is kaowa o3 & 013 degres slope seolor A oae

<@
tile

desree slope is one of one vertical unit in 57.3 horizonicl units or 1.75
units ia 100 horizontcl waits. From this iniormciion compute hov many feet
horizontcl distince to 10 feet vertical distance. Next it is nsccest 5
pute howr for this is on the map scrle of 1 ianch = 1000 fest.
meie this sccle to saow 100 foet totel diiferviace in eleval
10 ti.es the cbove firure. Ieosure off such a line using due core,
distancss ciasnge the foot of “ue oriziasl comduiciion to inches.
Bluia 100 foou socle inte 9 wpnal -arvlse Wielserlv waic. jot WV
the poiais wuich you will a:we 10 mark tuerefore procest as
From one .eand of the liat to bu subdly Loy off o Iaae au
lisie 1l:5r of: ten divisions hyich wre sihoun on your scrle.

.ngle so thet outor end of this cucilicry liac ds neerly vbru;"LL';

seher cnfd of the lins to by subdivided. Now join wae owLer 6hus of
Thea throug: Lae marged suldivisions oi the aucilicrerlbane nags 1inas

v %kiais line thus suodivieing; tae line desirsc. s mwthod woriks bust waen %tho
iaes daberscet ot cbous ri_ut cagles. It is much mOre ccourais vactn tae ovher we
ot

7

Ling joiaiag ende

ilac joiaing ecads

This cagle
{ Jrefardaoly
L) 0 & >

sgous 20 deg.

b A 3 3 34 < - + -1 T
line o bu subdiviisG— of odn Longtn

Tog sauo wmotdod G- subdivids bne of the ong Giviaions iice 10 eoudd ports.

o transfur dimal s Felbiorite e of  © iateal Shdét of Dnper msing 2l possizle
eure.. Humabor Lher divigioas pleeing too O &b 510 divisieon betwesn s 1 foot
untig rmié b 10 Tool sacess. Thig suodivide]yoriden of the scola sisuld be
placed &) Lofd sad of fiacl se le.  Niber tiae ooier Givisions e 10 Ho 4.
e Lude Sotice de solplobic Gi- 08 poEsinle oy ilvesure Vit b tac LI ToreneE vel
claveiion betweun tajy isfehi ; i : : [ Ye 1 Gach = 1000
feotraf miere 8 & L dcires slooe beivesh tata tiig slops i ;lﬂhfduf' Gaiil
OfG o el the Tesciar 100 e : ¢a the

Lruo f;guru. T.is scul

citelr dnsguction A 46 2n.

€. ok - . g b
Sléweli of stylo

10 J 1) )RR - ) 70 40 30
T e v e Sy 4 2 3 1 =



dlebe bo conseruet caatioy ywine

Problem k4, p. 2
Votuthag it is undusircbls to aholw ono foot uaite cll aloug tae sediv ia order
10 acv¥s Lubor In eonptrucion; <.oo the aumier of teis on rigat porsion el scile
Gud oreess lass basn Lo 80 e supaivided sorsion tul lais of U. Pae gac dopres
slopo sevlo is o hondy OF Bt eitner (o) diiioredee of olor:iion waon
¢istonco on mop and werticol cagle ore known, or (L) uistaace on moy waure
Giizurenns of Vlovatiga aus vertiecod wagle sPo kheva,

Iastecd of using tau 0iv dogrue slope secle it is sowmetiaus wors econveniunt

to hiave & sc..le wilel siows the mop spacin: of convours on slopes oi kaown cwountv.
This coa be usud to put in consours Juui you kaow the za le of ¢ sloae ort not

its full vstwnt. The follo.daz mothod of cousiruchtion wis duvised 07 3. J. weird
duriae dac orld our, Loy off o aorizowtel lins porsllul nG ©losy o ono wad
of o ehiovt of pupur Wore tach 10 ineiss leas. On fivs Line 1oy 9ii, using ®ho
glopu 8C:ile glruidy drom, Biae spneiay of 20 foot eontours oa Ny

‘l-l.

jdu, mIp seclu 1 iach =, 1000 fout. Saow “bout 4 such siteus. G T
Suldl s vaw Abods nh bOTLoN ¢F t.ou PLUIUERy SDLERD L DorpPuac
i T facaus alltatust s ovoa AT od S aey hiels

t Tiunos b0 tasgcverel D0iasE 98 bnc duddionlcl Sl
oy w0 Plad byl xar &

0% B0 8C L

i - L A i e
ik 1k 1 or boge ligo. L0 oy 134
Tt Rindhico e NI e i v s B e

cll sugfuss U oo 12
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A Lt lor Teavpros alany
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GEOLOGY 11 ;
MAPPING :
Problem 15, Bdition, 1941,

Object: To draw a map from photographs taken from the ground.

Material: 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 mathematlcal relation of a photograph
to the original, The following sketchies show this,

S
\ e :
_f"--_._. len et i
photo on “-\,"_{_ﬁﬁ--" S
£iim or _‘__le'ﬂ}” _____ : {object
rlate A e ‘“-n,_..
focal lengﬂﬂ "”‘n_u_“
B /
o & e ;l\\
cu§§§$ focal ' Diagram of old panoramic Kodak
_ Al O 5 howi _
lenérthﬂtlen S_OWlng ] 2e a-n lP Of Vlew 5 ,-""j-.,
). ¢vhotograph {object
4____....;9“ T
focel length P e
{ -“.."--._“ A~

The first sketch shows the relation of the photogrsph on the plate or film to the
.original, or object, provided on ordinary comers was used end placed with exis level.
The sketch applies to either o vertical or & lhorizontal plane. Note definition of
focel length. It is essential to grasp the following ideas. (a) Every photogreph
with the exis horizontsl showS o portion of the ground which is shaped like o triJ
anglo, (b) In o photograph all objects which have the same horizontal snzle, away
from the vertical plane througﬂitho cxis line lie inthe seme streight line on the
picture. (c) All voints on the level of the cemera ore in n horizontal line colled
the horizoa line., (d) In a photogravh token with horizontel axis, both vertical
angles arc siown by distances fronm the liorizon lino or vertieal plane w11c arc
proportional to the tengent of that angle. (4n excoption to the last st-toment is

ke old Penoromic Kodeit; in this instrument, illustrried in the middle shctc“, the
film was curved in o semi-circle to sccure e larzer esngle in cack picture then is
possible with an ordlnary cemers. Its horizontal engles were directly proportioned
to distancos on the photosraph. 411 points with %he same horizontel angle lie in
seme vertical line, A1l points witd snme vortieal =zngle lie slong o line which
curves farther owey from the horizon line with incronsing distance from centor ver-
tical line with ordinory comers (straipht linos with Panorenmic Kodak - sketch, noxt
page.) The lowest sketch illustratos snother fundamentel iden, namely theot ,if the
photogravh werce transparent end held in front of the human eye at a distance equal
to the focal length of the camers it would just match with the original if tho ob-
sarvor were on tho same spot as the picture waos taken from,

a*:}

7



Problen 15; p. 2

Laying out the mep. Two different kinds of photogrsnhs cre avrilecble: (2) some
sets of views token in Alaska with the old Penoranmic Kodak, ond (b) some photo-
srophs taken 2t Devis Lake wita en ordinory crmern. Note crrefully which you have.
Look over tae availecble drta which includes the distence apart of some of the
comora stotions: end the commass berrings of some of these and other lines.
Without such auxilicry dete no mep could ba mede. In prectice ground control is
arde by elther treonsit or plenc table. Some elevotions cre also supplicd.
Points shown in more than one rhotograph are in some enses narked in the pictures,
Tre first step is to ley out the skeleton of the map (control points), Look over
the photogrmphs rsnd decide waot port of the pnaper you should stert on. Plaot
compass directlons of other comera stotions first. Now ot every station loy off
, 1ine for the vortienl rxi 1 nlcne of the comara

Sy
s TadhZ

for each picture., To loec-to
this linc sccurantely oxtend = line to ranther st-ilon narr to this plene. On onec

sida of o shast of poper nork tne focol longth; on rdjacent side of srme prper
st rizht qA&;“S to first side,; nrrk the distenco or picture between the other
stnbion and the sxisl nlore nersuring sano in dlroeticon porsllel to lorizon line.
Now fit tno nﬂlﬁnjlﬂ to tho extonded linm in proper rclation to bring line ot
right sngles to x1‘1 plene ot distrnce fron picture station egqunl to foenl
length. Sco disgror below. Now extend this line -nd cell it the

nd e picture plrnce
It is where ym raalc put o transporest picture to just cover the originsl view
with 3o gye ok strtion,

To obtein rngle of roys to opnr object in o picture;
neasurec hﬂrﬂﬂﬂnu“l distreneé fron verticsl axisl plone ~nd vlot on picture plene
of the pep. Join this point to p¢Cvuro stetion ené y-w hove smsme rosult as if
gou had sighted om alidrde on & plrne takle. Obviously, tho intersection of such
lines from differont stotions gives locrtions just cs do intersectiosns on the
planctnblc.: It constitutes indoor plonetsblingz, The cdventoge is thet tine
spent in the field is grc tly reduced but tire in tho office is much increonsed.
Certrin climptes nekce this desirable.

s Picture plane for Stro A

i TP AC
ﬁﬁicture_locaxion of D scen from 4
| =7 & : )
ik 10 - By :
: L e ; ?xial plane !
: % . ; A"picture location of C
Hongon line Q| | : ; P (located by some other
o W %0 ¥ 20 | : \ method)
1 Hori ont"laanglqs ‘ : : -
_+....-,‘ e e i Z’. - \ picture.plano for
e ma 10 T‘ e | e e ste. B
l ! -_.“. ".' : r inl pl&ne \
—— ““'“" ! ."“ i_,%" ...~ \¢picture locotion
Dingram of bnbles recordud e P s of D seen from
on o photograph - o B e 3
B ‘,«-’/- _“.u-”ﬁﬁ?f'true map location of
R A R . Lo . ;D found by intersection

Base 1linc (length
given) Ek\“



Froblem 15, p. 3 (edition 1951)

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 practicel way of doing this is to solve
the problem of finding elevations from known distence 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, sey 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 photogragh. The third side or
hypothenuse joins the last point with the other end of the horizontal side. The
angle gt 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 triangleé 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 elevation. Note that with
an ordinery 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 Panoramic Kodak
the focal length was constant. This instrument is now obsolete.

MAF DISTANCE OF PQINT -

: ; F
camera‘;IQIIEE*“-H;§°t“al vertical angle Difference of elevation

“*xﬁw%ﬂh to mep scele

TR ! Distance o

‘mhﬁnﬁhﬁ‘ﬁix { picture plane
|
\ |

Note that line to picture planc is not always the same but B point
depends upoint relation of point determined from central vertical plane.

¢ Distance on mep scale-camera i g
| station to int determined in picture plane
5’ 0 Po / erm picture p;a

Drawing contours. When all points have been platted with elevations it is time to
start drawing contours. The problem of sketching lines of equal elevation is the
same as that met with in the field with ordinery surface surveys. Before accepting
any location it must be checked in more than one photo of the same area wherever
possible. Never drew contours where you cannoct see the ground in at least one
picture. Try to meke the drawing an real interpretation of the ground form and not
a mechanicel iuterpolation between known points. Note that if two views are taken
from each camera station with camere on same level and separated by 50 feet or more
ground distance these can be used in an .rdinerv stereoscope thus getting a better
idea of topogrephic 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 ecquipped to take distant landscapes. The camera must be
levelled for every exposures. Panchromatiec film with a red filter is best, Some
form of ground control must also be surveyed to find position and elevation of as
many cemera stations as poss ible., Use of photography on the ground is still a
good method for:isurveying some areas. End



Object:

Material:

Method:

GEOLOGY 11

MAPPING
Problem 16 and 16a, Edition 1950
To draw a map from aerial photogranhs.
Hard nencil, eraser, scale, stereoscome with parallel arm { stereocompara-

granh), magnifier, triangle, tracing vaner (about 8% x 11"), photos, map
with elevation data.

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

Verwical Pictures: Ivery vertical picture is a complete and accurate
mep of the area shown, provided that (2) the comera 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 wicture was taken in relation to
the focal length of the camerz. In actual nractice, however, it is very
difficult to meet these conditions wrecisely. Cbviously if the land is
not flat, the tops of hills are shown at a larger scale than are the low-
lande. Checik the szale of your '1otovraphs by nmeasuring several known
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 straight in
the onicture. The amount of curve due to differences of elevation

increases radially away from the center of the photogracsh as shown in the
following figures:

/hllane

B T
| PR i\
4L i i
! I
1 = L
I -
v g Note distortion of straight
g - line across hill at A and
g B* that C' is displaced from C
: along a radial line from
i center of photogranh.




e 16=2

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 plain level B'. But
the hills near the sides of the picture 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.

Stereoscopic effect. Photogranhs are taken in the air at horizontal distances
such that each overlans the adjacent ones by 60 per cent or more. Were the land
21l flat you could not tell any difference in one picture from another of the same
spot, but where there is relief the relative positions of high and low points differ
in the overlapning nictures.

l1s% photo 2nd -hote Line of flight
\ )
i ﬂ
a\ | Fosition of eyes
\ / ‘ !
l.\ ; i '[
\ l] | !
= F g S o
; : , f A\‘B ;Bql &v Plane Of
\ \ / I ¥ ]
Ly ; : A ﬁ photographs
/ i
' . i
\ \ ' FIt, 3 “‘ ”
\I ; by oy
\ : B i
TiG, 2 \ /\ i ¥ Apperent _ - ..o
\ \ I \ | position of
/ \' V! blended inages
\/ !
J |
ﬁ,Lﬁi;fﬁ . ;
b=.' L2
I
Fhotographs 'overlagped Fhotogreaphs geparated
i
i
4 B'B ¢ " B ar B
& . | ] ] ] Ll
Q
]
i
|
;T {
— = e s - - - S

Now lace a nair of adjacent photos so that the common areas are next to one
aunother. Shift one or both until you see some of the highlights double. liake these
coincide and the fused image will look like a relief model. Zeep looking as if you
were in the nlane at a great distance from ground until you can get the effect.

The mirrors or lenses serve only to scparate the eyes so that cach sees only one
wicture. A similar result may be obtained with two magnifiers or by holding a

- paper between the eyes. In these cases the common points in the nictures must be
eye distance (about 23") anart. It is -ossible to disvmenses with the paper. Put the
common points of two pictures about 2% inches anart. Slowly raise the pictures into
the line of sight with eyes relaxed (daydreaming). This does not injure the eyes but
considerable oractice is needed. The closer the eyes come to the nicture the better



-3~ 16-3

the stercosconic effect. Note thot 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 effesct.

Map location of wnoints. WOTE: Actusl construction done only for problem 16a
but 211 must know the prineciple.

The rays drawn from the center of the photograph (which was wertically under
the plane cnd is found by intersecting lines e@ither between marks in the
margins or ; the cornors) to objeets seen in the micture represent true
angles just as though you had sct up a planc toble therc and sighted those
points through ~n alidade, The map location of tlils genter or principal noint
nay be found by nassing the rays to three rocognizable points in the picture
which had previously becn located on the ground through the nlotted map
position of those points, This is merely solving the "threc point problem".
This orients the »hotograph in roespect to the map control. Now rays may be
drawn on tracing paer from the picturc center to un'tmown points, mainly hill
tops. Mark on each ray apparcnt position of point using o small definite dot
for each but extond lines. Nexbt comes the wroblem of corrcctly locating the
next overlapping photograph. Find its center as before. Locate this point
on the first vhotograph. If the centers are both at the same elevation then
the distance betweon them is the corrcct map distence, But if the elevations
differ a2 correcction must be applicd. Drrw the line betwecen the two centers
on your map, Usc this line to oriont tho tracing over the second picture.
Shift along this line until rays from conter of sccond picture to known
noints already corrcctly located nmass through tho map locations. Onc such
intersocction would be cnough to give map location of the sccond center but
lwo properly located off to the sides are much better, Note similarity to
blane tablc method of location of unknown point, You may also find corrcetly
locroted points such as section corners in the sccond picture.

Sce TM 5-230 pp. 188-212.

Show on your finsl map to nroper scole the locations of section corncrs as
given by U. 8. Land Survey. These will be your control points, Draw radial
lines from centors of cach photogroph to those on your tracings. Yhon agree-
ment on interscctions has been reached prick through proper mop loecations onto
your final shect. The chicf error in such "plane tabling from the air" is
tilt of the »hotographs, But compare it with orror in doing the same work

on the ground!



FIG. 4 Radial line adjustment 16-4
Thig shows method of
Fhoto 1 tying together photos

in the same flight.
There arc two control
noints shown, here
marked with triangles.
These have boon shown
: on final map undor-
1 Fhoto 2 . neath the tracing
~ ! paper .sheats with
= ! rodial lines. Note the
~ l points which are common
P b : ' to threc photos ns
; theso are very import-
e > - ant. The samc points
: , also show in adjoining
flights ~nd serve to
S : i | connect the two flights.
’ Center of Ploto 4 is
also shown
e s ol as in preparction to
» . : s ~ Sy extend the assembley.
- . ; £ Tk Note that line of
= flight is not 2lwnys
P hoto & straight. Scoc hor use
= - of slottcd temnlets
s rae S e would holp ~ big job
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onc. Sce following
directions for how to
mark centers of photos
4 ; (nrincinal points).

Bo surc to undorstend that dircctions hold over distences and that all lincs to a
certain location must interscet at some point,

In problem 160 the nhotos will covor two rdjaecent flights. Flights are commonly
mede going eit.uor north or south with nn ovorlap of about 30%. After arranging
the tracing -rner shects (tomplsts) you will soon ronlizs the sdvantage of the
slotted templct systom. This was at first donz with cardboard shocts cut with a
speecinl punch elong the radial linos. Thess sheets conecal the bascmap and arc
throwm cway when it is finished. Honco matrl arms which may be clamed into
orowr ralation to one m~nothoer hnve displaced cordbonrd. No templet nced be made
for »roblem 16 since it would add little to accuracy of results but n width of
only two milcs should be mapned to avoid distortion due to rclief and tilt which
affecets tho sides of the photos most.

Distortion duc to rolicf. Disploccement of points due to difforancce of clevation
abovo or below the nmormel or datum wlanc is rlong lines which radiatc outward from
the point verticnlly bslow the enmora. It is commonly assumed that this plumb or
nadir point coincides with tho conter or orincipal point. The actusl displaccment
dcponds upon the »roportion: altitude of planc, H: diffsronce of clevation, his
radial photo distence of point,R: displaccmont from true position, d. In solving
this notc that cach pair of torms must be in same units, for instance if H'=

14000 feet, oand h = 200 feoect, then R and 4 must be cxnressed either both in inches
or both in millimcters. In this casc if R = 100 mm. then 4 = 1.43 mm. and if h is,
above the datum »lanc the truc location of the point must be moved along the radial
linc toward the princinal point by this amount. See figure 5 on next page.
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Displacement of a point in photograph due to relief.
Note that such dsiplacements are along lines which
\\ radiate from the plumb or nadir point. ¥or most
H photograrhs this is not far enough from the center or
principal point to make a wmaterial error if the nadir
point is not known.
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Sotting wo photograshs. Even if you find your photos alrcady set up on a board
you,shoald undorstand just how this was donc. Look ovor the books of instructions.
The "principal points" arc all narized with rod circlos. Note tho marks in margins
s» corners which wore used to locatc these. If you arc using the Abrems instru-
ment you should mark the lino botween the prineipal points with a sharp hard
poneil, Turn the y dial (motion across linc of flight) to rcad 0. Placc instru-
mont ovaer o sheot of whito paer and turn up the right hand markor about 4 complote
turns. Thon adjust leoft hend marksr on its y axis until the two dots blend as one
when you look at them through tho lenseos. If you woar glasses you may have to
leave them off whilc working. Choosc »nlacc on tha board wherc the parallel
will allow tho instrumcnt to covor the common part of the pair of photos. Lay
down tho laft »hoto ~and turn until tho linc joining the contors (princinal points)
is on the limo of tho two dot markers. ©Staplce down loft corncrs of this photo.
(Dircctions s~y usc tanc but this moy causc more injury than do staples.) Now
sct the right photo ovar the left so thet whon loft marker dot is on prineipal
point of 15ft photo the right dot is on nrlncln“l point of the right ahoto and the
two lincs Joining the principal noints coincido. Anothar way to set up vhotos is
to usc front cdge of tho instrumont as a straight cdge; this is more rapid dut
loss accurate. Next look through the lenscs and sec that you get good stercoscopic
2ffeet without cyc strain. You may have to shift the right »hoto keeping it in
anme alignment. Whon satisfactory, staplc down temporarily ~nd flap over the
cdges to scc that thero is ro "blind svwot". Anothor shift may remove sueh, but
you mist not adjust without leaving onough spnce on tho x motion to allow of
moving the right dot by turning to 1cft to a2llow of placing it on lowsst points
on the nhotos. Distrence botwoon common points must not cxeced 2.45". Now
practice reoding from tiic dots. Whonover you loock at the dots they will bleond
into onc (unless too far apart). Practics looking ot tho ground at the same
time; thon whon the dots blend into on: it will apoear to touch the surface.
At first it is best to blink from onc aye to the other to sac thet cach dot
is sct ot the samc objoet in the two photogravhs. First try this on road inter-
scctions and othoer dofinit> points. Whon you have the dots coinciding meke the
dirl road O by turning its cdge. Study mnp of arce to find n roed intcrscction
noar onc odge of %he arca vhouc ylovation is known. 0O dial on it. Now shift to
othar side of the arza ~nd sco if you still have th: dots coineidc on an objeet
at noarly or ocxeetly the semo olovation. If thoay do not onz picturec is tilted
with rcspeet to the ethor. Effoet of tilt is l"ré ly, although not wholly,
clininatcd by following Abrrms mothod as doseribed on pp. 16-17 of their menual.
Stick a noodlc through cheek »noint on onc sido; then turn around this axis until
you got samo parallax roading at th: othor chock ypoint. Thon restaple. 4
tolerance of about 0.05 mm. is allowed in this nmcasuramont, othorwisc it must be
ropeated. Always check bac™ on first point agnin.
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If you arc using tho Fairchild instrument you will find it onsior to sct up the
photographs. Loeck tho narallel.arm. Then linc up left photo with the common
princinal »Hoints undor the senlc at tho back., Stanlc down ot once. Thon moasure
map basc or distanco botwoon nrincipal points in miliimotors. The corrcosponding
points on right photo arc thon lincd up in same way along samc straight linc and
its map bas> is moasurcd. Note thrt with this typc of instrumont you do not over-
lap tho photos. To get nromer distancc for stored vision do tho samc as with the
other type. Placc white paner below the dots and thon mako thonm band by usc of
the large adjusting knob undorncath the centar. Now romove poper and shift right
photo along thoe line of oricntation until you get good reoliof offcet. Be sure
the mieronctor is nbout the centor of its scale when you faston tho right nhoto.
Now nielr out points of known zlovation on tha two sides of thoe flight snd noke
tho some ndjustment as with tho Abrams. Noto that although the right dot can be
novad for y norallax thoro is no moans of moasuring this motion. Distancc botwee
comnon points is about 6.20" with this machinc.

Leasuring elovaiions. Aftor the photogronhs have boen jinially sot and you have
good storoo vision b2gin to practice measuring clovations. As suggested above
yoa can bost de this at first by blinking from onc ayc to the othar and thus
locating both cots on corrosnmonding mark in oach nhoto,

Parcllex cquation

] Line of flight a2
l / FIG. 6

f = focal length £ //

|

{ A
e ™ e =TS = L n
..ans f\\ . ens

\k (air base)
3
\
74

H | (altitude

\/

L
: dh
al Ground surface in2

= nadir or plumb point

Jl
= =

See 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 gyall compared to H. (on the two photographs Ba is represented
by b, the map or photo base which is commonly assumed to be the distance
between one principel point and the next. This distance 1s shown on both
members of the stereo pair of photographs.
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serlc ratio = £/H = focal lopgthfaltitudo : 1;;)%%7 )

dh is so small it may commonly bc noglecte d) 3
L4

dp 1 x :: £ ¢+ H, by scalz ratio, whonec x = dp.H/f (stri\% g)éakiu{: (E-dh) dut
)%ﬂ/}-z_,

also
dh : x 1+ E ¢ Ba, oy similar triangles, whonce x = dh.Ba/H

PSS ___MW,,,___L..._-G-"""‘"‘
cquating to 2liminnte x, 19 55(’ 54 5- )2{ 6 v

S
- 9 =
¢p.H/f = dh.B/H, honce dh = dp.H°/f.Ba __,’.5'--‘; 5
;’, "f 7 A R
but b on photo = Ba . senlc ratio orzBa.f/H Vi{j g 2 # : Fw i 5
5 ¥ e - / ) ; g b b_‘?;._.a"'fﬁ 5. a5
henes by substivution dh = dp.H/% g {'J;, Py g9

\ ;
noxt substituto for H its valuc g.f/p whore g = a ground distrnes, and p its ?# 2;-
longth in the vhioto and f = foenl Lomgth 24 P 2, —
Measurc p on photos, also b usually %‘ni o -

heneo dh = dp.g.f/b.o 2 4 9,17
Asgume dp = 1 mme, £ = 5280 4., and £ = 8,25 in.

in ordcr to balanco differcnt wnits of noasurcment cithor p op b pust be in mn. X
To chrnge mm to inches multiply by 25.%

Homee dn'= At " gt [ o.M op an' - 1715/b".ph o, 24 X
¥ 5"
{This dorivntion is roquired of 211 studants.) % ,f @ 4

A ‘g 7 f';
Finding the altitudco. EBEwven if you had the altitude “ftﬁ ' 1%1 photogrophs W, 73{‘3
supnosad -to have boon tz2ken it may not bo cerraet, £6 ?15 brscd on baromcg "7
dotorminetion. Most of thosc nhotograshs worc talkeon vith tho X-3B cancra whlg‘i"
Gad 2 foeal longth of 8 inches. Tho scelc of the photogranhs is oxprosscd thus:

‘; y ! £ ]0
Sealc = _foeml longth = nhoto distenes = £ = 1 i
nltitude ground distance B g e - B

Woto thot those ratios denand that beth terms be in the seme units. L
Solve for altitude and: ¥ b

.

; E (foct) = ground distonco (f3) . flin) = g.f 1@ qo %
77 Aol - 1 i : > ¢
& photo distonee (in) 4 D '3 O

Note that we con use two diffoercnt units beoecouse therce is only ono term of caeh \
above ~nd below the linc so thot the corrcetion factor canccls. N
We could cqually well use millimoters for both foeal longth and photo dlst“nco. 05- =

o 2
Exemples = 8 in.; g = 8280 ft., and p = 3.1 in. \ v
Substituting thosc valucs above altitude, E = 14000 ft. '\

Study your —hotos in comparison with o man on which !nown horigzontal distances "1

arc shown and comnuto flying altitude for cach. The seslec of the two photos nmay {7

not bé cxactly the sanc, ,'511#0 Vo
1-dneh = 2540 mn. 1 mm, = 0394 in. /ﬂ' 4

2 Ly o va 9. e

tﬂg:):zsﬁ.o 6"‘/0 .

b = 2 : w.,
7_.3‘/7{3’ ; an g
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Computation of diffcronces of clcvation. The formula demonstroted above rolates
differonce in parnllax on the photographs to differcnee of clovation, altitude,

and map basc. Tho latter is tho avernge distanco betwecen principal noints of a
pair of photos. It may be oxpressed cither in inches or millimeters. We can

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

difference of parnllax = 4iff. in elcv. . map basc dp - dh.d (1)
altitude H

-

Solving for ih,

b

<

dhz gp.E  (2) . Substitute for , Hg AL thon db = dneL (8)

-

If dp = 1"%, g = 5280', £= 8,25 " thon dh
e Z,o"p--..

{This form gives eithor faeet mer inch of »arrllax or foot per millimeter. Taking
3 = 14000 feet, and b = 2.5 inches the result of (3) is 5600 feet per inch or 220
foet per millimeter. Note that again different units may be used provided that
tiie conversion factors eancel out. Check these computations for your marticular
nair of photos. You con measure b in millimeters if desired. Next you must
realige that aititude, H, is that above the particular spot on the photo wailch
you are roasuring, TFor instence if there were a 500 foot hill in the photo
described above H wouvld be reduced to 13500 feet changing the resnlts to 5400
feet/in and 212 ft/mm resncctively. Although there arec tables which may be used
to compensate for this in TM 5-230 a simpler solution is to figure the walue of
dh for the average H over the photo, This may be used to dotermine diffcoronces

of elevation such as heighth of :ills above known low places. Using (4) if b =
2.5" and p = 3.1" then dh = 222 ft/mn. or 5650 ft/in. Compute dh for your photos.
Tou can nlso get results by measuring o known diffeorence of clevation on the photo.

¥ote thnat measurements uphill rogister on the Abrans machine by motion of the
rointcer in the-+direction. On the PFairchild instrument the rendings on the scale
inerease with clevation, thrt is increase toward the left. Commare this with
what causes hilltops to apoenr closcr under the stercoscone (FIG. 3). When you
measure you moy hnve to use the y motion to mrke dots coineide. This is a resultd
nf $ilt (see lnter). Tilt results in change of scale of the photos so thot :
corrgsponding moints nre displaced in relative distance from the line of flight
or line of orienteotion. In the Abroms instrument use the motion of right dot
only. Left dot is moved only when first sctting up the phctos. Study the scale
on the Fairchild machine. Whole millimeters sre marked on lower side of line
except for those which arc numbercd where line is carried across. Half milli=
meters are marlked on uwpmer side. Sinece the micrometer head reads only to 50 and
measurcs hundredths of millimeters you must add 50. to its rocading whonover a
helf »oint is Hassed. Continue nractice on rcading snot clevations. Base your
prrallax differcnce on clevations on roads, cte., on low ground not too far away
on the nhoto. If you try to measure over long horizomtal distanecs the effect of
even slight tilt will make results inaccurate. On the home-mnde instrument
parcllnx is mensured in thousandths of inches; divisions on side are 25/1000%,

on herd of drum 1/1000".

Drowing the map. Each of the mrchines is nrovided with some kind of pencil. See
that yours is sharp and not too hard. If you c~n obtain only faint lines go over
them with a softer pencil. Colorcd nencils (provided when possible) arc geod -

i Usa o shect of bond pnaner which shows a watarmark when held to light.

‘ It drawing board is rough nut ~ sheet of poorer paser below. Fasten down in

i position so you c~n map the arca common to the two photographs remembering that

)

|

1

you have to reverse the photos with all but the Fairchild. In tracing roads, »¢
streams and boundarics of dense timber usce left hend dot only. Loente dwellings
which at most farms are closc the road and more or less concenled by shade trees.

YTor this. Use blue for sireams, red for roads and houses, and green for timber.
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Do not ma> all farm buildings. You will hnve trouble in following somec stroams
becruse of trees, n2lsco in telling whot nortions of some strenms are now part of
the aetunl choannel, Dot all uncertain parts. how streams which do not carry
watér all the time by dash-dot lines. Last locate spot elevations. Compare
with the o0ld topo. sheets! All students will nalze a map based on common area
of one pair of nhotos.,

Contouring. The choiee of two methods of drowing contours is possible. All
books of directions advise sctting the distance apert of the dots to thnt for a
given level ond then tracing around the contour. This involves finding the
differcnee, dp, of »arnllax for a given contour interval. Tilt of the photos
nalzcs 1t neceessary to shift the sctting for different poris of the map in a very
complex mannor. Keeping the fused dots together is nlso difficult at first.
After wractice they should apvear to just touch the surface while looking at the
vopography and not cencentrnting on the dots. You can always moke the dots blend
1if you look toc hrrd ~t them plone. The other method is to mensure spot eleva-
tions and then sketch the contours from them checking with the stercoscope.
Combinatior of the two mothods is sugsested. Try to trace the 100 foot contours
first. Blink from onc eyc to another to sec thot dots rest on same ground point.
hange rending in difforent points of map in rosponsc to spot elevation date.
Then f£ill in B0 foot conturrs botwoen by sketching. GCompare your results with
the old mnp which was sketched from the ground! Last locate section corners
using the old mep as o guide. From these locate the lines ~bout % mile apari
which subdivide the scetions into 40 acre troets. Drow all those on your paper
making scction lines solid black nnd the other lines dotted black. Alsec draw a
line oxectily o mile long ~ccording to the scalo you found. Your mep may be
mresontod either (a) in peneil on origin~l »Haser or (b) traced in ink on tracing
wwner. 1f the lattor also hand in your sketch. First mans cover only the area
seen on both photogrophs of the pair. Contour interval , 90 feet. Roads
n2y be left as single lines but make branch roads dotted. Show also all dwellings
\not barns), strcams and swomms as far as possible.

(=

2

FOR 4 CR=DIT STUDEITTS
Problem 16a

Material:s Aside from that for problem 16, you need 10 shects of tracing paper
™ x S" plus » sheet of trncing paper ~bout 18" x 18%,

Introduction: 4 credit students will do Problem 162, man of 10 verticnl photos
lecnted in two flights, 2 portion at least of which must be contoured and all
comnlated to show ronds, dwellings, strenms, woodlsnd, swemps, section and forty
lines. The trocing paner nbout 7 x @ inches will be required for the radial

line plot and larger sheet for finnl map., TFirst, make the radial line tracings
t~king linos from prinecipnl point of ench photo to n1ll section corners, other
principal noints, and to such points common to the two flights as noccessary.

Drow fine accurnte lines and nrrk the picture loentions definitely although lines
skould extend Lhalf an inch boyond cach. HMark photo number in same position as on
original. WNext lay these trocings over onec another to get trus lecations by
intcrscetions. Make lines between orincinal noints coincide. Assume thot N-S
township lines ~ro straight. Apply s-me criteria to nccuracy of location os

with plonetable. When you have a satisfactory sdjustment, disregarding the ap-
parcnt loeatlions on photo, tope or staple your assembly togethsr. Then lay it
over the master sheet and prieck through the revised locntions. Remove overley
and mark each prick noint with cross for scetion corncr, circle for principal
points ~nd other locations. Place photo number ot each prineipal point.
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Drow in the scetion lines on master tracing. Next subdivide each section into
40's using solid lines for scctions rnd dotted for subdivisions. You now have

an accurate fremework to which sketches and trocings of ecch photo may be fitted.
Last use the stercocomparagraph to make a contour skotch of not less than common
area of two storeopairs onc in ench flight. Adjust contours between the two
flights as secms best. Do as much contouring as time permits; if you c~nnot
contour more thon minirmuam finish rest of area as a flnt map. BSubmit your sketeches
and overlay with the finsl map. This may be comrleted either in pencil or ink.
Use green eroyon for woodland.

Effect of tilt on verticrl nerinl photogrophs

Iatroduction. As noted above, few photographs taken from planes and intendod to
te Truc verticols srz suech in faect. DIfforts to econtrol wertleallty by levels,
views of horizon, gyroscopas, ote., have failed although it may »rove practieable
to indiente the plumb point by o spot of light reogulsoted by a gyroscope.
Fortunatoly tho angle of tilt is rarcly over 3 degrees from vertical nnd can
safely be nceglected for radial line construction unless the topography is very
rugged with high relief. A tilted photo has the same perspective as a very low
oblique as cxpleined in Problem 17. UYote diagrams on following nage. These show
that tlc side which is tilted below the position of an cquivalent vertieal picture
ineludes n smaller area than it should and is cxpanded; the conversc 1s true on
the othor side, thnt townrd which tho prinecival wmoint is displaced from the plumb
or nadir point. Midway between the locntions of these two points is a line where
vhe equivalent verticnl photo intersects the acturl nicture. Only nlong this line
which is perpendieular to the prinecipal line is sealo trus.

Fig. TA See next page

Distortion of a square when tilted
along a diagonal line.

// “‘x\\\\\\\ True shape borken line; shape in photo
shomn as solid line
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f Down
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FIG. 7 Geometry of ~ tilted photo

: 0 = principal point

n = nadir or plumb point

i = isocenter or center of

distortion

displacomeht

angle of tilt

foenl length

angles between line to a
point and line %o iso-

conter

’;Ti\jctual photograph
t ;

& Equivalent vertical (same f) or
lire parellel ground.

Section on
principal plan

e
i

Lower side

IHE el

Note thet the tilted photograph

| mgkes a rectangle on the ground

l eppear too big on lower or down
side and the converse on upper

Axis of tilt
l side (here to right).

Up
| A = angle between a radial line

| from isecenter snd the principal
line.

Tesrivetion: (required for 4
| credit students)
Vertical displacement of point
la' is 1a ( o ib) sin t
0 | Horizontal displacement = vert.
: , : : displacement tan B Since
nger side expanded; Upper 31d§ comp~ tan B = ia ( or ib) / £ then
| displacement outward | ressed; displacemgnh
from isoceneter in toward isocentdr | d = ia (or ib ) sin t /f and
| ginm B = ds f/(la Whenc% dlS-‘
tance no = £ sin t /(1a )

Prl?clpal Iine o

See Fig. TA on last page for
effect of distortion when
axis of tilt is diagronal to
E sides of a square.

Displacement olong o line radinl from isocenter = d/cos A

Displacement ~long linc porpendicular to »rincipal linc = 4 tnn A

Note th~t displrcements nre nromortional to squar: of distrnec from axis of tilt
but ~rc olong lines rndi~l from isocenter: Displacements due to relief are radinl
from plumb (nadlr) point. Therefore, there is no singlec »nlace on a photographfron
which both tilt ~nd rclief c~n be correctoed. Fortun~tely, error due to this fact
is small in most cnsos when the tilt docs not excecd 3 degrees. In country with
high relief, measured in thousnnds of feet, it is nccesscry to find the plumb or

nadir point for radial line construction.. Notc c~refully the distortion of a sq.
aue to tilt. If axis of tilt diagonal, squarc is "skowed'.
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no relief distortion)
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See next pege for explaination
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Figure 8 shows results of tilt of camera axis in successive photographs. &, B; .
Centers (principal points) are designated Ao, mo, C0. It is assumed that 4 is
exactly vertical with the plumb or nadir point coincident with Ao, The rectangle
1, 2, 3, 4 1s correctly shown. (enters of adjacent photos are shown in every
case, TWhen set up for stereoscopic examination these are aligned along the line
of flight or x axls vwhich is horizontal in the stereoscope. Distances perpendic—
ular to the line of flight are called along the y axis. Fhoto B is assumed to dbe
tilted along an axis parallel to the line of flight, As explained in Fig. 7 the
rectangle is then distor=d into the shape shown by solid lines (its t.~s shape is
shown by broken lines). n = nadir point, i = isocenter or intergection of axis

¢ $ilt with a nlane passing through both camera axis and plumb line. Note that
voints 1, 2, 3, 4 are displaced along lines which radiate from i (see Fig. 7).
Distance of 1 ia y direction from line of flight is al, of 2 = a2 Displacement

oi 1 frem & line through 1 In 4 is 41 and of 2 = d2 both measured in y direction.
g2ch mecsuremcnts ar: made with y dial on Abrams instrument; the pairchild has
no graduations on its y motion, Photo ¢ is assumed to be tilted along a direction
verpandicular to the x axis ( along y axis)., nistortion is shown by same method.,
Tspiacements from lines parallcl line of flight, d1 and d2,are measured in sane
vay. y distance of Z from line of flight = a and x distance of 2 from Co = b.
Angle A is determined by its tangent a/b. Note than tilt is demonstrated when you
have to use to y motion to yyy dots on ctrresponding points in two photos. Cases
¢f tilt along axes in other directions than those shown by be resolved into com-
ponents along x and y axes. Displacements.due to relief are sesumed to be absent.

Correction of parallex errors due to tilt. Then a pair cof everlapping photos is
ot up for steroscopic examinaticn the average value of 'dh must be found first.
Znown elevations should be present along both sides of the common arsa and nearly
“pposite one gnother. Tlevations of 1, 2, 3, 4 should be known., Tots are set
¢n 1l and 1 in pheto By the effect of difference of elevation of 1 and 2 is com—
suted; the x dial is reset and checked on 2 in A and 2 in Be Phrto B is then
1nosened and turned until this distance checks, (Abrams method).™ This adjustment
will (unless the crrer was due only to faulty determination of centers) serve
vnly to correct reading na relatively narrow area betwecen the two correction )
points, 1. e, an area extending in the y direction, A different i+, position
would be needed for points 3 and 4, Hence it is well to use tape c¢n right photo.
Error due to the component of tilt on ¥y axis is not affected by this methed.

¥
{easurment of relative tilﬁﬁ Fig, 7 shows how it is possible to compute the
displacement of the nadir point in both x and y directiecns with proper signs.
In Fig., 8 displacement left (below) line of flight is =~ and above {or right}is +.
Displacement of n above or left of principal point is — and below or right is +.
Photo B shows a + displacement in y direction, Such a displacement is called Dy
and 1s equal to fssin 9 gince sin t = dnf/a2 it remains only to find a. This
must be the average of the two a's on T because we do not know the position of the
axis of tilt. This average value corresponds to ia or_ib of Fig. 7 and hence
d = (d1 + a2)/2. oy substitution On = £°(al+ d2) / 2a° Note that since both
dl and 42 are to right in B of Fig. 8 a positive value will attach to result., If
the displacements had becn the other way the result would be - indicating a nadir
point below (left of) the x axis. In photo ¢ the tilt is aleng a transverse axis;
dl and 42 are both measured along the y axis as before but one is - and the other
is +s In this case we must use the average of dl ~d2 multiplied by the
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tengent of the angle A th~t is by a/b. Now to obtnin this average value for
d we must reerll thi~t the displocericats are opnaesite in sign ~nd thnt we must
therefore use their algebraic differsnce. Thus d = (dp - dg)m/Zb Substituting
and cnncelling ~ above and belov the line it nnvesrs thot Dx = £2(dy - dp)/2ab.
In the easc shown the alscbraic sun »>f tile y displacenments is negntive and the
nadir nHoint is dignlaced to the left or baclkward on the line of flight. In this
nanner the x nnd y displocenent componenis moy be found ~nd thus the rel-ative
relation to the photo nt the loft (earlier in the serics). But since we hove no
nowledge of the tilt of thot ohotwg“”pa the solution remains rel-~tive until the
nissing datn is suoplied. Then relasive tiits may be earried forward by
slgebrnic differcnces. This muuhOQ is deserived by Von Cgup in "Manunl of
“hotogromnetry," pn. 290-302. Fossibly we could make a true drewing of an area
based on & grouna survey. corrected to relief distortion and platted to puoto scalle

The follow1ng ticthod is adapted from one by TAGLEY, »p. 180-192, nodificd to use

o reetgle (or squere) formed by one or more sections of land. Becnuse most
pericl ol otograp s were t-len by flyirg ~long ~ N-S scetion line it would be best
to use n »pair of ~dj-cent scctions enst ~nd west of the line flight. It is
essentinl to have the prineipnal point well inside the aren uscd. True dimensions
~nd directions of the sides should bg checked by ~ ground survey with nl-netable
or othorwise. Elevations of e~ch cornsr rust also bg known. Also foeal length of
eomera in inches. ©Stops in construetiosn follow.

(1) Loe~te both on nap ~nd photogroph the principnl noint uwsing rrndi~l line
construction with fornocr.

ind the averrsme scole of the photosreoh from » scetion line nerr the princi-
al point ~nd compute elev-tion, H, by usu~l ncthod. H = “/p, where ¢
g a ground distinoc in feet and p the same on photo .in lnchcs.

g &

e K

( 3) Compute disnlacement d of all cornars to ench pl-one passing through elevation

of the lowest corner. 4 = “.an, where b = difference in fest elevation of
point considered above lowest corner, and R its dist-nce fronm prineipal point in
inches. Move the high points in toward tae principal point ns the isocenter is
ng yet unlknown. See Fig. 5

(4) Senle, in inches, the four sides of the quadrilaternl as shown on corrccted
photogravh (notediagrom); s~lso distonec of ench corner from the
princinal point. Also obtain correspcending ground distance in feet from map
and fisld detno. cee Fig. 9

(5) Revise the figure for altitude E = (L°) from the fact thot LO:A%:: fine!
whence L°! = f" A o!f [ nd" aooroximntely. Use menn vnlue from four solutions.

(6) The four trinngles embracing lines from L (position of plane) to each corner
of the figure e¢~n now be dr-wn to map sc~le (prefercbly lorger than photo
scnle) . Include correspmonding lines in the photograph., Renenmber tht plane
of photo is normnl to line (I°) tc nrircival noint. It will now be noted that
since f is the same in =11 triansles the lines representing the plane of the
photograph will not be pnrallel to the rround. See Fig. 10

(7Y Sow we hnve the dntn to construct trirngsles for ench of the four exterior
gides of the pyramid malking tho ground line stroigsht. It is not normal to
Yine L°%, See Figs 11

(8) The next step is to mass vertienl nlanas throuch ench apex of these triangles.
The intersection of these plones with the outside of the pyramid are normal to
he ground line and ench will pass throuch the line (ILn) from L to the madir
point. See Fig. 13
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(9) Next use the map ~nd dr-w on it lines normal to onch side at proper distances
fron eroch corner as shown on bese of cach trinngle. These lines should all
intersect ~t the nndir point, n.gee Fig. 12

(10) Transfer this nadir voint to the photogransh by trocing paner solution of the

threec point vroblem. Locntion of isocenter ard nxis of tilt are now known.
" Angle of tilt, t, mry be computed sinece tan t = nb)/f.

—

|

TR

S

L (lens of camere)

// H (map scals)

o daan oo
e

map. (larger scale

|
i_ﬂ_A!
0
|
than photo)

Fig. 10

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

length of camera H = altitude of plane

Pyramid 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 &BCD = map  1s necessary to make them inclined which
on scale larger than thet of photo. indicates tilt of the phutograph
Zecause 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,
»' = 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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L \/ | '\/

Fig, 11
Four sides of the pyramid spread out with base or
ground level as & straight line. ©ies 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 the sides of the pyramid of Fig. 9 Each
; D of these planes must pass through the plumb line
e below the lens position and hence the nadir point
on the map. These planes are not shown on Biga
9 excert where they intersect the ground or map

n plane,
i
B c
Fig, 12
Map to scale of the area shown in Fig. 9 showing how the nadir point n is
located by the interestion of vertical plenes through &L This position

aey be then transferred to the photograph by the tracing paper solution of
the three point peoblem, 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 country. Location of the nadir point aids in
drawing radiel lines. It does not aid in tilt correction where displacements'are
radial from the isocenter.

L 2



~17- 1617

Rihn's method, "Mrnu~l of photogrammetry", 1944, »p. 274-289.

Introduction. Rihn's meothod is based upon three noints, prefornbly surrounding
the princinnl point,whose elevations snd true distonces spart in o horizontal
plane have been determined by o ground survey. It is first necesscry to find
he location of each point in n plane ~t level of the lowest of them. Find the
orineina2l point. Mensure dist-nce to ench control point. Compute displacement
by formula d = (diff. elev.) x (r~di~l photo dist~nce)/(elevation of nlone). 4
point 200 feet above dotum a~nd 100 mm. from principal moint is displaced with
photos tnken nt 14000 feet (200 x 100) /14000 = 1.43 mm. outward. Thercfore the
loc~tion to be used in correcting tilt rust be moved by this ~mount townrd the
prineinal point since the isocenter is as yet unknown.
Mzthod.
(1) Select the throe points. (2) Sct dotum olane ~t lowest of them.
tS) Com-ute clevation of nlane from senle = foenl length / elevation.
(4} Compute diswlacencents. (5) Locate nosition of e~ch point in datum plane.
(6) Mensure in inches or ma. lenzth of ench side of trinngle = P.
(7) Pind the actunl leongth of ench side in feet or meters = G. :
(8) Cnleulnte szzle of ench side from formulo § = P/B. The different senles of
each side are shown ~s Sh, Sm 2nd S1 as ratios.
A, B, D= the tireec :
control noinus ffﬁQS
N

= plumb or nadir pnint ;;/
N,

isocentor
= prinecipal noint

Do
i

PIG. 13

"TLine of constant
1]

(9) After findirg O (prineinal point) dron pervendicul~rs from it to ~1l sides of
the tricngle. Mecsure distonces L, M, N. DNow lay off the snme dist-nees from
the opposite corners of each side of the tri-ngle. These will glve "seole
points™ h, m, 1. If the nerpendiculzr folls on an extension of tho side of
triangle then lay of f an oxtension ~t other end. In every cnse the midpoint
of the dotun line is midway between the foot of the nerpendiculnr ~nd the
"scale point!.

(10)Find ~ point "a" on linc hl from formula ha = h1(Sh-Sn)/(Sh-S1) where S with
subscripts refers to the sceole ot the throe "senle points'.

(11)Drow ma, the "line of const~nt scrle", nnd dron ~ nerpendicular oc to ma from
the nrincinnl point 2nd ~nother from eithcr h or 1 whichever is longer.

(12) Compute rnte of change in senle, dS from formuln dS = (Sh-Sn)/hb.

(12) Find thc sele nt o from § = Sm +(02)(dS) when o is on snme side of ma as h

or So = 8m ~ ('62)(dS) whon o is on same side of mn as 1.
(14) Find the nnglc of tilt, ¢, from formula sin t = igﬂﬁ wvhare £ = foerl length.
; S
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(15) The plunmb or nﬁdlr point, n, is on the linc oc on the side of o tow~rd the

hishor senle em = f.%7n % ~nd o = £ %~ n(t/z) which places it almost holf
woy between n and 9.

(16) If the tilt proves large ropent ~ll stops substituting p for o in Step 5.
Then Si = € -7,i)(d8) in atbe 14 ~nnd H = £/(S1i) in Step 3. In Step 4 4 =
(1.R)(f$x sin t)/(E.f) 4+ on nodir point side, - on »rincipnl point side,
and x = perpendicular distance from inmage noint to axis of tils. If h is
less thrn 150 feebl omit this corrcction.

Exnomple of o comsut~tion:

Point Blevakion B, I, By in, gy A,
A 592 i 3.90 L8 h = clevation nbove dntun
B 809 288 2,91 .06 R = distnnee from nrineinal pt.
D 321 0 = .00 before corroction
d = corrcction for relief

Line G, £%. B, i S = P/& Scn~le Line

AT 9574 B it 648.65 S

BO 8694 5.74 645 .42 51

DA 10398 65.80 653 .98 Sh

hi = 2.78" heace al = (2.78) (323)/(8.56) = 1.05"
hb = 1.428% (serled)

ds = (65 3.98 - 648. 65)/1.42 = 3.75 wer inch

0% = Ocr

o= 648.656 - (0.52 x 3. 75) = 646.70

5in t = (B8.87 x 3.75)/646.52 = .0D4796 + = 2 45!
om= 8.27 x 0.04798 = 0.397 in.

51 = 0.20"

Sunnary, A comrfon way to allow for orrors in pavcllax nesstroment dus to tilt is
w0 dr~w o grooh of urror =g described in T. M. b-230, Hp. 255-254 ~nd Bagley, pps
198-199. This mothod of chonging the set of the noints for error in parallax is
cyplienble only when following contours. It has often boon observed that the
mere lktnowm elevnbions the naro cotplex the gerph, whieh secens Lo indiecte thot
distortion of the photsgraph in developing and nrinting is an inportont iten.

The only renl ~nswer to the $ilt Hroblem liss in the use of one of the »lotting
nachines such ~s the "multinlor" projoction mcthod where the position of tho
photogravh is shifted until it s-~tisfics the ground control. For less expensive
m~chines the bost snswer lies in the Abroms method plus limitation of the aren
used to the center of enech nhotogronh. This grently reduces errors but obviously
the aore known elsv® tJons there are thc betteor. Elevation differcnces should
~lwnys be me~sured from 'mown clev-tions ns close to the noint coneerncd s
posgible. Mo conaut.tlnns af ﬂbsalu g oT rolative tilt will be reguired in
Problom 162 but you must understond the princinles involved in order to snswer
gugstions in the finnl oxnnin-fion. Sce gpecifictions for final noy given ot
stort of Problem 16a. Be surs you incluvde senlo nnd nadir point.

HSO"



GEOLOGY 11
MaFFING
Frobleu 17, cdition 1943 (eldl7 now cowubined with 18)

Objects To draw a map fora coblique aerial pthotographs

Materiels; Hcord pencil, erusery; scele, nagnifier, triengles, trecing porer,

one or aore photogrephs, umeps of area shown giving control data, white paper

Methods Photographs nay be teken frog the air with the exis of the craern
tilteds  If the tilt is not for from verticel the phitos are called "low
obligues";-if the angle is net faof Pros horizohtél-they are “high oblicues”.
Note thut the refercnce is to verticul snd not to horizontel In this.

Low obliques can be chanjed to verticuls by use of a specicl printer. This
is reguler proctice with :ultilens ceiiers which take both verticels end
vbliques ¢t the saae tines. Hhigh obliques cannot be treated thus but-are
often used in reconncisencoe me}ping because less flying is needed to cover
& given arco ond the requircients for flying are not go exacting.

Geouetry of sericl yhotos. The trensforuetion of aeriel photogrophe
into acpe is a problen in sclid geoastrys Study the following eloscly as
several published jepcors contein errors. Every photograph is a rocord of
horizontel snd vertiewl angles which could hrve been deteriained if an
alidade ond jlanetuble had been ot the plece of sxposures From g given
spot in space all ioints having the scmac horizontal angle (equal to a
single ray on plunetoble) lie in se.ic vertical plene, &ll objeets which
have seue vertiecal engle lie on surfece of ¢ cone whose gpex is et point of
observation. Try this with & telescopic slidade. &s you sight at points
along one ray you aove the telescore up end down in a vertical plenes If you
set it to say 10 degreos above the horizon and roatate it to difforent
directions froa the plansteble you have described the surface of o cone.
The three dizgras of Fig. 1 show the differences betwecn jictures token
with axis of couera horizontzl, with it vertical, and with it ineclined at
an ongle between these two extreues.

i s B ;

o |
e —— [ 5=
T
Horizon ﬂ
s 4
d--‘-"""w—._-

Losme
... ST S S

FIG.1

Lines of equal cngles Lines of equul engles in  Lines of equul angles in
in horizontal photo obligue photo vertical jhoto

See Froblea 15. Sce Froblea 16

Note thet the obligue is trinsiticncl betweon the other two extrescs, The
ground included is shajed like ¢ trisngle with one ond cut off.

«It is higlily desircble thet tlie Lorizon show in an oblique but this is not

elways possible bectuse of weuthor conditions or topogrephy. The line on
the level of the jlane is eelled the true horizon. It is found wbove the
apporent horizon et un angle in ainutes sliost exactly equel to the square
root of the elevation of the yplen¢ in feets Center of picture is found in
scuic way ws® with verticulse: In yproctice the eccnere may ulso be roteted
sideweys arvund its exis but this has no effeet on geometry of yhoto.
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Ficture plune
)

Truc horizon —mme—— s . o N
CUlputed - o e s
" pa 3 v rlg ¢
apparont horizon-y : e
¥IG., 2 :
Verticzl scetion through center P -
of an oblique photo : ;
Center_? : !
"Point scught" is = locetion which : 4 : ¥
is degired. The true point is on So k
& plens «t right cngles to the plene of o U,
the section end intersects the picture Point-sought ————r—
plane alon: o heorizontel line., Vertienl b
yrojection of the point to plens of true
horizon is :lsc shown. The picture plane 1
aeets the plwib line below the lens et the e
bottou of the disgres. n
e RE PR ] = . s N A iz ¢
Lens to picture ylhgcllh hffl%uﬂ-llfnbu “ Edge photo G
focal length divided by éesinme. of angle of
tilt,
Lons to junction of yluub line and ;icture planes ;
focel lbngt%§ividud by minc of engle of tilt, "
FIG. 3 .
Intergection of horizon gnd picture ylancs. 4
: Centor ‘ilene . jKey to joint sought %
Y ; cute horizon / / 3 § ‘)
. . 4 g . I
1 ‘ ; 3 : o
i G : : : 2 H i
% “. : _.' / ¢ :
' o ; ——"wqaumuimfrfoint sought is vertically below here.
S e ¢ o4 Bdze yhoto
. usaama el o o ety here below plene-see Fige 2
". » :‘ '_' _'ff ."
G S Figure 3 is o top view of Figurs 2 shew-
" S . 4 ing releticns in thc plane of lens end
gL T true horizon.. Here a ray .my be drawn frow
R B4 lens through peint verticully sbove the point
gl sought. But this is not & precticable way
e to draw such rays without soue other con-

struction.. Distance frou lens to intersec=
tion of true herizon end picture plane = focul length divided by cosine of

angle of tilt, Note that true sngle of depression to point sousht uay be
found frca this diagren co.bined with Fige. 2 as expleined leter.
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The following principles mwust first be understood. (1) As & reference point
is required for zngles these :eesured on the mop will be taken froa the
intersection of a verticul plance through the lens and center of the photo
with the plane of lens and horizon, (2) 4ll horizontal angles to be shown
on a wp nust be mvasurced either in the horizon plane or e horizontel plane
perlel to it, (3) *he vertical angle froa lems to point sought must be
aessured in e vertical plane rossing through both of these points.s It is
evident thet we caonnot chioose ¢ point in the plane of the phote end use it
to drew gy reys to poinls shewn if such peints are et different cngles
bulow the herizone, Yhe following disre.a shows scae of the prineijles,

True horizon

- corgamus mmme vesed e sm camvenr cenar s B el e

apperent horizon

Center T /

e meee; Podnt -gought

v

Bdze photo ; /
S e iins L e B RS e f..
. et
FI(J’. 4’ i /'
High oblique photegrajh shown ' /
in plone of the peiture. : /

“Truelgerizantal engle to point soughts

T b dar Taid i ok e S - % ;
cita LPue snd r_.&._i.\.«.rbnt AOTLZ0N / drawn thro :h this }:Jlnto aﬁ'@

ines are show 5. solid . . . .
ll““? are ?“”“?‘-_*h“ s°ll% | horizontel line frou yoint scught
vertical line is intersuction / to plumb line in Fige 2. This
with = vertieszl vlens throu -k N o : o
with « Yurtlccl ylenc throulh. point found by scaling on Fig. 2.
leng and center of. ghoto. dhis
is the plane of Fig. 2 Kote i ]
thet true horizon is CC Lit i f
to ell threo diegrans. the B

golid line drown fros inter- =
section of picture jlene and !
tluab linc below lens through -

point sought is NOT the ray to [ Interscction of ;luib line and ricture
be drawn on the mzp froa jloanc flane in Figs 2. :
logation to point sought. : -

although the solid rey sbove is not eorrect for o mop ray the true angle
ewey from centsr line of yhuto ecan be found by trensfering the distance
be#tween the two roys on the true horizon line to Fig. 3



edition 1943 17-4

However, this sclution is not zlweys possibles The lower tlie angle of
tilt bclow the horizon plenc the longer becories the verticcl line through
center of photo to intersection with jlwib line belew lens, 'This distonce
would be infinity with & picturs tukon with horizentel axis. & better
sclution is teo figure out the uistence from point sought in the photo
tlene to place fro which true horizomtal angle wmay be drawn to get a nep
ray. Firet the pcint sought may be connected with conter line by & line
parllel to the horizone hoen Figs 2 cen be uged Lo scale the correct
radius for this particular point ws done in Fig. 4. Crone's greghical
sclution is uwuech emsier und is expleined belcow.

True horizon

...... A R N PR e S R R e ..m-.,.\....-..-.._.,..-,u,'..‘. AR
apporent horizon ¥
’r i
s 1
! P
i ///
o
Center: - Mep .
ts true : re,

horizon ! .

Center

Photo edge
FIG. 5
Crone's nethod of drawing
Agp TayS.

Lens ¥ Conter froa wbich map ray is drewn

Crone's grayhical szlution. Crone's nethed invloves drawing a right

triangzle; one side (herc &t right) is equel to foerl lengthg the side

at right angles (here upper right) cquals distence Of photo center

froa true herizony third side equals distence of horizon line from lens

28 in Fige 2. Note this is the sane triongle as above cmiers oxis (foeal

lenith) in Fize 2. This trisngle should be laid out on tracing celluloid.
The top side rnay be extendod when necessary. Lay the triengle so thet the
long side is olong the line showing intersection with picture plene of w
vertical yplane through center, that is the line on which Fig. 2 is drewn.
Next scale distunce in picture pline of proint sought froiz true horizon,
Strike = n arc whose center lics on the upper side of triangle(here
extended) and pesses both through center line of photo ond just touches
true norizon. The apex of the trianglc is now in proper place to draw
a aap roy through point sought.

Other solutions. Other solutions of this problen: heve been used
which include both graphiecal end weconicel nethods. Seversl plotiing”
ingstruasents heve been devised whick souzewhat rescible telescopic zlidades.
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With the ingtruwients the jicture is set yp in jrojor relotion to wmu}, that
is tiltod just as taken. (Sec Fig.2 ) "hen sights wre teken on it with
& telescope or other siuiler dovicce Tht .inchine either wasures angles
in dogrecs or plats roys on th. drawing board.

Locoting position of plane. The ey josition of the plone et instant
the photosrsh was tiken Loy be found os soeon os threc rays tc objects
whos o :6) loections ore alrcudy known cen be drawme Thesc eocn boe platied
on troedin; jerer gnd the shoot of oy er shiftcd urtil eceh Tey posescs
througi the known locctione Foint fro. which rays were drewn cen then be
vrickec throush ombo the pp end is the | oint vertdeelly bolow the [lence
Onee this locrtion heeg been found reys to unknown pointe ean be drown.
when cther | ieturcs jive roys to the seuc jocints locetions are secured by
intersection just es in }rjbﬁu‘ 15 or with e j}lonetcble,

Yertiecl zun-les. In oricr to Fisd elovetion of the tl‘nb (srny record
furnisied by the (hotogriiher was beseld on gnorsdd rocdings) we wmsid
dunpire e vortiecd o “1ua to joints of knovm elevetion whose locction is
slso krotm on the L)« The angle .mst be found in the vertical pluns
ragsing throuzh luns end j oint souchts. No cuick ond seay Sulutlon S€€e.1s
t5 heve bewn jublishuds It is necgssery to. druw beth Figse 2 and 3. ‘hen
the aistence frou lens to o point verticelly abeove the point scught end
the ver’tic&l aiglance of }Ci.'l"i't s:ut;ht bC:L'W horizon 1‘1&1‘10 can be foundc.
Knowin ; thse twe siues of a« right trizngle the angle sousht can be found
oJrephiecelly ss in Fij. 6

Luns HRorizon 1 lone oy distance to here
£ s R e 9 N
%, decled fraoa Fiz, 3 1 } 5 D W
: ot
Vertiecl an;lau\\\ 35 i
G
y |e :
/ | £
F P 8
\\ v/ l J e
\ .f/ ‘ 4
S / | &
| n
T 3
FICJ‘- 6 ! = c
Deteruinction of vertical | 2 ¢
angle in verticel plene throush i Fige g
G T S S0 ST e Yan : | .
1_.(:138 ond i'.:.Ln‘L z;,-uh_ﬂ‘?., t...lb_.' 14;_)1n't sc.ut;i'rb o
differeuce of elevition plene to ' f
point sought. e
e .
Note how aap distence is slso plotted e L
to obiuin differcnce of elevetion to uep Y o
scalcs Coapare with Froblea 15. In finding \\\ ¥
elevation of ;lune profercnce shmulu be siven \\\ &
to points with as sumll & vertic 1 onsle as possibled ?
e i
k. )
- 3 s .1 5 3 my (23] 3 \ n
Cencdien .rid awthid. The Topoorejhicel Survey of 5
Cunade. devised o .wthed for reetifying hi h. obligques of x

nceorly flet country which dejendas upcn tho erdinery jrincijles ™~

of pursipcctive, In Fig. | the clovation of the plane is shown to AP

secle but tho jicturc llunu is shown et cctual foenl length distance in
front of lens jositicns Ficture pline is extended to ueet the _round.
alon: line of interscetion with ypround jieture and umep scales are the same.
axis of eaiwra is elsc prelonged to ueet the ground, Equel intervels on
cround are lai. cut to mep sealc both boyond endd bock frea placc where
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Lens True horizon

apperent horizen 5
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S I lane of yphoto

o
Center.: . -

o o L L R
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7§ﬁnct10n Greund hkis
FIG. 7 Vertical section throush exis of cumera
Truc horizon Vanishing point
(]
i
if
!
i
!
<3 5 5 S )
- , Juncticn line, S0
A £ / ‘ aed i A | A X ; o >

verticel line
FIG? 8 Construction of persgpective grid in plene¢ cof photo.

the axis of the camers intersects the level of the ground (fiz. 7). Next
connect each of these points to the lens jposition ws shown by dotted lines.

in Fiz. € the plenc of the jhotogreph is shown, The line aarked "junction" in
fige 7 is drawn and intervels equal to those shown on the ground in Fig. 7 ere
leid off on both sides of the vertical line through the center of the photo.

The intervils deteruained vbove are then laid off on this line. Lines parallel

to the true horizon are drawn through these points. *hen lines frou the points

on the junction line are extended to onverge et o vanishing point at the inter-
section of the verticsl line znc the true horizon. Each figure foraed by crossing
of these lines corresponds to & square on the ground.. To ley out this figure we
aust have both foeal length of ceouer: and slitude ot tiue picture was taken.

It is best, however, to check the srid and see if it shows known points on the
ground in correct relation. Such known or contrel points are shown by dots sbove.
Draw the squares onc inch to e side and then sketch true cutline of luke.

S Dy e e
Yiesudae

=T
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Us Se¢ aray method. The Us S, aray asnuals doscribe a lethod of drowing
meps froa obligues which involves finding four or zors poirts in the picture
whose wap locetions cre known. The dig;ruis bolow show how thic is aaue use
of . Gpre shoulu be taken not to draw toc asny trisngles so thet they will
be confusing. With only four known joints the princijles of perspuctive are
useiu and two vanishing points cre found. 4he work hes tc be uone on & sheet
of treeing paoper considersbly ler;er than the photogrzih,

Py ' FIG, 8 aruy nethod of
S s a e e R R e Rl e urawing uae)y froa cbliqus
+ Bdge jhoto ,;':P" ' ! yhote with four knownm joints.
cuR ; Nete two venishing joints enu
oo et : : how triangles were drown.
" : The points ere shown in
! correct relaticn below and
! the saae triangles
: were drown. v g

‘:";ﬂ": '-'-."_"'""" :
A ae :
b
- soh L o 1 g
»
. L
; % o, ' “b
| B= 3 e '
| (/] :
l‘ ) =y L.
e T ‘
i e ' = il
1 : B e :
L e L]
% - s . L k.
S -"..‘F 5 G “'-D -5 «C
F =
: B ; L€
’ : = =
: = £ : I :
: e o : . -
%" o : i =
Edge jhoto e 23
FIG. 9 aray waethod where 2ore than four known T o “n ;

joints are prescent. Draw more triengles on the photc end then druw zll the
triengles on e shown at right. Whet kinug of country can this method be used
for? WVhat edvantogé over cther Lsthods has 1t?

Reforencegs Sce list ¢t end of jfrcblea 16. also Trorey, L. G., Survey by
high obliquoss The Cunadian plotter and Crone's grephicul solutions
Geograprhicel Journal, vol. 100, Li. 5764, 1942



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

hich, J. L,, Photogrammetric Engineering, 1947 H
T o &
e Line to horizon at H Hiavation lonp sopis) G/
T~ Ground line et map scale

Ster 1. *raw a vertical cross section

through principal plene of photograph. ~—_f= 6, 7" RSN

4 1
Meke Hp = distance scaled on photo. Scale HG \\H““ﬁﬁnaauhﬁ‘ e

Step 2.
Lay out parallel lines fo //
horizon &nd ground line at ;
proper dissance apart for :
map scales Lasy out line HO
with scaled length, Shoose\ f;’ /
two venishing points, V1 and

V2 gt any sonvenient 1ocations

Connect all venishing points wif

0. Now V1-V2-0 represent thg.\ V| ~ g
mep plene. *istences along Ak i Mep Seale 1" = 1000!
the ground line zre to map scale, “§ {1 //

By the theory of perspective all
lines which converge to a single
vanishing point are rarallel on the
ground. Therefore, we draw lines
perallel to V1-0, H-0, and V2-0 each

of which pesses through the point of
intersection of & line to the vanishing
proint where it crosses the ground line. ¢X
Draw such lines to at least two different
venishing points from each point it is desired

to locate. Intersection of two or mpre lines

drawn perallel in the map plene gives the desired locetions to map scale.

Gaution: Like the Canadisn grid
system Rich's method applies only to
nearly flat country or to poinis &b
very nearly the same elevation,
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Supplement to Froblem 17, edition, 1950
Froof of Crones method.
The method of getting true mayr rays from map locetion 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. 4, F. The Abrams "Rectoblique Plotter" is a mechansc .
ical means of doing this, However, when the angle of depression is low in & high
oblique photo +the lines from horizon to nadir point are very long and another
method is better, ise. 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 HFP' which is here sheded with vertical lines. 7The 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 horizontel lines. This is in practice
mace of celluloid or other transparent material. An arc with radius equal to HP
of Fig. 13 is drewn with center on prolongation of line hcj 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 ’lg. 13, and that point p' is
lhe distance below, PN' is then the same as
on the plumb line from which true maps rays

on the horizontal line through P,
EN' is Fig. 13 and locates the point
are drawn to all locations on this

horizontal line.
s horizon line

i horizon line
“are with radiup =
h |
plumb line
Nl
on this lineij > p
principal e
line 'r
i_ :
\\ b
\\ F/
iy n! center for ra
; A\ 3 e
FIG. 13 FIG. 14 for all points same
distance in photo
K below horizon
N

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

The method outlined below was used with the obligues 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 angle of
dcyrb351on. See Fig. 15 on following page.



FIG. 15 : FIG, 16 17-10
Vi : ¥ L Horizon line H

/

7‘ T = angle Of til‘t /7
2 images of m as shown in Z%? f
B w A/

photos with displacemenﬁ?/!
reduced by distance I/’/

/ / / kH (elevation of
// plane above
datum) :
// /// “hoto plane

=

“-\

—

Prinecipal point

IH = distence in photo
/, T plane isoline to horizon
\ \ / E = actuel elevation of m
L\ / / / sbove datum B' = apparent
| % ' /m—- / - j % ﬂdifforencc in phote plene -----
k- //})/{ J | B E E' epparent vertical displacment
" 2 e / f ok T4 in plane of photo
k dj i;jfLJEQE isoline or junction line
B 2
; e i e 5 | Section on principal plane of one
rhotograph showing rclation of E!
Disgram in photo plzne showing converg- to E and IH to H (elevation of plune
ing line to vanishing point of each above datum),
photograph

Let m be e point whosec elevation is E feet sbove datum plane. bBase of per-
spective line in Fige. 15 is the isoline or ground line vhere photo is equal %o
map scale. Note that although perspective lines show only one position for m
the positionfon isoline indicate an apparent or parallex displacment of m here
denoted as d. This is the sum of dy + dy otal distence of the air base, B is
the oum of Dy # Dy yote thet B is equal to ViV, Now dj = E* (D, « d))/IH

and d, = E' (D2 # dz)/iﬂ Honce d = E' (B 4+ d)/ IH 4lso E = E* cos T

end H=IH cos T Hence %% IH 3¢ d s (d+B) cnd EM = d/(d + B )

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

For practiczl gpplication refer to Fig. 17. Here a datum planc was established
by a point Y of known clevation which is near principal plane of one photo.

A well marked point X near to the horizon end visible in both photos is then
selceted and a ray to it through Y is drawn. A4s extended to the isoline this
ray intersects at 0 which is the Dse point for all measurments, Similar rays
are drawn to thc same vanishing point on the true horizon which pess through

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

Next the same rays are drewn to the same venishing point on the adjacent photo.
The principles of perspective demonstrate that these rays are essentially
parallel on the map to thos:of the first photo. Using en inch scale measurments
gre taken from the intersection of the base line through X snd 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



Fig. 17 17-11

horizon horizon \']
X
/
Y
o
/ﬁo 0 /
. N (nadir point) (N

bese line at O in right photo and the line from nadir point, N to same vanishing
peint, V in right photo. 4 is the difference in readings of rays in each photo
to the point sought, me H is the differcnce of sea level alitude of plane and
thet of the base point Y. If m . is lower than Y then the formula %iven above is
chenged to B=d. B and d are given in inches, H and E in feet. 1is method is
very briefly described in & publication by Base Map Flant No, 1, G. He ¢, AFFAC,
1945.

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

Draw line nh through principal point p. -
7 ~ Draw line 1 from p to o, the locetion of
"\ o the lens as shown by tilting the vert-
T _ical plene through the principal point
(lens)down into the photo planes op is then
equal to the focal length of the camersa,f.
Lraw line 3 from n to o meking s right angle at o.
Using n as a center stlrike arc 4 through point o".
xl Let a be a "point sought" for which the angle of depression
/// is desireds Draw line 5 from n through a to its inter=
d} section with the horizon st a' Take a right triangle 6
(nadir)here shown with the double solid linesend pass its sides
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 triengle na'o" is a representation of & vertical plane through lens
point C end point sought a. *he line o™ a (line 7) is then drawn end the desired
verticel angle a o"a' can easily be measured with a protractor. OSmith suggests
that-the right engle and protractor be combined, %o find elevution of a on the
map its horizontsl distance from the map location of the photo must be found
by other methods. Compere 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,

FIG, 18

End of Problem 17.



GECLOCY 11
MAPPITG

Problen 18, edition, 1939

Chbiecet: determination of length of pace.
J £ 1

g
i

Material: -Notebook, pencil.

liethod: The base chosen for cdetermining lensth of individual pace startis

at an elm tree back of the high chirmey of Radio Hall; this tree ls marked
withk white paint: "X 11", Tollow marizs "11" ia white pairt to rorth end

of south tower of sid 3lide and thenece through weods and brush acrcss the
abandoned gr%ve dovm the hill to lake, taurcurh woods on wWest side to old
leke drive g a grar stone, thence alornz on lalke gide to tree on north

gide of drive just of end -of = lidtle poirnt vhich ia zorth of the Y"Darmsi,
It ig also marked "X 11", DBe sure you kuow vhere the ends of the line are.
e length is 2610 feet. WNalze at least one round trip over the line.
Compute length of wace to rundredths of feet, Count paces, o¥ strides.




GEOLOGY 11
Mapping
Problen 19, edition, 1941

i i

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, protractor, hard
pencil, eraser,

Method: The Brunton compass is the great friend of the geologist. In all regions
which are devoid of lecal magnetic attraction geéologists 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 lLake Mendota, and no farther south than the
walk on the north side of Bascom Hall. Start at any roint on this circuit where
you think you are away from pipes, 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
sane line you should reas S. 50 E. If these do not check you can still make a map.
Plat line with -rotractor and scale distance found by pacing. Then sight ahead
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, (e¢) trails as single dotted line (&) buildings,
approxinmate outline only. Remepber that the map is small scale so that care is '
needed in drawing. To insure correctness of platting keep notes in one cormer of
the sheet as follows. Mos compasses we have are graduated in azimuth (0-360 deg).
As your protractor is graduated only té 180 de egs, makgmgigper computation to plat.
[Sta. oeeasied|  Sta. sighted | Bearing! Paces | e 0%

I i

{Then if therelia any large error 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.

EAND IN MAP IMMEDIATELY OF RETURN FROM FIELD. No work will be accepted under any

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

alvance. CAUTION: To get on point hold arms ngainst the body and lovel compass;
then swing on your fect without removing arms until line of sight is on magﬁ.

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

R i I

DO NOT LEAVE YOUR COMPASS UNATTENDED! Hand in persondly and see it is checked in.
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FE0LOGY 11
HAPPING Tl W
~ Probloem 20 o

Er

Qbjuct: Planc tablc topographic mep of part of compus

lirtoricl: Light planc table, open sight alidade, sheut of papor, ficld
secla showing your prcos for 1 inch = 500 fuot, herd poneil woll shar-
poned, ocithor hond lovel, ébagy. luvel, or Brunton. compfiss, orasor,

Mothod: The aren to be mapped. lios wost from Muir Knoll (5ki Slldu), sou*h
of Leko Mondota, north of walk from Bascom Hill to Obsurvotory, ead cant
of a north-south linc¢ somewhore near tio Observatory dO{wﬂLlng or. time
aveilable,.
First prepare a ficld pace scxlo from thc urnivers: 1 poeo scwl you 0¥ 1.
In this caso tcko ovory othor division for this map will be on scalo
1 inch = 500 foot. If dosired you may clso copy the 1 dugree slopo serl .
proviously preporcd also making divisions twice as largos. If you copr *..
contour space scalus DO NOT CHANGS TH&EL for the contour interval here s
to be 10 fout instcad of the 20 used ot Dovils Loko. Qopy thuso scalss
in poneil end pasto thom onto base of an alidade. ’bﬁiOU’ NALE ON 1HIo
so that you can got smmo onu sgain.

Now run a travorsc around tho outside Jf tna arca starting at eny
dosircd locatiun. Usc overy station mothod checking oriiontation with
both compass and bocksight. DO NOT FORGET-TO-BLOCK~NEEDLE»UHEN NOT I
USE, also do not forgut which is tho north end. Be surs to use a sharp
hard pencil-cutomatic or solf-sharponing pencils will not do, Hark
station locations with neat trianglo sround o dot. - 9losc the traversc.
and adjust -ay orror. Look out for mixing pacos and stridose we will
usc PACES (uvery stop). Ghuek with inch scale to soc if you are all right.
Thet is figuru the distonce between two stotions in fout by your pacing
ond chock to soo that you hove laid off the right distrnecoe., Bach yoar
nearly helf tho closs gets bellud up on this simple thingd

Whilc you arc mcking the traversc locatc buildiangs, roads, ond othor
londmarks cithor by pacing to them or by intorscetions. Some of thoeso
londmarks moy oc ouwiside tho area to bo mapped but will bo uscful for
2 end 3 point locctions lator. Licke builaings solid blrck, roads two
golid linus. Do not forget the loko shores : :

" Now proceud 4o gvt clevations of ot loast 20 kuy p01nts in tnc area.
(E-’e 36!)Start at U. 8. G. 5. Bench licrkajust south of muin vntrance of Bascom:
Holl, It is comontoed into wall several feot from ground, - Use hand
lovol or ono of tho other instruments sot to 0, Got height of your oye
with a lovel rod in office, Obtain clevations to norrost foot and mark
(\Jr:fffiﬁb than on the map. 3Bozin figure imsodiatoly nftcrAp01nt it opplics to.
E-W Make locations of points in cay conveniont way- pacced iroversc, throu
point, two poiant with compass oriuntation, nlroady locatud points.

Lost skotch 10 foot cuntours. Try to visualize onch contour by looking
ot whoro it ruas on the ground. Whiloe skotching you must know tho locuation
of tho tablo overy time you stop to drow, 8o not ettompt cithor to draw
contours of ground mory than 150 foeut owey or that you cannot sou at the
time.,. Practics using the contour spacc scoles to obtain proper spucing
of contours on uwvun slopus. Try to difforonticte ﬁhysi) rophic foaturos.

Thet is show thoe pistglacicl lake eliff ond rovines in it ~s distinect
from tho uneraded ;lc acicl topogreohy. . Do not try to hurry ot first for
mory hasty uons ldSS spo.d if quality of rusult is comsidarced,

Tho finished mop nood not bo inked but must show true ond mognetic north,
3CALE, eontour intorvel cad nome of survoyor,
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Objzct: Use of talescopic alidade and plans table.

Materials Lurge plazne table with paper furnished, telescopic alidade,
Cox stadia computer, stadia tod, hard pencil well sharpened, eraser.

wgthod: Two students must work together with this problem., Thiins should

he tcken in reading the instrument and in holding the rod. Find the elevation
of the water surface of Loke idlendota from the known elevation of Bascom Hall
Beneh Merk 961.3 above sea level. The bonch mark is to the left of the
entrance to thagenter of the building; it is & brass plate about 3 inches in
diamezer cemented into the side of one of the columns about 4 fest from the
ground,

CLUTIORS: Do not try to set the table over the benchk mirk either here or
elscwhere. £et up wher> you can sce both bonch mark snd laoks., Do not set
up table on pavement or on travelled wolk or road. See that it is firm,
Nover lenve it with the clidade on it. Carry nlidade in its cose when not
in use. IO NOT IRAVE GO OF ALIDADE UNTIL T4ABLE HAS BEEN LEVELED WITH BULLS
. gYE TEVEL AND CILAWPED WITH UPRER SCITW. Cieck adjustments before starting.
-OMPUTE NOTEs IN FIELD AT ONCE cnd ha in w immediate
Draw o line on the table to represg-zr{ltd "}ngr‘leotl;.kc tgg'btdhl,‘tfl}f 1?}1% rseitdl}er%'f the bask
of the clidade on this line and use the compass to orient the table. Claomp
with bottom nut bzneath the table. Mzke a mork for the locction of the
Bench iark., Sight it with edge of alidnde through this location. Read
distence with stedic placing wires so thot one fzolls on o divided foot.
Study the rod to see how it is marked; the fifth and tenth feet are the
ones which ure subdivided. Use stodin computer to get true horizontel
distance ond loy this off to get location of tsble or station. Use no note
book but lay off the following form of nctes in one cornar of the map.
This form is for moasurments of differences of elevntions with vertical
angies; this requires the use of the Cox stadia computer.

only

[ Tocations || Pistance | Angles  (Diff. elevation "1 Eievationl)
|

St T Wod.! 5.5, .S 0blique [ DifTy Comp. diff. jRod cor.Net Aiff.]] strf.]R@_d_-:['
R i:_ ique i,_ ______ Lomp, diff. |HOC COI i'" _'_"'?{_"‘—‘T" H ‘

The obligque angle is that read with the vernier when bubble on index is
level and telescope is pointed so that middle wire fells on an even foot,
forfinstance on top of rod. Record what this reading of middle wire wnas in
column for "Rod correction". Be sure thot it wes the middle wire by recording
o "M" before the figurc. If congle is smnll try for o level tclescope reading
and if such cern be obtoined record upper wire recding with o "U" and lower
wire rending(if such be only one thet falls on rod} with & "L". Remember

that in such casesthe angle difference column must carry o 0 and the computed
difference column the volue of o HALF INTSRVAL. Proctice the STEP LETHOD

of roading if possible.

Also maka o duplicate set of notos using the ZBAMAN ARC method. Wotes as follows:

[Locations | Mali rierval | ""'"';-"Ii-é"""”'!P)i’f‘f'.":5’15(&’%1:’10:‘1" s P Eieviien )
lis_i:n:_r;{g;__i_._j_ BoSe JFe 8¢ Tend.l Fum {?fé"dué'f i“a”od‘:"‘car:'l'_ gt aIrT. 7 sta. [Rod.
: ! st Ronty e s

Recr1l thet bubble on indsx must be leveled

Do not confuse the two methods.
and then telescope set to an cxset division on the Besmon are scale before
reading of middle wire on rod cen be token. You cenrnot choose o point on the

rod os with anglas. ;
- foot or two be corrected.

s

The two systems of notcs must check and errors of over



CONTOUR MAPS

Generel. Relief may be shown on & mep by various methods of sheding or by
contours. Thc lattor method is almost universally used in this country, although
in certain places it fzils to show 211 the festures. "Zachures" may be used

for steep slopes which arc not indicated cloarly by the contour lines. Although
the general theory of contours is simple the following formal pronositions are
useful,

(1) A contour lire is 2 linc vhich passes 2long the surface of the ground
whrough all noints which heve the same elevation sbove a certain datum.

(2) Coniour lines renrosent the linecs of intersection with the surface of
Siie ground of & mlane at a definite elevation above datum.

(3) The verticel distence betieon successive plenes is known as the
*Lonbour interval' or "verticel intervel® (V.I.),

(4) The less the contour intorvel the greater the deotail of elevations and
dopressions that can be showny the size of the contour interval is also affected
by the scale of the map since a2 small intcrval might make too closely spaced
lines,

(5) The land on one side of a contour line is higher than the elevation of
thet lines the land on the other side is lower. If you should wallz along a
contour the ground on your left hand, for instence, is lower and on your right
hend is higher than the clevation of the contour.

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

(7) An even slope is shown by cvenly spaced contours: 2 sloping vnlane
surface by straight contours: a cliff by coincident contours.

(8) Ivery contour must cither close upon itself within the mep or pass off
the arca mapped at %o points or a miltiple of two,.

(9) "men a contour closes upon itself the area enclosed by it is either a
hill or an inclosed denression: in the first casc the exact height of the top
of the hill is often indicated; in the second casec a nond or mersh is often
presents In the case of small depreossions a spocial type of contour line called
a depression contour is froguently used to 2void confusion with hill tops.

(10) Maximum 2nd minimum ridge end velley contours alvays go in pairss
thet is, no single lower contour line can intervene between two higher ones and
no single higher contour line betireen two lower oncs. Violation of this
proposition is & very common crror of boginners.

(11) In crossing e valley contours bend toward the source of the strcam.
(12) It is advisable to make every fifth contour line heavier than the
intermedistec ones. The elcvations of thesc heavy lines are shown in 2 break in

the line,; not to the side. In very flat country it is necessary to number
every line unless the oxact clevations of intormediete points are sufficient to
tell vhat the elevetion of sach contour is.

In 2ddition to the formal propositions the relation between contour lines
and the origin of the tovogravhy should be understood., The key to all topography
is the drainage system. The location, dircction, and clevation of points along
strocams must alvays be detormined. The topogrephy developed by stream crosion
dopends upon the length of time streams have been 2t work and on the materiels
they have worked upon. Certain arcas, such as the more rccent glacial drift,
floodnlains, sand dunes, areces of recent vulcenism, etc., have not had any
strecem pattorn developed on them; some of these types are still being built up.
Iverywhere clse streem lines are the control lines of the topogrephy. Second in
importence to drainege lincs arc divides between drainage basins or, in the
case of very young stream valloys, the limits of the eroded valleys., Normal
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strcams dovelooved in materisl of uniform resistence increasc in grade toward
their source while big rivers gencrally have a gradc of only a few inchos to
the mile. In material of uniform resistence to erosion mature stroams develop
valleys with intervening ridges of uniform slove, rounded at the top, Vhere
layers of rock of vearying hardnoss occur the rosistent formations meake steep
slones or cliffs while the weaker oncs meke gentlc slopes. It is therefore of
great importance that the tonogravher understend somcthing of the gcology of
the country. Of two maps with the same limit of methematicel crror, onc made
by 2 topographer who understands goology is "alive" and full of mcaning, while
2 map medc without this knovledgse is "dead" or "wooden" in apvecarsnce.

Mcthods of locating contours. The originel method of locating contours,
or "eurves of equal eclevation", wes to trecs cvory contour with a levels this
1s somotinmes done at the prosent day in country where the rclief is low or
extrene accuracy is demanded. It is evident, howeover, that such a procedure
vould nele topographic maps ontircly too oxpensive. The method of interpolation
of contour lincs betweon points of known location and eleovation was then
edontod. Such voints should be so pleced thet they define the borders of plane
surfacas: within these plenc ercas contour linos are equelly spaced. Specing
of contours may also be obitained by mezsurcments of theo angle of slope of the
ground and the use of contour spacing scales for sech dogroc of slopc,

Control Points. The nunber of points tvhosc position and clevation arc
necded to locate contours depends upon (1) the purpose for which the map is
to be used, (2) its seale, (3) its contour inteorvel, (4) the nature of the
topogrenhy, and (5) the forsst or brush cover. If the clementery principles
outlined sbove arc notod, it will be seon thet onc must locetc and detormine
the clevation of 211 sumnits, saddlcs, lowr places, end changes in degrec of
slope. In the cesc of crosion topogrephy, this meens the location and clevation
of points slong ridge tops and dreinage linos. In country vhore the slopes
arc novhere uniform it is sonetimes preferablc to traversc typical cross scctions
of hills end vealleys or to divide the country into a series of sguares end
determine the elevetion of cach corner. This method is often nccessary in
country which is hoavily forested or has no definite system to its features.
In erosion topogrephy it is most cconomicel to traversc the ridge tops end
valley bottoms even in donsc forcst. The selection of the lover limit in sisze
of velleys vhich must be traversed depends upon (a) the scale of the map,
end (b) its contour interval. In country like forested tcrminel moraine the
ncthod of smell squarecs is proforable since the foatures follow no law or
system. If great detail is nceded the position and clevation of points within
the squarcs can be obtained.

Sketehing. The cxeet position of tho contour lincs aftcer 2ll control points
are located is done by sketching. In this worlz porsons very greatly in natural
ability to sce the locetion of an imaginery horizental linc o the ground and
to transfor this linc onto »aper. It is the doing of this work once for all
in the ficld that gives the planc teblc its groat adventege over other methods.
It is obvious, however, that in heavily forestod country there is no advantage
in the use of the planc tablecs Troverses with compass and ancroid are far
morc economical unless such accuracy is required that it pays to brush out
lincs for the use of the stadia. The U.S, CGeol. Survey usocs a tapc and small
pleme teble in brush but it is doubtful if the accuracy obtained is sufficiontly
groster than that of 2 paced survoy to pay for the incrcescd cost. Onc should
noveor attempt to slketeh contours in timbor or brush farther than hc can
actuslly sce the ground, If tho mep sealc is small end thc topogravhic featurcs
devoid of smell dotails which arc to be shown, then contours mey be intcrpoleted
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between points whore the ground was acturlly observed. In opon country onc
should nover attomot to sketch contours which lie fer above or far bolow the
lovel of obzorvation. The offeet of perspective gives rise to serious errors
in these cases, so that table locations on the highest summits or in valley
bottoms are of little value for sketching. OSketching stetions should be chosen
at intormodiate clevations: theoir locations may often be madc by methods not
gufficiontly a2ccurate for use in the worlz of obteining control points. Wever
ettenpt to sketch the reverse side of a hill which you cennot sce at all,

Abeve 211, do not attempt 2ny sketching of contours cxcopt in the immediete
vicinity of 5he teble until you have outlined the drainage systom and obtained
sufficient control noints. Viewed from belowr, a ridge gencrelly eppears mch
wider on top than it actually is. 014 U.S5.G.5. maps are filled with crrors

due to sketching from too groat distances. This often led the topogrephors

to connect portions of different streams because they hed not first followed
out tho drainsge pattern. Treat cach interstream ridge 2s a unit bounded by
the velleys on either side end work out the topogrephy unit by unit instead of
haphezard. Don't assume that there is no broak in slope or concesled valleoy

or ¥nell in a2 bit of woods just becausc the trec tops arc of uniform height.

Do not ot all points on ridge tops only by interscetions from belows You

rmust climb hills and go into brush if your map is to bo any better than a rrild
sketch. Such a rough sketch is all right for some purposcs and may look better
then a real mep from the voint whore it was mede, but it cannot be corrcet.

The tochnique of sketching is very hard to describe; it must be loerncd by
practice. lany approximete mcthods of location, such 2s measuring distance from
vertical angles to points of ltnowm clevation, spacing of contours with slome
scalc on hills vhesc profile cen be scen, cte., arc valuable helpss On very
stecp uniform slopcs do not attempt to draw all the contours in the ficld:

draw only the top a2nd bottom contours and possibly overy fifth or heavy contours

Goneralization. As it is impossible to represent 2l1 of the smaller
features of an arca on o map somc choicc must be made as to vhat to show and
vhat to omit or generalize. In this choice (a) the scale, (b) the contour
interval, 2nd (c) the purposc of the map srec factors. The UeS.G.S. has
stecedily incressed the 2mount of detall shown to far beyond what was once thought
vossibles Feaburcs whose nroscncce is of gcological importance or which arc
dirgnostic of the origin of the topography should have proference over more
accidents, like big tewlders on a2 talus slope. Do not choese a scale for the
field map so large thet much of the detail cennot be shown on the reduced map
usecd for publiecation, but, on the other hend, do not usc so amell a scale thet
meossuring, skotching, crasing, and drewing bocomes very laborious. The sceles
used by the U.S.6.5. for ficld work arec too smell for beginnors. Above nll,
do not scock to excuse crrors duc to insufficioent travel over the arca, by
blaning them to gencrelization.

OQutline of field worke In 2ll mepping of morc than a fow tovmships it is
necessary to have boetter "control" over horizontal and vertical locations than
cen bo obteined with the planc table alone. The messurcnents of location by
trisngulation (trironometric survey), primary traverse, or primary leveling
2ll belong to the field of the cngincer. This kind of work is scldom done by
e, goologists In 2n arca of morc than about 15 miles squarc the effect of the
curveturc of the earth bocomes zpparcent. A map of such an arca made by planc
teble interscctions would be on lMorecator projection and the seale would differ
in differeont perts. The metter of mep projections to keep the geelc the same
in 211 varts of the map by chenging dircctions will not be herc tekon up.




ol Contours

Tor small arcas, sufficicnt "eontrol" can be obtained by eithor intor—
sections from a base line with plenc table 2nd telescopic alidade or by travers—
ing around the arca snd along roads with the stedia, The purpose for which the
map is made, its size, scale, ctc., will determinc the number of points within
the arca vhose position and clevation must be determined in this way. Whon
this worlz, callod "sccondary control", is 21l donc and tho horizontal and
vertical orrors of closurec adjusted, thv filling in of contours may be begun,

In case the arca is open 2nd considerable accuracy is required, tho remeining
voints needed to locate contours mey be detormined by stadia, Teble locations
for this werlr may be made by compass orientetion using cither traverse with
turning poiats or rcscetion from voints alroady determined end both methods
there possible. In meny cascs, particulerly wherc several mean arc vorking on
iho arca, it is bettor to transfer the points and "lvv vbions detormined by the
GGluSCOplC nlidade to sheoots on smell traversc tablos. These can be used for
pacad surveys and locetions by roscction; clevations being sccured by vertical
angles, hand lovel, or ancroid. In very dense brush notc book compass treverscs
using the ancroid arc morc ccononical then the planc tables In arcas of
nagnetic ~ttraction the dicl compeass should be uscds In some cascs, as in very
complex topography, two nen would be an advantage since onc could obtain
locations and clovations off the line of traverse leocaving the other to kecp
track of locations slone, thus following the well known mothods of geological
work in the LeXe Suporior District. The ancroid rcadings can be rcduced =2t the
end of the dey by onc of the methods outlined bofore and the corrccted locations
and elovations trﬁnsferr d to the finel mep for use in intorpolating contours.
Tontative contours and slope moasvromconts should, however, be shown on the field
sketeh, In arecas WHuro squarcs arc preferable to ridge and valley traverses,
the size of the squerce so as to insurc that 211 the arce has beon scen, depends
upon the neturc of the topographic features as well os upon the forest and
brush conditions. On crosion featurcs in hard rocks, or in ground morainc
much larger squaros arc nosq{bl than in o complex t*rminml moraine or much
dissceted tovpography. Tho squarcs erc bost traversed in step~like form, thet
is, north onc squerc, cast onc, north agein, so that two sides of cach squerc
ave been previously tr orsed effordlr" t'70 chocks on previously adjustcd work.
Unleoss sguares less then 1/10 mile on a side arc used, every stroam and lalze
shore must be cither trevcrscd or located by 1ntorsoct10ns. The method of
squarcs is slowor then trevorsing of definite features, but that method 1is
2pplicable only in crosion topogrcohy.

Gonclusion. Don't try %o sketch what you can't sec. Don't be in too much
of 2 hurry to begin drswing contours. You cen cxtond contours up or down &
slope whosc anglec is known but it is bettor to simply reocord the angle on the
nep end fill in contours later after clevations are nll sccurcd. Draw contours
ot chenges in slope first; the othors cen often be loft until tho map is
- inked in. Don't be afraid to clinmb hills but don't use ocxtrome summits for
sketching. Don't try to sketch distant features, Go throuch woods along ridges
and drainage lines if in ecrosion topography, otherwisc in systom of squares.
Many important geologicel feoaturcs arc found in woods. In drawing contours
every line worth dreming is worth drewing definitcly; avoid scratchy, faint lines.
An eoreser is e nocessary part of your equipment but by being careful to drew
only what you are sure of, you cen mininmize crrors duc to ropeated cresurcs.

If you leave a linc of traversc for an outlook telze the table with you; you

ney get a much bettor skeotching station end besides, something might hapoen

to your mep while you arc 2vay. Avoid unnccessery interscction and other linecsg
koep careful rccord of these lines vhore thoy are numerous. Xoop thonm around
the edges of tho sheet to that they can be oxtended into srea being worked

on when nceded. Xeop the map clcan. Somctimes a shoet of vrapping peper with
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a hole over the place boing worlzed on is a very good way, but in high winds

it is ept to give trouble. It is best to ink in the map from day to day instesd
of at the cnd of 2 job. If the mep is to be photogrephed use only black ink.

Be surc you use the right kind of psper. If you are mapping goology show
outcrops and boundarics by uscual symbols. If you are preparing a mep for a
geologist ocxact clevations merked on the mep necer ocutcrops are oficn of groat
veluc., Ixect elovations of bodies of water, hill tops, road intersections,

land corners, sags, and seddles in divides are all important to geologiste
Dract location and clevetion of springs may also be valuable.

Geogreariic nomenclature. The names of 211 geographic features should be
thown on & finished map. Great care should be taken to find the namos sctually
urod by the inhebitents of the regions you are not called upon to criticise
vhoir choice. Nover make up nanecs of your own unless you are certain that no
neme has ever been previously applied to the feature. Avoid duplications of
names elscwhere and under no circumstances neme a feature after a living porson
(unloss possibly someonc of groat eminence); avoid long and clumsy nenes and
such terms as "Little", "North Branch," etc., in neming forls of rivers.

Finishing the mep. Plane table maps should be inked in 28 soon as possible
after the completion of the field work, if possible in the evenings and on
rainy days. Watorproof inlks should be used. If the mep is to be photographed
it is best to usc only black, but if it is to be traced or engraved, then the
three colors used on U.S.GeS. meps may be employed with goologic data in a
fourth colors Blue is difficult to pheotograph.

Reprniuction of map, UMaps may be reproduced by photogrephy in several ways.

The photosvat gives white lincs 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, great care must beo taken to avoid nerrow
spaces and sharp angles between lines which might blur in printing. Cut out
parts of lines where necessary. This is ospecially the casc in zinc cuts. Maps
can also be reproduced by tracing. Information is readily transferrod from

one mep to another of the sane scale by tracing on tracing peper in pencil,

Then lay the tracing on the other map with a shect of carbon paper bencath and
. theon trace with herd sherp veonecil cr steel point.. Tracings vsed for blue or
black line prints must be made wholly in black. It is best to use only the

dull side of tracing cloth especially if the mep is to be photographed. Irasures
nay be mads with razor blade or ordinary eraser., XRemcmber that both tracings
and bluec prints for publication are made by photographing onto metal or stone
plates. The lines are then cut in with 2 stecl tool. Severste pletes have to
be made for each color. Copy for sinc cuts, must be 211 in black. To make

cuts fron colored meps have them first photographed with proper color filter on
e panchromatic plate.

General hints on drafting mans. Systematize your work —— for instance do
2ll roads, then all water featurcs, then all wator features, then 211 contours,
etcs Never drow frochand any line, howover short, vhich is intended to be 2
straight line. Use proper instruments and messurements to construct right
angles, parellel lines, or cireles, however smell. Contour, swivel, or Peysent
pons.can be used fer some curved lines; they insure evenness of vwidth. Use
guide lines for all lettering. Do erasing slowly: ncver try to hurry. Wherover
possible place 211 lettering perallel to bottom of mepe. VWhere lettering cannod
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be horizontel incline it so thet it can be road from the east side of the map.
Balance the size of letters to importance of places nemed. Follow 2 UsS.GeSe
map for styles but avoid fancy lettering. Plen your lettering so that it will
not obscurc important detzils on the mep. Place your title in lower left hend
corner if possible. The words ™map of" are often unnccessary. Give name of
orgrnizetion you are working for, date, nome of chief of party, nemes of
irstrument men, gravhic and at lcast one other form of scale, magnetic and truc
meridiens. Fency borders arc generzlly not needed. Remember thet all of your
work including ficld notes is the proverty of your employcr. All your work must
%o in such form that anyone clse con™ake over" at any time. o one is infallebles
sneck 21l your work and if possible, heve someone else also check ite

liz3 slanting letters for names of bodies of water and for public works like
rallroads and vertical letters for all other features. Section numbers can be
eiither 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 actually found from either e monument of some kind or from
fence coruers siiould be merked 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.



TEE UNITED STATES SYSTEM OF PUBLIC LAND SURVEYS

Introduction. The public lands of the United Stntes extended west
from the east line of Ohio, north of the Ohio River, and west of the Mississippi
River with te exception that Mississippi, Alabama, Louisiana, ard Florida were
also included; large parts of Texas and California,as well as smeller areas in
other states,were privately owned at th time these regions wers acquired and
were therefore excluded from the survey. According to law the publiec lands
were to be divided into tracts six miles square, Inovn as "Townslhips®, with
north-south znd east-west boundaries. 7 53e were to be subdiviced 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 them, (b) in examining private lands their
boundaries must be found, (c¢) land divisions must be found in order to show then
on newv maps, and (d) land divisions are an immense help in finding ones
location on a map.

Baselines and meridians. Surveys were started from manv initiel points,
sometimes several in the same state. A true east-west line was run through the
initial pnoint and called the "Base Line". A trune north-south line was run
through the same point and called the "Prinecipal Meridian." Every six miles
on the base line township corners were established. "Range Lines” were run
true north from each of these for from 24 to 60 miles. Points six miles distant
from one 'nother on these were joined by east-west lines called "Townshin Lines",
thus form ng townships. On account of the curvature of the earth townships
thus surveyed became narrower and narrower the farther north they were of the
base line. This reduction below the legrl size was compensated for by running
new "Standard Parallels" either every 24 (or every 60) miles on which new full-
sized townsLips were started to the norta. Such lines were also called
"Correction Lines", Ends of the lines south of the correction lines were called
1Closing corners" while corners for the full townships to the north were called
"Standard Corners.”

Numbering of townships. ZEast-west rows of townships are cnlled "Tiers".
Townships in the first tier north of a base line are each enlléed "Township 1
Forth. The next tier is T. 2 N. and sc ~n. North-south rows are celled "ranges"
and townships in the first row east of ~ principal meridian are called R. 1 E.,
in the next row (or range) R. 2 E., and s0 on. In some cases townshins are
numbered south of base lines and west from meridians, In Wisconsin there is
only one base line, the south line of tne state, and only one princinal meridian,
the fourth., 21l townships are therefore N. but there are both E. and W. ranges.
The complete description of a township would read: Township 48 North, Range ‘6E,
5th Principal Meridian, or usueslly abbreviated T. 48N, R. 6B, 5th P.M., or
more briefly, 48-6E. See Fig. l.

Sections. Townships were di-ided into 36 sections numbered as in
Fig. 2. A few of the older surveys used a different system. Section lines are
supposed to be parallel to the south end east boundaries of the township and
work was supposel to proceed from the southeast corner toward the north-west.
The Sections were intended to be exactly 5280 feet (80 chains) from north to
south with the exception of the north row of each township in which all of the
error in sullivision was concentrated. East and west the maximum discrepancy in
a sectior was suprnosed not to be over 33 feet (50 links), except that all
discrepar:ies, as well as the effect of convergance of the range lines, were
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concentrated into the westermost row of sections in each township. As a matter
of practice .'ew section lines are straight lines for more than one mile and
few are exeotly ncrih-scuth or east-west. In some of the older surveys, as in
scuthern Wiscousin, no attempt was made to join section lines %to the corners
laid ou* on the north township line and zs a result every township line shows
slisht ffsets Detwsen the corners for the township to the souvh and those for
the township to the rorth, although the township lines themselves run straight
through. None of either the west or the north sections of a township are
squares. A given section would be described as Section 21, Towrship 47 North,
Range 1S Bast, 4th P. M. or more common'y Sec. 21, T. 47 N., R. 79B., 4*th P. M.,
or still more briefly, 21, 47-19E. In the last method the designation Section
and North have been cmitted 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
intersection »f the two "gquarter lines" in the centers of the sections were notu
marked but were left to later surveyors. A quarter section would be described
as the northwest quarter of section 5, usually abbreviated to NW 1/4, Sec. 5.
or simply W 5. In the north and west rows of sections the quarter posts were
set a hal? mile from the south and east boundaries respectively, thus throwing
all deficiency or excess into the marginal guarter sections on the north and
west sides of townships. Elsewhere in the townships the quarter posts on the
east-west lines were set exactly midway between the adjacent section corners.
Later, settlers wished smaller farms than 160 acres and the quarter sections
were divided into quarter—quarters or "40's", the others in these sections being
full size. The fractional areas on the north and west sides of these sections
were celled "lots" by the Land Office and numbered in each section in general
from east to west and from north to south. Geologists generally do not recognize
lots in recording locations but treat ell sections as though they had been
completely cibdivided into 40's. See Fig. 3.

¥rarlezing. The borders of bodies of water were supposed tc have been
"meandered" by lines run at angles along their irregularities but apperently
when this was done at all it was very crudely executed and few "meander nostsh
~can now be found. The odd-sized tracts were called "lots" and numberec as
shown on the original plats which should always be consulied. Tor descriptive
purposes pay no attention to these loic. Adjacent to bodies of water which
interrunted the usual rovtine of surveying there are many descrepancies in the
land survey. :

Corners. In spite of elaborecte rules and regulations for the marking
of corners with stones, pits, mounds of earth, etc. few seem to have been thus
permanently ectablished. Generally a square wood stalte was set; such stakes
were marked i various ways but few original corner stakes can now be found.
Corners ware also "witnessed" by taking tre bearing and cdistance to several
trees which were blazed and marked "B. T.%" generally with the number »f the
section, “Sownshin, and range also indis~ted. Most such trees have long since
gone bubt later surveyors have sometimes made new ones. Where corners fell in
lakkes, sireams, etc. "witness corners" were also established on the lines as
fao as they could be run. Many later surveyors have set iron stakes, dressed
stones, or piles of stones often around stakes. Most lines wers blazed and
laver surveyors have reblazed them. Such blazes are generally found at the same
height on beth sides of trees on or near to the lines and can thus be distinguish-
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ed from nat ral scars. Core should be taken not to be deceived by corners set
by unauthor.zed and incompetent surveyors; govsernnent and county surveyors are
alone :authorized to reestablish lost corners. Correct corner descrintions

can generally be obtained from county surveyors.Original plats are on file at
governmnent loand offices, and in many states at the capitol. County surveyors
also have copies and gome "plat books" ~re also reliable. Roads are commonly
laid out along sectio», cuarter, and 40 lines and county maps are therefore a
guide to locating land lines and corners., Farm boundrries are generally fonced
in a moro permanent manner then are lines within the property since the latter
are nore often changed. "Iine fences" ~~2 also a guide to finding land lines:
farm lines are shown on many county maps. In vertical merial photographs line
fences are easily seen, elso differences in time of cutting in the forest and
less commonly areas =eslong fences cleared to prevent trees from falling onto
fences and breaking them. These should not be confused with clearing along
electric "high lines". In amsking questions remember than many people miscall
40 acre trect corners 1/8th posts inste~1 of 1/16th posts.
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MAFPING

keview questions, 4 credits Use diagrams in expleining derivations

(1) Derive formula for difference of elevation on verticel photographs in

relation to parallex difference; give both forms, dp and dh.

(2)" Derive formule for elevstion of plane when taking verticals at given scale.

(3) Combine formulas for difference of elevation per unit of dlfferanus of

parallax and for elevation. of plane,

(4) Describe the essential steps in prepering vertical photographs for use in

stereocomparagraph (contour finder).

(5) Outline the steps in computing the required information about vertical

photogf*hs necessary to their use in stereocomparagreph.

(€) Explain theory of radial line adjustument of vertical photographs, and

steps in setting up a radial line plot using tracings.

7% Explain radial éine plot by slotted templet (or equivalent) method.

(3) Derive the formule for horizontal displacement of a point in vertical

photograph due to slight tilt of camera axis, Explain fully.

(9) Explain why there must be a "y" motion to one of the marks in a stereo=

comparator and which mark it should be on, right or left.

(.0) Explain how the movement of the“y motion can be used to find relative

tilt of a "verticel" pair of photographs. Yeneral principle only.

¢11) Derive foruules for finding relative tilt of "vertical" photographs from

measurments in Y (transverse direction).

(12) Deseribe general principles of several different types of machines for

drawing contours from vertical photographs.

(13) Derive foraula for horizontal displacement of a point on a verticel

photograrh due to difference of eleavtion; explain fully.

(14) How is distortion in verticzl photographs due to relief adjusted?

(15) How is distortion in vertical photographs due to slight tilt adjusted?

(16) Explain relations of relief distortion to tilt distortion.

(17) How are tilt and relief distortions minimized.

(13) Under what circumstances is is desirable to find the plumb or nadir point
in vertical photograrha?

(19) Describe several methods of transferring photo deteil to magp.

(20) Define brieflys principal point, principal plane, plumb point, nadir point,
isocenter, axis of tilt, vanishing point, perspective, true horizon,
aprarent horizon, mosaic, anaglyph, equivalent vertical, focal length,
comparagraph, planimetric, pseudostereoscopic, air base, photo base,
mep base, scele ratio, high oblique, low oblique, rectification

(21) Disgram the relation of an oblique photograph to the land which it shows.

(22) Explain the Canadiah grid system of mapping from obliques, including the
required data.

(23) Explain principles of Rich's method of mapping from oblique photographs.

(24) Explain geometry of finding true map directions to points in an oblique
pﬁtograph of an area with considerable relief.

(25) Explein the U. S. air Force method of finding true map directions from
oblique photos.

(26) Explein Crone's method of finding true directions to points in oblique

photographs. Wwhen is this method better then that of question 25%

(27) Compare the advantages and disadvantages of mapping from obliques and

from vertical photographs.

(26) Describe a system of combining obliques and verticals for rapid mapping.

(29) Describe methods of meking mosaics.

(30) Compare 3idvantages and disadvanteges of mosaics compered with maps.

(31) Explain desirgbility of ground surveys in connection with mapping from
aerial photographs, including determinations needed.

(32) vihat methods might be used for ground control including their relation to
scale of final map3

(33) If you could not obtain any ground control of your own where could you
find informetion to be used instead?



(62)

(63)
(64)
(65)

4 credit review questions, p. 2

What are most essential points on vertical photos for having elevations
deteriined by ground survey?

If you have no informetion on type of camera used in taking certain
vertical photographs whet information must you have in order to
find differences of elevation on them?

Explein methods of drewing contours with the stereocomparagraph.

what is a "camera lucida" and of what velue is in in use of photographs?

Describe the two types of instruments omlled "sketchmaster".

How mey oblique photogrephs be changed to verticals by photography?

Describe several types of stereoscopes and compare advanteges and

disadvantages.

How may stereo vision be obtained without eny instrument?

Describe the cause of stereovision and some visual defects and hebits
which mey prevent its use.

How can stereoscopic vision be used with oblique end ground photographs?

Describe abram's method of correction for slight tilt of “vertical®
photogragphs.

Explain with diagram the direction of displacement of objects due to
slight tilt of = "vertical"™ photograph.

Explain the "multiplex" method of mapping with vertical photographs.

Compare advanteges and disadvantages of use of elaborate machines for

mapping from aerial photographs.

Explain a method of correcting for slight tilt in "“vertical“photos.

Describe amethods used td overcome merial haze in teking serial

photograrphs. ?

whay are most bodies of water bleck in prints of aerial photos.

How can you distinguish sandy from clay soil in aeriel photos?

How can you locete on a previously mede map a point shown only on a new
verti cal photograph?

How can you find the position on the maep of the pluab point of an

oblique phtograph.

Under what conditions do aerial phtos display bed rock geology best?

Even if zerial photographs do not ‘show geologic boundaries directly

how may they be an mid in geologic mepping?

What difficulties occur in mepping & sandy coast?

How could you measure map distances with ground stereoscopic photos?

Explain why the photo or map base, b, on vertical photos is not in

every case the same in adjacent photographs ( more than one reason.)

Wwhat is effect of difference of elevation on value of dh or "multiplying

fector" with vertical photographs.

what effect has relief on scale of vertical photographs?

What are two necessary conditions to make¢ a"vertical" pThotogreph a

true map of area it represents.

If you have no informetion on true directions on tie ground what data on

a vertical photograph serve to approximate them?

Be prepared to solve problems on mep scales and photo scales.

whet is meant by "junction" or "ground" line in oblique photos?

Explain two weys in which slight tilt of a "vertical" photograph may be
detected.

(66) Explein principle on which amount of tilt of a "vertical" photograph

can: be measured by scale differences.

(67) From what point can radial lines be drawn to correct BOTH relief end

tilt distortion of a "vertical" photograph at once? Explain,

.(€8) Be prepared to work problems in computing velues of dh and dp for

vertical photographe given either the parsllex formule or a known
difference of elevation,

so ‘;‘!“



(95)
(96)
(97)

4 credit review questions, p. 3

Frove basis for Crones method of obtaining true map directions in oblique
aerial phtographs using geometric constructions.

Derive formula for obtaining difference of elevation in a pair of high
obligue amerial photographs.

Under what conditions of toPography mey perspective methods of rectification
of oblique photos be used.

Explain how radial line adjustments may be made with high oblique photographs.

How can raidal line construction with high obligues be combined with that
from verticels of same area?

Show with diagrams how vertical and horizontal angles are recorded in
vertical, horizontal,and oblique photographs.

Show the distortion of a rectangle in true verticasl, low obligue, high
oblique,and horizontal photographs.

Show with diegrams Smith's method of obtaing true vertical ‘dngles in high
oblique photographs.

Explein with diagrems how effect of tilt in neer vertical photographs may be
resolved into two components,

Explain effect of each component of tilt on parallax determinations.

Commnent of validity of the Abrams method of correction for slight tilt of
near vertical photographs.

Explain a pracitcal method of correction for slight tilt of near vertical
photogrephs.

Ley out a plan for the aerial survey of = township using vertical photographs
and exp.aing necessary ground surveys.

Ley out a plan for a ground survey of & township using ground vhotographs for
the contouring.

Lay out plar for zeriel survey of a township using oblique phtos and
explein the preliminery ground determinetions needed.

Explein in principle only the ground determinations needed for a trimetregon
survey of z route.

Explain theoretical basis of the "alldade“ type of devices to obtain true
directions on oblique aerisal photographs.

How mey map location of plane (plumb point) be obtained from an oblique
photograph?

Explein value of the determinztion in (86) in completing a map.

Compare radial line method with plane teble survey on ground indicating its
edvantzges and disadvantages.
List three common csuses of distortion of intended verticel photographs.

Explein how esch three types of distortion may be correctede (see 89)

Explein why it is hurder to fit reidal line construction of one flight to
en edjecent flight then it is to adjust one flight only.
VWhet determines scele of radisl line plot if no ground control exists?

What is advontage of slotted templet cssembly over tracing paper method for
rediel line plot?

Define briefly: isoline, junction line, horizon line, vanishing point,
relief distortion, tilt distortion, center of photo, Crone's method,
hich's method, angle of tilt. X motion, Y. wotion, Y displacement.

account for the better epparent stereo depth of lens stereoscopes compared
with mirror stereoscopes.

which are more accurately determined in vertical eerial phutographa,
distances or directipns? Vhy?

Apply your conclusion of 96 to oblique phtogrephs.
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GEOLOGY 11
MAPPIIIG

Review gquestions Second half final exanm (3 credits)

(1) Ccmpute how frr apart contours of ~iven interval nre on different map scales
and different slopes. Tangent 1 dege = 0.0175.

(2) Siate effect on (a) horizontal closure, (b) vertical closure on point of
besinning, and (¢) map seale of nn error in stadin constont of tolescopic
alidade.

(3) State offect as in (2) of failure to compute true horizontal distnnce in
telescopic alidade plane table traverse.

(4) What effect on clevntions has omission of table height above ground in a
telescopic nlidade traverse run with backsisht oricntation?

\5) Under what conditions must you use backsisht orientation with telescopic
alidade?

{6) A traverse was run with telescopic nlidnde and compass orientation through
a doubtful area; at end the point of beginning could be seen. Do what?

{7) 1In precceding question it was found that sight did not check. Give two
alternative procedurcs to correct this error.

{&¢) State coution in seekin/; corners alongs wost and north sides of towvmship.

(9) Where can you find correct informntion on size of sections?

\1C) Deseribe methods of obtnining true horizontal distance with paced traverse
and ground is such that ordincry pocing is either impossible or inaccurate.
Actunl field practicability is considercd, also different types of instru-
nents, such as opensight alidnde and planetable, Brunton compass and sketch
bonrd, ete.

113 Compare differcnt methods of using Brunton compass for direction ineluding
type of ground or slope in which each is used.

.22) Commore ndvantages and disadvantages of Brunton ~nd prismatic compnsses.

{13) On some township lines you find two sets of corners except at the corncrs
of the township. Explnin why.

(14) 1In case traverse with tolescopic alidade shows that a scetion of land is
not the shape it is supposed to be, suspest check lines to nrove which is
rihts

(15) Be familinr with different necr-obsoclete units of land measurements, chains,
rods, acres used for distance, cte. coverting cach into feet.

(16) Be propared to compute difference of elevation from telescopic alidade
readings with different conditions nnd stadia factors given: include angle,
Beaman, ond level tolescope systoms.

(17) Explnin methods of measuring distance with tolescopic alidade when only one
horizontal wire is available.

(18) Compare different systems of obtaining differcnces of elevation with
telescopic nlidede considering which allow you to choose noint where middle
wire is placed on rod.

(19) ZExploin methods of working with telescopie nlidade which could be used if
you could not adjust it or one of the levels is missing,

(20) ZExplrin how to usc Brunton commass to measurc slopes and how you will use
slope data for contouring.

(21) ZExplain how you could usc Brunton compnss to obtaln differences of elevation
using; more than onc method,

(22) 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 direections and clevations? Show computations.

(23) On setting up to start a bronch telesconic alidade traverse should you set
uw» over an old station, hnve rod held at a former station or have rod held
at a former turning oint, set u» on old turning -oint?l Explain possible
errod.

(24) ZExrlain fully why an index level was added to the first teclesconic alidndes.



Second half final exam e 2

(25) Exnlain different ways of correcting readingss of the barometer when working
alone; consider case of long interval between visits to known elevotions.

(26) Comare rcsults obtained in field with hand level with those you obtained
with barometer.

(27) Ez-lein comutations of mar distanecs on different mans scales and
transformation of map scales into fractions and vice versa.

(2€) 2Ex-lain the distortion of a vertiecal aerial photograph due to relief of
region shown, considering not only disnhlacement of —oints but also change
in shanhe of straisht lines on ground.

(£©) How obtain factor to measure difference of clevation on wvertical aerinl
vhotograrh if you have no information on tyre of camera used.

(40) Under what two conditions is a vertieal aerial Thotograph a correct map of
the ground?

{71) What steps must you take to find the scale of a vertical zerinl rhotograrh?

«w?) Compare advantapes and disadvantages of Beaman and vertical angle systems
of the telescoric alidade.

(“3) EBEx lain why alpedbraic signs of backsipghts and foresights with telescopic
alidade follow different rule.

J84)  Explain advantage of making sideshots with tclesconic alidade.

\'%)  VWhat kinds of surface foatures should be ecarcefully located with telescopic

alid~de if you are %o comlete your man from nerial photograrhsi

3) Explain ndvontage to planetable or comrass survey of location of a prominent

although inaceccssible noint like top of windmill; include clevation as well
as location determination.

{47) Explnin why you should obtain clevation of surface of 2 body of standing
wator or slow-flowing stream.

\38)  Explain effoet on comass ncedle of different ty-es of loecal attrastion,
such as R.R. track, Joints in rails, rocinforced concrcte, end of fence,
north-pointing fenee corner, buried iron Hipe, cte.

(%) Ex-lain effect on accuracy of elevation determinstion of high and low
vertical ancles.

(4C) How ccn you find true north; explain general principle of two different
methods using Polaris,

(4#1) VWhy in finding true north from Polaris nust you know approximate latitude?

\%2) Which wny do you move south cnd of observation line on Polaris to obtain
a true north line? Diagram.

(43) Explain use of survey of » railroad in making an accurate map.

(44) Ex»lain steps in checking stadia constant of telescopic alidede ineluding
different types of this instrument.

(45) Ex-lnin the rules in resard to contouring which must always be remcmbored
in field drawing of a map.

(46) Ex>lain two ways in which you ean find the time on a given dny that Polaris
is true north?

(47) Be prepared to tronsform true to magnetic azimuth and vice versa; also
szirmuth to bearings and vice versa,

(48) Compare advantages and disadvontages of azimuth system versus bearing
systcm,

(49) How cnn you use vertieal =ngles as on aid in obtaining horizontal distance?

(50) How do you distinsuish botween Beaman and sangles scales of telescopic ¥
alidade?

(51) Dxolein vossible orror in using for straight checlts with borometer of (o)
level of 2 cold body of wator slong with (b) voints on opon ground ~wny
fron wator.

(52) Whot world be offect on diffcercnes of elevation of confusing 3eanon ond
angle systons on telescopie slidede?

(53) Fow do you deteet arers of locsl megnetic attrection duc to unltnown canse?
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(84)

(85)
(86)

(87)

(89)

LUS)

What nifht be esuse of ymerocnt egreonent botwain 3Beanen end angle systons
of noasuring clevetions with telescopic nlidade whon results were sctuclly
in orror?

In =n intorscction survey vhy is so rmch stress 1nid on sights clong the
of the bluffs?
Yheo is liniting fretor in ceccurcey of elcovations obtained fronm the inter-
scction survey?
Compare accuracy of level and angle shots with telescopic alidade?
Vhy and where might engineers level be superior to telescopic alidade for
elevation determination?
"y is permissible error in closure not directly proportioned to distance
covered by survey but increases at a lesser rate?
Be prepared to compute radius of railroad or highway curves of different
degrees of curvature
Deseribe how you lav out railroad or highway curves on a map,
What is meant on map by term "B, M."? by the small triangles with dot in
center? by letters on such marks "T, Tr,"? Describe marks you would expect
to find at these points when visited?
“hat are adventages and disadvanteges of different ways of expressing scale
of a map?
State bare minimum of information necessary in legend of a map.
How can you change scale of a map in absence of any special apparatus?
If a map is to be reproduced by blueprint (or bdlack line print) what colors
of ink are allowable?
"That color must be avoided if a map is to be reproduced by ordinery
photographv?
That types of checking may be done to determine accuracy of a given topo-
graphic map? _
Yhy is "tracing paper solution" of three point problem useful mainly in
office?
Explain how the U, S, Land survey was supposed to be laid out,
Define, baseline, correction line, meridian, meander corner, township,
sectlon as used by U, S, Land Survev
Be prepared to compute notes taken with telescopic alidade (any system).
Compute notes taken with engineers level or hand level and rod,
“hat is limiting factor of accuracy in using hand level?
What is limiting factor in accuracy with barometer?
Describe two ways in which paced distance may easily be laid out on map,
What is limiting factor of accuracy in pacing?
Why is it necessary to set flags to sight on in intersection work?
Describe steps in finding a land corner in unfenced region,
Vhy are results with large telescopic alidade commonly better than with
small or explorers model?
Yhy are foot numbers commonly omitted on stadia rods?
Explain two major "personal security rules" when working with a party.
Under what circumstances should telescopic alidade be kept in its cese
during moves and when not?
Explain reason for precautions 6ur1ng leveling plane table with telescopic
alidade and when settine up on rocks,
Yhy is Brunton compass better for following land lines than is prismatic?
Give precautions in carrying telescopic alidade in its case when traveling
by caw,
Yhen 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.
Outline procedure used to check accuracy of the stadia constant,
Uncer what circumstances could you find a "neutral point" where the compass
needle will not stend still?
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Under normal circumstances does motion of compass needle indicote local
attraction?

Although the f + c constant with telescopic alidade is less than 1 foot
cou’.d its omission cause an appreciable error in a long traverse?

It iz commonly said that the allowable error in surveving is proportioned
to the square root of distance covered, 3IExplain qualitatively,

Dxpiein two important reasons why geologists must be familiar with the U, S,
Land Survey of area in which they are worlking, :

Ty is it better to follow land lines when sun is out?

"hat limits methods used for long sights with telescopic alidade when rod
can Dbe seen only throush a narrow lane betwecen trees?

Plen how you could 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
cheeclks,

Outline a method whereby two observers, each with a barometcr, could carry
corrcet elevation over a considerable distance from nearest known elevation,
You desire to check the magnotic declination for use with a hand compass
and have no astronomic tables, Outline practical method,

Describe effect on compass of () avother compass close by it (b) of a north-
south fence, (c¢) of a vertical iron rod in ground, (d) of a breck between
rails of railroad, (e) of a buricd iron nipo not at the ends, (f) of a con-
crete bridge or culvert.



Review questions, first half final exom (Use Diagrams)

Full interval reading = 5.0 ft, Seaman arc = 56. MNiddle wire at 8.0 ft.
Difference of elevation? (Stadia constant 101) Up or down,
If abeve is a Dbacksight on point with elevation 1000, table elevation =
If abeve were a foresight with table elevation of 1000, rod elevation = %
. Bule for sighs with backsights,
Bule for signs with foresights,
fnle for signs of rod reading.
Wien other than middle wire is read how make correction to middle wire?
Tull interval = 10 ft., 4ngle scale =31-08 (factor = 2.,00%)
35-U46 (factor = 10,00%) middle wire 10,0
Dif“erence of elevation? Up or down? Stadia constant = 100
. “f a backsight from elevation 850, table elevation?
3. if a foresight from table elevation 900, rod elevation?
"» ‘Thy keep alidade cases on hinge side?
2. W hy hold onto alidade until table is levelled and clamped?
3. How use the compass on base of alidade when on table?
;. Describe principle of drum method.
. Describe basic idea of step method,
16, 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 sel., alidade
1¥, Tall 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.
20, List essemtial steps that must be taken before starting work with tel. alidade
Omit details,
2%, Axplain in full each of above steps.
22, When elevations are obtained by intersection and vertical angles instead of
with rod, how compute difference of elevation? Why?
2%3. Vhen you enter area of local magnetic attratiion how run traverse with
p. table and tel, alidade?
o't Vhenever you catch sight of a previously located point in course of tel.
alidade survey do what? Wkt two things will be accomplished thus?
25. What is a sideshot and what taken for?
ok, How are sideshots computed and what danger of error with them?
27. If you are going to use aerial photographs to complete your man what kinds of
: noints should you locate on your planetable sheet?
28, If rou pass a body of standing water in your area so what? (tel. ali. survey)
29, What caution must be taken in handling striding level whenever instrument is
placed in its case?
30, Why cannot 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 uggest methods of checking differences of elevation in fielad?
35 Wnen is steel tape measurement desirable? With planetable?
36. Cautions in .. wuse of steel tape. Three kinds,
37. How is slonccompensated in use of steel tape? Two methods,
38, Could you use tels, alidade for a Polaris obscrvation? Explain.
29, 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 exomination

L0, Definet culminotion, elongzation, meridan, zenith, hour angle,

41, What effect does latitude have on direetion to vertical plane through
Polaris?®? Explain,

42, Describe two methods of indicating directions

43, Define: azimuth, quadrant, bearing, truc,megnetic as applied to directions.

Wi, In running a compass traverse could ;ou use cvery-other station method

and under what circumstances,

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

traverse ancd how?

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

Bive two methods of latter,

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

be correccted to a true H-5 line?

48, How can you tell whea you are far cnomgh from a known source of local attrac-

tion to get true(correct)reading,

4o, Transform sone cuacdrant readings to a“zimuth 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 nust be used with it?

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

S, Draw diagram of coupass circle showing how divided,

F5e Draw a dingram showing how to set off a declination of 5 East on Brunton;
also 10 West., Show line of sight and neecdle,

56« Shov two methods of getting directions with Bruntons

57. Show how slopcs (vertical angles) are found with Brinton.

K8, Diagram construction of prismatic commass,

79. Compare advantages eand disadvantazes of Brunton vs. prismatic compass,

60, Are land divisions of U,S, Land Survey truc or masnetic?

6ls If your retracing of an old mep shows a differen® Jdoclination than was ori-

ginally used, what is explanation?

62.Explain magnetic pole, declination, doviation, ne tic storm, long torm

x?socular) change,

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

64, Diagram subdivision of tovnshin into sections.

65. Diagram subdivision of scction in 40 acre tracts

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

67. Explain way correction lincs are nceded and where error is concentrated,

68. Bomeone tells you that a certain coracr is 4O acres distant; meaning?

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

70. In following lincs along west and north boundaries of townships how obtain

distance recorded by original surveyors? If sections are subdivided into
40's where is irregularity concentratod?

7l. vhat is meander corner? mecander 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 quartcr posts along township lines what
is reason?

74, Define; contour, contour intcrval, vertical intcrval, depression Eontour,

hachure,

75+ What rulec applies to position of lower(or hicher)land as you travel a contour
in onc direction,.

76. What rule with regard to vertical cliff contours, to coatours on divide, to
contours crossing a valley, to clevation of contours, %o cholce of contour i
interval.

77+ Draw somc sinplec contour diagrams of hill with depression, dn:mlin, valley,
even slop§ two-story vellecy, concave slopg ctc, 7

78. What methods mizht be used to locate coantours (zround survey)

79. Other methods of showing relief, Advantage of contours,
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80, Dcfincet tangent, degrec of curviture, radius of curve relation of center of
curve to tangent, station, incluling spstem of rccording distances,
8l. How can you find value in feet of diffcrence in parallaz-two methods,
82, Parallsx measurcs 15 mms to top of a hill; at a »oint 500 feect lower the
moasurencnt is 12,5 ume Corpute differcncc in ft. elevation per mm. of parallax
. Bxplain pwrposc and ncthod of radial line system of joining vertical photographs,
84, Two methods of drawing contours from verticnal acrials,
85. How find alitude at which photos weorc taken., Show formula,
86, Derive relation betwoen parallax diffcerence and other quantities.
87 Shew how formule for diffcrence of clevation fro,unit parallax diffcrence was
derived.
8G, Why is_thore a motion at right angels to linc of flight on one of mcasuring
dotsl What doos its usc demonstirate? :
89, Deseribe process of setting up a sterce pa. .
90, Deseribe processof finding multiplying factor with formula givean.
91, VYherc is -t most desirable to have truc elceationyon 2 verticnl phote?
92, Yhich dot should be used to tracc detaill
9%, Describe differonces betwecen the throc nodels of stereo ;n;truments uscd,
9ﬂ. it vhat slitade must vou fly to takc photos at 1320000 with a cancra of é in.

focal longhte ;
9%, A milc on photo measurc 3.0 in. Find scale as fraction. Asonumber of fcet %o

onc inch. _ G
96, When and whry is true horizontal distance used with planc tables
> ih i 1 photos?

i 120 & (5 iea

97 When is horizontal distance corrcct on vert ) : B

: : r if sncce of clevation using vertilca.
9%, How can you correct for error due to diffcrenc

photoss ; £ ' ’
99 17 you uscd an crroncous stadia factor with tele alidade would it affect

difforences of elcvation; cxeeption to th}s r?lc? e
100, Ia what dircction arc contour intorvals mcasurcd; map LSva
Bl L i
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Telescopic alidade: define apparent distance

Define slant distance with tel. alidade, and give relation to epparent dist.

Show how appare nt distance is corrected to true horizontzl distance.

Wwhich, sla nt or horizontal distance is shown on a map?

In coaputing difference of elevation with telescopic alidade which is used,
when observetion is with stadia rod: slant, apparent, horizontal distance?

Which distance, slant, apparent, horizontesl is found when intersection

wethod is used on plane table?
Derive formula for difference of elevation used when distances are by
intersection ana verticzl angle is meesured.
Yerive formula for vertical difference when stadia rod is used.
Define, stadia, interval, rod correction, half interval, rod intercept.
Define angle scale

Define, Beaman arc

How can you tell Beaman erc from angle scale on telescoric alidade?
Explain basic principle of Beama n arc.

Make sketch showing how you reed vernier; on which scale is 1t?

What is the drum?

Explain basic idea of the drum.

How is the druw used to measure distance (more than one way).

How is the drum used to measure difference of elevation? Show computation.
what is prupose of the striding level?

Draw a diagram of essentiasl parts of telescopric alidade.

Show why and how the striding level of tel. alidade is adjusted.

Show why and how the line of sight of tel. alidade is adjusted.

Yihy is there & control or index level on telescopic alidade?

Explain why and how the indéx or control level is adjusted on tel. alidade.
How would you work if there were no control or index level on alidade?
How do you read the vernier on Beama n esrc? Explain.

VWhat would you do if the striding level of tel. alidade is not broken but

cennot be adjusted?

Why is it a good idea to lay down & telescopic elidade with hinge down?

Could you measure distance if there were only one horizontal wire in
tel. alidade? Explain method.

Define full, interval, half interval, quarter interval, rod reading.

Explain more then one way to find distance whern not enough of the rod is
geen to span a half intervel. ( No quarter interval on instrument).

Explain level shot. Whet is its advantage?

Show by a diagram how you fina difference of elevation with telescopic
alidede when leveled and middle wire does not strike rod.

Derive the foruula for the "f + ¢" correction to stedia distances.

Explain why the f + ¢ correction can often be omitted.

When a nd why is plumb bob needed with plane teble?

Yhat are major adventeges of plane table?

Whet are some of the most iuportant objections to use of plane table?

In what kind of terrsin can you survey by plane table intersections?
In what kind of terrane would you survey by plane table traverse?

Explain difference between intersection and resection.

Compare advanteges and disadvantages of two methods of traversing.

Explain two methods of plane table traverse.

Define orientation, station, turning point, resection, intersection.

Explain two ways to orient plane table.

What is purpose of “three point problem", of "two point problem."

Explain solution of one case of wone method of solution of three point

problem (method suitable for use in field).

Describle solution of “two point problem”.

Explain foresight, backsight, side shot

Explein advantages of telescopic alidade over opensight.
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(51) "hat is mejor cause of error with planeteble?

(52) Oxplain rule governing reliability of intersections with plene table.

(53) Should any shots be made which do not conform to rule of minimum angle of

intersection? “hy?
(54) 1In what -ind of country is use of planetable not advised? In what kind
of country does it worl: best?

(55) Define Mmase lined

(56) Ceaution in use of vlanetables with leveling head.

(57) "hy does use of plenetable appezl more to geologists then to engineer

(58) TYou went to messure distence scross water with plane table and cannot

a reedily recognizable point on other shore to intersects Do vhat? (Vater

cen be crossedl Stadig rod cannot be used.

Define“stadia constant.

Full intervel at 1000 feet, true distance = 10.2 £t. ©Stadia constant =1

Why is & lsateral adjustment needed for striding level?

Yhat is limiting factor in aceurscy of stadia distance?

Yhy is full intervel reading the most accurate?

Diagram esseantial perts of hand level.

et limite accuracy of non—telescopic hand level? Assume it to e adjusted.

Step needed before use of hand level for any purpose. —xplaine

How is hand level used when worlzing alone?

Terrane in which hand level cannot be used worzing alone.

Do vwhat after adjusting before using hand level alone.

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

Yhy chooge hend level instead of barometer?

Why choose hand level over telesconic alidade?

Suggest a method of finding a level line for adjustment of hand level on

telescopic alidade.

"hen orefer barometer to hand level?

General principle of barometer.

Give limiting factor of accurscy of barometer; explain.

Jxplain a nracticable method of compensating for weather when working done.

Ixplein use of stationary barometer.

Ixplein two base method of compensationy show computations.

Zxplain basic principle of Lahess method of use of barometer.

Zxplein effect of a thunderstorm on barometer.

2 Yhen and vhy use a thermometer alongs with barometer?

(8 Major adventage of barometer over other instruments.

Define streight checks hov used for correction of barometer readings.

Define cross check; how used for correction of barometer readings.

(84) Deseribe a precticable method of correction of barometer readings wvhen

straight checks cen be found only a2t start and finish Aand vou work alone.

(87) Could you use 2 barometer os an aid in finding horizontal distance? Zxplain.

(88) Give three wars of describing scele of a mev.

(89) Scale 1/20000, 1 in = ? ft.

(90) Scele 1/20000, hov many inches = 1 mile.

(91) Scele 1 in = 2000 ft. Give fractional scale.

(92) Define "verticel photo".

(93) Define "low oblique photo'.

(94) Define "high oblicue photo'.

(95) Define "wrincipal point" of wnhoto.

(96) Define "nadir" or "plumb point'.

(97) Define "parallax".

(98) Ixplain cause of stereo vision.

(99) Zxplain several physical defects which may prevent stereovision.

(100)Zxplain in general terminology displecement of points in vertical photo due to
differences of elevation.
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GEOLOGY 11
MAPPING
PERSONAL DIRECTIONS-~DEVILS LAKE FIELD TRIP

General. Unless prevented by heavy snow the trip will start on Saturday
morning. Date of return will be fixed by weather, not later than the following
Sunday afternoon. (eight days total)

Equipment. Each student must provide:

(2) 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., HOBNAILS 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 slippers for house wear are good.

(b) Bedding for temperatures considerably below freezing; this means not
less than three (3) HEAVY blanets, not quilts unless filled Wlth uool. Mattresses
are furnished to everyone! : i

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

(d) 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, etc.

(e) Pocket noteboolk, not over 4 inches wide; a few sheets of cross section
paper. THIS NOTEBOOK WILL BE INSPECTED AT END OF TRIP. If you copy partners
notes label them COPY. Do not use too soft a pencil when writing in this book.

(f) Copies of Problems 1, 8, 9, 10, 11, 12, 13, and 18; Solar ephemeris,

(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 rule,
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
eppointments. These are to help washing dishes, setting tnble, putting up
lunches, etc. TFiremen will attend to stoves and provide all fuel, Sweepers are
responsible for cleanliness of all quarters. INSPECTION FOR CLEANLIWESS of
quarters and dishes will be made without notice! Keep beds made up properly.
Dishes must be rinsed free of soap; soap has been known to kill a horse!l
Flremen ere volunteers fer the trip and nermaily exemrt from K. F.

PERSCNAL DIRECTIONS

Complaints. As nothing undermines the morale of a party faster than com-
plaints all such are strictly forbidden in public. Any complaints about food,
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.

Personal 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 .cacyp 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 up in-
formation for next day, etc., etc. Work will be permitted in the study hall -
until midnight °
sleep., Worlk is permitted on Sunday. Discipline must be maintained to safe~
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
cf rules involving delay and trouble to others is a serious offense just the same
as a violaticn of any University or Park rules. 3 REND OF DIRECTLCINS

Care_of instruments. Please observe all cautions literally. Remember
that telescopic alidades and all instruments for that matter, are VERY EXPENSIVE.,
Do not jamp fences or off sliffs. Check up your instruments whenever you go
through a fence and whenever you leave a point you worked at. TFollow defirite
lines o 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
etc. are property of the Instructor not the University. Please be careful of
them and do nct include silver in the garbage! You are personally responsible
for loss or dumage in excess of normal wear and tear of any and all supplies
charged to you or your party. Credit is withheld until such charges are paid
to the Bursar,

Personal Safely. Be careful on the rocks especially if there is snow.
Remember that Northwestern trains run on the lgft hand track; KEEP OFF TRACLFS
WHEN A TRAIN IS PASSING! Do not stray from your area; leave it only when abso-
lutely necegsarv. There is no excuse for getting lost when you have instruments.
Trust your compass and use your location maps. Do not take shortcuts across
talus and cl’fis for they take longer than to follow trails and roads. The
greateit danger you are ssposed to is that when alone you might slip and injure
a leg or fcos so that you could not walk., To guard against this event carry
matches and 1f incured make every effort to light a smudge in daylight or a fire
at night, 3Be particularly careful to not stay out after dark alone, Ordinarily
you should never get out of contact with your party. Do not leave for field
withou'i proper cquipment ineluding clothing suitable for weather. A. B. C.

Ilo NOT carry peacils ete. in bootlegs. Women students must not work alone or
leave immediate vicinity of the building after dark without proper guard. NEVER
fail to keep zn gppointed meeting place; do not zo looking for the others.

Fire wornineg. April is in the Spring Fire Season in the woods. The dry
leaves malte 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 rocks. 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. 4. B. C. Use empty tin
cans on the tables., Don't throw any stubs or natches 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 keep
as well washed as at home. Shaving may 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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PERSONAL DIRECTIONS CONT'D,

better than at home! WNever drink from streams. Leern to avoid drinking :iy liquid
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 {irearms
into the park., DPlease obey these rules.

Private property. In many places you will have to trespass on private
progerty but the district has been selected to Izeep you out of such as far as
possible, DPlease 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 youUe Aveid grsl

L Llle

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

Trangportation. The University is not responsible for any student cars or
for accidsants incurred in use of them. Take 12-13 to junction with 159. Turn
right (east) onto that and follow it to junetion with 123. Go a short distance to
right on that and then leave concrete to follow gravel road to right (south) up
the bluf{f. ¥ollcw that to sign indicating route (east) to south end of lzke.
Follow Porik road aronnd south end of lalke to Camp Devils.lake. Avoid the Skihi
shortecut. If poesivle, gasoline, RR or bus fares will be paid out of the deposit
fund. F¥ile claimg for such expenses with Treasurer. No return fars will be al.
lowed if student is dismissed for misconduct. Pork aileng rsad oppesite office.

_G_C_)_ ‘. EXPGH‘-QS Iﬂﬂy run to \?7{0 GG s ﬁq-aggjt et He :.r-i_ i f‘u‘li ) e
eeferr “or She Xea! » Liwving costs of Instructor,
pay ana keep of coclz, and rent of house, ure paid out of this fund. Any surrlas
will be refunded together with a group photograph (if possible) at earliest pos-
sible daie, Unclaimed refunds will be applied to next years class. Owners of
dishes ctc, gt notning for them except any left-oversat end of trip.

Grales  fiuadents who complete the required field work in a manner ﬁhich is
merely “satisTactory” will automatically receive grade of C. Higher grades are
given as rewz—cs for ACCURACY of work, interest, resourcefulness, dependability,’
ebc. Lower gracdes are result of CARELESSHESS including loss of equipment through'®
violation of les, neglect of opportunities to work, unrcasonable neglect in
reading ownd following instructions, slowness in grasping ideas, etc.

Cenzlusicn. Success ie up to your initiative and gumption. When in doubt
try to CTigure oot £0MZ WAY to get the desired result. Get locaticns from map and
not from natives. Check over equipment when starting and returning to camp.
Remember cost cf replacing losses falls on you. Beginners are not expected to be
perfect but are expected to learn. CARRY ON! Let's try to better the record of

the previous classes! LET!S GO! Meking yeur depesit censtituies s rledge te
sbserve potk sbove and eny new rules which mey heceme necessarys Failuras 1o
sign-out for tewn lsuve er far air phetos etss, tuken fram study hell, rtoying
out luter than is reszsonsbles or cuuazing eny diaturbsnce ‘iw qqar“oﬂn are

gariocus effensess ohlef of e- ch periy must sign all members in exn Doird u3 seen
g he reuches cumps All sccidents mugt ke reperted promptly.

¥

Fo Te Thwaites, chief of Party
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Directions for field work at Devils Lake
edition 1941
Introduction. Field work at Devils Loke will be divided into three phases:
One day in testing the alidades and doing an interssction survey; a shortpractice

traverst . The following three or four days in ° threc man parties with the
telescopic alidade., (Bach perty will have {L, squarc mile to survey per porson) }
two or three days doing contouring, =

Testing the telescopic alidades.

Material., Large plane table, sheet of mounted poper, telescopic alidede,
adjusting pin and serew driver, note book, hard pencil sharpencd to chisel point
on one cnd, eraser, magnifying zlass. One party will have tepe line (steel),
plumb hob, marking pins, wood stakes, hatchet or axo,. :

Mothods Each perty will work together excopt as some members will be detoched
for measuring lines and setting flazs. Go to the level open =zround ocast of comp.
There measure off a lim about 10C0 feet long, e o
Set up table so that ccator of instrument wheon placed on it will be about 1 foot
back from zero point of your test line. This will compensate for the constent
vhich is usually neglected in practicpl work. Note how your large table is
levelled. Taerc ere twe wing nuts beolow the table. Of these the upper is for
levelling end the lower for orienting. Place somec greasc or vasoline on threads -
of secrew which serves to attoch the boord, otherwise jou will have treuble in
<emoving ite Do not place poper on toble until you can do so in a warm place or --
it will buckle when hoated. To level the table first loosen both nuts. Note
-thich way you should turn tho nuts, Ploee olidado on ite HOLDING THE ALIDADE
ith one hond level the toble and clarip the uppoer nut, CAUTICN: NEVEL LEAVE (O-0F-—
THE ALIDADE UNTIL THE UPPER NUT IS TIGHT for otherwise o sudden jerk will cruse it
to slip off ond such falls do not ngree with cony instrument. Never sot up tho toble
on rocks without piling stoncs not less thon 4 inches in diameter around the legs.
Remerber thet you nove big boots on ond sooncr or later will strike o tripod leg
with one of then. BSAFETY FIRSTs it is better to walk around rocks thon to pey for. -
~wapairs, 4&fter levoling the teoble it can bo-oriented to ony desired-position ond,
then clompcd with LOWER nut. After levseling tho table it will now be unnecossory

o oriont it for £ll you will have to do is to rcad the rod on norke
Rocord results in notebook. Change places at instrument so thot overy w.n of the
party will nake © observations. Then conpore with what youw-should hove
obtained ‘. The conclusions ney be stoted in cither of two

ways: (o) as the nunber, say 101, by vhich you will rultiply cach full interval
rooding to got true distance, or (§) the porcent you hrve to odd or subtract from i
100 x full intorval to get recl distance. READINGS AND COMPUTATIONS MUST ALSO
INCIUIE EALF AID QUARTER INTERVALS, both upper and lower scporntoly. Make surec |
that instrument is nlways semc woy up by kooping FOCUSING SCREW AT RIGHT. A4After all-
computotions bove beoon taobulated in notebook procced to test the drum eodjustment.

: ' ‘ : find out what-th actyolly
reeds vhen wire is svung over 1 footfer 100 feot - Repend_  _
doterrination being sure thaot clrrp scrow on télescope axis 1s tight and thot
spring is pressing on lcved correctly. #nke all roodings- by turndng TO-RIGHT.

Ench nerber of porty should mrke his ovn tosts. Last check 21l other ad justmemts— "
of the-rlidddo moking sure that cverything is tignt whon finished. DO NOT THINK,
HOWEVER? THAT THIS ADJUSTMENT IS PERMANENT. Check adjustmont of wires overy doye --
and of bubvles whenever you have o chrnce during course of work.
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Dovils Lake instructions, jo47, Pe 2
- Intersoction survey.

General. The remeainder of the first duy will be devoted to o survey by
interscctions from a base lino muusurlnb elovations by means of vertical angles.
The base line will be measured with stesl tupe. I Wwill be located on tae
flat wast 0f CX g5 far to the sowbh 8s is possibles Frou the base we nush
be able to see all the stations on East Dluff to the north but need not
be able to see those on South ¢ . 31uff « Do rot use the testing bese line!

Setting sifmdls. _ : A
Laterizl: Red and white cloth in sizes not less than 3_feet each way, loc
mep, string, hatchet if possible, field glasses if possible.

llcthod: Read over the instructions and get verbal directions as woll.
So far as pessible each man will be respensible for enly one station, Be sure
you undorstand fully tho rocuiremenbs =2s the sebiing of the stations determines
the success of the survey. The stations which are to be marked nugs be so
placed that o plane toble can be set up cither under, over, or just by the
gide of the flag in a safe position to worke. liorkiag must be good cnough to
soe with naked oye and rood enouch to sco even if snow falls. Uith exceptious
only as piven verbelly BE SURS TiH.T DVERY STATION OX BACH DLUFF IS INTGRVISILSLEL.
Thet is from oneh stabion you LUST 35 JCL.a TO SE3 ITS UAIGHSORS along the faco
of the bluff. Unlcss this is so you will nover be aoble to get accurate resulis.
Visibility must bo frea level at which tablo will be scb cbout three fect from
the ground;knecl dgdﬂ to0 gee if ©this is-donc. iHover locate so tuas next station

can bo secd only throush troes cad brush; the linc of sight uust be opun.
Do noe locate o stolion oun o truo ior scmc rocson. Use tho caginocrs tripods
waere tacre arc sueca . In.gonoral it is boest to uso flags
on vorticcl polos stuck into erasks of the roeks Tripods may cluo bo made of
three doad branciws tiod togothor ot tho tope Flaogs noy be droped over tops
of thosce You will undoubteily find rouwcins of forwor signals bui do now
dopend o thoir loention buin; corrocia
Stotions on Host Dluif are @ ot soubluvest coransr

_,ﬁd* is c_llw& LAST DLUFT,

Sast of tho trail near to a largo sguarc
stone %u thg vdgo ; muzt bo soon iroir FasT BLIDT":k'; this is
SOUTHZAST,. Eusz of Deor Gzp cnd above tho cuarry on a ledge vhieh ean oasily
" bo sewn from Southoast but not frowm etaur Fost 31lufi Stctlon"' Dl Gab,
ctobions on South Bluff arc: oam tho tulus above cuwap not far Irow tho wop
but so loextaed a8 to Lu ¢ble o sco tho Gﬂ“lnburq tripod for e the dags: this
iz TALUS

Ths engingers tripod of the farthost vast part of South Bluff vhich cam bo
soon {rom camp; this isc SOUTHDLUFF. On top of souoe talus abaut - milo farthor
ocst but not visible from South Sluff; this is RT! RUF , Other stations
may be seb on Wosw' Dluff i thore is timc. Y Ghis uork plense AVOID CUTTING
AT LIVE TRESSe Pum Pun caunoet te sesc “rex Zeutn B

o Aka

—

i
Survey by planotcble imborsvetions and verbtieal zazlos.

Yatorial: lerge planc toble, shoot of mountod puper, tcloscopit alidads,
adjusting pin, note book, 6 II pencil sharponcd to chiscl point on onv cnd,
moguifying glass, orcsor; if party ic to mocsuro baso lino, stool tapo, plumb
bob, marking pins, stokos, flags, oxo or habchot., Fiocld glassos aro very
holpful. Rod will bo usod ouco by cach party.

Uothod: Tt is first nocossary to leecote tho bose lince  WaST 3483ghould be
Locatbed roughly between T&luu Mnd Bast Jluff in tho opon £icld» - .
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ne~r to the weods ezst of tn'\
EAST JASE must bo locabod as far cagh aad as for gouth os 00ualblu7 xuﬂ e

2T

STATIONS on Zmst Sluff (uxcupt tiac Deor Gap station) IUST BE SESN FACL LOTH
ENDS OF THE DASZ. It is not noccssary tc sce any Sowth BLuff Stuobtions.
During tho time that some mon arv out scbtiag flogs tvwo will smeasurc the basco
ono woy and (if possiblc) wnother two woasurc the otucr way. Koup carciul
count of numbor of tope longths as aa crror in this mozus ons of 100 fodt.
Kcup tepo alvways on the line ocud koop it 28 noar lovel as possible uging tho
plumb bob on tho end off the zround. Look for tac corroct G on the Tape

If it is noecossary to measure across tho
reilrowd DO LOT ALLOY THS TAPE TO TOUCH THE RAILS for those arc cloctrically 7
charged ond to touch thom intorforces ”1t the train signals. 4also look out for
trains while tupe is on tho rizht of wayes Trains may bo hoord at some distance.

iftor the basc lince has: bucn moasurcd flud tho Ol"vu.ulo.ﬂ. of onw ogdt_ofr_
by usc of shbadig rod hold on thie roilrocd bonehmark on tho top of th Jr%l
comont baso of who signal bridge un the west side ef the trhcA, that 1 the one
nearsst the ole e, .¥. . Ths Llovation is 22 213 To do this it is bost to

sot up thc table aboud nidiay bebvosa tac bonch mork and the base linc station.
The rod will not bo necdod aftor $his is donce To do this is is not nocesscory
to mork ony lines on tho tuols bud they moyr bo pud ia if desdrad

To start tic map first chooso @ suitable plaec for it on the shovt romombor-

ing about how bvig it will bus BSoc problum 13. Scclo 1 imeh = 50 fovls

On this small seclo it ig Hoszible for 10T tilon one party bo sot tiaeir tablos
ot o stotion but o similcor off eonitor positvion muct bu usod at boin onds of the
bage if this is donc. Tirst sob up and lovel tho table as deseribued above
romomburing the coutiloncbous not leaving go of the alidade until the table is
clampude Draw & long line porcllel do onv ovdge of Dhe teble and lgy $hc alidade
on ite &clenso tho nvodlo ond oriont the table. Do not fidl o do this at
cvery station horcaftor as a ehuck on bucksigits. With tobl. ericnted soluct
position to plat tho bascline station you wro on. Lor: very noewtly with usual
trianglo outside thu dob, Si*ht the othicr ¢and of the base aad draw linc.
Lcasurc longth of the buse en this very .ccurutvly ueing the secle on tho base
of the alidado s which is divided inbo 50ths of inchus. Plab othoer oand of lind,
If your toblo ds off gonbor allov for $his in sighting. Kuop poneil shorp

ith sondpapor on botton of toblo. HNow line in 21l ofabions thad you con sou
Ioadng lincs with chdscl poiniod poneil tho full Leug gth of dho hlluudu.

This ds done In ordvr te £ Gilitﬂuv Loying the clidade on the lino again for

2 backsighte Road vertical oarles with middle wire on top of cach flag
Romembor to CENTER TN COTROL LiVEL-FOR EVaRY S5i07. =Roecord novos in following
form bub ILVER usc-signs for dugrees and ainutes. Imstcad scparcie thom by

& Gash mnd oater & O-bofors thu figurs whon she minubesc are loss thon 10,

Look out for tie falso 0 noind-on tho induxe - Lock out for bip orrors like $his
ond unu_suﬂll onug liks vibragion of the $able will take curo of thomsloves.
Onc of wng party should read wad the otiaer roesrd cad then cehoek by roading

CXS

himself. Uhﬂa;g alagen ©o dhwid . tins ovonliy
' 2 - ; 1
Btaes Ocs | St stde | Diot. i aaslo Comps diff,.}Elovation
| iquo|Dift, | 5tae oceuried [S%a. sightad
: i
! ! CTs s Le| AN5L|GT, |He FI—F

i o s

Ioto chanzd! from Problum 13 in thaot columm for hoight of idstrumcat wbove.
Golwm P is for cluvebion of top of flag,

T ke 5 ~ 3 ]

Do not; urﬂ st to indicots on lines whak gta t10¢s Uﬂvj aro‘bo. Some bod orrors

inye arison from disrogard of this, Koop stations cbbroviatod form in notou,
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Fiold glasses arc an immonso holp in piekiag up stations. After shooting all
utauloA" whieh con bo soun from enc cnd »f the basc go to tho otier ond and
sct upe. If off contor maic proper allowaacse in oricnting by bacLalet. Choek
dith compass. DO NOT FORGLT TO DLOCK Tz C0.iPaSS WIIEJ THROUGH OR 70 5EZ THaT
STRIDL:G LOVEL IS FIRMLY O ITS POST. Lcasurc heigat of flags with pockot tape
or othor convenicnt instrumcut. If ncud be you can use the sealc on tho
alidados. The nsarcst foot is cnough. Now you will have inturscetlons on
wost of the Zast Dluff stations. Pub acus squarcs around their locations.
0f thow choosc tho one with bost 1nuor"‘cu10n, and go te ite Trail up bluff
is marked with sign at tho bottom. Usc it in proforenco to dircet climbing.
Take tablo apart fo* convenicneo if dosired. Do surc to carry alidado in its
cuso. aftor a rough climb ciacck adjustmonts at first station. Sot up on
uﬁutloﬂ 010 on aad change tho squarv to a triangle to show that it has boon
acraa C If you sut up oun roecks do not forzet thoe ceutions to bo obsch¢d.
Jdidadoes qrc not intceuded for rock broeakorsd DO NOT FORGET wWiiT Tiis CONTROL
L Wil IS FOR or to chieek its adjustacni. It gots out of edjustmont from striking
tho side of the ecaso in carryini., Do not forgoﬁ that you MUST sight tho other
stations on tio bluff aloung itc feccs This is of yital dmportancg ond cgnaok
be noglocuads If you cannot sov thum frowm location on tablc try anothor placu
on %ably and vransfvr lianc by draving wae parallcl to it through map location
of station occupiod. anoshor trick is to udYu your companion zov to tho othur
station oad wave & flag on a stick until you can sco tlic spote Ilow you will
bc able to got saots to tiae Scubis Bluff stationss Koup on 2dng to now stations
cach of which has proviously beon wull locatcd, A plun of movemonis is csson-
tial to aveid piling up a cumulative crror. Make <ll possiblc chueock sights.
Alwigys usv the sights from tho baso for oriontatien wicnover possible. Think
over tuv interscevions you will gob aad how iy will stroagbhon $he weeuracy
of tho mape Do not forgub that in sowo places rosocciion is just as accurato
ag intorsuetion and usc tids fact o save haviag to go te some stationss It
is bottor to lot some statious go than to got ﬁc thaa so labo in the dey that
you would have o doscond the talus in the dark for tuwt is vory dansorsus
both to you and w0 your instrumonts. SLIORE LadilgG AITY STATION CHECK 70UR
ORIERTATION 3Y RESIGITLIG TIlLi FINST 3H0T. Look eut for rcadin=s of other then
middle ‘..3..1 Ce =

< 4

In the ovoning first gy. 3 what you dide ni'va-ry small dots for station
ocwtlouu, lincs butlbun Stuvdvue widbupe insidoe the sguarcs er trian;los.
—rasc otlher linvs and tomporary notus putiting namos en final locualono ef
stamlo“u for lator inking. &lso ink the linc for mognotic north which was usod
for coupagh oriontation, Now scale distaneccs botwocn stations (oxcopt the
base waich should bo shown as measured with the tope). Use cithor the alidade
or a jood scalc divided into 50ths or 100ths of iachius. Uso lons for oxtra
LOCUracy s d’\tm:c'r.t tavsu in oropur columms- of notes. Study Problom 13,
| \ multiply tho dis—
tance vy tho ﬂ*arul tangont oi Lo verticar anglo. Tangont table is providod,

. A,u-‘d sign of uiiioroncos of olovasion rocalling thot most of
thom arv forusights. Ap ply tlwoso readings to olovaiions of instrume.t to sob
vlovations of flcos at stobions sis ghtode Fill out cll tho columms oxeopt
vhat for He Ka uhorc you did not visit the station. For thuso stations you
can only give the olovation of the flag. You will undoubtedly find that roadings
k3 the sumo station from difforcat places do not all chuecke The ehicf eauso .
¢f thig is orror in acaling thc distanes, Remombor that stoop mugles cause thoe
goatost orrors from this roason, JAnothor orror is to roud the wrongs Wirce
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In throc wirs ingiruemins this ccusos en oerror of 17 minutes. In/five wire
instrucmonts the ceror is &) minutus. Roading tho falso € on tho iadux cousos
tn error of 29 rminutcos Cufor orrors aro duc o ineorrvet couniing of the
divisions on the are ( not thic vernicr on the indux). ©Ghock oll compututions.
Pisrcgard roculis wvhich dificr ulQQl) from othcerse If tho work hus boon woll
dons, particularly the inberscetions cnd seccling, the- difforencus in pluvation
¢btuinod from difforout soucos should not differ by more thwn 5 fict. Sofore
puttinc dovm on the mop he cluvation of a station w.agh thoe probublo ageuracy
of tiac difforcat obsorvaiions.s Give profeorcnco to low Vortlc.l anglos.
Aloo oconsider thou probable aecuracy of the w.ovobion of tho suc b¢on fron J“lCh
gach sizht wos tokons For instunce on orror bobwoun the two onds of the baso

linc ‘uu‘ affoet cll shois from ouc ond of thc basve Viun finishod elomn up
tho mop 2nd iak in the ground olovotions of all stations whieh you havo detor-

inud “ni cloo place Bhe flug cluvations of sbntions sightod but not occupicd.
These ore divtinguished by scuares instond of ftricon; luo.‘ Renmombor the rule that
all lottoring should bu read from bottou (southa) or ocgsts licke lobbering
parallol to south side of mup whoroover possibles Givo tlovations to noaresy

foot oulye 3se rew direciions for final nap.
Trovorso with plane tablo and tolescopic- alidado.

wogoricl: large plonc dablo, teleseopic wlidade, stadia daile , adjusting
pin, noto book, mognifyine rlass, hard poneil, sitadia rod, fiold glossos if
possiblo,

1 heve o make a traverse throuch

the arcas assignid to your pia 'Kuuy-thu aauc alidedo you hod

on the first daye Ghcek all uuguuugunus firct. Usu samu shoct =8 on provious
daye Obicin informciion en noarost aonch merk wand itvs clovotion. Chogk ovor
tho loeation of your party's arco from Ghiv locction msps Go to thic bonch mark
ond prepare to sbart o draverse to tho croas. Do nov set up table ever the
boneh uarke NEVER SET UP 04 PAVIIETT or trayelled nart of 2 moin road
Remomber cautions about loveling. Your troverso will normally bo mads by thoe
Bvery Othor Stotion mothod using cowpass oriunjution, Look out for loecl
attraction from fences, roenforcod conercvte, stoul culverts, obte. Chooso station
locations 8o as to ot long shots whoerv noodods Liork stotions (tablsc locations)
with trianglo around & dot ond turniug points ond other rod ydlIUu with squarc
around o dote 5ot up table and tcko a baeksipght o tho boneh mg

Continuc with foresight <o uvr41“g pokabs® Taun ;o boyond wnd ruocht

the proecss until you rcach the croa. Soc form of notos on noxt pagc.
When you roach tho arca itry to deteormine cs uony olovations ond lOCuuluﬂS of
foeaturds within it os is possiblue’ Troyerscs neod not clways follow roads.
In April it 15 p.“"lblu Vo 8. 41V E D thfou;“ & Lurne surt of $ho woods. Llgrk turning
points 5o you emn find thom ogaine. Red rags wro bosy in the wouds and small
yllgu 2% stondg cloiyr o sides of ro=ds.: GChoosy cu4t vl locctions for stations
in the arca from whieh you can got soverzl sidushoits to roeognizable points.
Hoko scparate colums for ¢ cpo in your notos.’ The purpose of tnlg.surVuy is %o
holp you losatu contours in your urca. Plom it earofully, Thrde/&&fs are
allowvea for this kind of work. NIVER GO AJAY FRON YOUR TADLE I TILl ALIDADE
OH IT. “that is tho timo the wind will blow it over or a cow noso it.

Whonover possiblo Lot sunliant foll on fuce of rods Hold bost cnd up under
conditions of cach shots bluck against S*y, vaito against woods. Plan your
traverse to closc hack ey point of bo cianinge, Sepiey 1 lneh = 1000 %,




.
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Oaro in planning ctatien and rod locetions will make sights longor und progross
moro rasid but do not take so many shorteuts us to -male you miss tho poinus ef
whiech ybu vill noud clevations, KEIP TWO 5208 OF LOTES, onc by tho Boaman
syobom and the othor by the anglo systome Lake Deoman roadings first, thon move
tho midile wire using sloy motien scrov uatil it hits 10 fout or $op of vod,
walehevor yeu profer, thon wave rodiaon en or to la;wa07n rod a3 casc uay be and
road cnglo. COLPUTE NEY DIFFERENCES LLEDIALLLY. Lhen cowpare rosults of two
mothods. If thoy do not agroc within a foot or so ropoat roadings. “hange
plucos as rodman and iastrucmont nan whonovor that scus desirsble but be sure
%o ghow whon in nobos omd make times oqual. Llovetions noed not bo conputod
in fiold only nct difforonces. Failurs to have those up to datc'is o domorit.
Koop notoes noatly oad usc oraser if you have to chango u roading. Avoia soft
puncile Try for lovel shois vhonover possiblc romombering rules for rcading
ouier than middle wiree Upper wire roadiags oro + angles, lever wire ~ anglos,
Computod difforunec is HALF L{TERVAL. Othor rules samo. Do not confuse with
gion mothod vaich uscs full intorvals DO 0P FORGET TO CENT.R THE GO ROL
LuViL FOR EVEBRY SHOMe Roviow your copius of Problcas 11 cnd 12 te make cortain-
thot you knov just what oach columm is Zor. Skoteh in roads, stroauas, luko
shore, ctc.as you puss thome LOCATS COWNZRS both on outsidu and inside ef
scctionse Got their olovations if possiblo. If you computu clevations in ficld
skotch contours wiencver you have timce Do not forget clovutions of road corngrs.

In the cvoniug after your notus have booa inspectod soc that they are
copivd corrcetly in notvbooks of «ll mompors of the porty. Shov whon instruaont
mon chongeds Fhon choek all compubations. When agrecuent is roached ink in
your survey showving seetion and subdivision linos, wain funeco, stations and
turning points with olevatiens of ground w4 lutder o ncarvet foot ( with
045 foot take ovon foots), lakes and stroons, roads, otce Give clovabtion of lakc.
Show names of party, sculc, ond nortih poinle ALL LETTERLIG HUST Di READASLE
FROI S0UTH OR LAST 5IDE OF TS LiAP.

In cass you noud to survey a railroad uso the Dvery Statien Lothod ericnting
tho table by backsizhts. Liark stations withh shout of papor on a fwig or have
rodmon hold rod on thome Pub nmark dirvetly uider location of point en table
ngt undor convor of tripod. Affor having sot up in samo way over what ovhor-
Wiso would have beon o turning point usc tho rod e muasure the hoight of tho
table apovu the ground. #Entor thic in Red Corroctien column troating it as
o baeksight with -+ sign. &nbor a € in distance evlumn and in anglo column
in the anglo notcs and 50 in Beamoa are column. Thom use rules as usucle

Notcs for T

‘Locations Fﬁz.t.}'in'ﬁﬁif?%%_}'{' Dl oigelte Ilovation:
”:J:LLEL-.E:P. B'-—S-—-. ! F-f: '! ,.N.(.j:iﬁ,f. E.?-_d COTw ;Ib‘t diffo Stan ‘ T. PI

F e ;-
o o Notes for e - | o508 :
Locutionaliirterval Anzlos  |iDiffe olovakion lovabion
56a, T2 HITe B FT 5o|{OBTEqus IrTs {{Conp, diti. |fod Gors

i |

: Thu?c is no mystory obout am clidade and no noud o take a half a day to
moko o singlo sight as somc hovo donce Road over dircegions tio night beforo
sturtlng.and ASK QUESTIONS THiEl. Do surc you undorstond notes. Use lettors
for gtatlons and numbors for turning points., Ixtra shoty arc SIDE SHOTS; add
spocial columms for thom in cppropriabto placus. Wabeh to soo what wire you
rcad overy times lioto the Qudtor Interval wircs in some instruments.

rn - +—.. .~
i

e R el g

.

- -
BT s (DErE. ~ (iCois {110 3322 Sta.|Te P..
_2_ _!. - l - ] \ o ———

oy Y x L
m = . = o 1. o e e .
: . - ingse who hrve not hed sufficient rrevious exverieince must
do aver » rrrotice Yreverds rerr ceo m unti¥ both varticel) rnd horizontsl clesure ia
gepisicotory,. de t0d : }

8 tredlen on vour wrrvring rerer cevar sheet.

o

4

Tirst do uet trr rerdirg »ther then middle wire !

#
-
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Topozrepir=s, Hrek noober of the prrty will be resnonsible for o tooosrrohic

and odtorop. php.of ®wprorinatrly Lya squzrs ild. Wiils Da $satrdrant den withliso-
tae o~lidnde he willwork meinly on his personnl area and should thereforc-hovo not
only somz znown clevation points but o start on accurato contours. Naturally the
telescopic olidede will be used mninly in the rmoro open ports of the arcs and along
ronds rnd troils. In April it is possiblec also’ to o through tho woods whorever
there is not too much brush. In the foregoing note forms there is no column for
SIDE SHOTS, Adé one at right. ide shots arc foresights talken to points like
feance corners, lokes, culverts over strooms, crests of hills or ridges to obtain
data for locating what is to be shown on your finel nop. As foar os possible the
rodnon should nork these points where there is nothing by which the spot con be
later recognized. "Hyll razs?. an trdee - or sticks stuck in ground are good. The
commputor of the party is to keep the figuring of nll notes up to date and roport the
results to the instrunent non. This Jjob reguires work and is not an opportunity to
cotch up ~n slecpl

Boynderricg., Your next problem will be to tell wheore each man's orec bogins ond
ends. In goencrol you should be able to locato ¢ither-one cornor of one of tho areas
or sone lendmarlk which is o Imovm direetion ond distrnce fron such o cormer. Loeate
this with o rod reading. Next use your location mep to loy out tentatively the outw
ling of tho areas. tudy this mop to sec the dimensions of tho sections and their
subdivisiuns as given by the U, S. Lond Survey. When rosurveyecd thesc nmay not ~11
chock exnetly but lorge errors should not be expected., In loying this out on the
table rencrber tho DECLIKATION of 4 degrecs E4AST, In ense you cannot find o corner
DO NOT EOLD UP WORK looking blindly for it but go cherd with the nop ond when sonc—
nie crn Inter show you the corner then leecate it. Tou comnot find corners with
certointy unless you follow tze lines vwhich lend to then. Most corners ore nnrked
by interscetion of fenscss Others kowe o strke in center of o pile of stencs, 2
pile of stones without ocay stelwe, or rarely on iron steke, In trying to follow
fences do not be nisled because some are strung irrozularly from treo to trec.
Renember thot fonce wires attroct jrour compass so sight perallel to fences not right
alongside thones NMany property lines vwhich ~re not fonces are blazed. ILook for
n0ld henled blazes vhich con be distinguished fronm accidental scrrs by being on both
sides of n troe ot sove clev-tion from ground. Some of the Btate Park corners hove
ceent posts with signs on theni ot othor plrees therc nre snell "Wild Life Refuge”
gizns, Yences on properiyr lines are comionl: nore substantial thon are the nore or
iess torporery fences within farms. It will in nost orens be unecononical to try
o traversc all of the outside with the telcscopic alidades. Run lines o somc of
the cormers and across the nmore opon parts of the arca, Winile doing this do not
aeglect to anp whet bopogrophy you can, using o 20 foot intervel. Get 2ll you can
done in wory of locating roecds, trails, houses, ond rock outerops while you have the
telescopic slidede with you. (To finish &ke orec you will hnve to split up =znd each
work alone in the nore densely wooded parts of the aroa .) You will probebly strike
interior as wcll as exterior corners. Do not neglcet to identify then by sceling
with alidode base. It noy 2t tines be desirnble to detach the computor of the party,
to scout arocund clone and hunt for corners, To do this he must have o composs ond
if possible o barometer. olre these instrunents along althouzh not celled for coove.
The scout nust colculrte how many vnces to 3 mile. Whon he starts on o linc he will
pace to this disteonce and then nork tho spob and cirele until he either finds o
corner of his personal areo or docides thero is nones In lattor case he nmoy want to
carry on another % zile and look for the next. Renember that nost of the bluffs is
held by Prairie fernmers in snall 10 or 20 cere woodlots so expect to find other
boundaries thon these of 40's, Note "timber boundaries" ghown by different ages of
cutting. Many of these are vlazed., The scout should kecp notes—-see sanplée. In
goneral he will endecavor to thus lecrn his personal area.
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Completing the toposzrqahyr, etc.
Moterinl: Sketcaing bosx

herd pencil, note boolz,
racister desirnble ~nd

plane teble, sheet of L PEDEYS

aneroid b-oromeier, wrieh. Fisld =lasscs
L level is useful

«

mcthoa: In order to finish the toporront

rile it will now be ficcesscry to breck up the pertv of three ;

On3 of t;nﬂpar+: will ”o»’a oﬁCul@ﬁ of the sheet alronar nodo with the lerze
plenetrble but tho others must trensfor tho dntn on their arems %o other s?c:ts.
In tronsforing shoot %o -~nothor toble DO FOT FORGET TEE 1AGNERIC DECLING
hia'te cowioe wibtn tiiln psuor tnd o-rbon nopor using hard poneil. On roaching the
finkd wou will stsrt 06 & woing civesdr Tixed oh ths rop ¢ run owb tho lend lines
not previously trrversed. It ig er-sicr %o do this with tho cornposs thon with =
wlonets ol* Bo sure yourccorprss krg thic declinntion set off correctlz. Checl by

sishiting o~longz « lino Thick is Mmawn o be north ond south such 2 tho one fized by
obn;rv;nd Polrris, Romerbor -t in loyinge out lides on tlie plraet-bles gou shauld
o the disirnces betvesn cornmors whrt thoy sro supooscd to ve (uss serls of faet)
wheot oury preing orkos it. Diroctisns noy, houcver, be mpéc wHot the ecomress
netos thonm. It is well $o fijure tho numbor of precs for £ nile; this will ko it
craior ‘bo lmow WEen to omhoet £ esrner., Ssmc lines on rous sround ecnuot bo poced
~nd =ust bc noceured br intorssctin, roscetion, vartierl ~mgalo, or by dutodrinz,
You will probedly wenb to run st conboan lizos with ong or Loro re4'$bors.
% © frp troyeraings Yo extoring of woury eron o rosd tihe brronctor,
Ba sure to aip this ri'eerps Try te ¥iads 533 v clowsuions yau con during the
dovs oAb thon rosd ond compute ke error far 1akor use in avrking o curve. Boop
tizos 6o ae-rost five milnubtes. 48 we do nob hrowve ul“‘*'f“t”rs nc the probrhle
toaporntire will nst bo s-x from ot fo wihieh tho instrudonts £pg 2ot Ao atbermt
vill Be 0o to coponscte for tomparsfurc. Seo Problan 1.
For= of 1niotes for ~nerpid
Ay
{ Locntion _} $inp . - Resding ! 'Correction ' Ilev-tion ¥

Eoriz abpsint choelts with cirelo ond cross choeks —ith ersss -nd line 10"33n; ta
tho othier rYessing or roslings ot seoe place. Renenbor new tho slopo sealc exn He

- -

usst to get stroisit chscits. Try it vhenever you con sec o plrce of mowm clevation
ot o =mem distonco, &lthourh it is true tihct sneroid rurﬂlnxs ceanot bz fully
corrected until the ond of tlo diy do not 1-1d up tho drevin: of contours to weib
for tais. Bstinote tic corrcction from thrt ot fie lnst stroight check r~nd drew
tentotivo contours vhiech npy be corrscied l-tor if nced be. Do not farget o mnp

sutoronsy Pocls, trails, buildines snf fovcag 4f on linos, Bhow o1 l.nd corncrs
rom have founds Use tho lovel vhonever rou nocd it cithor to level up iimortent
213)s or to sifit to xmovm glevotions. Gt hoight of jrour oye noove thc sround.

On tho first dog trr to =0 cround the outgldc of Lo srec first. DRAT HO COURTTUURS
VX“EPT OF T=2 CROUND YOU aP% LOOXI:G iT, Dolryr moras lasing the prin sdwentsoo of

this kind of ropping. Jontouy spacing scelos com bo usod. ﬁuo noving to aow
lOCPtlﬁnS aon Grswins eohbtourg.s  Roep lookirs b-ek ot vhot you hovwe done ond croee
if mow do not think it is right. Proctice nrke porfoct Reoerber thot the truc

“ towt of necul i conbh urlng is Ko rrk, e nep 9p ti#* cnzono eon locrto Rizsell

c ienturcs shom without hoving £o pessure Gistrnces. Try to rork
dotodils rs ou crn, Most bozinnors cenerrlize nlbogethicr too swch.
dnte bogn sny vhollr sccurnte nop of the “1u"¢s ga Gy for fhis
see s puch o8 possible of rour sror,

1ic ond ouberoap nop of pour sousre
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Use of serizl paootogrephs. HLerizl
value for they show faatures not found o
ground from nobove. Please do not mark %
field without special permission which
protect them from folding and soiling.

will be gr

vhotographs ore an aid of immeasursble
n maps and enable one to get a view of the

e do not texe them into the
ted only if you heve means to
Malke n tracing of cralls, roads, timber

hem, pleas

[
(S8

boundaries, etc.,in your ares to put in your notebook. Follow methods of Problem
16 to meke this o real meap, 1:20,000, in evenings; ink in znd add elevations you
hove deternined. Use stereoscope to sketch 20 foot contours of features in your
sres which show out well. Much dstail can be worked in if your eyes ere good aoné
F0u Bse a sharp nencil Check form of contours by trascing directly from photograrh
qﬁhuh,ghu. heve o roiny or snowy oy you can enlrrge this aerial
reD O wur fie 1:12,000, Use systern of squares, say by subdividing
tha ¢or:1Ls into es. OShow tizber toundaries. Soue qutcr 28 can be
loscted fronthe howgver, that thers are chenges due to lugging since
the pictures wer new roads and traii: not shdwn on bhem, Try fo work
in 811 practiced nokXe proper corrsctions to pressnt conditizns when
yomr Aota 3o cho

e sure to

<8 the o ) opcgrapny, 8o gat I
outlined +1rsu. siretzh contours te sway; troverse to the now locstion
or malk thers znd thea locrts wourscif. D guess; try to be as 0¢ec153 and
detzilad as you can be. Tour scels will of showing fentures 20 feel =cross

0 thyee peind s of logation, if me css.ry.

PO KOT FOESET TEE ROCE QUTCROPS out do not map toius and broken rock. Obtain
dips by gstting Four eye into plene of beds snd then holding Brunton compass or
fbney up so it lines in with edze of bed. Then coanter bubble and road dip. ?ecard
on oy Gct strike by sighting o lovel line on a ood ond then oricntving tebls and
shosbing it in. Secc sy outline for abbrovirtions. (Non-gecology students
A8y !"1]:1_ ¥ .)

&pove ronorks opply moinly to the open vart of your srea. Parts will be so

denscly covercd with wegehbotion that eve

n in April you will not bo sble to see wvery

fer. Eithor toko notebock and corpass only or toble-top omd corpess. With this
treverse ¥-S8 ond E~T lines thrcusgk ths wooded port af the grea so that you w111 be
asgured that you hove not nisséa onytizing of  lmpertonce in the way of topogrop

ant utcrons. Un+ ss the. topogrophy is of very large features (corrse textura) you
ghould go through the ored at lezst cvery 1/8 nile, otherwvise svery %+ nile both
North ﬁqd Souuz ;4151 a‘st AQ Wost. Bewnﬁ"rl's of lots ore shown by bloged lines
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Edition of 1941

After the return to Madison you have the option of either (a) inking in
the map sheet, or (b) tracing the nap on tracing cloth or paper. In latter
case, a sheet the size of this poge, 8% x 11, can be used. &ll of a party may
combine their maps into one. Colored inks will not be insisted upon. If they
are used, contours should be either red, orange, or brown, water features blue,
man-nade features (culture) black. Follow U. S. G. S. style except to nake
section lines solid. TFences need not be shown except where very few. Do not
atterpt fancy lettering but mnke everything readable from either south or east
sides of map. Do not forget your name, the scale, true and magnetic north.
Your work will not be complete until all other plane table sheets you have
worked on are also inked in and completed 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 nake you a skilled surveyor, but should teach the uses and
the limitations of the different instruments commonly used by ge ologlsts.
Blueprlnts cof tracings will be accepted.

i
i L
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Amendments to Devils Lake Directions, 1952

Testing Alidades., Iirst make normal ndjustments of the alidade indoors. Set
two stakes about 200 to 300 feet apart on the open area west of the railroad tracks,
Sa2% up the instrument midway between the stakes and use the rod to find the
G1lfference of elevation of their tops. Set up alongside one of the stakes and
measure carefully elevation of axis of telescone above the top of the stale below.
Use rod to do this. Then compute what you should read when rod is held on top of
otlier stake. If it fails to check adjust horizontal wires, Do not chanze the
bolole of levels, Then follow old directions, Measure baselines for stadia check
end zor intersection baseline with steel tape always on ground except across
1ailroad tracks, Eince Zast Base is much higher than Yest Base Cetermine average
slope of the more steeply inclined part of the base and use a table of cosines to
tind true horizontal distance of this vortion., It is absolutely necessary for more
than one party to measure the base, Some may prefer to hold tape level aad use
plumb bob. Check one another. Chec!: zero and 100 foot points on tape, The most
coumon error 1s to make the line 100 feet too long. If a pin is dropned at initial
roint then the rear men has in his hand the correct number of pins for tape lengths
07 counting the last pin in the ground, (low's method is to not use a »in at start
?:i then comnt the one in ground at lasgt full tape length; this is not aﬁvised.)
Hever count a pin for the fractional leangth of tape at the end, Remember how
engineers always count nurber of tape lengths (hundreds of feet) and record for a
mile 52 4 C0. Zxample: at 1000 feet you will have used all 11 pins,and.the rear
man will hold 10 in his hand, Record, pass these forward, and start new, A% 1900
feet the recr mon will hold 9 »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 NOT
counted nor is a pin counted at 1970 feet. Tiue check or testing line should be
about 1000 feet long., The intersection baseline is in 2 different place and as
long as possible, Get advice on location of ends of this line. r

Trial Traverse. Use a small sheet of paper fastened to planetable sheet with
me.sking tape. Lotter neatly and hand in without inking. A good place to run this
trial traverse is Jjust east of camm alonzg the quarry railroad and the road north
of the camp, and bacl: through the camn's area. Look out for local attraction of
rails, air lire, and wzll casing. (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 maper 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 vplanetable sheet. After measuring distances, trace the entire problem
carefully onto 2 piece of tracing poper and ink this. Inthe notes add a column
for tangent of vertical angle. TUse the tangent table. Your party map must give
scale, exact location of stations, lines sighted, and ground elevations of each
station to nearest foot, as well as names of party and date. Last erase your
pencil marks on the mounted paper, and clean it up reacdy for the traverse survey
of your area.

Traverse SUrveye

= ] 5 v Use scale o1 1 inch = 1000
feet. Be sure to get directions as t¢ vhere to start ~nd how to find your varti-
cular area. Add to form for notes a column for stadia (conversion) factor as ob-
tained from stadia table (either mimeozrephed or in back of Low)s. All notes
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should show full interval rod intercept, corrected by proper stadia constant if
necessary, The f « e . constant is generally negligable. Do not multiply by
stadia constant (stadia interval factor) except for platting (when corrected to
horizontal distance) on planetzble sheet. Do not vlace horizontal distance in

the notes. Do not forget to show if half or quarter interval was actually read.
Follow Low and give half interval reading as 2 x 8,3, quarter interval as 4 x 11,0
etc. in column with other readings. Multiply when you computes Do computations
at once and systematically. Xeep golumn for =~ computation of elevations. This
portion only can be deferred until night. All instruments with Beaman arc must
keep duplicate set of notes, one in each system. All instruments without the Bea-
man arc muist 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 obligue angle reading when telescope is pointed to rod.
Remenber that subtraction of degrees and minutes of angles involves carrying of

60 —=(60 minutes in a degree)- instead of the usual 10 of ordinary subtraction.
Iven 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 comnutation. Keep rodman within shouting distance at all time. Until
you have complete confidence keep rodman on his place (he can lay down the rod
unless asked to put it up again) 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. GCet all data you possibly can onto your planetable sheet; it
helps later.

Field Maps. Some will use planetable top, others sketch boards. Not every
party can get a barometer. Use scale same 238 traverse, 1 inch to 1000 feet. Do
not enlarge. Malze copy from planetable sheet with tracing paper and priclk through
control points, or you can use carbon paper tracing with sharp pencil point. In-
stead of using a "pacing scale!" make a smell 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 number
of feet for any number of paces by simple addition of hundreds (decimal point
moved one place to right), tens, aad single paces (decimal point moved one place
to left). Plat the paced distances with your engineers scale. Plat compass
directions with protractor. VWhen following lines have one man do pacing, other
leveling, sketchingz, compzss work, etc. Change places on the separate areas so
each man draws his own contouri The odd man detached from a three man telescopic
paerty will be sent out Wwith one of the men from the party in an adjoining area.

Do not go out alone = for one thing there are not enough instruments. Remember
that road and highway 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. Wote underground streams in many places which flow only

in wet weather. Your final map should show 2ll features which would aid a stranger
to find his location on that map. DO WOT TAKE QUT AWY AIR PHOTOS MARKED "OFFICE
USE ONLY!" OR "RTSTRICTZD OFFICE OQNLY" %e must heve a full set always available.
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Devils Loke instructions, 1941
CONVENTIONAL SIGNS p. 14

CULTURE (black)

Building @ School house # Church & Camp a Public road in good condition ===
Road in noor coudition or private==-: Trail not open to wheeled vehicles— - - -
Railroad, singe track +—+Railroad, double track F==¢ RR, temporary 4e—-i—
Tunnel }-... State line —— -.County line - - Civil township line = ~——

U. S. township line —— Secticn line, where subdivision lines are shown

City limits — . = - Rescrvation or state marlz line — - Land corners found +
Traingulation station @ Bounéary monument () Well, non-flowing o
Well, flowing, in rock o8 Wel', flowing in drift o Exploration drill hole

0il wells—drilling By - 0il well ® Gas well -5? C—as and oil well ¥ Drr ho o £~

Dam e Cewetery « 41 Bench merk x 2™ Limnthouse > Querry % Dump

Shaft @ Pit in drift kA Road cut —  Tence, barbed wire _x#,——;‘

Tizber boundary ma~~ra tion line, vhere .;u'b'.’.ivisi'n Lines
ahomne———= Subdivision lincg——-——

RELIEF (if colors =re used, trown)

Tlevation of definite moint 793  Cliff nY Slope, gentle == Slore, steecp >
Undulation, gently ——~—— Undulating, roughly /N~ Sags and knobs, gentl ea\../
Sagzs and krobs, mronounced ONJ Flat Plain, pitted —u— Sand or wash :
Sand dunes g\ Contours, nmmberad/%uo“‘"' Make every fifth contour heawyr and
number it as shown.

YATER (if colors o~re used, dlue)

Stream, permanent A Stream, intermittent .-° L. Ditch ——— Sprinz ow_
Marsh, fresh & Marsh, salt T==  THdal flat ==  Lake, Iintermitient .@

Glaciar or make blue contours on the ice b Lalkes mav be left open
ny »
GEOLOGICAL
B

Quteron of sedimentary roclk, horizontal or unkaown dip == dip known =

& % =
Outcrop of igneous ro"”@, Outcron of gneiss or schist .~/ Bowlders or talus

Gravel it G Clay vit c1 i

D=drift S=sand T=till cg=conglonerate dl=dolorite ls=limestone
rl=slate ct=chert gqz;quartzite sh=shale ss=sandstone Bt=basalt
Dr=diorite Gn=gneiss St=schist Db=¢inbase Ga=gabbro Gr=granite
Po=porphyry - Tr=trap

SOILS

cl-1l = eclay loam sdy=1 = sandy loam 1t el=l = light clay loan

TEXTURIS AND STRUCTURTS

amg = anygdaloidal gns = gneissic or = porphyritic sch = schistose

str = gtratified tkb = thick bedded t nb = thin bedded b = cross bedded
xin = crystalline xin-c = coarsely crystalline Xin=f = finely crystalline
COLORS

bf = buff bk = black br = brown bu = blue dk = dark dr = drab
gn = green gy = gray 3t = light i = rved wh = white ¥l = yellow
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FAh WESTERN LOCATION uAF, 1951 12~13

Departure of east-west section lines from normal + or - in feet. Note odd
lengths of 40's on = and . zides of townships. Closing cerners on township
line (E-%) not shown. On Highway 12-13 in NE,NV, sec. 15, T. 11 Ne, Re 6 E.
U. 5. C. and G. survey Z. ll. 1109 NE end of east base of railing + ft. above
pavement B, M. = 984.4 Other B. il on highway were removed during reconstruc-
tion but level of pavement mey be useds U, S. G. S. B. s V. 3 post %-10-6=848,3
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CENTRAL LOCATION LIAP

1 1l N-, Rs, 6 and 7 E.
Excess or deficiency of E-V section lines shown in feet + or -

E-W width of western 40's shown in feet 5. township line normal lengths.
kailway is double track

oee far estern map for elevations on track

Top of map is north

Logging trails not shown Park boundary not shown.
Flight numbers of air photography shown at top.
Lengths of lines to meander corners shown in feet.
See Far Eastern Location map for list of elevations
ﬁ]l north-south lines are normal unless noted.

1951
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B N F4R EASTERN LOCATION MAP
28 27 : : :
: 3 N B T
L{ Top is north
s, RN \Y -
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r e

Elevations on U. 5. 12 87 p. 34-11-6E = 870.2 MNi 27 (Paul Zantow farm entrance)
=1233,5 NEgNuy 27 (entrance to Myrtie Zantow garage) = 1192,0
U. 5. C. and G. Survey B. M« K109 on concrete culvert 22' E. of center old
pevement, 2' below roed, 187 N. of side road near S. line 27 + 1055.2emoved
U. 8. C. and G, S.B. M. L109 on concrete culvert SB corner of headwall, 18" E
center of pavement and same level Nig 22 = 109C.@removed)
Ca and N¥ Ry. B. M, topfoundation of signal tower N line 24~11-6E. = 971.9
top foundetion signal tower N line 25-11-6E = 991.8
s base of reil under signal gbout 100' E Vi, line 29-11—7E
" 954
base of rail at former signal bridge NELSE; 29-11-TE =906.0
top of Wi. coping of bridge over town road, sbout 580' S of
N. line 32-11-7E = 884.7
C and G. Survey B. li.s have metal plate with number but no elevatlon.
kailroad B Ms are not marked; locations approximate.

Trianguletion station under tover of hedio Station WiCF =zssumed te ®e 1620 elev.

an

Flight numbers of air phetography shown at top.
Departure of east-west section lines frou normal shown in feet # or -



CECLOGY 11
LA FINLG
Determinetion of true rorth froa Polaris Edition of 1943
Eused on Spaulding, Ge. He, Trairiug manual in topo;raphy, mey reading and

recomaisance, U, 5. War Dept., 1917

laterials Stroug twine or fisi line sbeut 30 ft. long., weighi, two stakes

gseversl feet lom,, one stake less then 2 fe t long with cross ber nailed &

,

.~
to tup, 2 needles. nxe, twe flush lignts, pocket teye, ecele divided into
tenths of inches,

ethods Study the diagre. 1o see how Bolaris is found from the pointers of
tie dipper. Folizris is not exactly on the proiecticn of the earin's axis but
rouzhly & cesree offe. It wppears to an observer to revolve in a suall orbit
in & counterclockwise directiom. Comiare wilh udirection of motion of sun.
Study Fig. 1 for definitions of four Gifferent positiovne in this orbit.

At two of these the star is directly worth (on the nedidian).

Folaris is found st an suyle sdove s worthern horizon (Fig. 2) spiroxima-
1¢ly cquael to the latitude of the point of observation( et both elengaticas
it is ecxactly equal)e Study ¥ig. 2 to see vhy we wust know the latitude of
e locality with more and more exactitude as we go north, alse why no accurate

sosei vation of Yolaris for dircetion is pos. ib%le¢ in the far north.

If :ou timed a revolution of Iclarie
Bain:ore [“‘:r faiw i you would discover that it is com-
\ bILFER rleted in 23 hrs. 56 min of earth
Upper culuinatidn b SR time or "mean solar time". The
oyas ST "hour angles" given outside the
St 12 i = circle represent hours after Urper
Culuination in "siderial time".

i e tige and our earth time is due to

//// 5 o ‘ Ry The difference between this star

. b N\ the fact that the earth goes ercund
4\({ ¢ 2 i 5\ o the sun every yeai. We do nct
2 e fﬁf have tc compute the d.fference
; . \ between the tws kinds of time
i hocause it is two small to make
: \ a material difference in zny one
-Viest :longzetilon R East elongation i day with observations to be used

L9 ;wéble 310 only with the hand compass.

S But it is worth noting th-t
Fola-is | i gae
T 3 i Polaris comes to the same pos-

\ i | ition sbout 4 minutes ezrlier

/ every day. You can look up the

\ - cxact times of emch position in

£ 4 ' the cphemeris making corrcctions
{16 for both days cince the one

given ~nd for longitude. Where

D we live the latter is not impertant
Lo = = 5 for cuiass observetions.
R ‘:,¥14 ah?n you do.not have a.tab}e you can
_____ e still ge* tiue of culmination very close-
}q = 1y by watching to see wken one of the
8 dotted lincs to sccoud ster from left of both
Dirper and Cassiordss vre on vertical line below
g B Foleris. The Dipper line passes this position
CASSIOFPLIA sbout 8 minutes before Upper Culmination end the

Cassiopeic. line gbout § minutes before Lower Culmination. But this
does not always occur during the hours of darkness or muy be gt an inconvenient
hour. Spauldings method is to imugine thet the time is shown on & celesticl



Determin.tion of true north, ps 2, editicn of 1943

and with the lince to Cossiopeia and the
The hours of this clock run in the con-
trary dlrcctlon to the hour cngles :nd each reprusents two sidericl hours.
You can meke & clock frce out of ceidboard with a kole at the center. Then
Lold this u» et right engles to the line to Folaris and recd the “clock time"
by holding out « string or ruler until it touches thkc proper ster.

Near the twoculadigotione time iaust be estimuted within cboub 15 minutes but
near the clongations such seevricy is not neadod.

elocxk mitn Folaris at the center
Dippsr &5 hands (both hour hends).

Study Fig. 2 to sec why as letitude inerecses the divergonce of the planes
from zenith througi the clongetions increeses ot the surface of the carta or

FIG. 2_ = L True F1G. 3
Fasme S e P e i\ north
Zenith =y Q}Jau of Folario 'V l*
Lidpe af @
signt ¥
. ™
E Fusib *\\ :
line e,
it -, i A -
o e ke o 2
e e ~i.. j Horizon \
" 7 Latitude e L -
; S = Pluwh lihe
\ _ ~ \
e A Truc north e \
e 5 \
’;P’/ *Base line \
S+ ke Ath erogs ber \
Stuke with cross bar
¢t south end base line
Make offcet in seame dire~tiom
&8 star is from trus north:
horizon pigne. This is like operning o door by ingerting e given object

ferther end farther.

The following table is for 10 dege. north lotitude end gives the horizomtel
or horizon engic of Foleris in both minutes and offset in inces per fcot of

baseline for both hour sngles after Upper Culminction end for "clock™ tin e
>
__Stur west of €88 ntits Tact ?
1 “E;n~k?— QQK%% - tfi“io EHOf HQTtn r}*;$_Jé§a;@ﬁﬂ¢lactor
4 |5k S ft s st 0-20 1.0
L IA 1eg B4 1 H¥ wmggméuﬁn_m._r‘ﬁ_fth 20-31 1.1
Be 034 ke dolo | e i 0 H 31-38 1.2
1:11:30 5330!16l .056 13]5:30|¢1.3o 161.056 3843 1.3
2121 |5 |31}.108 145 311,106 | 33-48 1.4
311023 4:30{44; .155 15:4:30 1030!44 1,155 { 48-51 1.5
4110 & 53185 1€ 4 10 "1531,18% h E1=54 1.6
61-9 - [3 j61l.213 183 9 1611213 i 54-56 1,7
S 8 jg  inia6 o |8 53.-185 I 56-58 1.8
9§ 7330 § 1230144 .155] 21 1:33|7=30 44 1.155 H 58-60 1.9
10{ 7 1 31f.108! 2201 |y 314108 8 - €1 2.0
116236 [1233C{16{.056] 23] 12530 6330]16 |.056 62 9.1
pec.123i6 f2 fojo ! 2412 |6 Jo| 0 §i 63 2.2
» 1 . €4 2,25
65 9.7 3
66 2.4 7
67 2.5
68 2.6 WOIZ-%
69 2.7 | 71 3.0



Determination of true morth, edition of 1943, p. 3

Routine of observation. Prepare stakes, etc, before dark and if
possible select the point for thc plumb line and place it. If a tree
it should bc as large as possidle and the 1i: - hang from a stout limb
where the view to north is rezsonably irece of obstructions, Ground

to the north must be ncarly 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 erd., If disturbed vy a slight wind the weight
can be placed in a pail of water. Choosec a time for observation as
near a3 possible to an elongation. After you zo to the locatvion after
dark find Poleris. Then estimate "clock" time An observer on the
ground will thon line in the plwnb line ~nd star, A flashlight on the
line but turned away from the eyss of tho obscrver will meke this
possible, Place needle. Then compute offsat in inches by multiplying
the 10 degree value by the latitude factor, Measure base line in Teet.
Multioly offset by this

direction firom first n
sct the larsze stakesf

. Set second needle on crossg bar iu proper

: S z. 3. How usc two flashlights to

'OO fect spart clong the line of
1

second needle end plumb line. Romore plrwd line, Next day find
local deelinavien oy reoaling aomﬂﬂsq on this 1ine, (line mast be
removed far anough Jrom sonrces of local eitrestion,)

Hxample of
Madison, Merch 17, 194 i
9:02 P.i. Local mesn solar tinme. (co-rection for lonzitude).

computation br use of ~phenmeris,
Time 10PN, CW. P =8 P, 0.8 - =

&y >

(&%)

Upper culmination Gireenwich larch 15, 1942 eh 13 m PM,
Subtract change, 2 days, 3.93 nin per day 8
=

Upper culmination Greenvich Merch 17 2h Obm, P M,
Correct to Long, 80 W, subtraet 1 m ik

Upper culmination Madison March 17 2h O4m P.H,

Time of otservation L, ¥, S, T, Sk Oz2m P.MW.
Elapsed time since Upper “ulmination gl 5&m solar time

Change to siderial time add 7 x ,16m i

- . . s s ; > » Y - -
Hour anzle in siderial time {st.r west of north) 6h 59m

Trom teble Polaris 1 deg. 18 Min, ¥ of north at 7 hours in lst, 42

n 1 de:.\:’ 21 E;iin. " 1 w 0 N 1 in la.t. d__..J:
Polarig 1 dsg, 20 min, Tess or North =t Madison (43 deg,
Tergent 1-20 = 0233 uliiply by 12 to reduce to inches = 0,2796 offset

in inches per fool of baselins, ¢ul inly by length of baseline and
makc offset to west of first nsedle,
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GEOLOGY 11
MAFPING

“raehand lettering after Orth and Maclin. 9ee also Te M. 5-230, sec. IV
/rrows show direction of strokes; nuuwbers show their order. Draw guide lines;
lower case letters extend 2/3 heigth above and below lines. Practice makes perfect.
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