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GEOLOGY 11 

Final Examination 

May 12, 1955 

Total points = 67 

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

The declination = 5°. g 

True bearing = . 

2. (5) (Underscore correct word) 

a. 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 ° 

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

the declination will be Smaller than at latitude 40°N., 
larger 

longitude 70°, 

3. (1) The isogonic chart for 1940 ¢an be used for obtaining the 
cannot 

correct declination at a point in 1955. 

4, (4) The distance between two points is to he 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 
iy Ss ae Yop haix on top 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.
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8. Continued 

ce. 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 . 

Difference in elevation is . 

9. (3) Locate the point sought. 
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lo. (3) List three methods of tying in known elevation to a barometer 

survey. 

1. 

2. 

Sa 

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

50°F. this following information is obtained: 

Stas. 2 Sta, 2 
Temp. = 67°F. Temp. = 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: 

be. 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?
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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 colum. 

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. 

4, 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 eae Seem 

9. (£+ ¢) correction 

10. Stebinger drum methods 

11. Level shots 

12, Taping distances 

13. Use of high quality plane table 

paper ee aca ee 

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



GEOLOGY 11 -- HAPPING 2 

First half final exam (3 credits) Bee 
STOP-~LOOK-READ. Write on 2C questions only and please indicate on cover which you 
left out. Be brief and to the point showing computations. Use diagrams. 

(1) You must traverse along a railroad with telescopic alidade. Explain trouble you 

may anticipate and how to avoid it 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. 

C7) Ta 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 telescopie alidade you catch sight from a table location 

or a Steere point already on your table. What should be done? (Rodman cannot 

be sent) 
(9) If you are to use air photography in finishing your map, list three kinds of 
locations which shonld be made by sideshots with telescopic alidade, 
(15) You neglected to check the stadia interval constant of your telescopic alidade 
and assumed it to be 10C, Later you found it really is 102. What effect on 
elevations obtained by (a) vertical angles, (b) Beaman arc, (c) level shots? 
(11) Referring to 1¢ state effect (a) on scale of map, (b) on upper or lower wire 
shots. 

(2) Full interval = 10.0 ft. Telescope level, Upper wire reads 11,0 ft. Net 

ciizerence instrument to bottom of rod, 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. 
Diagran. 

(14) Half interval = 12.0 ft. Lower wire reads 13.0 ft. Telescope level. 

Net difference to bottom of rod, up or down from table. Diagram. 
(15) You are to measure a line somewhat over 150C feet long using 100 foot steel 

tape. You have 11 pins. How keep track of correct number of tape lengths and 
excess over last one. Diagram, 

(16) Diagram two different ways in which ground directions are recorded with 

different types of compasses in common use on land, 
(17) You have a plane table with built in compass and wish to use telescopic 
alicade. (a) (b) What two courses will avoid an error. (c) State its cause. 
(18) If you could walk along a contour line always in same direction give rule for 

position of higher land, 
(19) What is the STEP METHOD with telescopic alidade. What limits its use? 
(20) Telescopic alidade full! interval = 5.0 ft, Beaman arc = 4@ Middle wire on 

8.2 ft. Net difference to bottom of rod, up or down from table. Diagram, 
(21) You are running a compass traverse and note the following readings (azimith): 
Sta, 1 to 2 = 220; 2 to 1 = 40; 2 to 3 = 100; 3 to 2 = 260. Explain, Diagram, 
(22) (a) What is the horizontal correction factor with telescopic alidade and 
(b) where are the correct horizontal distances used? 
(23)Explain 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, (c) principal point, 

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

(a) Diagram system of base lines and principal meridians of U.S, Land 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?



GEOLOGY 11--MAPPING. a—l / 
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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 height of 

table above the rod points was omitted. Effect on final elevation, high 

or low? 4 
(2) A 3600 ft. shot was made with tel. alidade. Interval reading? Probable y 

error in reading rod was 0.1 fts Probable error in elevation difference? 
Plus or minus? Stadia conversion factor= 10,00 

@) Explain what linits accuracy of elevations obtained from intersection survey 

with telescopic alidade. 

(4) Diagram the effect of a hill on course cf a section line shown near border 

of a "vertical" air photograph. 

(5) Diagram two ways in which directions can be read with Brunton compass, 

mentioning why each is used. f 

(6) Diagram two ways in which you use Brunton compass to measure slopes. 

(7) The net differences with angles and Beamans check 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, (c) horizontal closure. 
‘>) Why do telescopic alidade traverses in very rough country commonly show poor 

vertical closure compared 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? ‘ 
(12) Compare advantages and disadvantages of azimuth system of recording 

directions compared with other type of compass dial. 

‘13) Explain why the graduations and direction letters on a compass dial are wot 

the same as those on the ground. 

U4) What limits accuracy of determinations with hand level? 
(25) 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. 
(16) 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. 

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

y 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 factors which affect accuracy of distance determination b; 

pacing. 
(21) You must measure on a slope with steel tape. Give two ways in which you ci: 

correct for the error due to slope. 

(22) State why it is necessary to understand the U. S. Land Survey in making a i142). 

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

(24) What is limit to accuracy of elevation determination with barometer? 
(25) Explain 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 5-230. ‘Both are in library also some copies of 
an old mimeographed outline, portions of which are currently ready for reissuee 

Keep your laboratory and field directions, for they add mach to published mater- 

ial.. 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 each 

weeke All problems mst be originals, not copies,unless permission is given in 

advancee All mist be cither handed in directiy to the instructor in charge or 

folded and put into box provided in room 211i. If more than one shect, use staples 
not paper clipse Paper on cloth mst not be folded. 

Feb. 9 Organization 

11 Barometer 195-206; Lahee; 426-432, 461-490 (436-467) 

16 Hand level Lahee 459-461 (406-409 ) 
18 Plane table 18-35; Problems 1, 2, 3 

23 Planctable, cont. 78-93 : 
25 Telescopic alidade 35-62; Probloms 4, 5 

Mar. 2 63-69, 73-78, 93-106, 207-216 
4 123-167, 221-229; Problems 6 or 8 

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

16 T.M. 5-230; 212-258 
18 Six wecks cxam; Problems 8 or 16 

23 Review of exam 

25 Contour maps, etc. 167-194, 277-325 

: 30 UeS. Land Survey 1-17 
Apr. 1 Distance, scales, etc. 69-73; Probloms a 10 or 16 

6 Compass 217-220; Iahee: 420-426, 443-459, (426-436) (502-512) 
8 Revicw Problems 11 or 16 

13. First half final exam for 3 credits "What mst be known before 

going into fiocld." 

15 Briefing for trip. Deposit of $20.00 mst be made by noon, 
April 16. Problems 12, 13, 16, (18, and 21 if possible) 

17-2 Trip to Devils Lake (exact dates subject to change) 

27 Roviecw of trip 
29 Second half final cxam for 3 credits, "What should have been 

: learned in the ficld."
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Assignments for 4 credits only. Meeting place to be announced. Read parts 
applicable to each day from at least one of the following refercncose Quizzes 
may be given with or without notice, 

May 4 Review of examination 
6 Radial line adjustment 

11 Use of stereoscope (review paraiiax furmula) ; : 
13 Adjustment of horizontal map from photographs — tilt problem, ctce 

18 topping from vertical photos coniinucd, making mosaics 
20 ‘“ontouring methods--tilt cont. 

25 Qoliques. 
27 Use of oblique photographs and trimctrogon method 

dune 1 Rectification of obliques, continued—ground photo method 

3 Roview ; 

12 Final exam (4 credits) 3250 Pole 

koferencess 

Bagley, J» We, Acrophotography and acrosurveying, 1941 2 
McCurdy, P. Ge, Manual of acrial photogrammetry, 1940 
Pendleton, Te De, Map compilation from acrial photographs; UeSs» Geole Survey 

Bulle 788, ppe 379-479, 1928 
Sharp, He V., Photogrammotry, 1940 

Smith, H. I. Ue, Acrial photographs and their applications, 1943 

Tailey, Be B-, Engineering application of acrial and terrestrial photogram 

metry, 938 
UsS. Coast and Geodetic Survey, Manual of coastal dolineation from aerial 

photographs, 1947. 

Uc Se War Depte, Advanced map and acrial photograph reading, Basic ficla 

mamal 21-26. 
Field servicco pocketbook 21-35 — Sketching 

Technical manual 5-230, Topographic drawing 5 

Hand in original sketches with your final maps, including all construction 

diagramse In accordance with Us We rules, laboratory work for cither 3 or 

4 erodits should not be acccpted after 5 pom. Juno 4. lote work may involve 

an “incomplete". All grades mst be in by June 15. 

Supplics needed: 2 or 3 shocts of cross section paper; Engincers Triangular 

scale; small protractor; poncils, 4-H and 6-H; ruby crascr; art gum orasor; 
2 trianglos, 6" or 8% (1 45°, 1 30°-60°); several shoots tracing paper 83" 
x 11"; ficld note book; India ink; ruling pon; small lcttcring pen like crow 
quill with holder. Optiorai: Slide rule (simple); erasing shiclde



GEOLOGY 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 views Explain 

clearly. 

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

Diagran, 

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

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

(?) 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 known elevations can be reached except at start and end 

of day's route. 

(9) Define: (a) "vertical air photo", (b) "principal point" of air photo. 

(10) Define: (a) "parallax", (bd) "plumb point" of air photo. 

(il) 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". 

(i4) What are major advantages of planetable survey over map compiling from notes? 

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

(16) 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 -~ 50 ft; second reading 

same point 920; Second correction? Elevation? 

(20) You are to measure distance across a wide river using planetable and open sis:.° 

alidade, You can cross only once and no recognizable point is present on fe: 
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 a building is visible from mur 
places; what advantage will it be to your map to locate it by planetable 

intersections? Explain briefly, 

(23)A mile on a vertical air pheto measures 6 inches, State fractional scale and 
feet to one inch, 

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

(25) State two major advantages of the tarometer over other instruments.



GEOLOGY 11 
MAPPING 

Problem 1 (edition 1950) : 

Object: Theory, construction, and use of aneroid barometer, 

Material: Sheet of cross section paper, pencil, eraser, 

Method, 

Theory of Barometer, A small difference in atmospheric pressure, aP 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 =.g,dh 

where the minus sign indicates an inverse relationship, Now the value of density may 

be expressed by the equation » = P.m where P = atmospheri, pressure, m = gram 
: RT a, 

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

af : 

Solving for dh: dh: _ R,T.aP where R and g are constants, 

n.&.P 

Now 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 is 

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 : ho-hy = 

-~R2 loge P22, where hy and hy are elevations of two stations, and Po and P, 

ng Py ; 
the respective pressures observed at each, Variables besides pressure 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, 
Neglect of the factor of amount of water vapor in the air (relative humidity) causes 
an appreciable error, Temperature determination is more difficult for there is no 
way to get the average temperature of all the air above a station, Usually the 

average of ground readings at two stations is used, 

Types of barometers, The mercury barometer is out of the question for field work 

and the same applies to certain new barometers where electric heat control is needed, 
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 cannot 
be locked, The Paulin barometer gives a reading by measuring the pressure of a spvin, 
when the index pointer shows that the lid of the vessel has been brought back to 
standard position, This arrangement has the advantages of removing friction in beaz - 
ings and in being locked between stations, Both types have an elevation scale whict. 
is not one of equal parts as demonstrated above, A few instruments have a mechanical 

ueans 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 besiics 

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 chamges the 
procedure is laborious, and error increases rapidly with distance between stations 
What is the easiest and best method is that discovered by Gilbert (Gilbert, ¢.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, Watches must 
be set to same time and readings made simultaneously, But by means of relative 
proportion both temperature and humidity changes are then cancelled out, Recording 
barographs might be substituted for the base stations but in general these are not 

accurate enough, (Fig, 1) ( on following page) 

Some have tried a single base station with either observer or recording barograph but 
horizontal changes in pressure, temperature, and humidity are not easily eliminated 
in this way. lLahees 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 

any other time, it is best not to do this, Keep the 0 of the scale set cor tantly to 

2. given point and apply a correction to all readings, Times of observations must be 
vecorded and as many points of known elevation read at during the day as is possible 

including points established on previous days surveys, Comparison of readings 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 fined 

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 straight 

checks the better the results, However, experience demonstrates that etmospheric 
changes often occur in waves thus making results uncertain, lLahee also improved his 

method by taking readings on revisiting as many of the previously unknown stations 

as possible, ‘wo, 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; 

sime since there cannot be more than one elevation for the same point, These reatiiac: 

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 cross check where you conclude that the preliminary dra.ing of the curve of 

corrections must certainly be essentially right, Read the indicated 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 

yield the same final elevation both times, 

(7; B2 
oar eee gee alee eet oe Oe Re | te ee ee 
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“ac of ground 
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| ——~BG i 
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Figure 1 ; 

Gilbert's two base method of barometric surveying, B,, Bo = barometers at two base 
stations, M = moving barometer at station with unknown elevation, A = differende cf 
elevation of By and Bo found by leveling, H = difference of elevation of two bade 
stations from difference between simultaneous barometric readings at both, e =. 
difference of simultaneous barometric readings at lower base station and at unknown 
point, x = true difference of elevation of unknown point above lower base, By . 

simple proportion A:H:: gi6 or expressed in another way, H/A = e/x Hence x=. e/H 
which can easily be solved with ordinary slide rule, No other corrections are needed 

if the bases are properly spaced and not too far apart horizontally, lxample: 
H = 1000', A=1100', e = 650', x = 745’, 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) i 

0700 0800 0900 1000 1100 Sc 200 
c cf = a | ; i { 
0 5| = ee 
r 10) oie a 
r | 2 ee ala) { 

oe 1 oe ee ie a) 
{ees a pee earner ee eee een p ' ¢ 20 | K eae > eae a tt i I A A = 

t 25 - a7 

= Figure 2 Lahee’s method of correction of barometric readings. See next | 
=o page for data. Siraight checks enclosed by circles; cross checks shown le 

= by xe “urve drawn from straight checks only is broken; revised curve oy 

after considering eross checks is solide Study carefully to see just how | , 
i _tYiesé curves were.constructed. Here minus corrections were shown below i 

Ber O line; this is not essential although it is customary. !
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Station time Reading|Correction |Elevation 
t j | ' 

1 0700 | 800 o | wo 
= ee 835 | | The are the notes from which curve 
x 0 15 —— = 920 of Figure 2 was constructed 4 ‘0850 | 1000 & 
e 0930 945 ~15 930 
2 10950 855 
4 |1020 1015 
6 lids 870 -20 850 

joc 935 =25 910 

Elevations given are straight checks, E 

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, ii 

the second compute what the correction hes to be at second visit to give same elevation 
Plat this correction at proper time and alter the curve to fit, If his fit seems to 
introduce an unreasonable irregularity into the curve try altering the first point of 
the check, During and after a thunderstorm air pressure is greatly disturbed and the 
down-rush of cold upper air may cause part of the curve to be almost vertical, Read- 
ings at such times are worthless, The graphic method of correcting from cross checks 
used by Lahee is all right but is more difficult to learn than this arithmetic methcd. 

Lahees method compensates only partially for the scale errors introduced by changes 
in temperature and humidity, The element of judgment in using cross checks limits 
accuracy of results, f 

Tamperature and humidity corrections, Under conditions of either extreme temperature, 
extreme humidity, or very high local relief or a combination of more than one of these 
corrections for both temperature and relative humidity are desirable, Temperature of 

air changes the value of the foot divisions on the scale by about 2/10% for every 

degree Fahrenheit that the air temperature is above or below that for which the 
instrument was calibrated, Paulin instruments are supposed to be correct at 10° © 

cr 50° F,, most others at about 70° F, Various schemes have been suggested for 
. correcting readings for temperature of which the simplest is to correct the apparent 
differences of elevation between each pair of successive readines by the mean of the 
two temperature readings after subtracting from each the calibration temperature, 
The result of this temperature multiplied by 0,002 is either added to or subtracted. 
from the apparent elevation, depending upon whether the air temperature was above cr 
below the calibration value, Then the readings of the instrument after the first 
are adjusted to agree with the revised differences, See below, Since the effect uf 
revision is carried forward a single mistake is perpetuated, After checking 
computations, a curve is drawn from the revised readings and elevations computed 
for other times than those at which checks were obtained, A somewhat similar pro- 
cedure could be used for humidity adjustment which has the same effect, Since ths 
gram molecular weight of water vapor is only 6/10 that of air it is evident that 4 
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 
epparent: 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 temperavurs 

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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eee 
Temperature correction = apparent difference x ,002 x (average temperature -50) 

Hill's method is published: by the makers of Paulin barometers. ee : 

Station| Time, Bar, , Temp. Av. Temp, ,Av.Temp. Apparent jTemp. Corr forr, Diff, Adj, 
Feet | F, F, -~ 50 |dif, feet | + or — +ore Bar, 

+ or = Feet 

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

2 0805 | 1730 72 1738 
74 24 10 0 10 

2 0905 | 1740 76 1748 
ae 27 260 14 274. 

oe: 0915 | 1480 78 1474 
79 29 75 4 79 | 

1 0955 | 1555 80 1555 

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

Specific humidity, q, is defined as density of water vapor in a mixture divided 

Sy sum of density of dry air plus density of water vapor as above. q = fw 

Pa +fw 

Humidity determinations necessitate carrying wet and dry bulb thermometers or sone 

ecnivalent instrument, The making of this correction will increase apparent differ - 
eu.ces of elevation when humidity is high, Apparently few persons have ever attempte? 
Shis 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 actual density, Correction would then be made in the same way as for 
vemperature only, z 

“vudy 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 elevaijous 

of all the unknown stations and compare differences between results based on each 

curve, Return data sheets filled out. CAUTION: Do not use too fine a scale for ; 
corrections; one space for 5 feet is enough. Also do no show corrected elevations , 

any closer than the reading: in the fieldy~ Whe/re-readings were taken only to , 
nearest 5 feet final elevations should be rounded off in the same waye { 
Experience demonstrates that everi with frequent checks end good instruments \ 
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 same poi .4i| 
on several days are needed to obtain positive results. Bee :



GEOLOGY 11 Froblem 1 Data sheet A 

The following are actual barometric readings taken in northeastern Wisconsing 
At several times during this day points of known elevations were visited and 
the departure of the barometer reading from these was recorded. These are often 
called "straight checks". If a number must be subtracted from the reading of the 
barometer it is called a minus quanity or minus correction; if you hed to add to -*. 
the instrument reading to get the true result this would be a plus correction. 
It is customary to place minus corrections below the line of 0 correction 

and plus corrections above that line. This is not esential. 
Times are given in the 24 hour system heres Lay out hours horizontally remember- 
ing that they are divided into 60 minutes and so do not use dedimal divisions of 
hours. Next lay out your vertical scale of COKKECTIONS not readings. Do Not 

exeggerate this too much. Since field readings were to nearest five feet do not 
try to compute final results closer than that. If you use onedivision on the 
cross section paper for 5 feet it will be easy to do this. Your final results 
are, after all, only estimates of the real figures. Draw the curve of probabl]¥ 
correction values between straight checks as smooth as possiblee Compute the 
corrections for the times of observations. Record in proper column and compute 
the final elevations in proper column TO NEAKEST FIVE FEET ONLY. : 

Bar. Known 
_ Location _ Check Time Bar. read Correction Elev. Elev. 

Gillett ° ve50 S00 J --=== 801 
Suring ° 1000 820 ----- 803 
1 1040 930 
2 1050 880 : 

[pee Seance 10 B20) ee 
4 1105 870 
5 1110 850 

| 6 1115 | 830 
Py 1130} 870 
Le ame eee ae meee aemaetasne U5 5g] Ae Ee iaiok ease 
9 1345 910 
10 1400 925 | 

a 1408 940 

12 1410 950 

(er, 141 960 __ 
| 14 1425 | 1010 

15 1445 950 
16 1515 920 
Le: 1525 920 
18 930 ci 

MS 1555 950 
Breed. 1600 960 so-n- 879 
20 1603 915 
21 1610 550 

Oe 70 e ees 
23 1640 940 : 
24 1655-1 955 
25 1700 970 

26 1702 965 

K.R. crossing 0 170 ees ee -----_| 868 
27 1710 | 960 
28 1730 912 
Suring 1755 880 ----- 803 

o = straight check NEATNESS COUNTS!



GEOLOGY 11 Froblem 1 Vata sheet B 

These are the same readings as on sheetA with the added information that several 

locations were read more than once during the day. It is obvious that any location 
can have only one elevation. Hence you mus~t adjust your curve to bring this 
about without introducint any violent changes or irregularities if it is possible, 
The DIFFERENCE of the two readins must then be the difference of the two correc- 
tion values. Be sure you apply this difference correctly. But you will wonder 
which of the t’wo original readings is correct. In some instances one of the 
two readings or cross checks is just benfre or just after a straight check. 
Obviously the correction thus is fixed and the other correction is made to 
agreee This is the case with Station 4 here. With the other cross checks the 
matter is not so simple. 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 dgfss check. Kemember - 
only one elevation for the same place and all elevation to nearest 5 feet only? 

Bar. True 
Location Check Time Bar. read. Correction Elev. lev. 

| Gillett ao 0850 800 Pease non | 
Suring ° 1000 820 on--- 803. 
1 1040 930 

2 1050 880 

pie os 1 105 “020 : = Bred its 
4 z 1105 870 

if 1110 850 

6 TES 830 
1 x 1130 870 

eee Sas ONO es geese 
8 x 1330 900 | 

i 9 1345 910 
pale x 1400 925 

ll | 1408 940 
a2 i 1410 950 Ses i 
ras 14i5 960 
1 14 | 1425 1010 
=i x 1428 | 930 
fos 1445 950 : 

110 ie x Lies | Sto sea 
| 16 115 920 

any 1525 920 

[a8 1535 930 
f19 1555 950 
_Breed __ 8s LOO 2h) OGD sk eee = 079! 

20 1603 975 

2k 1610 950 
22 1620 920 
23 1640 940 

Oa 1655 as 
25 1700 970 

| 26 | 1702 965 
| KK crossing ° 1707 950 868 
127 1710 560 
jeudee ses BOs es 290s ae cen 

4 x | 1740 940 Ee 
ce 9 ND Sie NO fe 80 

Compute as before and fill in blanks. Compare with results without the 
cross checks. ‘What is maximum difference?



: GEOLOGY 11 
MAPPING ~ 

Problem «, edition, 1941 

Ovject: Inspection and use of aneroid barometers, 

Material: Old style aneroid barometer and Paulin eneroid barometer, pencil, 

vlethod: Look over the two instruments, ‘Try the old style aneroid by reading 
position of the hand when held first in a horizontal position and second in a 
vertical position, If the instrument is working properly there should be a 

difference, hen you use the instrument always use the same position, When 
reading aneroids do not bend over or lay them on the ground but always hold ai 
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 varticular aneroid 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, PL3SASZ DO NOT 
TAKE APAPT YOURSELF either now or in field, That is a shop job with proper 
tools, Stucy the foot scale and see how it is numbered, Is it a scale of equal 

parts? We have no use for the inch scale which runs in opposite direction. 
Next tae 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, if any. 
Note the knob in center with attached index arm, also the balance indicator at 
one side, Keep top of instrument always level, Turn knob until balance, indi- 
cator is EAACTLY 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 severel times until you get 
vhe same result, Note that the index pointer can go around twice, Is it a 
stale of equal parts? Read inside scale and study to see how divided, Note 
that in setting the balance pointer there is a mirror behind it. Get the re- 
flection of the pointer out of sight when setting, Note that index pointer is 
shtped like a knife. Read when it looks narrowest, These provisions are to 

remove error from reading at en angle (paralax). Whenever you move from one 
place to another be SURE TO TURN THS KNOB A§ FAR 10 THE LEFT AS IT WILL CO. 
Now you are ready to try the two aneroids over a known difference of elevation, 
Go first to basoment 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, HANDLE ALL ANEROIDS 
WITH CARH, 

Old style No..sswce Paulin Ne ccs csus 

Basement 5th Diff. Easement 5th Daft. 

iteceoes eo ae Gaia's s winaie é<Semeee eee. 

E eenneveee CTs Qesveres (oeersaues ogee pes eseesees 

DAS ecaisxwiereis A ie waging DOU e's



GEOLOGY 11 
LAPPING 

: Problem 3, edition of 1938 

Object: Adjustment of hand (Locke) level. 

Haterial: Hand level, smeil screw Criver, E = : 

Method: First look over the instrament and see how it is made, Loox through 
it and note that half of the field of view is taken up with the image of the 

bubddle as seen through a 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 out mainly to 

meke a longer line of sight. Now go to the musoum or the hall and select two 

walls or other marks as far apart as nossible, Pace distance between them, 
Stand at middle, Sizsht each in turn. You can mark where line of sight hits in 

any convenient way, A good way in the museum is to set the bottoms to window 
shades at this level. Study Giagram below to see how these two points are on 

same level regerdless of the adjustment of your level, Wow go to one of the end 
points and stand so thet your eye is just on its lovel, Sight the other end 

point and -cjust instrament so thet line’ of signt hits the point hen bubble is 
on center, Some levcls adjust by moving the sliding box which contains the 
mirror (prism) and. wire, In these, this assembly is clamped by a screw on one 

side of the front, Others move the wire only by means of screws at both ends of 

the level vial case, Tighton one when you loosen the other, The screws are 

_brass and are small, DC NOT USE MJOH FCROE, Tighten with finger tips only, not 
full strength of hené, On completion bring instrument to be checked and sign 

name on this shect for record, It will be returned later, 

true level line ,, 
3 =— — —— — — — —_— — “— — — - _— —_— _— 

— TS ate Lineg Gf eaght before 2 ee 
Poe Le 

secord ,.osition of ~|~ adjustuent 
instruncut first position of instrument 

a 

: i 

i att pl a ne 
mei pa ie: sa 

i Ground Level vial 

a hen © sejusting screws in 

SS nee “—) elengeted holes. 
peep f i eet oe prisals & micolt Saitt ievel. forward 
hole | A oe Zz evS"N er backward until - 

right. 

a a snd z Entire asseaply ef 
: re -~__' pris: and wire shifts 

( a | +--+ Use smal pliers on 
eS ogcrew ct sidee 

Lia 
eh. 

: a — ee = VS foe hoesen one screwy: 

n ics “"y tighten other to 

| \) 7 (shift frawholding 
~ 5 . wire, 

; fe , 
Turse types cf adjustments



GEOLOGY 11 
: MAPPING 

Problom 4, Edition 1941 

Objects Use of plane table—intersections. 

Material: Plone teble, open sight elidede, sheet of wrapping papor, 15 " x 15", 

tape (one for clrss), plumb bob, markers for stations, hard pencil, erascr. 

Mothod: The object of this work is to learn the basic idea of intersections or 
grrphic trinngulation with the planc table starting from two stations the distance 
between which has been measured with the tape. Such a survey will locate all 
the other stctions, without eny more work then taking sights to them. The work 

will be done in the musoum in order to force the season by indoor work, More- 
over, the first work is much better done where it is warm and dry than on the E 

campus as formerly. Severrl stations heve been located by driving thumb tacks 
into the floor, ¥sing screws, put peper over the compass vhich will not be used, 
When you set up - treble put one leg on the floor. Then grasp the other two legs 
one in each hand rnd lenning so thrt you can look over the top set it as level 
as possible judging from level objects seen across it. Use the plumb bob to sec 

that the point on the map which is to reprosent the station on the floor is not 
over an inch offa verticrl line. Grester care is necded hore than outdoors on 
account of the very short distances involved which make any error into a much 
lepevt angle then outdoors, Line up your table with the sides of the room as 
well ms you can and mark the north side of the paper. PLACE YOUR NAME ON THE 
MAP FIRST. Now having set up teble ovor the first aveilable station mark its 
locetion on the map taking care to leave space for the expected remainder of the | 

stations. Weke « mark vertically ebove point on the floor. Mork every point 
where the table is set up with » fine dot surrounded by o small ond neat triangle. 

Use the alidade to sight othor stations. Be sure you use the end with the string 
or wire at the front. This gust be drovm through the initirl station; cither side 

of the alidade may be used. If there is no other plrne teble on a station sot a 
marker on it and sight thet. If someone else is using a station have him hold 

2 pencil over nis mep location for you to sight. Af every stetion be sure to 

draw lines to EVERY other station, you possibly can. Now choose the agjoining 

station which you will call the other end of your basehine. Measure distance 

to it with tape if not yet kmow and plat along appropriate line on your map _ 

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

this point is directly above the floor location with table in correct_position. 

To get table into correct position or ORIENTATION lay alidade along line which 

represents the bnse and swing table into correct position, Guard against the 

common orror of getting tho table twisted 180 degrees in doing this! Now sight : 

all the stations vou con see. Wherevor tivo (or later more) lines drown to 2 

previously unoccupied station intersect you have a 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 thai all lincs 

&, wihevdo tho Ny wocstation’ should intorsoct at the same point if work is accurate, 
Do not consider thet an accurete location has beon secured until at least three 

lines so intersoct and the anglo subtended by then is not less than 30 dogrees. 

The more 90 degree angles you can get the bettor. When you have finished with 
the sights from the other end of the base move to a well-located station from 

which inspection of the mpp indicates you will get good intersection sngles on 

other points. Continue thus until tho stations have 211 been locrted. Ronember 

that -your decision as to order of laestion of treble will affect the accut#acy of 
the mop. Whon done, study the results to see whet stetions are well located and 

which ere weak. Onn vou plan how to strengthon their locations? Remove aap froia 

table to hend-in. Leave all lines on it. Indicate senle. Please ronovo rll 
nerkers from muscun floor to places where they will not bother visitors. Leave 
thumb tacks in floor. No smoking in museum.
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GEOLOGY 11 - 
MADPING 

Problen 5 Edition 1941 

Object: Use of plane table-resection. : 

Motoriel: Sene as for Problom 4 except now shoot of paper. 

Method: Rend outline on subject of "resection." A plene tovle survey is often 
spooded up by use of resoction. Two specific probloms are hore outlined both of 

weiéh moy be done indoors. First, survoy around c hill or proninent landmerk, 
using only one mensured basco. Socond, survey clong e. valley whore only one base 

is measured and the river cnmnot be crossed. In the diegrens triengles indieste 
toble locetions ond sauvres with dottod lines leosding to then, points doternined 

by intersection ond on which table is not sct. Renonber that a sight to a now 

teble locstion cnabl-s one to orient tho tnblo oithor on the location or on any 
part of this line. Sights takom from one of thise now locetions - gue 
previously loerted point through its nop location provided thoy int-rsact the 

oricntrtion or foresigit line sarve to fix the locrtion of tue new point by, 
rosection. Study tie diagrams: note thet brnse line is indicwted end that sigkt 

fron it for intersections are dottcd. Si,shts for rosection sre solid lines. 

You should drew nll linos full. Skape of figures nood not be sence as given in 
dingrans. Muibers indiccte order in wich strtions mre occupied. In first 

vroblom note orror at finish (closure) snd rccoumt for it. Oriticize probeble 
Pecurecy of sccond compared "th Problem 4. Now do both probvlens. Suggest that 
in first one of the centrel Listts or meastodon supports be used for the middle : 
point. *In second, use window locks for tho iheccossible points on one side of 
tho "vrlloy."4 Do not forgat the 30 dogree rule for both intérsection end resection. 
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al GSOLOGY 11 : 
MAPPING 

Problem 6, Bdition, 1941, : : 

Object: Use of plane tablo-three and two point problons. 

Matorial: Plane table, now shoot of paper, open sight alidade, narkors, poncil, 

eraser, tape linc, dividers. 

Mothod; The object of tho three and tvo point problem is to locate onesolf with 
the table from either threa or two points which are already on tho map; it is 
inpracticable to visit any of the points and tho point which you desire to 
locete has nover beon signtod fron any other stetion before. Tho solution of 
these problems onnblos one to set up and lnente the tablo say in the middle of an 

open spot provided tivo or more alrendy located points can be seon., Provided 
corpass oriontotion is possible, two points are cnough if properly loented. The 
following metxods do not use tho compass. Whenever a location has been secured, 
it should bo cl.ccked by sights to any othor stetions tinn those used which hrppon 

to bo visible. First try LEHMANN'S METHOD OF THE THREE POINT PROBLEM cs this is 

nost common. Choose three permanent rorks like sterm pipes, lizhts, etc. Use 

tepo to messure distances between tien. Plrt on your nep with scale on alidede 
and dividers to strike interseéting ercs. Scalo 1 inch = 10 fect. Drew gront 

cirele. ee : 

cE a Definitions. Rule l: the true location 
fees Seg. or "point sought" always lies on the 

< sanc sido (measured as you faco the 

Z ~~ signal on the ground) of ench line on the 

a Great trionsle ee \ trblo which you have drawn with tricl 
oo St oricntntion and olidade directdd at the 

Ny ri tennessee ™, s a = a : si a s a s 
j * signal through its map location and is 

: Sormient distent on the table (neasured pt right 
i : mngles) from thot line in proportion 
\ to the distance from the signal. 

Great circle passing thyough 

the three signnls Set up treble as nearly orientad by guess 
as possible; draw the three lines through 

nap location of cach point. Use this 
ond othor rules to obtain a trial loca’ 

: = tion of point sought. Lay alidade 
SS throusa this ostisnted point and nap 

location of one of the original points; 
svins; treble to sive new orientation. 

Repeat this yntil no "triangle or error" 
oe oe is formed byt 211 three lines intersect 

he at one point. REMEMBER THAT NO SOLUTION 
SS OF THE THREE POINT PROBLEM IS POSSIBLE 

= BY ANY METHOD if point sought is on 
; or near tho "srent circjo." 

a ae 
) Se | Rule 2 applies to a point sought outside 

3 : of the «rert circle. Tho point sought 
_ is on sano side of thé, line from the 
nost distrnt signal as the intersection 
of tho othor two lincs. 

es 

ee —
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See = ae Ruie-3s point sougnt-is-in-segment of---~~ : 

a : me creat civcles--The-point sought-is-on : 
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: a OPPOSITE to intersection of other two 
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ts Cie 45 special case vith all points in . 
* i line, that is on the circumferance of a 

‘ j circle of infinite Siametcr. Sce above. 

j Grr Sub oO or line er “on eon oar (on 
‘ 
a of the walls. 
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eS i= aaNe 

‘ we j SS Rule 4: point sought is within creat 
ee | aS triangle. The point sought is within 

7 x the triangle of error. This conditio: . — 

/ \ \ eives the best determined location. - 
¢ \VWso seo trisilo 2-6 for Avisos 2-snd 5. 
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Problem 6, pe 3, edition 1949 

BESSELS METHOD of solution of "Three Point Problem” 
First plot accurately another trinagle on same sheet or on other side. 

Use sane markers as before. If desired draw "Great Circle" 
*he following diagrams show BOTH markers and plane table. The solution 

illustrated is for a “point sought" within the "great triangle” 
DO THIS CaSE? «iSO ANOTHER OUISIDE GhEaT CIRCLE 

: ay B 
Va 

rs Let 4, B , C represent the three 

a signals on the ground and a, b, ¢ 
: “Ee their correct locations on the 
met table as previously determined. 

reese 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 was never sighted 
from any other station before. 

AC 

ae S ~— 

a 7 
First step: Of the three map points choose 
letters to apply to each. Call the two points 

: oe oe and b which lie on a line not too near the 
7 \, ° provable location of the point sought. Call tihe 

FAS remeining point c. Lay alidade on line a-b 
BS f y Loosen orientetion screw under table and swing 

oe it until one end of the line a-b is directed to 
fe B on the ground. “op and draw a ray throvch 

i a to C on the ground paying NO ATTENTION TC . 
\ ; 

| : oe 

1 ; 

t 

as .



: ~Froblem 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 directed to A as shown. Then remove alidade from 

line and use it to draw ray through b when sighting G again paying no attention 
to c on the map. NOTE: If it should happen thet the two rays do not intersect 
within the area of the map change the position of the letters denoting both 

ground and map points correspondingly. hen repeet process. 

a ise 
ae 

5 

SS 

i 
<4 x] 
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SS 
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Poe /B 
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ae ot 

Z 
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Ss “ Third step: It can be proved by plare 
ox * ee georetry thet a line joining the inter- . 

KOs) section of the two construction linse 
ps i anc point c passes through the "poin 
eee ee sovght", d. Draw this line, Since ve 

| now know a line along some point of .’ ich 
the table location lies it ar only 

| necessary to lay the alidade on this line and orien’ 

the table by sighting 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 other 
ASC ground signals, 4 and B through their map locations 

a and b (resection). All three rays from A, B, C through a, b, c should intersect 
at the same point. If they do not you have made a 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 

a ma, or to locate a new station at a joint which could not be sighted before. 
It is most valuable in areas of local magnetic disturbance. 

LO NOT FORGET ThE SECOND CASE OF THIS FRKOBLEM, outside "great circle".



Problem 6, Pp. De 

Iwo point Problem 

It sometimes happens thet one wants to locate oneself on the map when only TIO 
already loceted points can be secn, If the compass can be vsed the table is 
orientated with it and resection lines drawn through both signals to their inter- 

section which is the "noint sought," Unfortunately the compass cannot be used 
everywhere, Then the method 
following can be employed, 
Lot A and B represent the 

ia B El two signals on the ground 
NS 9 and a and > their map loca- 

ate 7 tions, Required the map 
A a / location of table at C, 

c ‘ ve This spot has not been 
\ 5 = / sighted before. In some 

5 < unoccupied corner of the 
s \ ze / map (here lower right) make 

\ — x a constructional station 

E = location (here e), The 
x a / table is then oriented as 

eS i closely as possible by guess, 
en ee a Then sight with alidade at 

Qe = = both A and B through e and 
ere ee t a D c draw the solid lines shown, 

Ir fel —- —- — —|——o PAY HO ATTENTION 2C THEIR. 

yee MAP LOCATIONS. Now choose 

auother station (here D) from which good intersections can be obtained on A and 
° end which can be seen from C, Call distance between © and D your "construc- 
tional base line", This distance need not be measured but can be laid off on the 
sable by guess when ID is sighted and the third solid line is drawn, Next move 
sable to D and orient by backsight along the line é@rawn fron S, thus making the 

sable varallel to its first position wren at C, Then from the constructional 
location for D 
(here f) draw lines 

pa _. toward A and B again 

via B ‘<l paying no attention 
aN a to a and b, Do just 

a as if you were 

\ Ce starting a ney tap, 

\ = The intersecticrs 

: of these lines vith 
2 = those drawn from ¢ 

x fo given construsii sel 

. Zz locations for A ad. 
= B here celled a! ani 

: “Now ine line betwonn | biats parallei to 
. 7 «’ and b* the line A-B o.1 vas 

s ground, Required 

to place a-b on the 

~ pe nap parallel to line 
i \d7 A-B on the grouné., 

: i ae x To do this, place 
spite) alidace on line 

b'-a! and note (or 
mark) a point 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 diagraa , shown in dotted lines in second diagran has served its purpose. 
Then resect and find d| the true nap location of D, érdinary plane tablé resec- 
tion will then serve té locate tho ner nesition of © “hich is not shown on diagren, 

End of Problem 6_ edition of 1941,



: GEOLOGY 11 
Z MAPPING . 

Problema 7, edition, 1941. 

Object: Use of plane taodle-traversing, 

Material: Plane table | sheet of paper, onen sight alidade, markers, pencil, a 
eraser | plumb dob, tape line, 

Method: Traversing is the overation 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 measuring the distance in any convenient way and the angles 

between straight lines between stations with the plane table, ‘wo methods are 
possible for orienting the table at each station: (a) becksight as used in inter- 
section methods to last station occupied{which is commonly the only one visible’ 

and (b) the compass. Make a traverse survey of the stations in the museum used 

in Problem 4 going around the outside cf the room, Scale as before 1 inch to 
10 foot. Measure distance with tane or obtain from diagram, Make a round using 
backsights for orientation, Bring survey back to starting point and show failure 
to close (if any), Show this by two locations for this spot connected by double 

ended arrow and labeled "error of closure", 

Next | on another part of the seme sheet make a 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. When you set up at a point to which you have 
measured the distance but not the direction, get your location by resection after 
orienting the table. Sights toward a station 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 ond 

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 directions. Be prepared to 

discuss in class the various methods with their advantages and disadvantages. 

Why could you not use the compass? 

. Brror o : closure 

ie > Dia gras o f ba cksight or every ¢ tation 

: traversee lark stations (table locations) 
vith neat triansles. LIxact points are shown by 

dote witain these triunzles. 

ice ements 

“rror of closure = 

AL ee Trai ss 

S  “secrea of trunin; point or a gre. i FO 
eve r°y othe r station traverse. ilark 

: table locetions (stations) with triungles, 
a nd tho other joints (turning points) 

fa with sgall neat AQuaress arounu dots, 
F a Preise a 

i]



GEOLOGY 11 
MAPPING 

Problem 8, Edition, 1941 

Odject: Adjastment of telescopic alideJc. 

Material: ‘Welescopic alidade, small scr°w driver, adjusting pin. 

Methcd: The ‘elescopic alidade is an expensive and precise instrument. Learn to 
handle it carefully. Many things can be done with it. Try to think in terms of 

instiuments ad to realize just WHY each thing is done. The first requisite in 
the use of any instrument is to put it into adjustment and then to see that it 

stays in shat condition. Read over outline carefully, but these instructions 

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

(1) Foevsing the telescope. Point the telescope toward the sky and turn the : 
knurled r'ng around the eyepiece until the wires appear black and sharn. Be ear. 

ful not ‘o unscrew the eyepiece but to move it in and out. Now focus the tele— 
scope (by me-ns of tke knurled nead on the side) on some definite object more than 

300 feet lictent. It will be necessary to open a window to see such an object. 

Focus un _1 when the head is moved slightly from side to side the wires do not 

appear t« move even if this makes the distant object slightly out of focus. Fim 

the oojective in and out from prover position until desired result is secured. 
Last, refosus the eyepiece slightly until the distant object is sharp and the 
wires will ‘hen become sharp. Having cuce secured such focus cf the eyepiece 

it will no. be always correct for your eyes. Young persons have more trouble 

gettinz tlis focus than do older ones on account of the grerter amount of flex- 

ibility of their eyes. These instruments are much harder to focus than are most 
transit: and levels. Be sure you can :3e all the wires —- three horizontal and 

one vortical. Remember that others using the instruacnt will have to cnange this 

focus so become proficient at resetting it quickly. After your cyes begin to 

tire, you will have to refocus. 

(2) Alignmeit of cross wires. Loosen “he knurled ring in front of the support 
in center of telescope and turn the telescope as far as it will go in either 
direction. Set on a level table and set one end of the vertical wire on a 

sharoly defired object. Elevate or derress the telescope by loosening the clamp 
- on the horiz mtal bearings so that the vertical wire passes by the point. (.f 1b 

coincides with the point throughout its length the position is correct. If not, 

consult foliowing diagram to find construction. Siightly loosen all four screws 

and genily move the entire ring into proper position. Tighten all screws before 

checking, Repeat if necessary. 

ee dees Barrel of telescope 

Aaa =. 
Pid Ee es See Plate over hole which is larger than screw. 

a wi Po - No threads in plate 
ne ieee S le 

a poe \a See S Se Screw with capstan head. DO NOT USE TOO 
rele oy == oS k~ MUCH FORCE ON THESE SCREWS. Loosening ali 
le eae ee a ee =) four allows the ring to turn. See that 

pe = aera ee 7 if serews are not too tight when adjusting. 

aS % oe ON lake tight only when finished. 

ee, as 
Se toe Ring which carries tho wires. Screws threaded 4, 
— ea into this ring. DO NOT STRIP. If tight, look for <-x 

mer A. B. Gs means always be careful", Most instruments “ 
are mace of brass!
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(3) Adjustuent of line of sight or Collimation, 
Loosen the knvelc? ring in front of the horizontal axis until the telescope can be 
turned on its axis in the sleeve which suprorts it, Set the instrument on a firm 
foundation so that it will not slide easily, Use paper, sheet of fiber, etc., to 
insure friction, Poiut the intersection of the middle horizontal wire and vertical 
wire at some devinite object as far distant as possible, The corner of a window 
in another building or at opposite side of a large room is often a good mark, In 

bringing this intersection to line up with the mark loosen telescove clamp until 

telescope is nearly on desired point, then clamp and finish pointing with "slow 
motion" serew, :Le one which carried a graduated drum on it, CAUTION, Never try 
to move the telescope too far with slow motion alone but use only for final odjuss- 
ment; try to kee the arm which this screw pushes in the middle of its swing, =&T™A 
CAUTION: The sluw motion screw is returned by means of a spring on the other sice cof 

the arm; make a... adjustments by turning slow motion screw to the right thus pushines 
against the spring. When 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 not follow this rule the telescope will move unexpectedly and make work inscours* 
Having set the cenver intersection on the selected point revolve the tel:-cspe i80 
degrees (as far as it will go), During this process hold the prism on the eyepiece 
(weich makes 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 utsturb the focus of the eyepiece or mistake the wires you are looking at. 
If the intersec:ion 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 the wire moved halfway back to the mark, Reset on mark and again 
reverse telescope, Continue until final adjustment is reached, BH CBRTAIN THAT 

ALJUSTING SORLYS ARE TIGHT when you finish for otherwise they woulc soon jar loose 

end your work ->uld have been thrown away, In adjusting position of vertical wire 
do not fo'low same rule for screws but tighten and loosen in way to move wire in 

direction opp site to apparent movement away from the mark, Do not use ail your 
streneth on t..2 ittle brass screws but use discretion, When finished check vertic>: 
position o: vertical wire (Adjustment 2), 

Eyeviece with prism. Objective 

4 v 
Tighte 2 : 2 gn OR i) Shee 
Re ce terre ee ee 
DS ea ep eee 7c ae ae z 

: Deere a a Ste ea 

Lovusen 2 Dashed line = trues semter line 

Ae Adjustment of horizontal wire 

Tighten eee ee pa ene 2 
Sg ee eee a ee a ee iN arenas, 3 Saige eed ete ieee 

ees ee ee ee ee 
Ne ee ee —— a 

ee Dashed line = truc center line 
Adjustment of vertical wire 

Notes !umbers 1, 2 refer to positions of telescope; directions for movement 
of eu,usting screws refer to position 2 

Note that with horizontal wire the prism makes the upward movement appear correct 

put that wiih vertical wire a real movement to left appears like a movement to the 

right, Dia rams show why wire must be moved only halfway bac toward first position 
since rever: al doubles the error,
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(4) Adjustne.t of striding 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 reke tho instrument smaller when being 
cerried on to facilitate adjustment. Its purpose is to level the telescope for use 
as a level. The object of the edjustment is to make the level indicate correctly 

when the lixe of sieht is level; in other words to make the axis of the level vial 

parallei to the axis of the telescope. Place the alidede on any firm support which 
is anprorinarely level. Take the striding level offiits storage and set it in place 

on top of the telescope. Bring the bubb]°c to center by means of clamp and slow 
motion icing last movement of latter a right-handed one. Now relense the level an 

replece ©i t lercope with onds reversed. If the bubble centers the levol is in 
adjustment. If not note fromthe dingram thet the error is doubled by reversal. [> 
adjust m. 2 the vubble HALFWAY back to center with slow motion. Then use adjusting 

pin depe jing on which type of instrument you have to bring it the rest of the way 
to contsr. With Gurloy instruments note that there are two adjusting nuts at one 

end of the level which are turned by inserting the pin in holes. Both are on :tho 

same screw so that when you loosen one t..c other must be tightened. The bubble is 

very sensitive end grent dexterity is ne dod to get the adjustment. When finished 

beth nuts must be tisht else they would soon jar loose and your labor would have bee 
wastec. ith the other instruments uso th: screw driver on screw below level at 

end where therc are no screws in the side of the frame. This screw works against c- 

spring so thet che last movement must always be to the right. If necessary go too 

far so you cen finish by tightening. Otherwise the adjustment will not lest. When 

you have rocer sored the bubble reneat for r check for it is rare to get it right 

the first time. If it is necessary to reneat severnl tines it pays to remove the 

release mechanism. To do this unscrow the pin and then press back the spring. Loy 
the orrts in a safe plece while working. Care must be taken to avoid distortion of 
the level ty heet from the hands. When adjusting in field it is sometimes necessar: 

to allow the level to stand half en hour between adjustments. Do not take this tin 
in the lrbo-atory, hovever. Before getting finel precise edjustment check lateral 

pdjustnent. To do this use screw driver to romove the pin on top of the telescope < 

which the levol rosts. Now place the striding lovel on the telescope, hold gontly 

with one hend, center bubble, end then rock the level back end forth arcund the 

telescope or about 30 degrees each wry. The bubble should remain centered. If it 

does not u:e screw driver to loosen screw opposite to one used for adjustment. Ths 

loosen rnd tighten the side or horizontrl screws until the viel is in such ea positi 
as to stond this test. Make sure that 221 three scrows orc tight when you finish a 
then report t2 reguler edjustnent until the level mects all tests. Be sure to re- 

plece ell ps: .s removed during the edjustuent. The striding level adjustment is the 
most frequently needed of all adjustaonts. Be sure you can do it with reasonable 
cpeocd end wich certcinty; this will srve much tine in the field. 

Horizontel Horizontal 
< i Sere iar: Sees 

. pepe 
ee na Tighten __ SS 

Screw ~ jolt nt Loosen: <0 | | eee aoeee 
Sel ee ar exis ee ee 
SS Se Re a ease ae ee ee 

ee horizontal ae es ee 
Rings —~ eee aL 

First pos! tion ( sa Second position-crror doubled. 

Segren to 

oe ee aterel :djustnent (ee pals 
7 Poe \ \screws for latersl edjustnent 

- 7 Wo Loogon and tighten when finished.
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(5) Adjustment of control or index lovel 
Originall,- alidsdes were nade with the striding level only. It is possible to 

work with this only for when vertical angles sro read two readings of the ore ond 

vernior rvo mede: ono with telescope pointed rt object sighted, and snothor with 

striding lovel contcred. This nethod is slow and when the Beaman sre is used 

bDoeones nearl; impossible. & lovel was then added on the index so thet rogerdless 

of the position of the table (which is rlnost never exactly level in all directions) 

recdings of verticel engles cen be mede + ithout bringing the telescope deck to level 

This specds wo work. Be sure you unders‘»n1 just what this level is for; Deginnors 

senctines forrs7t to use it for ewery sigut. The adjustment is to uske this level 

indicete carrecl, verticel «eneles. It must occke the index on o Gurley read SO GotcL 

on the cnele sezle and 50 divisions on the Beeman ere scale when the striding ievrc. 

is ecmtercd at she seme time it is. After heving mede and checked the sdjustucnt 

of the stridin: lev@al sect the erc to reed these figures while the striding leve. 

is conterec. it is not necessary to have the alidede on = level support to nexe 
this rdjustuent. In settins the striding Level do not forget to meke the I-st 

motion of te slow motion sercw bo the richt. Follow seme rule with the screw whic’ 

contrals the index lovel. Do not confuse these two screws. If the indcx or conérol 
level does sot come to center under sbove spo¢ified conditions meke it do so with 
withor pair of adjasting nuts. Be cortrin thet the nuts you used are tight when you 

ero through for othorwise your labor will be wasted. Noto differoncos in types of 

ares in instruments by diffcront makes. 

(6) Aejustrent of eradienter (Stobinzor Drum) or slow notion screw. 
It is poss.:le to work with en alidede without using the slow motion screw for 
anything buswhnt its nae imolies- to finish setting cither the line of sight or 

level. But in many instracesit is very hendy to uso this screw to measure the engle 

through “nich it hes turned the telescope. *o do this the nokers neve supplied a 
drum on She s°rew which is divided into 1CO perts. This drum is loose @n the screw 
so that yu ce.. hold the latter ond turn the dru to rond O or auy Sthor cesired * 

fiaurc. Arm tal strip placod at rizht »mzlos to the drum-sbove it serves to record 
the number 0°” whole revolutions mede. The linit of turns is cbout 10. The mokers 
intend thrt the revolution of the drum will turn the Line of sisht over 4 distance 

of one foot st © distenee from the instrynont of 100 febt. Use steel tone to 
morsure 100 foct from. centor of instrument. Hold a leveling rod vorticel at this 

point. Set txc middle wire on the lower nark of » foot division using risht-honded 
motion of serow. Set drum to 0. ‘Turm ts richt exectly one revolution. Record 
roerding of niddle wire. Repent soveral “ines. Accurate focusing is essentinl to 

eceurncy of this test. Avorege results. If the overaye is not oxactlr one foot 

proceed to adcust. T.c slow motion screw is mounted in a brass bushing which is 

el-mpod with a nut at the front ond. Hots that its center is not thet of the bushin 
that ib is cecontric. Use = thin flat wronch to loosen the nut end then turn the 

bushinz until it reises or lowers the position of the slow motion screw. Hsising 

increases the ~nount of throw.for - revolution gnd lowering visa versa. Chock 

edjustnent eftor novenent until. it is rit and the nut is left firnly set. This 
eajustnont is rarely necded. DO NOT DO THIS ADJUSTMENT NOW vut be fanilirr with 

its purposc. 

(7) Aajussnent of circulsr or bulls eye level. (NOT TO BE DONE NOW) 
The adjustront of the circulrr or bulls cye level can only be made in the field for 

it reauires the usc of the plane trble wiich it would be unspfe to set wp on tho flc 

Set tho .rlidede with its centor of grevity over the conter of the plene table. 
Conter the stiding level. Noxt revorse position of slidrde but do not turn the 

borrd. If the bubvle noves bring it half wey beck with the slow motion screw on the 

elidede en. tho rest of the wey with the leveling herd of the board. Turn clidade 

90 degrees end ropert this procoss. Continue repeating it with turns of 90 degrees 

until borrd is really level. Now centcr the circular level b; turning screws in its 

base.
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s Problem 9, edition, 1941 i 

Object: Mensurment of distances with telescopic slidade by different methods.. 

Moterinl: Telescopic alidade, mininture rod, sheet of peper for notes, pencil. 

Mothod: Read prges 25 to 2% in outline. Set the alidade on table or other firn 

_-7 pnd rensonably lovel support hwere you can see the rod indoors at = distance of 
: not less than 40 feet. Set the rod up vertically. This rod is exznetly 1/10th 

the size of rods used in the field. Look at it end notice the lack of numbors. 

This is beceuse numbers cannot be seen at long distances. Except for the fifth 
end tenth feot solid black end white foot divisions are shown.inThe fifth ond 

tenth fect sro subdivided with dinmonds the diagonal sides of which ench covers 
1/1Gth foot. Note thet inches cannot be used on such - rod end be sure you mow 
why this is, The rod is so made thet it ean bo used either end up. It is in- 
tonded to put the bleck end up when agninst the sky and the white end vhen the 

beckground is trees or rocks. When you rend for @istance endeavor to set ono 

rire to a foot division in such olece thet the other wire (eithor a full, halt or 

querter interval sway) will fall on « subdividea foot, If you cannot do this learn 
to estinste the nunber of tanths of the frrctionnl foot. Get familiar with the 

rod so that when you go outdoors vou will feel nt ense with it. Get. good light 
qa the faces of the rod aud rononocr thet when vou get outdoors it will help a 
lot to got the sun to shine on tho face of the rod whenever nossible. MAKE ALL 

COMPUTATIONS IN ROD UNITS not :ctunl distances. 

Mothod (i) Loosen the kmurled ring in front of the aorizontal axis and roteto 

tne tolescope until the wires vhich ususily are horizontel are now vertical. Have 

soneone hold the red for you. Choose a pormencnt merk for one end of the line tc 
be mnensured; Shift the telescope om the table until one of the now verticnl wir~s 

vests on this mark. Hotion your assistant to move the rod, holding it verticrl 

over until it is linod in with anothor vertical wire. Either the half or ful? 

intervell can be used. Which seems the more accurntc? Notice that you will hov 

trouble in motioning at first since the instrument reverses right and left. 

Getting usod to this is the renson for doing this method indoors. When you har: 
Lined in the rod check position of first verticnl wire to see that instz nent 

hes not moved. Then havo your assistent mensure distrnce horizontally beuween 
_ the mark ond rod, Multiply rod divisions by 200 if half interval was used od 

by 100 if full interval was émployod. 

Method (2) Eseve your assistant hold the rod horizontelly at such a distence that 

it will fril to span the full interval, sey the length of the hall or musour.. 
jiine in one wire (vires -s in previous nethod) at en end of the rod, Motion 

rssistant to place rod its orm length to one sigd so that full interval may bo 

read. The sane could be done if rod hrd been too short for = half intervel. 
Notice that this method avoids signals when used in field but is linited to ligh+ 
conditions under which divisions on the rod can be seen. Mnke eppropriate cou-- 
putoetion of distance. 

method (3) This method is used when you ern see less of the rod than will spr~ > 
buarter or 2 helf interval. Use wires in nornel position. If you herve trovuiie 
?n using the imegination cover onough of the rod with white paper held by thu» 
+ecks so thet above condition is mot. In this mothod we vill use the drum or. tr: 

slow notion screw or gredienter to measure the enzle subtended by the gap 

betvroon the ond of the rod and the wire on the other side of tho half intervel, 

one wire having been set on one ond of the visible portion of the rod. Routinc: 

Sct top or middle wire on top of visible pert of rod using slow notion (Seo fi: 

1): Read and record the drum, setting it to O is desired; tiehton screw uhtil 
-or$ lower wire is or bot*en of visible vert of rod (see fig. 2); reed and re--71
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Tighten the screw the same number of divisions as the difference of these two 

readings (see fig, 3); read on the rod the number of feet and tenths which the : 
last movement carried the wire above the base of the visible portion of the rod; 

add this distance to the length of the visible vart of the rod; multiply this 
sum by 200 to obtain distance. 

Fig. 1 Fig. 2 Fig. 3 

’ 1 , " ; { 

Leng as ! a 2 eae | ne a 

ood TI \ rod} rod ti. : 
oe ota eee eh aes tee este {oat ewes 

r ; 3 \ "gap" } 

‘ | ‘ ' . i ; 
Rca Se tae peso ey ae ee ean 

S : i : . i yee 
oS | ue ee ee . ! oe 

wire set on top of rod Telescope turned through Telescope turned by same 

argle of gap angle as over gap thus 
finding value of this 
angle in feet. 

Methot (4) This method depends wholly on the adjustment which makes the full 
revolution of the drum turn the line of sight over 1 foot at a horizontal 
#istance of 100 feet. One turn also swings the wires over a full interval. 
gain assrme that you cannot see enough roi to span a half interval, Routine: 
<4 top wire on bottom of visible part of rod; read and record drum, setting it to 

- i. desired; tighten screw until same wire is at top of visible part of rod; 

read and record drum; repeat with other two wires; averaze results; divide 

Leagth of visible rod by drum reading (in which a full revolution is called 1,00° 
and multiply result by 100 to eet distance, 

Fig. 4 Fig. 5 

pee as 2 | 

ees | [Fea ee. @ ot ass 
\ t ro 

! f LU \ 
fees os ee eee [eee Be as rages 

: j 1 : 

eg coopeumecuraioins tamaaatieniemnesd 
me y 2 

So a eee 

first position of top Second position of toyz 
wire wire after tightening 

slow motion screw (drua).
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(5) Method 5 depends upon finding what fraction of the helf interval is cove-ed 
by the visible portion of the rod :nd thus computing by proportion what length 
the rod vould hevo to be to cover the entire half intervel. Thisis done by use 

of the drum on the slow notion serow. The proportion is as follows— Observed 
or visible length of rod: half tintervel rerdinz: drun reading obteined by swinging 

er. wire over the visible length of rod: drum rording s.bteined by swing . wiro 

through a helf intorvrl, Gresp the fundrnenta]l iden before trying this mothod; 

do not try to memorize the sct routine. Seo figures. Set top or middle wire on 
botton of visible part of rod; rend ond record drun settin, to 0 if desirod: 
tic:ton slow notion screw until seme wire is on top of visible part of rod: 
rerd ond record drum, tho difference of readings nersures anglo obtnined in 

swinging over visible loncth of rod; continue tightening slow iotion screw until 

noxt lowor vire is on botton of visible part of rod; rend and record drum; take 

difference of first and last drum rondings which represonts drum resding for a 

kelf intorvel swiny. This should be oxnctl; 0.5 turn if instrunont is in odjust— 

neat. Norv solve the proportion letting x = lonsth of rod necessary to span nlf 

intervel. Muktiply result by 200 to obkain distrace. 

Hend in -1l notes end include = discussion of wrobeble sccurrey of the different 
methods which you ern uso when, oithor distruce or obstructions to the view provent 

the rod from covering oven a hrlf intervel. Consider whet method or mathods 

employ the longest line of nersurencent. What methods micht not work beeruse the 

rod emn be seen only dowm a nerrov lane through woods or brush? What methods 

denond upon the recurrac;, of the adjustmont of the slow motion screw drum? Whrt 
pethods could be used if all but one of the ~‘ires were proken?t What methods depenc 
upon prenrranzenent with the rodren? Reme®ber taiet all use of the drum devends 

“pon heving the clamp on the horigchtal cxie tight. ; 

Fics 6 fig. 7 Fig, & 

fe oS es 

ae \ 5 £ \ 

/ Be pel) ——}--—— ee 
eee i | { | 

apres || edlenpeeeanraaes i Se ee eee 

{ 7 | rod || | L rod i | 
cS — s os see eee oS Seainneneneel ae) 

SS - ~ eS i 
: ee! Led ss a SSS ee 

First vosition of tel- Second position; drun Third position; differ. 
ascope. First rordine chenge indicnted angle ence of this derma reading 

of drum. subtended by rod. and first in@dicctes turn 
over a half interval. 

NOTE: Methods outlined above are not commonly used now that alidades are 

made with "quarter intervals." Old style instruments without o drum on the ‘ 

slow motion screw cen use only methods (1) and (2). In the field beginners 

ought not to attempt very long shots at first! :



5 GROLOGY 11 
MAPPING 

Problem 10, edition 1941 é 

Object: Determination of differences in elevation with telScopic alidade,. 
Material: Telescopic alidade, adjusting tools, miniature rod, sheet of 
paper, stadia slide rule, pencil, reading lens. ‘ 

Methods; First check the adjustments of your instrument and edjust if needed. 

The determination of differences of elevrtion with the telescopic elidade is 
one of fits mNed important functions. hore are sevoral distinct mothods 
end it is sbsolutely essential that the student understand all of them thor- 
oushly. You can gct by without knowing all the ways of mensuring distance 
but not if you do not understand o11 tho ways of measuring elevations. 
Differonce of level is meesured betwoon centor of instrument's horizontal. 
axis snd where middle wire strixes-the rod. The rod is then used to obtain 

tho tot-1 or not difforence cf lovel between instrument and ground where 

rods Holds 

(1) Levelshots. Set up the rod in r position where you cen strike it with 
the middle wire when the telescope has beon leveldd with the striding level, 
Meke reading end compute how much below the level of tho instrument tho 

button of the rod is. This is the simplest possiblé ense end tne alidsde is 
then used just like on ongincors lovel or hand lovel with the rod, Getting 

of "lovel shots" is not confined to erses whero the middlo wire strikes the 
rod.. Move your rod sligitly so thet it is either too ais: or too low for 
tho middlo wire to hit it with telescope level but in sth position thet 
onothor of the wires doss strike it. Nor rerd the distance by raising or 

lovering the instrunont until tho full (or helf) intervrl ern be read, 

noving it by morns of clemp rnd slow motion screw. Note that in actucl 

practice this would be done first since you should elways read the distance 
first snd noirttention is pid et thrt tine to the level. ‘Then center 
stridingzlovit: ogein and rerd where rc wire strikos the rod, Obtein what 

the rording of middle wire would heve been hra rod becalong onougs to vc 

hit by epolying the helf intervel reading on the rod to the re: ing of 
uppor or lower wire. The two crses mre illustrated below. Note thet in sis 
wases the ronding of the middlowire nay be bolow the bottom of tho rod. 
MAKE ALL COMPUTATIONS IN ROD UNITS : Foc] 

top wire. a 
bubble centered ee ee a 

~ ee ITT TTT middle wire... nod reading. 

lower wire ~~ | 

Method of obtaining difference in level betweon instrument and bottom ' 

of rod with telescope level (level shot) 
ground | 

top wire ee 

ee eee ke eee 
ee ee ee eee Dae as rns aoe eS mee oe 

Method ef obtaining differcnce in lovel botwoon instrument Eas 
: and bottom of rod with tolescope level (level shot) but WHEN < ageel 

MIDDLE WIRE DOES NCT sTRIKE ROD.. Note position of the three wires ' 
when DISTANCE was read. Upper and lower wires there shown in dot~ 
dnsh lines. Compute whet reading of middle wire with level telescore {| 
would have been had rod oxtended far enouzh. To do this add the | 
HALF INTERVAL to aetual reading of lower wire with level telescope. | 

x Bo not make such shots until you have had some experience] qe ee



Problem 10, p. 2 

(2) Vertical angle rod readings. Tow place the rod far enough either below 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 .réa@.. Record whet division it is on. Wext center the 
bubble on the index (control level} Ii! THE FIELD THIS MUST BE DOE POR EVERY SHOT 
since the nlane table is never eractly level. Read the degree scale, This is the 

scale at the left which has a vernier on the index arm, It is a scale of equal 
parts. It is divided to half degrees. (These remarks apply to the Gurley 
instruments; the —. and =. hes the degree scale in the middle with the 0 at the 

bottom and a double vernier). Lool: out for the "fatse 0 " on the Gurley vernier 

whose ourpose is a mystery. It is best to use a lens for reading, First get the 
right number of degrees and half degrees (30 mirtites); then estimate abort where 

the 0 line falls; look along the vernier vntil you find a line which coincides with 
one of the civisions of the main scale; the vernier reads to single minutes, Add 

its reading to the number of degrees and half degrees on the main scale paying no 
attention to what division on that scale hanvens to coincide, The reason for the 
estimate of the vernier reading is to facilitate looking for the coinciding lines. 

Having obtained this reading subtract 30 degrees from it. If the remainder is 

positive the line of sight is inclined up; if it is negative it is inclined down 
fron the instrument. Next use the stadia table to compute the vertical 
difference. — : 

. Record this,now correct to get the vertical 
difference to bottom of rod. Repeat »vrocess setting middle wire to a different 

neint on the rod; correct to bottom of rod and compare results, Commute trve 

norizontal distance to rod, from figures at bottoms of columns, 

& = distance of intercept of middle wire from ground = rod correction : : 
B = vertical distance of middle wire intercept on road from level ae 

of table= computed difference ee D 
C -: vertical distance bottom of rod to Upper wire »- st ee 

level of table= net difference oe = = A 

D = full interval or intercept on rod es ane — 
ie a ae 

=e ee ee i| | 
Zz er aia i 

sas a a 
: lidade ——— ae 

f Level of table ae Se sles a = 
; Sie ae 

5 True horizontal distance table to red ———~--___3 
‘he above method is the most common but it involves reading the vernier and 
sonsiderable computation. 

(3) Stop method, If you read distance and think that your telescope is near 
enovgh level to get a level shot but when you try it find that it is impossibie 
she "ston method" comes into play. Took at where your wires fall as shown in 
‘vllowing diagrams. Say that the too wire hits ton low to strike the rod. Wo’ :: 
sume permanent object on which it does fall. Use the slow motion screw to tur: *. 
velescone vw (tightening as usual) rntil the lover wire is on the same mar, 1- 
have now raised the middle wire by an amount equal to the full interval which ¥c 
reac first before you tried for a level shot. iotice thet this shift is 
accomplished without taking your eye from the instrument. Wow if the middle wire 
hits the rod record its reading and male appropriate computation of how high the 
place on the rod is above the instrument,
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= ees 

ved = oO = 
—z ee es eee 

| mark :+-(rock) rod \ 

(oo a ee 

sg - ~ ape : 

First position; lovel °.. . .fioecnd position; ono step up; 
rod. cannot be secns upper lower wire reisod to rock thus 
viro just tits rock roising middle wire rnount of full 

intervel,. ode 
oS 

a a 

bed step.-~ : ae 

ee 
— ees 2 q 

— ae eget So ean 

ee ond sok 5 

ge jen i 

= ee ee ee =e ee ist stop 

ee Se n= eee 
gs TE pe mde wire, level ar SS ee ee eee seaaeas 

ef oe SS 
oe Uppor end lower wire solid; 

- niddle wire dotted 

Wee ebove dingran illustrated the step nethod whero the telescope hed to be 

reisod through threo steps to hit the rod. Note thnt coach step rnised the 
niddle wire by the rnount of the full intorvsl for the distance in question. iJtis 

full intervel ronding wes obbained whon the distrneo wes road. 

Tio step mothod is very repid end computation is ersy but it is limited to cbo-: 

six (6) stops eithor above or below the'level position, Notice that you have +o 
’ level the telescope before starting the step mothod. Whon it is necessary to step 

ievm you vill be loosening the slow motion screw; then 0 too far each time ox. 

seme back by tightening tho scrov. This vill incronso necurncy. With the sno: 

mgles of this motnod correction to horizontel distence is not neoded. 

‘4) The Berman arc. The Beamen arc is the scnlo which is found ot the rignt o 

sae are on Gurloy instruments ond nt one end of the ere on the KE. and B, WNoti..z 

snet it is not» scele of equrl p-rts -nd so has no vernier. The idoa of the 
Benmen pre is exrctly the srme as that of the step method illustrated in ebove 
Winerea. The difvereace is thst instend of lookin; throuch the telescope and 

wving the wires over a full interval by wetching certain hep-hezard merké on 

“*@ ground the movenont is monsured by -. sesle on the are. Tho Berman are is ~.. 

amited to small englos fron horizontel. Inspection of above diagram snows by 

it is not © seclo of equal nerts. The ere rerds from ® tc 100 or(0 to 50) ; 

ao that the niddle cor level point i@ 50 inétead of 35 on the anglescale \(@urle, 

construments only). Routinz cf ovservetion is as follows: Head distence as usv2.i 

center control level; look at Besman arc end with slow motion screw move telesecpe 

until it reads a whole number; then look throush telescope and record where 1.17719 

wire hits the rod. Computetion is exactly the sene as with the step method; d**far- 

once of elevetion between instrument and middle wire= full interval multiplied vy 

number of Givisions sway fron 50 (= number of stepp). If this proceedure fails eS 
+ prt sit4le wire or rod *hoen change to “nother division. :
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Note that the Beaman arc requires no computer, merely simple arithmetic. Note how 
easy the scale is to read. The objection is that it holds the rodman longer on 

station since you have to take your eye off the instrument to set the telescope on 
a whole number on the arc, Correction of horizontal distance with Leaman arc is 
accomlished by means of an auxiliary scale. On the Gurley instruments this is 

above the other scale, On the K, and 5. it is atleft end of arc and is narked 
"Horizontal", It gives percentage that must be subtracted from ao»arent horizontal 
distance to give real horizontal Gistance or percent that horizontal distance is 

of anoarent distance, or percent that horizontal is of apparent distance. 

(5) Drum method, Since one drum revolution is intended to throw the line of sight 
over one foot at a distance of 100 feet it is clear that one turn throws the line of 
sight over a full interval at any distance if it is in adjustment. In other words 
each revolution of the drum is equal to one step and to one space on the Beamen arc, 
Although not generally used the drum will measure differences in elevation if the 

angle is not too sreat. U» to nearly 10 turns it will measure "stens" quite well. 
The main advantage is that it measures fractions of steps so thit the middle wire 
can be stopved at any convenient reading on the rod. It is more convenient to use it 
60%ng up from level but it works better than the sten method when the rod is below 

ihe instrument. In this case you can start with wire on top of red and tighten 
scvew until striding level is centered. ote how whole turns are read on the 
“ozizontal scale above the drum, Computation is exactly the same as for step method 
fad Beaman are except that fractions of turns are used, ‘Try this method with rod 
both above and below level of instrument, Check results by another method or better 
two other methods, Always tighten and be sure striding level is acjusted. 

Hand in your results, Be prepared for e:mm questions on relative advantages and 
disadvantages of the different methods. Some students have confused the Jeanan are 
and angle methods, How do you tell the scales avart? Be nrevared for catch question. 
suck as "How do you read the vernier of the Beaman arc?", With which methods can you 
cheose the point on the rod where you will set the middle wire? ‘ith which methods 
mast you rend the middle wire where it hap ens to fall? “hat is the striding level 
for? ‘heat is the control or index level for? When mst it be centered? Compare 
relative speed of Beaman arc and angle methods counting time rodman is held on his 
stution. What is advantage of level shots? What do you do if another then the 
middle wire hits the rod on a level shot? Cold same correction be made with shct- 
cn en angle? How do you know what full interval reading is to use it in cemputati:s =. 
ubst other term is sometimes used for "full intervel"?



GEOLOGY 11 : 
: MAPPING 

Problem 11, edition, 1941 

Objeét: Computation of notes teken with planetable end telescopic alidede traverse 
using degree scale or vertical englo systen. 

Material: Cox stedia slide rule, pencil, erasor; these blanks ere to be filled.—_ 

out end handod in. - 

Methods The plane trble with telescopic slidade is used both to anke a mep, nease 
uring distenees cither with strdia rod or by intersection, resection, etc., and to 

mceesure elevations. When used for a traverse it is elmost universally the cvery-— 
othore-station method where the trble is oriented with the compass on the ; 
bree of the instrunent. These notos were taken on such a treverse. In this method 

the table is never sot over either starting or ending points of the trevorse. The 

ro¢ is held on the starting point snd the table is set up some distance sway. 
avtar the tebdloe is oriented with compass o, sight for distence and clevation is mado 
vo the starting point this loceting it by resettion. Such e sight to get position 

end clevetion from a previously determined point is ealled a BACKSIGHT(B.S.). Noxt 
the -od is sent cheead along the route to some conveniont location. Thero it is set 

up ond its locrtion snd elevation determined with the plidade. Such a sight to a 

vreviousiy unknown point is celled a FORESIGHT (F.S.). The point where the rod was 
held is called @ TURNINGPOINT (T.P.). The rodmen stays at this point while the 
instrument man brings the table past him and sets it up at some point eheed on the 
line to to traversed. Then a backsight is teken to the turning point agein after 

compass crientetion of the table. Then e foresight is meade end so on until either 
the initinl point or end of the survey is reached. The-last rerding must always de 

a. foresighs. In the following notes the vertical angle of the telescope was rerd 

on the dearee scsle with its v-rnier which rerds to minutes. The middle wire 
wes set cn the rod wherever convenient after the distance had been read; then the 

roéman wos signaled to mowe if it was 2 backsight or to lay down the rod if « 
foresight ocd just bdeon taken; next the control levol was centered and the vernicr 

reod. During tines thet the rodmen was walking the instrument nen subtracted 30-00 

derroes from the angles ond made the cormutations. The computation of distence (as 
it epoears from the stndia rendins) end verticel ancle gives the difference in 

elevrtion of the instrument and the point on the rod where the middle wire hits; 
this is called the COMPUTED DIZFERENCE. Now vhat is needed for computation of - 
elevrtions is not ‘this auantity but the difference of clevation between the 

instrument and the bottom of the rods; this is the NT DIFFERENCE. The reading of 

the middle wire above the bottom of the rod is called the ROD CORRECTION. Study 
the diagra:a bolow end see that if the signt is uphill from the instrument the rod 
correction is subtrected from the computed difference to get the net difference; 

if tho sigat is downhill the rod correction is added to the computed difference. 

Uphill is a + angle; dowmhill is 2 - angle. In the case that the telescove was 

level and the nidéle wire wes rend thore is no computed difference. In case enother 
than the middle wire was read with telescope level the computed differonce is equal 

to the helf interval rod reading found when getting the distance. Hlevetions of, 

the instrument ore here cnlled STATION clevrtions for in other problems the torn 
BEIGHT OF INSTRUMENT is used in enother sense. In these notes the clevrtion of the 

ground at strtions is not shown. Sonetines foresizhts ere token to poirtts which 

ere not used for Dreksigits; they cre erlled SIDE SHOTS ©: . 
LAS ees 

rod corr. i Bie ee a 
fib Comp. Gitk— ee station 

ust diff. plus anglé<-—_ < jaeal : 

\ eS comp diff. 

Ground ee | net . 
a e6d come Gite 

Se ie ae
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In the notes the locations of stations are commonly denoted by letters and of 
turning points by mumbers, It is possible to compute notes without any more rules 
than have been given above; all thet is needed is to keep one's head as to the 

proper time to add and subtract. Experience has shown, however, that few begin- 
ners can do this for kong, 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 oblique angle (this is not necessary with the K. and E. instrument 
but with it you heve to notice when it is pointed up and when down) the algebraic 

sign of the remainder. Uphill angles are then + and downhill are -. | 
(b) Give the comouted difference the same sign as that of the vertical angle in 
the cese 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 

way from the direction the survey is going. This is the reason for keeping dis— 
tence readings in separate columns for foresights and backsights. A little study 

of the diegream will show how this rule is derived. : 

(c) Give the rod correction a + sign for all brcksights end a - sign for all fore- 

sights including sideshots. This rule is arbitrary but is the same as for leveli. 
(a) Combine the comouted difference and rod correction by algebraic rules to get 

the net difference 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 than middle wire is read treat readings of 
upper wire (recorded by plecing enpital U before rod correction). as + engles and 

of lower wire (recorded by capitel L) as - angles and then apoly same rules es if 
angles had been read. Make no change in rod correction column but place half 
intervel in computed difference column with apvropriste sign and spply usual rules. 
(gz) When computing clevations notice that each is derived from the last before by 

applying the net difference. If net difference is ~ subtract from proceeding. 
elevation; if + add it. Notice that elevations alternate (where there are no 
side shots) between those of turning points and those of stations and that they 
are kept in separate columns. : 

(h) Notice that signs for degrees and minutes are never shown for fear of con- 

fusion with figures 0 and 1 but that the two are separated 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, etc. 

Caution: Do not carry computations of net differences to closer than tenths of 

feet. Remember that results con be no more accurrte than the original data, Ree 
member the crror on the computer: "rod reading" means full interval X 100. In 
case of distances over 1000 fect compute the difference for 1000 feet; then the 

difference for the amount over 1000 fect and add the two quantities. Notice that 
notes do not show the corrected horizontal distance. This is used only for platting 
on the plane table.



Pryblem 11, data sheet Edition 1953 
Nae 

Compute the following actual field notes. Those used for Problem 12 were taken 

along same 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 shots, A good idea is to rule your scratch sheet into squares 
and keep computations separate end in orders Do not compite true horizontal 
distances for such are used. only in platting on the planetable- When you come 
to computing elevations the best idea is to arrange a column on scratch paper 
and give the + or = sign before each net difference. You will make fewer 

: mistakes in this way than in trying to carry across from one column to another. 
Remember that almost all large errors are made in computeton rather then in 
reading or recordinge 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. 
Stadia constant (stadia interval factor) = 100.0 erence 

| bee: | Interval | __angiea |__| _ Diff. 2e¥eveiton._|___“levatioa. } 
[Sta Te Fo Bs Sol Fe. | Oprhans, Natt Pagtor Soupe{ Rodisorreé Net + Btsy sks 4 

i) Bye. Tae ft 30200 | 6 6 Oo | 33.0 se 1593-0, 
| i 4.0 | 30-00-| M1100 ‘ 

Bld | 12.0 | 31-50 > M2.0 
ee ge tae oie de el? 1 Wes 28-40 | M640 

eo 5b 30-00 M70 
Dele-3 | 266 30-00 M13 

4 2.0 30-00 Pres oke Alpe a 
ET 4 Alt. eee fe = ap dee 

5 269 |. 30-00 M5.7 
B15 i.e het 30-00 M8.3 

6 2 fe ol BOFOD | | | a 
6 to ee | | eee M2.6 

oe 9.0 31-08 M1200 
H (a 203 32-10 M320 

8 | 569 |. Bdedo | io a Co pe, 
| |, 2x605 30-00 B.5 

|g | 9.7 30-00 M4.0 
S29 eG | 31-45 M3.0 

10! 0 jaa fe ___| M6.6 eRe 
K/1o | 305 30-00 M90 

de 4.0 30-00 M11.5 

L | 41 - j2x8.8 30-50 M2,0 
Ae le 0 31-47 i MeO.) Sons 

M|i2 | Te2 29-05 M13.0 
I) 2x600 28-06 M8.0 

nN} 23 10.0 28-51 M12.0 
meee 2x66} 30-00 L1364 

oO] 14 ioe Seite M90 fee. 
a 54 27-52 M8.0 

P15 [2xi2.0 29-05 M1020 
16 | 4.8 30-00 M9.5 

Q] 16 [2x13 32-20 a oy M13-0 
<7 | 303 28-50 M1040 

Re 205 30-00 M0e7 
18 10.6 30~00 M1.3 

5} 18 303 30-00 M5e2 
‘Eag 8.4 30-00 M700 

T | 19 367 30-53 | ae ee 2 
20 | 105 32-24 M10.0 

U| 20 | 2el 30-33 Mle1 

21 | 369 31-43 ; M403
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MAPPING 

Froblem 12, edition 1948 

Object: Commutation of notes taken with ploanetaodle end telescopic alidade 

using Beaman arc system, 

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

Method: The field routine was: (1) read distance, gencrally with top wire 
on top of rod, (2) level index bubble, (3) set telescope so that it is on a 
Besman divisioa | because with uneven Civisions no vernier is possible and 

fractions would have'to be estimated which is not close enovgn | (4) read where 

middle wire cuts rod, that is the rod correction of the notes. Mote that 
columns in notes are essentially same as for angle method, The distance is 

not put down but instead the FULL INTERVAL reading or distance/ 100, Some 
peonle call the "computed difference" the “product peeause it is the result 
of multiplying the remainder (after 59 is subtracted) from the are realing by 

the full intervel reading. Note thet this is the samc computation as with both 
"step" and "drum! methods, in other words one “3eaman" = one step = one drum 
revolution of 100 units, The only difference is “hat the Beaman arc serves 
for all angles whereas the other methods ere limited to low angles, Rules for 
signs are exactly the same as with engles, 

for tacksights sign of product or comouted difference is 
OPPOSITE to sign of remainder when 50 is subtracted 

from are reacing. 

For foresights (including sifeshots) the signs ere the SAMZ, 
All rod correction reaéings on backsivhts are + 

1! . : ‘"  foresights are - 
Net difference is algebraic sum of computed difference and rod cor, 
Upper wire = + ar Gifference (remainder). Lower wire = - dif, 

KEEF YOUR SCRAICH NOTES IN a SYSTEMATIC WAY.
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NAME 

Compute the following checking net differences with 1953 editon of Problem 11 
Use same suggestions for computation Carry results to nearest tneth foots ¢ 

—Show ell signs. Make sketches if desired 
—loes Interval Beaman arc | Diff. elevation [Elevation 
(Sta Tob BeS. Fe Sq Arc Diff. ! Comp. | Hod corr Net Sta is Py 

+ - St we es ee eee 

Al Bed = 702 | 50 | 0 | 0. | i.0 7 a 159320; 
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eee See ee Se 

M12] 162 | ao | M10.0 
13 j2x6.0 | 46 | MO.0 

N 13 10.4 | A \ M1.0 
a ease | ac re 

oO} 14 703 ee! i Mg9.0 | 
15 | So4 | 47 | | M12.0 | 

“1p 25/2 1200 49 | Lg.0 | 
Be A ee 

Q| 16) 2x23 | 5G ee M12.0 
17 | 3.2 | 46 | M11.0 | 

R ul 205 ae | 50 | | MOeT | 
(eh 2 

8 -_ 303 | 50N, 7 M502 | 
19| | Be4 | 50% u7.0 | 

gis es eee ee | . | M1.0 | 
20 tet i M9..0 eS 

Ue Bar 5 geese = pie | 

BR ce cl ee EA dg. | aie



- Provlen 5 2 adition 1945 

Name_ ee 

Notes by Twenhofel and Hanners 

ee eg ee ee ee 
: j | | Somz i e ! 
: Locations Distance! Augles | page | hlevations 
i i pet } 

re a ee ee ee = 
Si, Oct ee Bee eee res pl eee le ee oe ee 
te a era} feat evi que ,Dift | Bere) Geoand (Ei } inst.| Crowd] 2 F] Filey - 
ee ef ence ene es fener tenement peace Len teenie! ameter mee in 

\ i t { | WBa | BBL] 2350 | 40-30; = | ieee! | | 10 
| DD peo | 29-79 ‘ oes | 2 
| SBs| seco | sere] | ad | 10 
| DE 5230 | B4-O1 } { i i : { so 

an 11490 | 45-53 | poms i. | oe) 
' at 219g i mag | i ; ; ; % 5 ; EB sa 2190 j 31200 3} i i i i | foe | 

| BM 13369 30-49 | | i 2 962 | 4 | 
3 ! t j aS ee hae ees ae Saab ee 

/EBal ¥ Ba | 21s0 28-55 | i as | ee 
: 13 i 160 | 38-02 | i ; ‘| | oe ts 

SB) zizo | co-27 | | os | 15 
s BB | 2420 | BOe17 | i i j 190 | 

; jo D 1386 | 43-37 | i i i | aoa 
! SEB} 1490 | 46-27 | 1; 10 | 
: east mel ee ee ee bite Ge a = | 
131 | YBa | 2530 | 19-32 j | i ; 4 | | ao 

2 3440 | 28-05 | ! ' a i a i 
| SB | ac10 | soz; | | | 15 | 
| BR | 5110 | 88-55 | i i Va toot 

t { { ' ¢ 

: ; { i ' i — Jone | ee eo ee bea ae case ola 

DD i WBa } 2610 | 20-22 i i i 4 | | eet 
| 8B. | seo | ze-50 | | -. oo [15 | 
| RB 4500 | 26-08 4 i \ i = ' 
i Si $ } ‘ } i i 5 i 

{ i a i : i i : sual waa | go | ates | | la | 12 
i 4340 | 2750, | i ee | 2 4 
| 68 gare | 20-18 | | ee lla 

| | DG | 2sao | 2ner | | i Lag Ce 
i i RR BEeD | at2s | ! t i j an ‘ 
oo de a 

Mote: S © = not established - Sights to DD from 2 Bl anc § EB were 
omitted except for Girecticn. = 5 PsOh eae ae aes



GEOLOGY 11 

MAPP ii1G 5 

Problem 13, ecition, 1948 

Object: Computation of planetable survey where distances were found by 

intersections and differences of elevation by vertical angles. 

Material: Table of vangents , pencil, eraser; planks on page 2 to be filled 

in and handed in, 

Method: The sketch beiovy 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 are true horizontal, Oblique ar.gle is 

angle read with middle wire on flag of station sighted, Angle difference is 

obtained vy subtracting 30-00 from these readings, Computed difference is 

obtained by use of table, Multiply horizontal distance by tangent of angle 

€ifference, H,. I, column gives height of instrumont above ground. Elevations 

of station occunied are given both for ground and instrament anc must differ 

py this figure, Computations are made to nearest foot oniy, Column H, F, 

gives height of flag at stations sighted above grovnd so thet elers ions of 

ground and flag must differ by this emount. No rules for signs are needed ; 

simply keep your herd, If work is well done the elevations of different 

stetions should not differ ovor 5 feet when derivec from different sources. 

Place most relicnce on lew arzles., Scale 1 in, = 1990 ft, 

Dg ard RR are located only roughly. Where should these observers have gone 
next and what shots s hould they have tried? Wheat shots did they ~o mit? 
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ye Problem 14, edition, 1930 : 

Mf 
Object! Construction of sccles showing (a):msp or horizontal distance of 20 foot 

contdurson different slopes, and (b) 10 foot Cifierences of wrevation on a one 

Aogrec slope, botn for mep senle 1 inch = 1000 fest. 

: /ievericl: Shestg of plane bond paper, nord pencil , seale of inches snowing tenths 

yf ov other cecinel divisions, ereser, two trimegles 

Method: Scnles showing horzontal spacing of contours and of units oi elevation 

for given map scales and slopes are military inventions but con be used by ‘ 

geolo.ists much more widely tuen tney are: For pimplicity we will first tke v 
the secont kind of serle; shis is kaoim as & ons degree slope seclo: A one 

degree slope is one of one vertical unit in 57.3 horizontel units or ES: Vou: 

units in 100 horizontcl units. From tais intormavion compute hov many feet 

horizontcl distence to 10 feet vertical distance. Next it is neccessiry sc ccm- 

pute how far this is on the map sccle of | inch = 1000 fest. If we aiesive 10 

weke this secale to snow 100 fect tote] uiffereace in clevetion or 10 sicces take 

10 tines the sbove firure. Measure off such a line using aque care. For the map 

distances cnenge the feet of tue origiacl comswertion to inches. Text subuiv*de 

tuis 100 foot secle into Gon ecual arts. The scrle Wailea you uve s2il noe snow 

the points waich you will ave to mark tuerefore proceed as follows. See skeuch 

From one end of the liny to by subdivided lay off em line at en migle. On tois 

line l-y oft ten divisions wich ure shown om your secle. Choose civisione cnd : 

ngle so tht outer end of this cucilisry line is neerly verticcily noove the 

céher ond of the line to bo subdivided. Now join tas owser Gaus of both lines. 

fhen thrauga the marked susdivisions of the auciliery line pass liass parallel 

iy tnis line thus suodivicin; tue line desirec. This method ‘orks bust when th 

-iqus iwbersvct sb abous rijut engles. It is mica moro accurate aca tae other wa, 

ae 

auxilicry line witeyintepvals oe : ; 
$08 sno sron| of | joining ends 

ee | 
Gtagr Links petellell so ljas joauing eads 

i } ; ! 1 4 

i ' i i ! i 

pee | 5 
j pod ! es This cagle 

yee | | ! i i | ae orefercoly 

line Go be subdiviisd of oda lungih —~ ° “DOU 90 deg. 

Uso same aciuod to subdivice one of the ond Civisions into 10 equsl parts. 

Now tronetcr final jod to auigs Of « fresh shogi-of biaer usias <1L poessisie 

care... Nuaber the divisions glaciag tiv 0 at tiv division betvweun tise 1 foot 
units ond-tis 10 foot sorcus. This subddividelportion of tne scaiu susuld be 
ploeed a) Luit vad of fincl s¢.le. Number tae oc..0r clvisions ire 10 to IU. 
Woen tis sCile is couplute it is possivls tO iesure vith it tav Gifierence of 

elevevion between ny tio Gosipncsud points on the map of sexle 1 Gach = 1000 

fost at tiered isc 1 dezrgo slope betwoun taua. If the slope is groiocor tum 

OMS Gs rdu 7NG Treacias Ge auitipliesa br she 2uubs. of dugrous to ooccin. the 

truo-tagurc. Tite stale is vo be pasvol-on wu of wal opoisl 0 cladadenso 

efter anssvction tik it in. 

Skeveh of stylo of fiacl senle 
10 0 1) wy 80 45 So 50 TO. =o 30 
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Problem £4, p. 2 : 
Housthag ib is undesircbls to suo one foot uaits cll along tas soclu ia order 
40 seve labor in construcion; ric, tice aumsur of teas om fFigat portion of s¢:le 

end c#eess loss tim lo on Ge suddivided s0rsion to leit of U. Tae nu degree 
slowe Sscvlo is 4 handy w.7 of uusuring ditner (2) difieraice of elo :i%ion when 
Gistance on map and verticcl oagle cre knowm, or (5) uistance on mc vaure 

Gifieroes of vluvetion ant vertierl cngley sre known. 
Tastvad of using tac ou Gogrue slope secls it is sometiucs wore convenivat 

to have & se.le wich shows tic mop spacin: of convours on slopvs of known cuount. 

This cen d¢ usud to put in contours shun you know the cacle of a slogu ott not 

its full extent. Ths follo.tng mcthod of corstruction wes devisud Or G. J. ned 
Giring tac world son. Ley oft a uorizontel lans porriigl one closes to one vad 

of a siGut of papun more ticn 10 inenss lone. On inis Ming Icy orn, “esng tne 

ony dugrec slopu seily alrondy dram, tie sprcias of 20 foot contours on < ons 

degrue slope, map serlu 1 ine: =,1000 fect. Siow cbout 4 sici socecs. “Ag leit 

wad of this line, avld so tut it is st botuom of |... paper, verlee © Durpoact’ 

On tis Lif off srefcr’ sly LO -anenus t1buauge cay <Von Auer oF dees atid. 

Join tuis point Gath strait Lines to tac suvorrl polase on ¢1¢ tomiaontel, lin. 

's slot: in skovch which is 26t- to Sce.lo. = Nov to flad dio ier Soeee 20 toot 

e contours will bo On 2 dvcro slope divide wie vertiel Mine fa jay saa Grow 

riers 62.1 bel Yotthe original or beso liso. Us Git muy sat opens 20 bance 

dogtcu slope bcy Of. sues = limuvone thing =)f onc uy iru veo Que oc tau Divs 

Ds Wi Sobor oll cegrove up oo i275. 
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GEOLOGY 11 j 
MAPPING yee 

Problem 15, Edition, 1941, : 

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

Materials Hard pencil, eraser, scale giving tenths or other decimal divisions of 

inches, protractor, paper either plain or cross section. 

Method: It is first necessary to grasp the mathematical relation of a photograph 

to the original. The following sketches show this. S 

i cranes 

pn: lens oe 
photo on re eae et es 
film or 2 ——— <object 

plate 5 ee oe : 
focal tenet oS oes 

° ae % 

A, 2: RIPE aoe 

curved oy os ; : 
film Sneak Diseran of old panoramic Kodak 

“once eens showing large angle of view ek 

Eye) Zobjec 
wv oe cohotograph Kobject 

Aegean, nc. 
focel length oe. 

e eee i 

The first sketch shows the relation of the photograph on the plate or film to the 

original, or object, provided on ordinary comera was used and placed with exis level. 

The sketch applies to either « vertical or a horizontal plane. Note definition of 
focal length. It is essential to grasp the following ideas. (a) Every photograph 
with the exis horizontel shows a portion of the ground which is shaped like a tri- 
onglo. (b) In a photograph all objects which have the samo horizontel engle, away 

from the vertical plane through| the exis. line lie inthe same streight line on the 

picture. (c) All points on the level of the cemera cre in a horizontal line called 
the horizon line, (d) Ina photosranh teken with horizontel axis, both verticel 

angles arc shown by distances from the horizon line or vertical plane which are 

proportional to the tangent of that angle. (An oxception to the last st-tement is 
the old Penoramic Kodrix; in this instrument, illustrrted in the middle sketch, the 

film was curved in a semi~circle to secure a larger engle in cach picture then is 

possible with an ordinary cemern. Its horizontal engles were directly proportioned 

to distances on the photosraph. All points with the same horizontal angle lie in 

same vertical line, All points with same vertical sngle lie elong e line which 

curves farther away from the horizon line with incrensing distance from center ver- 
tical line with ordinary camera (straight lines with Panorrmic Kodak - sketch, noxt 

page.) The lowest sketch illustretes encther fundamentel idea, nanely thet,if the 

photograph wero transparent end hold in front of tho human cye at a distance equal 
to the focal length of the camera it would just mstch with the original if the ob- 
server wore on tho same spot as the picture was taken from,
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Laying out the mep. Two different kinds of photogranhs ere avrilcble: (a) some 

sets of views token in Alaska with the old Penoramic Kodak, and (b) sone photo- 
ereaphs taken at Devis Lake with an ordinary cemera. Note crrefully which you heve. 
Look over tae available drta which includes the distence apart of sone of the 
canora. stetions: end the comass be-rings of some of these and other lines. 
Without such auxiliary dete no mrp could bo made. In prectice ground control is 
nede by elther trensit or plene table. Sone elevetions cre also supplicd. 
Points shown in more then one photogravh are in some cases marked in the pictures, 

The first step is to lny out the skeleton of the mep (control points). Look over 
the photosrmohs snd decide whet part of the neper you should stert on. Plat 
compass directions of other cenera stetions first. Now et every strtion loy off 
e line for the vortical -xinal vlene of the cemere for each picture, To locrto 
this lino accurately oxtend =: line to rnothor stetion nesr to this plrne. On one 
side of 2 shact of paper mark the focnl length; on sdjacent side of seme prpor, . 

et right ongles to first side, merk the distence on picture between the other 

station and the exicl plane nessurings sano in direction pernllel to horizon line. 
Now fit the triangle to tho extonded linm in proper rclation to bring line st | 

right engles to rxicl plrne st distance fron picture station equel to focal 
length. Seo dingram below, Now extend this line -nd cell it the picture plenc. 
It is where you would put « transprreit picture to just cover the originnl view 
with your oye r+ stetion, To odtein sngle of rays to any object in a picture, 
neasure horigontrl distrneé fron vertice] axiel plene and viet on picture plene 
of the nep. Join this point to picture stetion end you heve seme result as if 
you had sighted om alidrde on a plrne table. Obviously, the intersection of such 
lines from difforont stotions gives loertious just as do intersections on the | 

plenctable. It constitutes indoor planctebling, The rdvrntege is thrt tine 
spent in the field is greatly reduced but tire in the office is much incronsed. 

Certrin climates mekc this desirablo,. 

, Picture plane for Sta A AC 
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Problem 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 located enough points to enable 
you to make a good map it is time to find difference of elevation of these points 

as compared with known places. The most practical way of doing this is to solve 
the problem of finding elevations from known distance and known angle. The 
distances can now be taken from the map, working from a picture where the elev- 
tion of camera is known. The angles can be determined from the picture. To do 
this a right triangle is solved, One side of this, say the horizontal base, is 

the distance from the location of the station on the map to the platted position 
of this point in question on the picture plane. The other side, at right angles 
to the above, (the vertical side) is the picture distance of the point in question 
above or below the horizon line shown on the photograyh. The third side or 
hypothenuse joins the last point with the other end of the horizontal side. The 
angle et 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~ 
ically. On the horizontal line of the trianglé 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 
hypothenuse. 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 ordinary camera the distance from the station to the picture plane is not 
constant but increases toward the sides of the picture, It is therefore necessary 

to use several triangles for each picture. In the case of the Panoramic Kodak 
the focal length was constant. This instrument is now obsolete. 

<——_____— Distance on map scale~camera = 4——--———--, 
\ _ station to point determined in picture plane , 
—-MAP_“zDISTANCE OF POINT —% id 

Camera station Aetued “vorhions angie ‘tieties of elevation 
Sue to map scale 

eee | Distance o! 
i i picture plane 

—~ i 
\ 

Not ‘ az ¢ ee | z 
ote that line to picture planc is not always the same but ~! point 
depends upoint relation of point determined from central vertical plane. 

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 thet met with in the field with ordinary surface surveys. Before accepting 
any location it must be checked in more than one photo of the same area wherever 
possible. Never draw contours where you cannot see the ground in at least one 
picture. Try to make the arawing an real interpretation of the ground form and not 
a mechanicel interpolation between known points. Note that if two views are taken 
from each camera station with camere on seme level and separated oy 50 feet or more 
ground distance these can be used in an .rdinerv stereoscope thus getting a better 
idea of topographic form than can be observed either with the unaided eye or on a 
single photograph. All that is needed for a ground photographic survey is an 
ordinary camera properly equipped to take distant landscapes. The camera must be 
levelled for every exposuree Panchromatic film with a red filter is best, Some 
form of ground control must elso be surveyed to find position and elevation of as 

many camera stations as poss ible. Use of photography on the ground is still a 

good method forzsurveying some areas. ind



GEOLOGY 11 

MAPPING 
Problem 16 and 16a, Edition 1950 

Object: To draw a map from aerial photographs. 

Material: Hard vencil, eraser, scale, stereoscove with parallel arm (stereocompara- 

gravh), magnifier, triangle, tracing paper (about 83 x 11"), photos, map 
with elevation data. 

Method: Photogravhs taken 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. Obliques are taken up in Problem 17. Read 
TM 5-230, pp. 188-249. 

Vertical Pictures: Svery vertical picture is a complete and accurate 
map of the area shown, provided that (a) the enamera axis is exactly 
vertical and (b) the land is essentially a plane. The scale of this map 

is fixed by the elevation at which the victure was taken in relation to 
the focal length of the camera. In actual »vractice, however, it is very 

difficult to meet these conditions precisely. Cbviously if the land is 
not flat, the tops of hills are shown at a larger scale than are the low- 

lands. Check the scale of your vhotographs by measuring several lmown 
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 nicture. The amount of curve due to differences of elevation 

increases radially away from the center of the photograoh as shown in the 

following figures: 

i lane 
FIG. 1 is 
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AY eae ad ~ Note distortion of straight 
eee ee line across hill at A and 

i be that C' is displaced from ¢ : 
‘ along a radial line from 

i center of photogravh.
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Three hills rise from a plain. The one vertically below the camera has its top 
B shown on the picture in the same place as if it had been at 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 overlaps the adjacent ones by 60 per cent or more. Were the land 
ell 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 overlanping »victures. 
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Now »lace a vair of adjacent photos so that the common areas are next to one 

another. Shift one or both until you see some of the highlights double. Make these 
coincide and the fused image will look like a relief model. <Xeep looking as if you 

were in the »lane at a great distance from ground until you can get the effect. 
The mirrors or lenses serve only to separate the eves so that each sees only one 
nicture. 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 pictures must be 

eye distance (about 25") anart. It is sossible to dispense with the paper. Put the 
common points of two pictures about 24 inches avart. Slowly raise the pictures into 
the line of sight with eyes relaxed (daydreaming) . This does not injure the eyes but 

considerable practice is needed. The closer the eyes come to the nicture the better
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the stereoscopic effect. Note that two other images, one on either side of that 

in relief, are seen. These do no harm to the eyes. Shift photos until you get 
relief effect. 

Map location of points. NOTE: Actual construction done only for problem l6a 
but all must know the principle. 

The rays drawn from the center of tho photograph (which was vertically under 

the plane end is found by intersecting lines cithor betwoen marks in the 
margins or ; the cornors) to objects seen in the nicture represent true 

angles just as though you hed sct up a plane table there and sighted those 
points through .n alidade, The map location of this center or principal point 
may be found by oassing the rays to three recognizable points in the picture 
which had previously been located on the ground through the vlotted map 
position of those points, This is merely solving the "threc point problem". 
This orients the »nhotograph in respect to the map control. Now rays may be 
drawn on tracing paver from the picture center to un'cnown points, mainly hill 
tops. Mark on each ray apparent position of point using a small definite dot 
for each but extend lines. Next comes the »oroblem of correctly locating the 

next overlapping photograph. Find its center as before. Locate this point 
on the first photograph. If the centers are both at the same elevation then 
the distance between them is the correct map distance. But if the elevations 
differ a correction must be applicd. Drew the line between tho two centers 
on your map. Use this line to orient the tracing over the second picture. 
Shift along this line until rays from center of sccond picture to known 

points already correctly located nass through the map locations. One such 

intersoction would be cnough to give man location of the second center but 

two properly located off to the sides are much better, Note similarity to 
plane table mothod of location of unknown point, You may also find correctly 
loested points such as section corners in the second picture. 
Soe TM 5-230 pp. 188-212. 

Show on your final map to vroper secle the locations of section corners as 
given by U. S. Land Survey. These will be your control points. Draw radial 

lines from centers of each photograph to these on your tracings. When agreoe- 
ment on intersections has been reached prick through proper may locations onto 
your final sheet. The chicf error in such "plane tabling from the air" is 
tilt of the »hotogrephs, But compare it with orror in doing the same work 

on the ground!
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FIG. 4 Radial line adjustment 16—4 

ee ee This shows method of 
Photo 1 tying together photos 

in the same flight. 

i There are two control 
points shown, here 
marked with triangles. 

ee pete on ee at These have been shown 
if : on final map undor- 
| — Spa, eae Photo 2 ! neath tho tracing 
| Ss poe ! paver.sheets with 

ge 7 , pe ' radial lines. Note the 
See ee ; = ' points which are common 

| gone s : ; to threo photos as 
| ’ S : 2 < i theso are very import- 

at ee ant. The same points 
: = “sta Photo 3~ - {i also show in adjoining 

[| eee ee eee FSS ee aan ae a flights .nd serve to 
BUM See cee SS ee ea ec ee eee connect the. two flights. 

| | * : : es ” Center of Photo 4 is 
; . a , ae e also shown 
1 Qe , meee : aes 4 5 ~ Be as in prepare.tion to 

| , Se ’ 7 XN ‘Oy extend the assembley. 

- . : 7 [gee Note that line of 
See eee = ' flight is not alweys 
Z 5 Sty Fe P hoto & straight. Sec hay use 

ee ee coe a eee of slotted temolots 
Sy Cn ne ee ae Se a would help a big job 

‘ i but take too much time 

' | to prepare for a small 
| 1 : one. See following 

| ! | directions for how to 

4" : mark centers of photos 
| } 4 | (princival points). 

Pile ee ee Se et 

3c suro to understand that directions hold over distsnces and that all lines toa 

certain location must intersect at same point. 

In problem 162 the »hotos will cover two rdjacent flights. Flights are commonly 
mode going citucr north or south with »n overlap of about 30%. After arranging 

the tracing ormer shoots (tomplsts) you will soon renlizo the odvantare of the 

slotted tomplct system. This was at first done with cardboard sheets cut with a 
speciol punch elong the radial lines. These shects conceal the basomap and are 

throw sway when it is finished. donce motrl arms which may be clamed into 

~rogr rslation to one another have displaced cardbonrd. No templet necd be made 
for oroblem 16 since it would add little to accuracy of results but » width of 
only two miles should be manned to avoid distortion due to rolicf and tilt which 

affects tho sides of the photos most. 

Distortion duc to rolicf. Displecoment of points due to difforence of clovetion 
above or below the normel or detum »lane is elong lines which radiato outward from 
the point verticrlly below the enmera. It is commonly assumed thrt this plumb or 

nadir point coincides with the contor or orincipal point. The actual displacoment 
depends upon the »roportion: altitude of plano, H: diffsrence of clovation, h:: 

radial photo distance of point,R: displecomont from true position, d. In solving 
this note that cach pair of torms must be in samc units, for instance if H’= 

14000 feet, and h = 200 foct, thon R and d mst bo oxnrossod cither both in inches: 

or both in millimoters. In this caso if R = 100 mm. thon d = 1.43 mm. and if h is, 
above the datum lane the true location of the point must be moved along the radial 
line toward the principal point by this amount. See figure 5 on next page. :
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FIG. 5 | = 

Displacement of a point in photograph due to relief. 
Note that such dsiplacements are along lines which - 

. radiate from the plumb or nadir point. For most 
q photographs this is not far enough from the center or 

principal point to make a waterial error if the nadir 
\ point is not known. 

| 

| : 
| h 

ae Se eeeees see ee ee 
x 

Sottineg wo photogranks. Even if you find your photos alroady set up on a board 
you should undorsto.d just how this wis donc. Look over the books of instructions. 
The "principal voints" aro all marked with red circlos. Note tho marks in margins 
sx corners which wore used to locate these. If you arc using the Abrams instru- 
ment you should mark the lino botweon the principal points with a sharp hard 
peneil, Turn the y dial (motion across lino of flight) to road 0. Placo instru- 
mont over a sheet of white pr er and turn up the right hand marker about 4 complote 
turns. Then adjust loft hend markocor on its y axis until tho two dots blend as one 
when you look at them through tho lonsos. If you wear glasses you may have to 

leave them off while working. Choose »lace on tho board where tho parallel arm 
will allow the instrument to cover the common part of the pair of photos. Lay 
down tho left »hoto and turn until tho line joining the conters (princival points) 

is on the lino of the two dot markers. Staple down left cornors of this photo. 

(Dircetions sey use tance but this my cause moro injury than do staples.) Now 

sot the right photo ovor the left so that whon left marker dot is on principal 

point of loft nhoto the right dot is on princinal point of the right photo and the 

two lincs joining the principal points coincides. Another way to sct up vhotos is 
to usc front cdge of tho instrument as a straight cdgo; this is more ravid but 

less accurate. Next look through the lenses and seo that you get good stereoscopic 

effect without ovo strain. You may have to shift the right »ohoto kcoping it in 

anne alignment. Whon satisfactory, staplo down temporarily and flap over the 

edges to sco that thoro is no "blind snot". Another shift may remove such, but 

you must not adjust without leaving onough spaco on tho x motion to allow of 
‘ moving tho right dot by turning to loft to allow of placing it on lowcost points 

on tho vhotos. Distence betwoon common points must not cxcecd 2.45". Now 

practice reading fron the dots. Whonovor you look at tho dots they will blend 

into ono (unless too far apart). Practics looking at the ground at the same 
timo; thon whon the dots blend into on> it will npvear to touch the surface. 

At first it is best to blink from ons oye to the other to see thet cach dot 
is sot at the same objoct in tho two photographs. First try this on road intor- 

soctions and other dofinit> points. When you have the dots coinciding mako tho 

dial road O by turning its odgco. Study mip of arca to find » roed intersoction 
near one odge of ‘the aron whose 2lovation is known. 0 dial on it. Now shift to 

other side of tho aroa and soe if you still have tho dots coincide on an object 

at noarly or oxeetly the samo olovation. If thsy do not one picture is tiltod 
with respect to the other. Effoct of tilt is largoly, although not wholly, 
oliminateod by following Abrems mothod as described on pp. 16-17 of their manual. 

Stick a needle through check yoint on one sido; then turn around this axis until 

you got samo parallax roading at th2 other chock point. Thon restaplo. A 
tolorance of about 0.05 mm. is allowed in this measuromcnt, otherwiso 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 onsicr to set up the 
photographs. lLoel tho varallel.arm. Then line up loft photo with tho common 
principal »oints undor the scale at the back. Stapnlo down ot once. Thon moasure 
map basco or disteanco botwoon principal points in millinotors. Tho corresponding 
points on right photo arc thon lincd up in samo way along same straight line and 

its map bas? is moasurcd. Note th-t with this typo of instrumont you do not over- 
lap the photos. To get vromr distance for stored vision do the same as with the 

othor type. Place white pavcr below tho dots and thon mako thom blend by use of 
tho largo adjusting knob undernoath the centor. Now romove paper and shift right 

photo along tho line of oriontation until you get good reliof offoct. Bo sure 

tho micronctor is bout the center of its scale when you fasten tho right photo. 
Now piek out points of known oloevation on ths two sides of the flight end make 

the samo adjustment 1s with the Abrams. Note that although the right dot can bo 

noved for y varallax thore is no means of measuring this motion. Distanco betwoon 

comaon points is about 6.20" with this machino. 

Loasuringe clovations. Aftor the photogranhs have been jinially sot and you have 

good stcroo vision bogin to practice moasuring clovations. As suggosted above 

yoa can bost dc this at first by blinking from one sys to the othor and thus 

locating both cots on corrosnonding mark in oach photo. 

Parsnllinx cquation 

Line of flight 
— ——— | — 

| a ; FIG. 6 
£ = focal length 
| : ff 

| 
=e oe ee os ens Ba 

\ (air base) 
\ 
x 

/ ; 

H | (altitudd \ fi | 

| | 
| 

| 3 J) 

ef | 
Ground = £ | | tie round surface n2 = nadir or plumb point 

= 
x 

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 gwall 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 principal point and the next. This distance is shown on both 
members of the stereo pair of photographs.
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difference in parallax “de dg = dp ie “@ 5 je ES 
nm) a oO 

seelo ratio = £/E = focal longth/altitude oF (see ——sa 
L& % Ee ZO ? 

dp : x i: £3 H, by scal2 ratio, whonco x = dp.H/f (stridghy Picking (H-dh) but 
dh is so small it may commonly bo noglectod) : a & : 

3e (Tht~ 

also 
gdh: x3: Hi: Ba, oy similar trianglos, whonco x = dh .Ba/H ‘ 

a equating to climinnte x, 14,556 x RE co 
Bo Le. = s 

Qp.H/f = ah.B/H, honce dh = dp.H?/f.Ba a a 
a71 ; ae 

but bd on photo = Ba . sealo ratio orzBa.f/H . % ab = D6 B S 8 

‘ i } i; L QD Soa? 
heneo by substitution dh = dp.H/b i 3 741 ee 

“A \ SO x" 
noxt substitutco for H its valuc g-f/p whore € ie ground dist-nes, and p its audio 

length in the vioto and f = focal iongth 24 3% 9 % 

Mcasure p on photos, also b usually Gn Mf ’ 

honee dh = dp.g.f/b.p or 3,11 

Assumco dp = 1 mm., g = 5280 ft., and f g 8.25 in. 
in ordcr to balanco differont units of moasurscmont cither p or b must be inm. Qi 

fo change mm to inches multiply by 25 & 9 

5 fl ; oS - ¢oc aS Honeo dh = ap™™ £" et / dp or ah - 1715/d!t pt es ros 
as 

(This dorivation is roquired of 911 students.) $ \ g 4 

Bau i - y75o 2 
Binding the altitudo. Even if you had the altitude f? we © Se: photogrephs jy ps2 © = 
suprosoad to have boon trlon it may not bo corroct, ror 4. as based on varondbede 5S ® 
dctorminetion. Most of these nhotogranhs worc telson vith the K-3B canmorn whigh? * 
had a focal length of 8: inches. Tho scale of the photogranhs is exprossced thus: <4 A 

a de 4 62 
Seale = _foenrl longth = _nhoto distanco = f = p eb 

altitude ground distance z g ae ee 
$2217 one 

Noto that those ratios demand thet Both torms be in tho seme units. Lu 0° 

Solvo for altitude and: "nb? 
; E (fect) = ground distanca (ft) . f(in) = gf 10 4. 6 

Gg Ly - photo distonce (in) be D re) oo? 

Note that wo can uso two different units bocsuse there is only ono term of cach \ 1 

above and below the line so thet the correction factor cancels. f Ww 
We could cqually well use nillinetors for both foeal longth and photo distonco. as: 5 

Exemple; f= 6 in.; g = 5280 ft., and p = 3.1 in, WVZo 
Substituting those values above altitudco, E = 14000 ft. 4" 
Study your “hotos in comparison with - man on which lcnown horizontal distances \7 vw 

are shown and comouto flying altitude for oach. The sealo of the two photos nay fy 
not bé oxactly the samo, 3,44? V9 

1 inch = 25.40 mn. 1mm. = .0394 in. aA 6 0 

‘ Db , ———— 
] 3 440 / ore \ 

‘7 "gi whsa226(O = br pp .o! AY 
=aTe o f x 

F340 5 20D eIid -e 
b ola ~ ‘ nee 

tay 6 WH. ¢
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Computation of difforonces of clevation. The formula demonstrated above rokates 
difforonee in parnllax on tho photographs to difference of clovation, altitude, 
and map base. The latter is the average distance between principal »voints of a 
pair of photos. It may be expressed cither in inches or millimeters. We can 
also solve the formuln for difference in clevation for unit difference in parallax. 

difference of parnllax = diff. in elev. . man base dp = dh.b (1) 
altitude E : “f 

Solving for ih, $y gn?” 
dhs tp. (2) . Substitute for H, He Aye then dh = dageat (3) 

a Ribs 

If dp = 1", 2 = 5260'; f= 8.25" then dh > 1715 (4) 
Bio" 2.66— 

(This form gives either feet ner inch of varellax or fect per millimeter. Taking 

H = 14000 feet, and b = 2.5 inches the result of (3) is 5600 feet per inch or 220 

foet per millimeter. Note thet agnin different units may be used provided that 

the conversion fretors erancel out. Cheek these computations for your »articular 

nair of photos. You con neasure b in millimeters if desired, Next you must 

renlizo that aititude, H, is thet above the particular spot on the photo which 

you are roasuring. For instance if there were a 500 foot hill in the photo 

describec above H wovld be reduced to 14500 feet changing the results to 5400 

feet/in and 212 ft/mm resnectively. Although there are tables which may be used 
to compensnte for this in TM 5-230 a simmler solution is to figure the value of 
dh for the average H over the photo. This nay be used to determine difforences 
of elevation such as heighth of hills above known low places. Using (4) if b= 

2.5" and p = 3.1" then dh = 222 ft/mm. or 5650 ft/in. Compute dh for your photos. 
You. can also get results by measuring oa known difference of clevation on the photo, 

Note that measurements uphill register on the Abrams machine by motion of the 
pointcr in the+direction. On the Fairchild instrumont the readings on the scale 

increase with elevation, thet is incresse toward the left. Commare this with 

what causes hilltops to aperr closer under the stereoscone (FIG. 3). When you 

measure you may have to use the y motion to meke dots coincide. This is = result 

of tilt (see later). Tilt results in change of scale of the photos so tht 

corresponding points nre displaced in relative distance from the line of flight 

- or line of orientation. In the Abrams instrument use the motion of right dot 

only. Left dot is moved only when first setting up the photos. Study the scale 
on the Fairchild machine. Whole millimeters are marked on lower side of line 

except for those which are numbercd where line is carried across. Half milli= 

meters are marked on upner side. Since the micrometer head reads only to 50 and 
measures hundredths of millimeters you must add 50. to its rending whenever a 
helf point is passed. Continue nractice on reading spot elevations. Base your : 

pereallax difference on clevations on roads, etc., on low ground not too far away 

on the vhoto. If you try to measure over long horizontsl distances the effect of 
even slight tilt will make results inaccurate. On the home-made instrument 

parellnx is messured in thousandths of inches; divisions on side are 25/1000", 
on head of drum 1/1000". 

Drowing the map. Ench of the mechines is provided with some kind of »encil. See 
thet yours is sharp and not too hard. If you can obtain only faint lines go over : 
them with a softer pencil. Colored nencils (provided when possible) arc ‘good:- 

ee Use a sheet of bond paver which shows a watermark when held to light. 
[ If drawing board is rough nut . sheet of poorer pacer bolow. Fasten down in 

position so you e»n map the area common to the two photographs remembering that 

| you have to reverse the photos with all but the Fairchild. In tracing roads, :% 
; streams and boundaries of dense timber use left hand dot only. Locate dwellings 
\ which at most farms are close the road ond more or less concenled by shade trees. 

‘for this. Use blue for streams, red for roads and houses, and green for timber.
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Do not ma all farm buildings. You will have trouble in following some streams 

becouse of trees, 2lso in telling what vortions of some strenms are now part of 

the ectucl chennel. Dot all uncertain parts. Show streams which do not carry 
watér all the time by dash-dot lines. Last locate spot elevations. Compare 
with the old topo. sheets! All students will naze a map based on common .rea 

of one pair of »hotos. 

Contouring. The choiee of two methods of drewing contours is possible. All 
books of directions advise setting the distance apert of the dots to that for a 
given lovel end then tracing around the contour. This involves finding the 

differcnee, dp, of parallax for a given contour interval. Tilt of the photos 

nalzes it necessary to shift the setting for different parts of the map in a vory 
complex manner. Keeping the fused dots together is .lso difficult at first. 

After vractice they should appoar to just touch the surface while looking at the 

Sopography and not concentrating on the dots. You can always make the dots blend 
if you look too herd -t them alone. The othcr method is to measure spot eleva- 
tions and then sketch the contours from them checking with the stereoscope. 

Combination of the two methods is suggested. Try to trace the 100 foot contours 
first. Blink from one eye to another to see that dots rest on some ground point. 

Uhange rending in different points of map in response to spot elevation date. 
Then fill in 50 foot contvers between by sketching. Oomoare your results with 

the old mop which was sketched from the ground! Last locate section corners 
using the old map as a guide. From these locrte the lines bout 2 mile apart 

which subdivide the sections into 40 acre tracts. Draw all those on your paper 

making section lines solid black and the other lines dotted black. Also draw a 

line exactly 2 mile long ~ccording to the seazle you found. Your map may be 

presented either (2) in pencil on origin®l »,azer or (b) traced in ink on tracing 

oaner. If the latter also hand in your sketch. First maps cover only the areca 

seen on both vhotogreyhs of the pair. Contour interval , 50 feet. Roads 
soy be left as single lines but make branch roads dotted. Show also all dwellings 

\not barns), stroams and swemps as far as possible. 

FOR 4 CREDIT STIUDEUTS 
Problem 16a 

Material; Aside from that for problem 16, you necd 10 sheets of trrcing paper 

7" x 8" plus o shoot of tracing paper -bout 18" x 18", 

Introduction: 4 credit students will do Problem 162, man of 10 verticnl photos 
loented in two flights, 2 portion at least of which must be contoured and all 

vonmleted to show roads, dwellings, streams, woodland, swamps, section and forty 

lines. The tracing paver xbout 7 x 9 inches will be required for the radial 
line plot and larger sheet for finrl map, First, make the radial line tracings 

trking lines from principal point of erch photo to 211 section corners, other 
vrincipal noints, and to such points common to the two flights as necessary. 

Draw fine accurate lines and mark the picture loentions definitely although lines 
should extend half an inch beyond ench. Mark photo number in same position as on 

original. WNoxt lay these trccings over one another to get true locations by 

intersections, Make lines between princival noints coincide. Assume that N-S 
township lines sre straight. Apply some criteria to accuracy of location :as 

with plonetable. When you hive a satisfactory adjustment, disregarding the ap- 

parent locations on photo, tape or staple your assembly together. Then lay it 
over the master sheet and prick through the revised locntions. Remove overlsy 
and mark each prick point with cross for section corner, circle for principal 

points end other locations. Place photo number at each principal point.
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Draw in the section lines on master tracing. Next subdivide each section into 

40's using solid lines for sections rnd dotted for subdivisions. You now have 

an accurate framework to which sketches ond tracings of each photo may be fitted. 

Last use the stercocomparagraph to make a contour skotch of not less than common 

area of two steoreopairs one in each flight. Adjust contours between the two 
flights as seoms best. Do as much contouring as time permits; if you ec onnot 

contour more thon minimum finish rest of aren as a flnt map. Submit your sketches 
and overlay with tho finel map. This may be comvleted oithor in pencil or ink. 
Use green crayon for woodland. 

Effect of tilt on vertical serinl photographs. 

introduction. As noted above, few photographs taken from planes and intendod to 
te true verticnls sro such in fact. Efforts to control verticality by levels, 

views of horizon, gyroscopes, etc., have friled although it may nrove practicable 
to indicnte the plumb point by 2 spot of light regulated by a gyroscope. 

Fortunately tho angle of tilt is rarely over 3 degrees from vertical nnd can 
safely bo neglected 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 expleined in Problem 17. Note diagrams on following nage. These show 

that the side which is tilted below the position of an cquivalent verticnl picture that ti ide which is tilted below the positi f quivalent tical pict 
includes 2 snaller area than it should and is expanded; the converse is true on 

the other side, thet toward which the princiv xl voint is displaced from the plumb 
or nadir point. Midway between the locntions of these two points is a line where 
the equivalent vertical photo intersects the actuxl victure. Only nlong this line 
which is perpendicular to the principal line is sealo true. 

Fig. 7A See next page 

Distortion of a square when tilted 
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FIG. 7 \ Geometry of - tilted photo 
| 0 = princival point 
| n = nadir or plumb point 

i = isocenter or center of 

= | distortion 
Section on \ d= displacement 

principe: pias t = anclo of tilt 
a | f = foenl length 

Z Shs = B = angle between line to a 
point and line to iso- 

\ \ center 

1 \\ 
Lower side \ a ag side 

i 2 \ _\q Actual photograph 
/ i \ Ls 
> - —- — — thee Oe a'Rquivalent vertical (same f) or 

| | ee td) “line parallel ground. 
ee al 

xd» | 
oa Mis 

. ‘ ey 

ft ' . Note thet the tilted photograph 

ae | | mgkes a rectangle on the ground 
SSS SS ——— | #ppear too big on lower or down 
IN axis of tilt side and the converse on upper 

| Down | side (here to right). 
} Up 

| | | & = angle between a radial line 
\ from isocenter and the principal 

i | line. 

7\ | Terivation: (required for 4 
| ie | credit students) 
| & : Vertical displacement of point 

»|—b! de Principal line _a|,le' is 4a ( or ib) sint 
a ew ° | Horizontal displacement = vert. 

| - é ! displacement tan B Since 
Lower side expanded; Upper side comp- | tan B = ia (or ib) vy, Pen 

‘| | displacement outward ressed; displacemgnt 0 2 

from isoceneter in toward isocentdr | 4 = ia”(or ib ),sin + Jf and 
| | sin t = d.f/(ia‘) wheneg dis- 
\ tance no = f gin t = dof { (ia?) 

| | : 
\ | See Fig. 7A on last page for 

ee ee | effect of distortion when 
Se ase CC CU Sh SS soaxis of tilt is diagronal to 

SS Se $3 ; 
ee sides of a square 

Displacement slong a line radinl from isocenter = d/cos A 
Displacement slong line perpendicular to principrl line = @ tan A 
Note th-t displecements sre pronortional to squere of distance from axis of tilt 
but sre along lines radixl from isocenter.; Displacements due to relief are radial 
from plunb (nadir) point. Therefore, there is no single nlace on a photographfron 
which both tilt ond relief can be correctcd. Fortunctely, error due to this fact 
is small in most eases when the tilt doos not oxcecd 3 degrees. In country with 
high relief, measured in thousands of feet, it is necessery to find the plumb or 

nadir point for radial line construction... Note c»refully the distortion of a sq. 
due to tilt. If axis of tilt diagonal, square is "skewed".
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See next page for explaination
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edition 1951 ; 

Figure 8 shows results of tilt of camera axis in successive photographs, A, B; C. 
centers (principal points) are designated Ao, RO, Co. It is assumed that 4 is 

exactly vertical with the plumb or nadir point coincident with Ao. ‘The rectangle 

1, 2, 3, 414s correctly shown. Centers of adjacent photos are shown in every 
case, When set up for stereoscopic examination these are aligned along the line 
of flight or x axis which is horizontal in the stereoscope. Distances perpendic— 
ular to the line of flight are called along the y axis. Fhoto 3B is assumed to be 
tilted along an axis parallel to the line of flight, As explained in Fig. 7 the 
rectangle is then distorsd into the shape shown by solid lines (its tus shape is 
shown by broken lines). ~n = nadir point, i = isocenter or intersection of axis 

of tilt with a plane passing through both camera axis and plumb line. Note that 

points 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 
os 1 froma line through 1 in 4 is dl and of 2 = d2 both measured in y direction. 
gach measurements are made with y dial on Abrams instrument; the Fairchild has . 
no graduations on its y motion, Photo ¢ is assumed to be tilted along a direction 

nerygndicular to the x axis ( along y axis). Distortion is shown by same method. 
Jispsacements from lines parallel line of flight, 41 and d2,are measured in sane 
way. y distance of 2 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 yxy dots on cerresponding points in two photos. Cases 
of tilt along exes in other directions than those shown by be resolved into com- 
ponents along x and y axes. Displacements. due to relief are segumed to be absent. 

gorrection of parallax errors due to tilt. then a pair cf overlapping photos is 
set up for steroscopic examinaticn the average value of dh must be found first. 
Znown elevations should be present along both sides of the common area and nearly 

pposite one gnother. Tlevations of 1, 2, 3, 4 should be known. Dots are set 
cu 1 and 1 in photo 8; the effect of difference of elevation of 1 and 2 is com— 
uted; the x dial is reset and checked on 2 in A and 2 in Be Ppto 3B is then 
‘Loosened and turned until this distance checks, (Abrams method).™ This adjustment 
will (unless the error was due only to faulty determination of centers) serve 

: vnly to correct readings 1a relatively narrow area betwoen the two correction E 
novints, i. e. an area extending in the y direction. A different zz:+-,. position 
would be needed for points 3 and 4, Hence it is well to use tape en right photo. 

Error due to the component of tilt on vy axis is not affected by this method, 
y 

Measurment of relative tilt. Fig. 7 shows how it is possible to compute the 
displacemant of the nadir point in both x and y directions 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 +. 
Phote 3 shows a + displacement in y direction, Such a displacement is called Dy 
and is equal to f+sin % Since sin t = def /a” it remains only to find a. This 

must be the average of the two a's on F 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 
ad = (dl + 42)/2. By substitution On = £°(dl+ a2) / 2a° Note that since both 
dl and 42 are to right in 3 of Fig. 8 a positive value will attach to result. If 

the displacements had been 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 d2 are both measured along the y axis as before but one is ~ and the other 
is +, In this case we must use the average of dl ~d2 multiplied by the
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tengent of the angle A th-t is by a/o. Wow to obtnin this svernage value for 
d we must reerll th-t the displrce:.ats are opvesite in sign and tht we must 

therefore use their alrebraic difference. Thus d = (a, - dg)a/ab. Substituting 
and cancelling 2 above an@ below the lino it sypecrs thet Dx = £°( ay _ dg) /2abd. 

In the case shown the »lgebrnic sun of the y displacements is negative and the 
nadir »oint is disvlaced to the left or backword on the line of flight. In this 
nanner the x and y displ»xcenent components moy be found -nd thus the rel-tive 
relation to the photo xt the left (earlier in the series). But since we herve no 
knowledge of the tilt of thet photogs 7ph the solution remains relxtive until tho 

missing data is supplied. Then relative tiits may bo carried forward by 
algebrnic differences. This ncthod is doseribod by Van Caup in "Manunl of 

“hotogrsmnetry," pp. 290-802. Fossibly we could make a true drawing of an area 
based on & ground survey. corrected to relief distortion and platted to photo scalle 

The following wothod is adnpted from one by "AGLEY, pp. 180-192, modificd to use 
a rectwngle (or squere) formed by one or more sections of land. Beenuse most 

aeriel photographs were t-ken by flying xlong » N-S scetion line it would be best 
to use 2 onir of ndjrcont sections enst ind west of the line flight. It is 

essentinl to have the princip.l point well inside the aren uscd. True dimensions 

ond directions of the sides should be checked by 2 ground survey with vl-netable 

or otherwise. Elevations of ench corner must also be known. Also focal length of 

esmern in inches. Steps in construction follow. 

(1) Locste both on map 2nd photogreph she princip»l voint using radi-l line 

construction with forner. 

(2) Find the averegze scale of the photocreph from » section line nosr the princi- 

pal point nd compute elevction, H, by usuxl mothod. H = 6.0/Pr where ¢ 

is a #round dist.noc in feet and p the same on photo in inches. 

(3) Compute disnlacenent d of 211 cornars to each pl-ne passing through elevation 

of the lowest corner. d= h.R/E, where h = difference in feet elevntion of 
point considered above lowest corner, and R its dist nce from principal point in 

inches. Move the high points in tow2rd tne principal point 1s the isocenter is 

ms yet unknown. See Fig. 5 

(4) Serle, in inches, the four sides of the quadrilatersl as shown on corrected 

photograph (notediagr-m); eJso distonce of each corner from the 

: princinal »,oint. Also obtain correspcnding ground distance in feet fron map 

and field data. See Fig. 9 

(5) Revise the figure for altitude H-= (L°) from the fact thet LAr: free! 
whence L°! = f".4 o! / 2a" anproxim.tely. Use menn value from four solutions. 

(6) The four triangles enbrrcing lines from L (position of plnne) to exch corner 
of the figure crn now be drrwn to map senrle (preferably lerger than photo 

serle). Include corresponding lines in the photograph. Remember th-t plane 

of photo is normel to line (L°) to vrincival voint. It will now be noted that 
since f is the sane in 711 triangles the lines representing the plane of the 

paotograph will not be prrallel to the sround. See Fig. 10 

(7) Now we have the dntn to construct trirnmles for ench of the four exterior 
sides of the pyremid malting the ground line streizht. It is not normal to ‘ 

line L°'. -See- Wig. 11 

(8) The next step is to vass verticnl nlanes through ench apex of these triangles. 

The intersection of these planes with the outside of the pyramid are normal to 

the ground line and each will pess through the line (Ln) from L to the nadir 

point. See Fig. ly
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(9) Next use the map and drow on it lines normal to ench side at proper distances 
from each corner as shown on bese of oach trinngle. These lines should all 

intersect »t the nadir point, n.See Fig, 12 

(10) Transfer this nadir voint to the photogrash by tracing pnoer solution of the 

three point problem. Location of isocenterarinxis of tilt are now known. 

“Anglo of tilt, t, my be computed since tan t = no/f. L 

wo 
L (lens of camera) 1 

/i | 
| i | 

i gn 

| i 7 
eS 7 | 

| \ \ | | H (map scale) 

f Pla We 
i Ay 

7 = i photo 2 
o* e 

a eo \ 

ee | 
j b x if 

ee é \ 

See a i ee Se map, (larger scale | ° 
/ a Ss oe > than photo) 

7 a — 
<< ee Fige 10 

— One of a series of four triangles from 
5 line Lo out to each of the four corners 

Fige 9 of the area on the ground. f = focal 

: length of camera H = altitude of plane 

Pyramid over two adjacent sections of at map scale. In order to fit it the 
land including the principal point, true ground distances at map scale it 

abcd = tilted p hotograph «BCD = map is necessary to make them inclined which 

on scale larger than that of photo. indicates tilt of the photograph 
Eecause the ground or map distances Construction must include all of the :. . . 

are horizontal the photodistances mist four triangles. 
be first corrected for differences of 
elevatione o = principal point on ground, 
./ = principal point of photo on line 
normal to plane of photograph. 

n = nadir or plumb point on ground arse 
n' = nadir point on photograph.



- : 16-16 
-16- . 

L : L i 

! ; 

| | 
; 

| | | i | | | | 
I | / 

| \ \ | 
eer / | | / 

| 
| | / 

| | ae / 
j f ‘ \ / 

| / vey 

\J | \J i 
i = ee eee ee IS RS a rea alc 
a B Cc D A 

Fig. 11 
Four sides of the pyramid spread out with base or 

ground level as a 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 

= S| below the lens position and hence the nadir point 
i on the map. These planes are not shown on Big. 

| 9 except where they intersect the ground or map 
es eae plane. 

i ; 

| | | 
te 

B Cc 
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 & This position 
may 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 radial lines. It does not aid in tilt correction where displacements’ are 
wacial from the isocenter. om
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Rihn's method, "Mrnurl of photogranmetry", 1944, pp. 274-289. 

Introduction. Rihn's method is based upon three ».oints, prefeornbly surrounding 
the princival point,whose elevntions nd true distences apzrt in 2 horizontal 

plane have been determined by . ground survey. It is first necessory to find 

the location of each point in - plane .t level of the lowest of them. Find the 
orincipal point. Mensure distxnce to ench control point. Compute displacement 

by formula d = (diff. elev.) x (radicl photo distence)/(elevetion of plane). A 
point 200 feet above datum snd 100 mm. from principal »oint is displaced with 

photos token -t 14000 feet (200 x 100)/14000 = 1.43 mm. outward. Therefore the 
locstion to be used in correcting tilt must be moved by this mount toward the 

princival point since the isocentor is 2s yet unknown. 

Method. 
(1) Select the three points. (2) Set detum lane .t lowest of them. 
(3) Comte elevation of plane from serle = foenl length / elevation. 
(4) Compute disvlrcenents. (5) Loexte position of erch point in datum plane. 
(6) Mersure in inches or mn. length of ench side of trinngle = P. 

(7) Find the actual length of each side in feet or meters = G. : 
(8) Calculate scale of exch side from formule § = P/B. The different scales of 

each side are shown »s Sh, Sm 2nd Sl as ratios. 

A, B, D= the threo : 
control »voinvs Wa 

y = plumb or nadir point /; : : 
i = isocentor d x‘ 

0 = principal »oint Nj Ss FIG. 13 

if Ne “Line of constant 

if * scale” 
/ m 

<. 

HM e \ ° * ff a NG 
SV 

x " \ — 

, es 
/ 

= as 

(9) After finding 0 (princinal point) droo pervendicul>rs from it to 211 sides of 
the triengle. Mensure distances L, HM, N.. Now lay off the same dist neces from 

the opposite corners of each side of the trinngle. These will give "scale 

points" h, m, 1. If the nerpendiculsr fells on on extension of the side of 

triangle then lay off 1m oxtension ~t other end. In every ecnse the midpoint 
of the datum line is midway between the foot of the verpendiculnr ond the 
"senle point". 

(10)Find 2 point "-" on line hl from formula ha = hl(Sh-Sm)/(Sh-S1) where S with 
subscrivts refers to the scrle .t the three "scenle points". 

(11)Drew ma, the "line of const-nt scrle", and drop > perpendicular oc to ma fron 

the »rincivnl point 2nd nnother from eithcr h or 1 whichever is longer. 

(12) Compute rate of change in serle, dS from formla dS = (Sh-Sn)/hb. 
(13) Find the serle »t o from S. = Sm +(.0c)(aS) when o is on same side of m. ash 

or So = Sm ~ (62)(dS) when o is on same side of 22 2s 1. 
(14) Find the sngle of tilt, t, from formula sin t = £08 where f = focnl length.
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(15) The plumb or nadir point, n, is on the line oc on the side of o townrd the 

highor senle on = f.ten t ond oi = f trn(t/2) which pleces it almost helt 
way between n “nd o- 

(16) If the tilt proves large ropext 11 stops substituting n for 9 in Step 5. 
Thon Si = €; +/yi)(dS) in Step 14 and H = f/(Si) in Step 3. In Step 44 = 
(n.R) (fx sin t)/(H.f) + on nodir point side, - on »rincipsl point side, 
and x = perpendicular distance from inare noint to .xis of tilt. If h is 

: less then 150 foet omit this correction. 

Example of 2 comoutstion: 

Point Hieyation hy ft. Reins dy in, 

A 892 Te 3.90 -05 h = elevation -bove dnatun 
B 809 288 2090, 006 R= distance from vrincinal pt. 
D sel QO a 200 before correction 

ad = correction for relief 
Line 6, ft. P, in. § = P/® Serle Line 
AB 9574 6.21 648.65 S21 
BD 8894 5.74 645.42 §1 
DA 10398 6.80 653.98 pl 

: hi = 2.78" hence al = (2.78) (323) /(8.56) = 1.05" 
hb = 1.42" (se>led) 
dS = (653.98 - 648.65) /1.42 = 3.75 ver inch 
03 = 0.52" 
fo = 648.65 — (0.52 x 3.75) = 646.70 
aio t = (8.27 x S75) /646.52 = .04796 + = 2 45! 
ome 8.27 x 0.04798 = 0.397 in. 
sa = 0.20" 

Summary. A common way to allow for orrors in pnrellex mensurement due to tilt is 

+o dr-w % ereph of error -s described in T. M. 5-280, -». 253-254 and Bagley, pp. 

198-199, This mothod of changing the set of the »oints for error in »arallax is 

eyplienble only when following contours. It has often boon observed thrt the 

more known clev.tions the mare complex the gr-ph, which scons to indie te thet 

distortion of the photosraph in doveloping and vrinting is on importent iten. 

The only renl cnswer to the tilt problem lies in the use of one of the plotting 
machines such .s the "multiplor" projection method where the position of tho 
photogrnvh is shifted until it s-tisfies the ground control. For less expensive 

. mechines tho bost answer lics in the Abroms method plus limitrtion of the aren 
used to the conter of eneh nhotogrnvh. This grontly reduces errors but obviously 
the more known elevxtions there are the better. Elevation differences should 

clwnys be mecsured from 'mown clevctions 2s close to the noint concerned as 

possible. “o commut tions of ~bsolute or relntive tilt will be required in 

Problem 16a but you nust understnd the princivles involved in order to -nswer 

questions in the finnl oxanin-tion. See svecifientions for final mep given ot 

stort of Problem 16a. Be sure you include serle and nadir point. 

e207 

fi



GEOLOGY 11 
MaPPING 

= Froblen 17, edition 1943 (eid17 now combined with 18) 

Objects To draw a map fori oblique aerial photographs 

Materiel; Herd pencil, crascer,; scele, magnifier, triangles, trecing peper, 

one or more jhotograyhs, mays of area shown giving control data, white paper 

Methods Photographs uay be taken frou the air with the axis of the canera 

tilted. _If the tilt is not fcr from verticcl the phtos are called "low 
obLigues";-if the anglo is net fai fro. horizohtd-they are "high obliques". 
Note thet the reference is to verticul and not to horizontcl in this. 
Low obliques can be changed to verticals by use of a special printer. This 
is reguler practice with sultilens caers which take both verticals end 

obliques ct the sane tine. high obliques cannot be treated thus but are 
often used in reconneisance mepping because less flying is needed to cover 

a given area and the requircuents for flying are not go exacting. 

Geoustry of ecrial photos. The trensforietion of aerial photographs 
into i,8 is a ;robley in solid geouetry. Study the following closely as 
several published ,epors contain errors. Every photograph is a rceord of 
horizontel and vertical angles which could heve been deteriained if an 
alidade and planetuble had been ot the plece of oxposure. Fron a given 

spot in space all y,vints having the smac horizontal angle (equal to a 

single rey on planetable) lie in sauce vertical plene, all objects which 
have geac vertical engle lie on surfece of « cone whose apex is at point of 
observation. Try this with a telescopic alidade. as you sight at points 
along one rey you uove the teloscope uz end down in a vertical ylene. If you 
set it to say 10 degrees above the horizon und roatate it to different 
directions frou the planetuble you have described the surface of a cone. 
The three diayraus of Fig. 1 show the differences between jictures teken 
with axis of casera horizontal, with it vertical, and with it inclined at 

an angle between tiiese two extreuies. 

SS ee Seer ie ager ape ee eee eg epee 

4 |__| alo nb ed [ C Pog ee he —4— ry ata Bi aol eos = of 

“ ane ae us ae a 

Horizon, i a | | | | Bh xe Uigoetor a 

cae | hae | teapot | Ag 

= it | ce = \ PG oe 
io = Loe 1 Pe A 

i ji | | c 
{ | \ i. f | "Ng 

Ui Sea tee idee Bae aoa eS oS chi Sc nal ae ete 

FIG.1 
Lines of equel angles Lines of equul angles in Lines of equal angles in 
in horizontel photo oblique photo vertical ;hoto 
See Froble.s 15. Sce Froblea 16 
Note thut the oblique is trinsiticn.1 betweon the other two extreacs, The : 

ground included is shaped like « triangle with one cnd cut off. 
‘It is highly desir: ble thet the horizon show in an oblique but this is not — 

elways ,cssible because of weathcr conditions or topogrephy. The line on 
the level of the ; lane is celled the true horizon. It is found ubove the 
apparent horizon et um angle in ‘ainutes aliost exactly equal to the square 
root of the elevation of the plene in feet. Center of picture is fcund in 
staic way ws’ with verticels, In practice the cemcre aay ulso be roteted 
sideways around its exis but this has no effect on geometry of photo.
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Ficture plane - Lens 

Drie harizet “ee 
AnELG Cuupubed tw + erie . ES 

apporont horizons es : ages S Saas oe 

: foca ge 

FIG. 2 : ength’ 

Vertical section through center : a 
of an oblique photo -e age 

Center _) : Bs 

“Point scught" is a lecetion which ‘ it f 
is desired, ‘The true point is on eevee: £ 
& plene it right cngles to the plene of \ | : a 
the section end intersects the picture Point-sought ————— = 9 
plane alongs a horizontel lines, Verticnl b 
projection of the point to plens of true 

horizon is .lse shown. The ,icture plane 1 
sasets the plunb line below the lens at the Z 
botto. of the diagras. n 
Lens to picture plane in horizon plene= “ Edge photo 6 

focal length divided by éeaine. of angle of 
tilt, 3 

Lens to junction of ;luab line and ;icture ;lane= 7 
focel longthdivided by ine of angle of tilt... 

FIG. 3 7m 
.. .., intersection. of horizon ena ,icture lanes. ay 

Q ae Renter ‘rlene . Jey to joint sought a 
‘ . si cuts horizon: / e : a 

: = ‘ : -_ ain Foint sought is vertically below here. 

oo ey } ee 

aS ee + eae 2 Edsse yhoto : 

oe eo ee i “s here below plene-see Fig. 2 
\ : : Peas 

ee s : i Figure 3 is 9 toy view of Figure 2 show- 
. |. 4/8 dng releticons in the plane of leng end 

NS hehe true horizon.. Here a ray way be drawn from 
os ii lens through ;cint verticully above the point 

Steg sought. But this is not a precticable way | 
: 2] 7 to draw such rays without soue other con- 

© struction... Distance frou lens to intersec- 
tion of true horizon and ,icture }lene = focal length divided by éogine of 
angle of tilt,. Note that true angle of depression, to point sought uay be 
found froi this diagrau cozbined with Fig. 2 as ex;leined leter.
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The following principles uust first be understood. (1) as a reference point 
is required for angles those :sesured on the uap will be taken frou the 
intersection of a verticul plane through the lens cnd center of the photo 
with the ;lane of lens and horizon, (2) 411 horizontal angles to be shown 

on a wey must be avasured vither in the horizon ;lane or a horizontal plane 
perllel to it, (3) *he vertical angle froa lens to point scught aust be 
weasured in a vertical plane passing through both of these points. It is 
evident thet we cannot choose « point in the ylane of the photo end use it 
%o drew aay reys to points shown if such points are et different angles 
below the horizon, the following diara. shows scoae of the ,rinci,les, 

aoe ee eee 
; &@pperent horizon / : 

5 / roe 
i } 

: i / Mey rey t 

2 } 
Pics 5 

Contecr i c 
a 7. 

ie : 
© i 

j 
= ae sree Point sought : 

90 deg. | 

4 
Edge photo | ' 

ee 
FIG. 4 pee | 

Hish oblique ghoteograjh shown | . / 
in plane of the ;citure. i / 

are eeu ae True prorizontal engle to point sought: 
Both wus and epparems horizon | / .drewn through this point. Yee 
lincs are shown. The sclid ! / horizontel line frou yoint sought 
vertical line is intersuction j to pluab line in Fig. 2. This 
with © vertice] pleno throuzh point found by sealing on Fig. 2. 
lens and center of. photo. +his | / 
is the plane of Figs 2 Note \ | 
thet true horizon is cotscn neg 
to ell three diegrans. The if 
solid line drawn frou inter- os 
section of picture ;lene and i! 
yiuab line below lens through | 

: point sought is NOT the ray to f£ Intersection of ;luszb line and ;icture 

be drawn on the map froiajlane jylane in Fig. 2. 
location to point sought. f 

although the solid ray above is not correct for « may ray the true angle 
ewey from center line of yhoto can be found by trensfering the distance 
between the two rays on the true horizon line to Fig. 3
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However, this solution is not alweys possible. The lower the angle of 
tilt bclow the horizon plene the longer becories the verticel line through 
center of photo to intersection with }luiab line below lens, ‘This distence 
would be infinity with a picture tuken with horizontcl axis. a bettur 
sclution is to figure out the uistrnce from point sought in the photo 
jlane to place frou which truce horizontal angle may be drawn to get a uep 
ray. First the ;cint sought may be connected with conter line by « line 

parllel to the horizon. hen Fig, 2 can be used to scale the correct 
radius for this particular ;oint as done in Fig. 4. Crone's graphical 
sclution is uuch easier und is expleined belcw. 

= True horizon e : 

apperent horizon Nig : ; 
— $ 

: oe : z 
3 | pee : ‘ 

| Pe : : 
: |, oe 

Center ; Mex: : : : 
to true f ray : 

horizon -¢ : : 

Center . a i : 

: 7. F Besos 
sought+y my ; 

i Teo! 
: . 

* f¥ceal length 

: Photo edge af os ee 

FIG. 5 : < 
Crone's uethod of drawing 2 : 
Mep Tayse y 

; Lens “Center frou which ney ray is drewn 

Crone's graphical solution. Crone's method invloves drawing a right 
triangle; one side (here at right) is equal to foerl lengths the side 

at right angles (here upper right) cquals distance Of photo center 
froa true horizon; third side equals distance of horizon line froa lens 
as in Fig. 2. Note this is the sa triangle as abows cauert. axis (focal 
length) in Fig. 2. This triangle should be laid out on tracing celluloid. 

The toy side may be extended when necessary. Ley the triengle so thet the 
long side is olong the line showing intersection with picture plane of a 
vertical plane through center, that is the line on which Fig. 2 is drewn. 
Next scale distunce in picture plene of point sought from true horizon. 
Strike a n are whese center lics on the upper side ‘of triangle(here 
extended) and pesses both through center line of photo and just touches 
true norizon. The apex of the triangle is now in proper place to draw : 

* @ aap rey through joint sought. 

Other solutions. Other solutions of this problem have been used 
which include both graphical end weeanical methods. Several plotting * 
inctruments heve been devised which souewhat resemble telescopic alidades.



edition 1943 17-5 

With the instruients the ;icture is set yp in jroper rulition to sa,, that 
is tiltcod just us taken. (See Fig.2 ) “hen sights ere tiken on it with 
a telescope or other siuiler device. thé rxchine either iwasures angles 
in desrecs or plats reys on th. drawing board. 

Leesting position of plane. The icy josition of the ;lane et instant 
the jhotosrrjh was t:ken uny be found as sven as three rays tc objects 
whos G wa; locations aru alrculy krnowm can be drawn. These con be platted 
on tracing jaror and the shect of j;ajer shifted until each ray passcs 
throush the known locetion. Foint froi which rays were drewn cen then be 
prickuc through onto the wn, anc is the j aint verticelly bclow the ; lane. 
Once this locrtion hes been found reys to unknown joints can be drawn. 
when ether ,icturcs sive rays to the sec jcints locations are sccureu by 

intersection just as in Froble.i15 or with a pleneteble, 

Venbicc] onvles. In orcor to find elevation of the plone (any record 

furnished by the jhotegr: ,her was based on encroid rerdings) we .ust 

weasure the vertiecl] onclcs to ;¢ints of known clevetion whose locution is 
edso know: on the ier, The anzle ust be founc in the vertiesl j;liune 
passing through lons end joint scught. No quick and ecsy solution sees 

to heve been yublished. Jt is necgsscry to. draw beth Fizs. 2 and 3. ‘hen 
the distance frou lens to u point vertically above the point scught end 
the vertical cistancs of point sou ht below horizon plane can be found, 

Knowin,; thse two siues of a right triangle the ancle sousht can be found 
crephieslly as in Fiz. 6 

Lens Rorizon plane Ma, distance to here 

“Sealed fraa Fiz, 37 | . Tt 
— angie. es - | 

ss a 
’ | 1 : 

x | s £ 

~\ / i ad é 

ee , 
ea is € 

if | n 

FIG. 6 = a 
‘ Deteriinetion of vertical ja € 

angle in vertical plane through Fige @ | 
oe amd 3 oint soulht, elso “Apouet sought ° 

difference of elevi.tion plene to f 
point sought. ke 

ee e 

Note how iaay distance is also pletted ~ 1 | 
to obtain differcnce ‘of clevution to uep — © | 

scale, Coupare with Proble: 15. In findin:: ~~ ¥ i : 

elevation of ;lane preference should be siven oe & 
to points with as soll a vertic: 1 enzle as possibled, t | 

ie = 4 

a ° 

Canadien ~rid sicthud. The Topocre;hical Survey of Na 
_ Gemade devised « .wthod for rectifying hijh obliques of ‘\ 

nearly flet country which de; ends upen the ordinary j;rincijles ‘. 
of pers,ective, In Fiz, 7 the clevation of the plane is shown to may 
sec.le but the jicturc jlene is shown eat actual focal length cistance in 
front of lens ,;osition, Ficture ,lene is extended to cet the round. 
slong line of intersection with jrcound picture and wep scales are the sano. 

axis of caiere is also prolonged to iicet the eround, Equel intervals on 

ground are lai cut to mep scale both beyond and back frei place where
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ne : j True horizon 

oR: apparent horizon (000 

id ye Se. : tlane of photo 
ee, ee 

Se 

n ‘a oe Se Sie se Sey oa ee ee 

ta ‘ See Ios See Bg a at aes pas 
e a: te s ‘ : ae ge aS sf ¥ — ee a 

n : Si ee ae ae soe aay 

unetion Ground &xis 

FIG. 7 Vertical section through exis of camera 

“True horizon Vanishing point 

apparent horizon oe ies 
: . 

a \ 
: : essell\ <= 
‘ ee ee : 
5 CD oD jo SSS 2 

ZZ [J rat Oo . 

PP iT : fy Se LS 

| LLL TAT —— 
; - me Bots i 3 

/ / ASS 
pe ee ee fe a 

= ae a Lae 
4 Zi , suncticn line, : 70 PE ‘ is 

— Vertical line 
FIG? 6 Construction of perspective crid in plene ef photo. 

the axis of the camera intersects the level of the ground (fig. 9). Next = 

connect each of these points to the lens yosition as shown by dotted lines. 
In Fig. 8 the plene of the photograph is shown, Tho line sarked "junction" in 
fig. 7 is drawn and intervels equal to those shown on the ground in Fig. 7 cre 
laid off on both sides of the vertical line through the center of the jhoto. 
The intervals deteriined above are then laid off on this line. Lines parallel 
to the true horizon are drawn through these points. “hen lines fro:a the points 

on the junction line are extended to onverge et e vanishing point at the inter- 
section of the vertical line anc the true horizon. Each figure forued by crossing 
of these lines corresponds to a square on the ground. To ley out this figure we 
aust have both focal length of c.mera and alitudoe st tine picture was taken. 

It is best, however, to check the erid and see if it shows known points on the 
grouné in correct relation. Such known or control yoints are shown by cots ebove. 
Drew the squares one inch to e side and then sketch true outline of luke. 

Poses Gets te ae ao “2 OM wiles
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U.S. _aray waethou. The U. &. arsy sonuals describe a wiethou of drewing 
me,s froa obliques wiich involves fincing four or sore yoints in the picture 
whose wap locations are known. The uiasraus blow show how this is saaue use 
of.. Gare shoulu be taken not te draw too aany triangles so thet they will 
be confusing. With only four known joints the princijles of pers,cctive are 
use and two vanishing joints ere found. +he work hes tc be uone on © sheet 
of tracing ;aper considerably lerzer then the photograph. 

«yl 

ee ; FIG, 8 ary method of 
i Hace che ee urawing usp froa cblique 

1 Edge photo ee \ photo with four knowm ,oints. 
: ; Oo oT Se : Nete two venishing ,oints enu 

: : Pee ges : how triangles were drawn. 

a ee oe ‘ ; The points ere shown in 

4 oe ee es : correct relation below and 
eee ' the seac triengles |) 

ee ee : were drown. 4 
ee ee eee 

a fF ee 
eee re 

meee ee 

: Cove. ae 

ee ESE a ee a pr eee er sans ee see ee “1 ae “cet 

: L : 
i a — ! “b 

ee 0 : 

pee aa ee z : = . sea ee ' 

: = pote . Fae “ 

Beet oe G Se k. « 
: ee i = 

oe *¢ = 
- Edge jhoto : °6 “3 

FIG. 9 amay uethod where sore than four known Se i “n : 
points ure present. Drew more triengles on the photo and then drew all the 
triangles on wise, shown at right. whet kinu of country can this method be used 
fort? ‘What advantose over other suthods has it? 

References. Sco list ct end of yFreblea 16. also Trorey, Le Gey Survey by 
: high obliques. The Canadian plotter and Crone's srephicul solutions 

Geograyhicel Journal, vol. 100, 1;. 57-64, 1942



Supplenent to Frobleim 17, edition of 1949 Kich's method of rectifying an oblique. 
0 Rich, J. L,, Photogrammetric Engineering, 1947 3 

eee = Line to h ri on at H 
Seg ees eae “levation (map scale) 

Se Ground: dine et may senles 9 

Step 1. raw a vertical cross section ‘ 
through principal plane of photograph. a 6.7" gets 

Make Hp = distance scaled on photo. Scale HG ge 

ah 

ease — Oo a See 

* “. os \ | Zp 
Ground °\_“»._ine et 7 / at map scale 1" =1000%-7" /7/ 

wes oe GI NA IN 7 Of 
\ i ae 2 - a \ \ ae Vd, / 

\ S ee at I \ ae ee 

\ eae 7 oe \\ ce a v, { 

ee 7 ot Vai 2 /\ 
eS sha 
ee > Zz Se eee oe W__Seeti nm Aire 
Pen J VANE ; ee 7 

* Le ACA i e f- / | 

[ Mig Ne ee 
Se — \ \\ ue J 

te == Ve 

| =e i = ‘ \y~ ee a Lm a 
1 SS. ba NA / 

i P fe - ! 

|. Outside kf photograph Se ms j 

Step 2. = 
Lay out perallel lines fo / 

. horizon and ground line at j 
proper distance apart for if 

map scale. Ley out line HO 

with scaled length. Shoose i i 
two vanishing points, V1 and = j 

V2 et any sonvenient locations ot / : 
H is also used es a vanishing point. \; we i 7 g : 

Connect 411 vanishing points with ov’ 4 k-----/ Section line 
0. Now Vl- V2 -0 represent ths.\ \j i) i 
may plane. Vistences along ae i Map Seale 1" = 1000! 
the ground line are to map scale. Ss ij 
By the theory of perspective all — “Y is 
lines which converge to a single bf 

vanishing point are parallel on the / N 
ground. Therefore, we draw lines | ‘ 
parallel to V1-0, H-O, and V2-0 each oe . — 

of which passes through the point of t es _ oe = 
intersection of a line to the vanishing Byeuon o eer Sere ee ey 

1 : : = : nearly flet country or to points av 
yoint where it crosses the ground line. 7% Gane ucebisitlie gene elevet ion, 
Lraw such lines to at least two different ey: oNerE SY 
venishing ;oints from each point it is desired 

to locate. Intersection of two or more lines . 
drawn parallel in the map plane gives the desired locations to map scale.
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Supplement to Problem 17, edition, 1950 
Froof of Crones method. 
The method of getting true map rays from map location of photo where camera axis 
was inclined can be solved by more than one method as explained before. The fact 
that displacements on the horizon line or line common to both photograph and map 
is the one used by the U. S. & F. The Abrams “Rectoblique Plotter" is a mechanec i 
ical means of doing this. However, when the angle of depression is low in a high 
oblique photo the lines from horizon to nadir point are very long and another 
method is better, 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 HPP' which is here shaded with vertical lines, The distance HP’ is the 
excess over the length of the desired line which is P'L. Fig. 14 is drawn in the 
plane of the photo, Here are two triangles. One is the same as triangle HCL 
of Fig. 3 here designated hcl end shaded with horizontal lines. This is in practice 
mace of celluloid or other transparent material. An are with radius equal to HP 
of Fig. 13 is drewn with center on prolongation of line hc; this arc is tangent to 

horizon line and to principal line HN' (drawing in Fig. 5 is incorrect), 
Next we must superimpose triangle HPF' here shown as hpp' and shaded as before 
so that it has the same relation as before being simply turned face up. 
It is then clear thet the side hp' cuts off the same amount of the side hl 
as it does in Big, 13, and that point p' is on the horizontal line through P. 

+he distance below, PN' is then the same as PN’ is Fig. 13 and locates the point 

on the plumb line from which true maps rays are drawn to all locations on this 
horizontal line. 

H , horizon line L horizon line 
ss - = 

it 
|| 
Pet “are with radiub = 

6 plumb line ae . 

n this line prt A Et ee J 

principal = oe 

line =— / 

= 
: | 
> | / 
A ‘a \ 1/ N* center for rays 

FIG. 13 , Fig. 14 for all points same 
distance in photo 

: below horizon 
\ 

: N 

' Differences of elevation in oblique photos by U. S. A. F. method 2 
The method outlined below was used with the obliques taken 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 

depressions See Fig. 15 on following page. ,
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eee 
T = angle of tilt - 

2 images of m as shown in fj i 

cere nee } | 1 
photos with displacement/ | Principal point 
reduced by distance ip / | 

Mf ff | | 3 7 H (elevation of 
\ E | plane above 

Z | datum) 

\ A | hoto plane 

| \ ay | 
if | IH = distence in photo 

| \ y | T plane isoline to horizon 

| i | / & = actuel elevation of m 
| \ Ve | Z above datum B! = apparent 

see ee a difference in photo plenoe --:- 

+ /\ f / / pee je apparent vertical displacment 
= \ fates Z = : fo a 2 in plane of photo 

k Lae i isoline or junction line 
eh ee ee 

: Kany 2 = es Section on principal plane of one 
; i photograph showing relation of &' 

‘Diagram in photo plene showing converg~ to E and IH to H (elevation of plane 
ing line to vanishing point of cach above datum). 
photograph 

Let m be e point whose elevation is E feet above datum plane. 5ase of per- 

spective line in Fig. 15 is the isoline or ground line where photo is equal to 

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, “his is the sum of d, + dy “otal distance of the air base, B is 
the sum of D, + D : : 

1 2 Note that B is equal to Vivo Now dy 25 (D, * ay )/TH 

and dy = ET (D, + d,)/1H Hence d= E' (B #4)/IH Also BE = Et cos T 

end H = IH cos T Hence wtt TH 3s a4 (d +B) end BA = 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 thet E = Hed / (B +d) 

For practical epplication refer to Fig. 17. Here a datum plane 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 
selected and a ray to it through Y is drawn. As extended to the isoline this 
ray intersects at 0 which is the bse point for all measurments, Similar rays 
are drawn to the same vanishing point on the true horizon which pass through 
mand through the plumb or nadir point N. Hoth are extened to the isoline, 
Next the same rays ere drawn to the same vanishing point on the adjacent photo. — 
The principles of perspective demonstrate that these rays are essentially 
parallel on the map to thoszof the first photo. Using an inch scale measurments 

are taken from the intersection of the base line through X and Y to intersections 
of the other rays on the isoline. In this the reading of 0 is taken as equal to 

10.00 inches. B, the air base is equal to the distance from the transferred
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horizon Vv 23 horizon Vv 

| 

h \ z 
Lasiaipeccstioeenctcpaseital er 
1 0 0 
sce ale elena erent fa 

i 

{ 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. d is the difference in readings of ways in each photo 
to the point sought, m. H is the difference of sea level alitude of plane and 
that of the base point Y. If mis lower than Y then the formula co above is 
changed to Bed. B and d are given in inches, H and E in feet. his method is 
very briefly described in a publication by Base Map Plant No, 1, G. H. @, AFFAC, 

1945. . 

aS 
Ree Ss ; H. T. U. Smith's method of obtaining 
eee ee s true vertical angles from oblique photos, 
| = — ' a from Photogrammetric Engineering, 1946 
9 ae: In Fig. 18 the plane of an oblique 

iene) | | oe photo is shown with the construction 

eed ee / an lines dotted. 

- \ a : Draw line nh through principal point p.- 

: s/ = 5% _ Draw line 1 from p to 0, the locetion of 
| eo o" the lens as shown by tilting the vert- 

an ! 7 ical plene through the principal point 
Bleeco ee Glens) down into the photo plane. op is then 

; : equal to the focal length of the camera,f. 
3, t Lraw line 3 from n to o making « right angle at o. 

PiG, 10, / Using n as a center strike arc 4 through point o": 
\ I Let a be a "point sought" for which the angle of depression 

4 VA is desired. Draw line 5 from.n through a to its inter- 

he section with the horizon at a' Take a right triangle 6 
(nadir) here shown with the double solid linesand pass its sides 

through both at and n and place its corner on line 4, This determines point o" 
which is the same in space as o but is here turned into the photo plane. In other 
words the triangle na'o" is a representation of a vertical plane through lens 
point O end-point sought a. “he line o” a (line 7) is then drawn end the desired 
vertical angle e o"a' can easily be measured with a protractor, Smith suggests 
that-the right angle and protractor be combined, to find elevetion of a on the 

map its horizontal distance from the map location of the photo must be found 
by other methods. Compare with method shown in Fig. 6. Smith's method works 
best with photographs where focal length is short and engle of tilt is consid- 

erable, 
End of Problem 17.
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GHCLOGY 11 : 

MAPPING 

Problem 13, edition, 1939 

Object: determination of length of pace. 

Material: ‘Notebook, pencil. 

Method: The base chosen for cetermining lensth of indivicual pace starts 

at an elm tree back of the high chimney of Radio Hall; this tree is marked 

with white paint: "K11". Follow marks "11" in white paint to north end 
of south tower of siti slide and thence through woods and brush across the 

abandoned grive down the hill to lake, turourth woods on west side to old 

leke drive ~* a gray stcne, thence along on lake side to tree on north 

side of drive just at end-of a little point vhich is north of the "Dorms". 

It is also marked "K 11", Be sure you know where the ends of the line are. 

™he length is 2610 feet. Male at least one round trip over the line. 

Commute length of vace to hundredths of feet. Count paces, o¥ strides. 

s



GEOLOGY 11 ; 

Mapping 
Problem 19, edition, 1941 es al ic: 

has Unt? if v 

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 géologists use it to keep track of 

where they are. Unnmapped 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 onthe nap serve the same purpose as planétable 
sights for intersection or resection. The two and three point problems can be 

solved with the compass. In addition to these functions it serves to measure dip 

and strike and will in a pinch serve as a hand level. Other compasses are better 
for surveying but the Brunton is the standby of American geologists. 

The area to be surrounded by a traverse is from Muir Knoll west to the 
longitude of the Observatory, north to Lake Mendota, and no farther south than the 
walk on the north side of Bascom Hall. Start at any rvoint 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 sone 
definite point like a tree. Take care to hold the compass level so that the needle 
swings free. Get the line on the mirror in the center of image of the slit in the 

vane which is kept upright. See that declination of 4 degrees east is properly set 
off before starting. Use screw driver in large screw on side to do this. After 
sighting a forward station pace toward it; it may be undesirable to go clear to the 

point. If so stop in line with it; then sight back on your course to see if there 

is any local attraction. If there is, the two bearings will not differ by 180 
degrees as they should. For instance if you read first N. 50 W. looking back on the 

same line you should reas S. 50H. If these do not check you can still make a map. 
Plat line with nrotractor 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, (c) trails as single dotted line (a) buildings, 
approximate 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 corner of 
the sheet as follows. Mos compasses we have are graduated in azimuth (0-360 deg). 
As your protractor is graduated only ta 180 de egs, make ee computation to plat. 

Sta De Gd SS Bee Paces | OF Oe 

| | bo fe od 
{Then if there is 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 then. This is an exercise in field mapping and not in drafting. 
HAND IN MAP IMMEDIATELY ON RETURN FROM FIELD. No work will de accepted under any 
other conditions so do not stay out over the regular time without permission in 
advance. CAUTION: To got on point hold arns against the body and levol compass; 
then swing on your fect without removing arms until lino of sight is on nenke 

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

DO NOT LEAVE YOUR COMPASS UNATTENDED! Hand in personaly and see it is checked in.
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: = G#OLOGY 11 
ss MAPPING yt wed 

; Problom. 20 ee 

Object: Plane table topographic map of part. of. campus aie 

lintorial: Light plane table, open sigit alidade, shoot of paper, ficid 
secls showing your pacos for 1 inch = 500 foot, hard poncil woll shar- 
pened, cither hand Lovel, Abney. level, or Brunton compass, orasur. 

Mothod: Tho areca to bo mapped lies wost from Muir Knoll. (Ski slide), south 

of Leko Mendota, north of walk from Bascom Hell to Observatory, and cat 
of a north-south line somewhere near tie Observatory dopending or tine . 
aveLlableo. : ‘ : 

First propare a ficld pace scale from tho univorsal pace scala you Aw). 

In this case teko evory other division for this may will be on scale 

lL inch = 500 foot. If desired you may clso copy the 1 dugree slopo seur1 
previously prepared also making divisions twice as Lergo. If you copy *... 
contour space scalus DO NOT CHANGE TH@Li for the contour interval here -s 
to be 10 fect instead of the 20 used at Devils Lako. Qopy thuso scalss 
in poncil end paste them onto base of on alidad«. PUTVOUR NAME ON THId 
so thet you can got sine onu again. : ae 

Now run a travorse around the outside of the arva starting at any 
dosired location. Use every station method checking oriicntation with 
both compass and backsight, DO NOT FORGET. TO. BLOCK. NEUDLE. WHaN NOT It 
USE, also do not forgut which is tho north ond. Be sure to use a sharp 
hard poncil-cutomatic or self-sharponing pencils will not-do, Mark 
stetion locations with neat triangle sround a dot. . Sloso.the traverse. 
and adjust sny crror. Look out for mixing pacos and strides. We. will 

use PACES (uvory stop). Ghuck with inch scale to see if you are all right. 
That is figure the distence betwoen two stctions in foot by your pacing 
ond chock to soe that you. heve laid off the right distmnce. ach yoar 
nearly helf tho class gets belled up on this simple. thing! . 

While you are mcking tho traverse locatc buildiags, roads, and. other 
londmarks oither by pacing to them or by intersections. Some of thoso 

lendmarks may be outside the area to bo mapped but will be useful for 
2 end 3 point locetions later. Ucke buildings solid black, roads two 

solid linus. Do not forget the Loko shorus ae s 
¥. Now procesd to got olevations of at. loast 20 key points in the area, 

(e! 36!) Start at U. 8. G. 5. Bonch lierk,just south of mein entrance of Bascom: 

: Hell. It is comented into wall several. feet from ground, -Use hand ~ . 

Level om ono of tho other instruments sot to 0, Got height of your oye 
g . with a level rod in office, Obtain clovations to nearest foot ond mark 

(write Figs than on the map. BSegin figure imicdiotely ofter,point it. appliocs to. 

E.-W) Make locations of points in cny conveniont way- paced trcverse, three 

point, two point with compass oriuntation, olready located points. 
Last skotch 10 foot contours. Try to visualize vach contour by looking 

et whoro it runs on the ground. ‘While sketching you must know the location 
of tho table ovury tinue you stop to drew, Bo not ettompt either to draw 

contours of ground more than 150 fevt owey or that you cannot sev at tho 

timo, Practice using the contour space sccles to sdtcin propor spacing 
of contours on uven slopus. Try to diffcronticte physiographic foaturus. 
That is show tho postglacial lake cliff ond rovinus in it «s distinct 

: from tho wneroded glacicl topogravhy. Do not try to hurry. at first for 
mors hasty «avons Luss spovd if quality of rvsult is considorod, 

Tho finished may nuvd not bv inked but must show truo and magnetic north, 
SCALE, contour intervel sad nome of surveyor,
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Problem 21 

Object: “Use of telescopic alidade and plane table. : 

Material: barge plane tavle with paper furnished, telescopic alidade, 

Cox stadia computer, stadia tod, hard pencil well sharpened, eraser. 

“ethod: Two students must work together with this problem. TrGns should 
he taken in reading the instrument and in holding the rod. Find the elevation 

of the water surface of Ieke slendota from the known elevation of Bascom Hall 
Bench Merk 961.3 above sea level. The bonch mark is to the left of the 

entrance to thecenter of the building; it is a brass plate about 3 inches in 

diameter cemented into the side of one of the columns about 4 feet from the 

ground, 

CLUTIONS: Do not try to set the table over the bench mirk either here or 

elsewhere. fet up wher? you can sce both bench mark end lake. Do not set 
up table on pavement or on travelled walk or road. See that it is firm. 

Never lenve it with the clidade on it. Carry slidade in its esse when not 

inuse. DO NOT ISAVE GO OF ALEDADE UNTIL TABLE HAS BEEN LEVELED WITH BULLS 

EYE LEVEL AND CLAMPED WITH UPPER SCRSW. Ci.eck adjustments before starting. 

COMPUTE NOTES IN FIRLD AT ONCE and ha: in w immed is 
Draw a line on the table to eee ete ee the ete the base 

of the clidade on this line and use the compass to orient the table. Clamp 

with bottom nut beneath the table. Make a mork for the locetion of the 

Bench Lark, Sight it with edge of alidsde through this location. Read 

distance with stadia placing wires so that one falls on a divided foot. 

Study the rod to see how it is marked; the fifth and tenth feet are the only 

ones which are subdivided. Use stedia computer to get true horizontal 

distance ond lsy this off to get location of table or station. Use no note 

pook but lay off the following form of notes in one corner of the map. 

This form is for moasurments of differences of elevations with vertical 

angles; this requires tho use of the Cox stadia computer. 

|[Zocations [Tpistencs' | “ingies “pitt. elevation Bievation| 
| Sta.f Rod. B.S. (F.Sa, Oblique (Dirt | Comp. diff. ; Rod a 
a ead oes Bibs es oa {= 08. 22P a _ 

The oblique angle is that read with the vernier when bubble on index is 

level and tolescope is pointed so that middle wire falls on en even foot, 

ewes forfinstence on top of rod. Record what this reading of middle wire was in 

column for "Rod correction". Be sure that it was the middle wire by recording 

2 "M" before the figure. If engle is sm-ll try for « level telescope reading 

and if such can be obtained record upper wire receding with 2 "U" snd lower 

wire reading (if such be only one thr.t falls on rod} with « "L". Remember 

that in such casesithe angle difference column must carry © O and the computed 

difference colum the value of 2 HALF INTERVAL. Practice the STEP METHOD 

of reading if possible. 

Also make © duplicate set of notes using the BHAMAN ARC method. Wotes as follows: 

Locations | uli interval” ee z ie in Bae noon 

a ade} Soc aE po Product (Rod. Cor Set difr. a. [ Rod. 
oes —— a ee Bocaire oie a = 

Do not confuse the two methods. Recall that bubble on index must be leveled ~ | 

and then telescope set to an exact division on the Beaman arc scale before 

reading of middle wire on rod cen be taken. You cannot choose 2 point on the 

rod as with angles. 

The two systems of notes must check and errors of over « foot or two be corrected.
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Generel. Relief may be shown on a map by various methods of sheding or by 

contours. ‘the latter method is alnost universally used in this country, although 

in certain places it feils to show ell the features. "Nachures" may be used 
for steep slopes which are not indicated clearly by the contour lines. Although 
the general theory of contours is simple the following formal provositions are 
useful. 

(1) A contour line is 2 linc which passes along the surface of the ground 
uhrough ell ooints which heve the same elevation above a certain detum, 

(2) Contour lines revresent the lines of intersection with the surface of 
Sue ground of a plane at a definite elevation above datum. 

(3) The vertical distance betireen successive plenes is Imown as the 
“.ontour interval" or "vertical interval" (¥.1.). 

(4) The less the contour intorval the greater the detail of elevations and 
depressions that can be shown; the size of the contour interval is also affected 
by the scale of the map since a small intorval might make too closely spaced 
Lines.s 

(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 valk along a 

contour the ground on your left hand, for instence, is lower end on your right 
hend is higher than the clovation of the contour. : 

(6) Contour lines never intersect or cross ono another. 

(7) An even slope is shown by evenly spaced contours; a sloping plane 
surface by straight contours; a cliff by coincident contours. 

(8) Svery contour mist cither close upon itself within the map or pass off 

the aroa mapped at tro points or a miltiple of tro. 
(9) imen a contour closes upon itself the area enclosed by it is eithor a 

hill or an inclosed depression; in tho first case the exact height of the top 
of the hill is often indicated; in the second case a vond or marsh is often 
present, In the case of small deprossions a svocial type of contour line called 

a depression contour is frequently used to avoid confusion with hill tops. 
(10) Maximum end minimum ridge end velley contours alveys go in pairs: 

thet is, no single lower contour line can intervene between two higher ones and 
no single higher contour line betireon two lover onos. Violation of this 

proposition is e very common crror of beginners. 

(11) In crossing 2 valley contours bend toward the source of the stream. 
(12) It is advisable to make every fifth contour line heavier than the 

intermediate ones. The elovations of these heavy lines are shown in a break in 
the line, not to the side. In vory flet country it is necossary to number 
every line unless the exact clovations of intormediete points are sufficient to 

tell what the elevetion of seach contour is. 

In eddition 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, direction, and elevation of points along 
stroams must always be detormined. The topography developed by stream crosion 
depends upon the length of time streams have been at work and on the materials 
they have worked upon. Certain areas, such as the more rocent glacial drift, 
floodpleins, sand dunes, arces of recent vulcenism, etc., have not had any 
stroem pattorn doveloped on thom; some of these types are still being built up. 

Sveryvhore olse stream lines are the control lines of the topography. Second in 

importance to drainage lines are divides between drainage basins or, in the 

case of very young stream valloys, the limits of the eroded valleys, Normal
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streams dovelovocd in matorial of uniform resistence increase in grade toward 

their source while big rivers generally have a grade of only a few inches to 
the mile. In material of uniform resistance to erosion mature strcams develop 

valleys with intervening ridges of uniform slove, rounded at the top, Where 
layers of rock of verying hardness occur tho resistant formations make stcep 
sloves or cliffs while the weaker ones make gentle slopes. It is therefore of 
great importance that the topogrepher understend soncthing of the geology of 
the country. Of tyvo maps with the same limit of mathematical crror, ono made 

by a topographer who undorstands goology is "alive" and full of meaning, while 
@ map mado without this knowlodre is "dead" or "wooden" in apocarance. 

Methods of loceting contours. The originel method of locating contours, 
or “curves of equal elevation", wes to traco every contour with a level; this 
is sometines done at the present day in country whore the roliof is low or 
extreme accuracy is domanded. It is evident, however, that such a procedure 
would nae topographic maps ontircly too oxpensive. The method of interpolation 
of contour lincs between points of known location end clovetion was then 
adoptcad. Such voints should bo so pleced thet thoy define the borders of plane 
surfecos; within these plene ercas contour linos are equally spaced. Spacing 
of contours may also be obtained by measurements of tho engle of slope of tho 

ground and the use of contour spacing scales for cech dogree of slopo, 

Control Points. The number of points whose position and clevation are 
neoded to locate contours depends woon (1) the purpose for which the map is 
to bo uscd, (2) its scalo, (3) its contour intorvel, (4) the nature of the 
topogrevhy, and (5) the forest or brush cover. If tho clemontary principles 
outlined above are noted, it will be seen that one mst locate and determine 
the elevation of all suwmnits, saddlcs, low places, end changes in degree of 
slope. In the case of erosion topogrephy, this mcens the location and olevation 
of points along ridge tops and dreinage lincs. In country whore the slopes 
are nowhere uniform it is sonetimes prefcrable to traverse typical cross scetions 
of hills end valloys or to divide the country into a serics of squares and 
dotermine the elevation of each corner. This method is often necessary in 

country which is hoavily forested or has no definite systom to its foaturos. 

In erosion topography it is most cconomicel to traverse the ridge tops end 

velley bottoms even in donso forest. The selection of the lowor limit in sizo 

of valleys which must be traversed doponds upon (a) tho scale of tho map, 
end (b) its contour interval. In country like forestcd torminel moraine the 
nethod of smell squares is prefcrable since the features follow no law or 
systen. If great detail is noodod the position and clevation of points within 

the squares can be obtained. 

Sketching. The oxect position of tho contour lines aftor all control points 
are located is done by sketching. In this vor: porsons vary greatly in natural 

ability to sce the locetion of an imaginary horizontel line 01. the ground and 
to transfor this line onto vapor. It is the doing of this work once for all 
in the ficld that gives the plano table its grcoat adventage over other methods. 
It is obvious, however, that in heavily forestcd country there is no advantage 
in the use of tho plane table. Traverses with compass and ancroid are far 

more economical unless such accuracy is required that it pays to brush out 
lines for the use of the stadia. The U.S. Geol. Survey usos a tape and small 
pleme table in brush but it is doubtful if the accuracy obtained is sufficiontly 

groetor than thet of a pacod survey to pay for the inercescd cost. One should 
never attempt to sketch contours in timber or brush farther then he can 
actuelly sce tho ground. If tho mep scale is small and the topogravhic features 
devoid of smell details which are to be shown, thon contours may be intorpoleatod
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between points where the ground was actuelly observed. In open country ono 
should nover attemot to sketch contours which lie far above or far below the 
level of obsorvation. The effect of perspective gives rise to scrious errors 
in these cases, so that table locations on the highest summits or in valloy 
bottoms are of little valuc for sketching. Sketching stations should bo choson 

at intormodiate clevations: thoir locations may often be made by methods not 
sufficicntly accurate for usc in the work of obteining control points. Never 
attempt to sketch the reverse side of a hill which you cennot sce at all. 
Abeve all, do not attempt eny sketching of contours excopt in the immediate 
vicinity of the teble until you have outlined the drainage systom and obtainod 
sufficiont control noints. Vicwod from below, a ridge gonorally appears mich 
wider on top than it actually is. Old U.S.G.S. maps are filled with crrors 
due to sketching from too groat distances. This often lod tho topographors 
to connect portions of different streams because they hed not first followed 
out tho drainage pattern. Treat cach interstream ridge as a unit bounded by 
the velleys on cither side end work out the topography unit by unit instcad of 

haphazard. Don't assume that there is no broak in slope or concealed valloy 

or knoll in a bit of woods just because the tree tops arc of uniform height. 
Do not get all points on ridge tops only by intersections from below. You 
must climb hills and go into brush if your map is to be any better than a ‘rild 
sketch. Such a rough sketch is all right for some purposes and may look bettor 
then a real map from tho point whore it was made, but it cannot bo corroct. 
The technique of sketching is vory hard to doscribe; it must be loarncd by 

practice. Many approxinate mothods of location, such es measuring distanco from 

vertical angles to points of Imown clevation, spacing of contours with slope 
sc@lo on hills whose profile can be secn, etc,., arc valuable holps. On vory : 
stoop uniform slopes do not attempt to draw all the contours in the ficld: 

draw only the top and bottom contours and possibly covery fifth or heavy contours. 

Gonoralization. As it is impossible to ropresent all of the smaller 
features of an arca on a map some choice must be made as to what to show and : 
whet to omit or goneralize. In this choice (a) tho scalo, (b) the contour 
interval, end (c) the purpose of the map are factors. The U.S.G.S. has 

stoedily increased the anount of detail shown to far boyond what was onco thought 
possible. Features whose yrosence is of gcoological importance or which aro 

- @iegnostic of tho origin of the topography should have preforonce over more 
accidents, like big tewlders on a talus slope. Do not choose a scale for the 
field map so large thet much of the detail cannot be shown on tho reduced map 
usod for publication, but, on tho othor hend, do not use so small a scale that 

measuring, sketching, crasing, and drewing becomes very lsborious. The scales 
uscd by the U.S.G6.8. for ficld work are too small for beginners. Above all, 

do not sock to excuse orrors due to insufficiont travel over tho arca, by 

blaming them to gencrelization. 

Outline of ficld work. In all mapping of more than a fow townships it is 
necessary to have better "control" over horizontal and vertical locations than 
cen bo obtained with the plenc table alone. The measurements of location by 
triangulation (triconometric survey), primary travcrse, or primary leveling 
all belong to the field of the ongineer. This kind of work is scldom done by 

® goologist. In an aroa of more than about 15 miles square the effect of the 
curveture of the earth becomes apparent. A map of such an area made by plane 

teble intersections would be on Morcetor projection and the scale would differ 

in difforent perts. Tho mattor of mev projections to keop the scale the same 

in ell parts of the map by chenging directions will not bo here takon upe
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For small areas, sufficiont "control" can be obtained by cithor inter. 

sections from a base line with plene table end telescopic alidade or by travors. 
ing around the arca end along roads with the stedie, The purpose for which the 
map is made, its size, scale, ctc., will determine the number of points within 
the arca whose position and clevation mst be detormincd in this way. Whon 

this work, callod "secondary control", is all done and tho horizontal and 
verticel orrers of closure adjusted, the filling in of contours may bo begun, 

In case the area is open end considerable accuracy is roquired, the remaining 
voints necded to locate contours may be determined by stadia, Table locations 

for this wock mey be made by compass orientation using cithor traverse with 
turning poiats or resection from points elrcady dotermined and both methods 
uhore possible. In mony casos, particulerly where sevorel mon are vorking on 

iho arca, it is bettor to transfer the points and clovations detormined by the 
woloseopic alidade to shcots on suall traverso tablos, Those can be used for 

| paced surveys and locations by resection; clevations being scevred by vertical 
angles, hand lovel, or ancroid. In very dense brush note book comoass treverses 

using the aneroid are more economical then the plene table. In aroas of 
nagnetie attraction the diel compess should be uscd. In some casos, as in vory 
complex topography, two nen would be an advantage since one could obtain 
locations and clovations off the line of traverse loeving the othor to keep 
track of locations elone, thus following the woll known methods of geological 
work in the Leke Superior District. The ancroid roadings can be reduced at the 

end of the dey by one of tho methods outlined before and the corrected locations 
and elovations trensferred to the finel map for use in interpolating contours. 
Tontative contours and slope moasuromcnts should, however, be shown on the ficld 
sketeh, In arcas whore saveres aro preferable to ridge and valley traverses, 
tho size of tho squercs so as to insure that all the aroa has beon soon, dopends 

upon the neture of the topographic features as well ss upon the forest and 
brush conditions. On crosion fcaturcs in hard rocks, or in ground morainc 
much larger sayeros erc vossible than in a complex torminel moraine or much 
dissocted tovogrephy. The scuarcs are best travorsed in step-like form, that 
is, north one squero, coast onc, north agein, so that two sides of cach square 
heve beon previously traversed affording t'ro checks on previously adjustod work. 
Unless saqueres less than 1/10 mile on a side aro used, every stroam and lalze 

shore mist be ocither trevcrscd or locetod by intersoctions. Tho method of 
squares is slowor than treversing of definite features, but that method is 

applicable only in erosion topogreohy. 

Conclusion. Don't try to sketch what you can't scc. Don't bo in too much 

of a hurry to bogin drawing contours. You can oxtend contours up or down 2 

slope whose anglo is known but it is bettor to simply record the angle on the 

nep end fill in contours lator after clevations are all sceured. Draw contours 

at changes in slope firsts; the others can often bo loft until the map is 

inkod in. Don't be afraid to climb hills but don't use oxtrome summits for 

sketching. Don't try to sketch distant features, Go through woods along ridges 

and drainage lines if in crosion topography, othorwiso in systom of squares. 

Many important goologicel fcaturcs are found in woods. In drawing contours 

every line worth drewing is vorth drewing definitely; avoid scretchy, faint lines. 

An creaser is a nocossary part of your equipment but by being careful to draw 

only whet you are sure of, you cen minimize errors duc to repeated crasurcs. 
If you leave a line of traverse for an outlook teke the table with yous you 

ney got a much bettor skotching station end besides, something might happen 

to your map while you are avey, Avoid unnecessery intorsoction and other lincss 

keep earoful record of those lincs whore thoy ere numerous, Koop then around 

the edges of the sheet to that they cen be extended into area boing workod 

on when nceoded. Keep the map clean. Somotimes a shoot of wrapping paper with
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a hole over the place being 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 instead 
of at the end of a job. If the map is to be photographed use only black ink, 
Be sure you use the right kind of paper. If you are mapping geology show 
outcrops and boundarios by usewal symbols. If you are preparing a map for a 
geologist oxact clovations marked on the map near outcrops are often of groat 
veluc. xact elovations of bodies of water, hill tops, road intersections, 
land corners, sags, and seddles in divides are all important to goologist. 
Dxact location and clevetion of springs may also be valuables 

Goograriic nomenclature. The names of ell geographic features should be 
crown ona finished map. Great care should be taken to find the namos actually 
ured by the inhabitants of the region; you are not called upon to criticise 
thoir choice. Novor make up nanos of your own unless you are certain that no 
name has ever been previously applied to the feature. Avoid duplications of 
names elscowhere and under no circumstances neme a feature after a living person 

( Canless possibly someone of great eminence); avoid long and clumsy names and 
such terms as "Little", "North Branch," etc., in neming forls of rivers. 

Finishing the map. Plane table maps should be inked in as soon as possible 
aiter the completion of the field work, if possible in the evenings end on 
rainy days. Watorproof inks should be used. If the map is to be photographed 
it is best to use only black, but if it is to be traced or engraved, then the 
three colors used on U.S.G.S. maps may be employed with geologic data in a 

fourth color. Blue is difficult to photograph. 

Reproduction of map. Maps may be reproduced by photogrephy in several ways. 
The photostat gives white lincs on a dark background. Zinc cuts are made for 
printing on paper. In case the size of tho vhotographcd map is to bo very 
much smaller than that of the original, great care must be taken to avoid nerrow 
spaces and sharp angles between lines which might blur in printing. Cut out 
perts of lines where necessary. This is especially the caso in zinc cuts. Maps 
cen also be roproduced by tracing. Information is readily transferred from 
one nap to another of the same scale by tracing on tracing pepor in pencil. 
Then ley the tracing on the other map with a sheot of carbon papor bencath and 

thon trace with herd sherp pencil er stecl point.. Tracings used 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. Srasures 

may be made with rezor blade or ordinary eraser, Remembor that both tracings 

and blue prints for publication are made by photographing onto mctal or stone 
plates. Tho lines are then cut in with a stecl tool. Sevarate plates have to 

be made for each colore. Cony for zinc cuts, must be all in black. To make 
cuts from colored maps have them first photographed with propor color filter on 

@ panchromatic plate. 

General hints on drafting mans. Systematize your work —. for instance do 
all roads, then all water features, then all water features, then 211 contours, 
etc. Never draw froechand any line, however short, which is intended to be a 
straight line. Use proper instrumonts and measurements to construct right 
angles, parellel lines, or circles, however smell. Contour, swivel, or Paysent 
pens.can be used for some curved linos; they insure evonness of width. Use 

guide lines for all lettcoring. Do erasing slowly; never try to hurry. Wherever 
possible place all lettoring verallel to bottom of map. Where lottcring cannot
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be horizontal incline it so thet it can be road from the east side of the map. 

Balance the size of letters to importance of places named. Follow a U.S.G.5. 

map for styles but avoid fancy lettering. Plan your lettering so that it will 

not obscure important details on the mep. Place your title in lowor left hand 

corner if possible. The words "map of" are often unnecessary. Give name of 
orgonizetion you are working for, dete, nome of chief of party, names of 
instrument men, graphic and at least one other form of scale, magnetic and truc 

moridians. Fancy borders arc generelly not needed. Remember thet all of your 

work including ficld notes is the proverty of your employer. All your work must 

Se in such form that anyone clse can"take over" at any time. Wo one is infallebles 

sneck all your work and if possible, have someone else also check ite 

Us slanting letters for names of bodies of water and for public works like 

railroads and vertical letters for all other features. Section numbers can be 
either placed in center of each section or on large scale maps put in the corner 
ef every section so that there are four numbers around every section corner. 
Corners which were actually found from either a monument of some kind or from 
fence corners should be marked with proper 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.



THE UNITED STATES SYSTEM OF PUBLIC LAND SURVEYS 

Introduction. The public lands of the United St-tes extended west 

from the east line of Ohio, north of the Ohio River, and west of the Mississippi 
River with tne exception that Mississippi, Alabama, Louisiana, and Florida were 

also included; large parts of Texas and California,as well as smaller areas in 
other states,were privately owned at th time these regions were acquired and 
were therefore excluded from the survey. According to law the public lands 

were to be divided into tracts six miles square, known as "Townships!, with 

. north-south and east-west boundaries. ‘™ ose were to be subdivided into 36 
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 new maps, and (d) land divisions are an immense help in finding ones 
location on a map. 

Baselines and meridians. Surveys were started from many initiel poizts. 
sometimes several in the same state. A true east-west line was run through the 

initial point and called the "Base Line". A trne north—south line was run 
through the same point and called the "Principal 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 legsl size was compensated for by running 

new "Standard Parallels" either every 24 (or every 60) miles on which new full- 
sized townships were started to the north. Such lines were also called 
"Correction Lines", Ends of the lines south of the correction lines were called 
"Closing corners" while corners for the full townships to the north were called 
"Standard Corners." 

Numbering of townships. Hast-west rows of townships are cnlled "Tiers". 
Townships in the first tier north of a base line are each called "Township 1 
North. The next tier is T. 2 N. and sc con. North-south rows are called "ranges" 
and townships in the first row east of > principal meridian are called R. 1 B., 
in the next row (or range) R. 2 B., and so on. In some cases townships are 
numbered south of base lines and west from meridians. In Wisconsin there is 
only one base line, the south line of tue state, and only one princival meridian, 
the fourth. 1] townships are therefore N. but there are both E. and ¥. ranges. 
The complete description of a township would read: Township 48 North, Range ‘6H, 
5th Principal Meridian, or usually abbreviated T. 48N, R. 68, 5th P.M., or 
more briefly, 48-6H. See Fig. 1. 

Sections. Townships were divided 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 supposed 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 sutiivision was concentrated. East and west the maximun discrepancy in 
a section was supposed not to be over 33 feet (50 links), except that all 
discrepar sies, 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 exactly nerth-scuth or east-west. In some of the older surveys, as in 

scuthern. Wiscousin, no attempt was made to join section lines +o the corners 

laid out on the north township line and as a result every township line shows 
slight vffsets between the corners for the township to the south and those for 
the township to the north, 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 <7 North, 

Range 19 East, 4th P. M. or more common! Sec. 21, T. 47 N., R. 79H., 4th 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 of the two "quarter lines" in the centers of the sections were nov 
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 NW 5. In the north and west rows of sections the quarter posts were 
set a half mile from the south and east boundaries respectively, thus throwing 
all deficiency or excess into the marginal quarter sections on the north and 

west sides of townships. Elsewhere in the townships the quarter posts on the 

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 called "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 all sections as though they had been 

completely <: ibdivided into 40's. See Fig. 3. 

Moanlering. The borders of bodies of water were supposed to have been 
"neandered" by lines run at angles along their irregularities but apparently 
when this was done at all it was very crudely executed and few "meander posts" 

_can now be found. The odd--sized tracts were called "lots" and numbered as 
shown on the original plat: which should always be consulted. Tor descriptive 
purposes pay no attention to these lois. Adjacent to bodies of water which 

interruoted the usual rovtine of surveying there are many descrepancies in the 

land svusvey. 

Corners. In spite of elaborete rules and regulations for the marking 
of corners with stones, pits, mounds of earth, etc. few seem to have been thus 

permanently established. Generally a square wood stake was set; such stakes 

were marked in various ways but few original corner stakes can now be found. 

Corners were also "witnessed" by taking the bearing and Gistance to several 

trees which were blazed and marked "B. 1." generally with the number »0f the 

section, sownship, and range also indicated, Most such trees have long since 
gone but later surveyors have sometimes made new ones. Where corners fell in 

lakes, sireams, etc. “witness corners" were also established on She lines as 
fas as they coulc be run. Many later surveyors have set iron stakes, dressed 
stones, or piles of stones often around stakes. Most lines were blazed and 

later 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. Care should be taken not to be deceived by corners set 
by unauthor.zed and incompetent surveyors; governnent and county surveyors are 

alone :authorized to reestablish lost corners. Correct corner descriptions 
can generally be obtained from county surveyors.0Original plats are on file at 
government land offices, and in many states at the capitol. County surveyors 
also have copies and sone "plat books" re also reliable. Roads are commonly 
laid out along section, quarter, and 40 lines and county maps are therefore a 

guide to locating land lines and corners. Farm bounderies are generally fenced 

in a moro permanent manner then are lines within the property since the latter 
are more often changed. "Zine fences" rr2 also a guide to finding land linos; 
farm lines are shown on many county maps. In vertical serial photographs line 

fences are easily seen, elso differences in time of cutting in the forest and 
less commonly areas along fences cleared to prevent trees from falling onto 
fences and breaking them. These should not be confused with clearing along 

electric "high lines". In asking questions remember than many people miscall 
40 acre trect corners 1/8th posts inste-i of 1/léth posts. 
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MAPPING 

Review questions, 4 credits Use diagrams in expleining derivations 
(1) Derive formula for difference of elevation on vertical photographs in 

relation to parallax difference; give both forms, dp and dh. 
(2)* Derive formula for elevetion of plane when taking verticals at given scale. 
(3) Combine formulas for difference of elevation per unit of differengs of 

parallax and for elevation. of plane. ik 
(4). Describe the essential steps in preparing vertical photographs for use in 

stereocomparagraph (contour finder). 
(5). Outline the steps in computing the required information about vertical 

photogrphs necessary to their use in stereocomparagreph. 
(€) Explain our of radial line adjustment of vertical photographs, and 

steps in setting up a radial line plot using tracings. 
(?\ Explain radial éine plot by slotted templet (or equivalent) method. 
(S) 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, 
(29) Explain how the movement of the'y*motion can be used to find relative 

tilt of a "vertical" pair of photographs. “eneral principle only. 
(11) Derive formulas for finding relative tilt of "vertical" photographs from 

measurments in Y (transverse direction)» 

(12) Describe general principles of several different types of machines for 
drawing contours from vertical photographs. 

(13) Derive foraula for horizontal displacement of a yoint on a vertical 
photograph due to difference of eleavtion; explain fully. 

(14) How is distortion in vertical photographs due to relief adjusted? 
(15) How ig 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 whet circumstances is is desirable to find the plumb or nadir point 

in vertical photographs? 
(19) Describe several methods of transferring photo detail to map. 
(20) Define briefly: principal point, principal plane, plumb point, nadir point, 

isocenter, axis of tilt, vanishing point, perspective, true horizon, 
apparent horizon, mosaic, anaglyph, equivalent vertical, focal length, 
comparagraph, planimetric, pseudostereoscopic, air base, photo base, ~ 
map base, scale ratio, high oblique, low oblique, rectification 

(21) Diagram the relation of an oblique photograph to the land which it shows. ~ 
(22) Explain the Canadian 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 

phtograph of an area with considerable relief. 
(25) Explein the U. S. Air Force method of finding true map directions from 

oblique photos. : \ 
(26) Explain Crone's method of finding true directions to points in oblique 

photographse When is this method better then that of question 257 
(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 making mosaics. 
(30) Compare idvantages and disadvantages of mosaics compared with maps. 

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

(32) What methods might be used for ground control. including their relation to 
scale of final map! 

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



4 credit review questions, pe 2 

(34) What are most essential points on vertical photos for having elevations 

deteriined by ground survey? 
(35) If you have no information on type of camera used in taking certain 

vertical photographs what information must you have in order to 
find differences of elevation on them? 

(36) Explain methods of drawing contours with the stereocomparagraph. 
(37) what is a “camera lucida" and of what velue is in in use of photographs? 
(38) Describe the two types of instruments called "sketchmaster". 
(39) How may oblique photographs be changed to verticals by photography? 
(40) Describe several types of stereoscopes and compare advantages and 

disadvantages. 

(41) How may stereo vision be obtained without any instrument? 

‘42) Describe the cause of stereovision and some visual defects and habits 

. which mey prevent its use. 
43) How can stereoscopic vision be used with oblique end ground photographs? 

i +4) Describe Abram's method of correction for slight tilt of "vertical" 
photograrphs. 

.45) Explain with diagram the direction of displacement of objects due to 
slight tilt of a "vertical" photograph. 

\40) Explain the "multiplex" method of mapping with vertical photographs. 
(47) Compare advantages and disadvantages of use of elaborate machines for 

mapping from aerial photographs. 

(48) Explain a method of correcting for slight tilt in "vertical"photos, 
(49) Describe methods used tb overcome aerial haze in teking aerial 

photographs. 
(50) Whay are most bodies of water bleck in prints of aerial photos. 
(51) How can you distinguish sandy from clay soil in aerial photos? 
(52) How can you locete on a previously made map a point shown only on a new 

verti.cal photograph? 
(53) How can you find the position on the map of the plumb point of an 

oblique phtograph: a 
(54) Under what conditions do aerial phtos display bed rock geology best? 

(55) Even if aerial photographs do not ‘show geologic boundaries directly 
how may they be an aid in geologic mapping? 

(56) What difficulties occur in mapping a sandy coast? 
(57) How could you measure map distances with ground stereoscopic photos? 
(58) 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.) 
(59) What is effect of difference of elevation on value of dh or "multiplying 

factor" with vertical photographs. 
(60) What effect has relief on scale of vertical photographs? 
(61) what are two necessary conditions to make a" vertical" p 7hotograph a 

true map of area it represents: 
(62) ie you have no informetion on true directions on he ground what data on 

a vertical photograph serve to approximate them? 
(63) Be prepared to solve problems on map scales and photo scales. 
(64) Whet is meant by "junction" or "ground" line in oblique photos? 
(65) 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 and 
tilt distortion of a "vertical" photograph at once? Explein. 

(68) Be prepared to work problems in computing values of dh and dp for 
vertical photographs given either the parallex formula or a known 
difference of elevation, 

“oe



4 credit review questions, p. 3 

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

(70) Derive formula for obtaining difference of elevation in a pair of high 

oblique aerial photographs. 
(71) Under what conditions of topography may perspective methods of rectification 

of oblique photos be used. 
(72) Explain how radial line adjustments may be made with high oblique photographs. 

(73) How can raidal line construction with high obliques be combined with thet 
from verticals of same area? 

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

(75: Show the distortion of a rectangle in true vertical, low oblique, high 

oblique,and horizontal photographs. 
(76: Show with diegrams Smith's method of obtaing true vertical ‘angles in high 

oblique photographs. 
(77) Explain with diagrams how effect of tilt in neer vertical photographs may be 

resolved into two components, 
(7) Explain effect of each component of tilt on parallax determinations. 

(79\ Comment of validity of the Abrams method ef correction for slight tilt of 
near vertical photographs. 

(80) Explain a pracitcal method of correction for slight tilt of near vertical 
photographs. 

(81) Ley out a plan for the aerial survey of ea township using vertical photographs 
and exp.aing necessary ground surveys. 3 

(82) Ley out a plen for a ground survey of a township using ground photographs for 
the contouring. é 

(83) Lay out plar for aerial survey of a township using oblique phtos and 
explain the preliminery ground determinetions needed. me 

(84 ) Explain in principle only the ground determinations needed for a trimetregon 
survey of 2 route. : 

(85) Explain theoretical basis of the "alidade"” type of devices to obtain true 
directions on oblique aerial photographs. 

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

(87) Explain value of the determinetion in (86) in completing a map. 

(88) Compare radial line wethod with plane table survey on ground indicating its 
edvantages and disadvantages. 

(89) List three common causes of distortion of intended vertical photographs. 

(90) Explain how each three types of distortion may be correctede (see 89) 

(91) Explein why it is herder to fit raidal line construction of one flight to 
an edjacent flight than it is to adjust one flight only. 

(92) Whet determines scale of radial line plot if no ground control exists? 

(93) What is adventage of slotted templet assembly over tracing paper method for 

radiel line plot? 
(94) Define briefly: isoline, junction line, horizon line, vanishing point, 

relief distortion, tilt distortion, center of photo, Crone's method, 

i hich's method, angle of tilt. X motion, Y. motion, Y displacement. 
(95) account for the better apparent stereo depth of lens stereoscopes compared 

with mirror stereoscopes. 
(96) Which are more accurately determined in vertical eerial phrtographs, 

distances or directions? ‘ihy? 
(97) Apply your conclusion of 96 to oblique phtographs. 

: "30"



GEOLOGY 11 
MAPPING 

Review questions Second half final oxam (3 credits) 

(1) Ccmpute how far apart contours of iven interval nre on different map scales 
auc different slopes. Tangent 1 deg. = 0.0175. 

(2) State effect on (a) horizontal closure, (b) vertical closure on point of 
beginning, and (c) map scale of an error in stadin constant of tolescopic 

alidade. 
(3) State effect as in (2) of failure to compute true horizontal distance in 

telescopic alidade plane table traverse. 
(4) ‘what effect on elevations has omission of table height above ground in a 

telescopic alidade traverse run with backsicht orientation? 

(5) Under what conditions must you use backsicht orientation with telescopic 
alidade? 

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

i?) In preceeding question it was found that sight did not check. Give two 

alternative procedures to correct this error. 
(@) State caution in seeking; corners along west and north sides of township. 

(9) Where ean you find correct information on size of sections? 

(10) Describe methods of obtninins true horizontal distance with paced traverse 
and ground is such that ordinery pacine is either impossible or inaccurate. 

Actual field practicability is considered, also different types of instru- 
ments, such ss opensight alidade and planetable, Brunton compass and sketch 
board, ete. 

‘i1) Compare different methods of using Brunton compass for direction including 

type of ground or slope in which each is used. 
<12) Compore advantages and disadvantares of Brunton end prismatic compnsses. 

(13) On some township lines you find two sets of corners except at the corners 
of the township. Explain why. 

(14) In case traverse with telescopic alidade shows that a section of land is 

not the shape it is supposed to be, sumgest check lines to vrove which is 
richt. 

(15) Be familiar with different near-obsolete units of land measurements, chains, 

rods, acres used for distance, ote. coverting cach into feet. 

- (16) Be propared to compute difference of elevation from telescopic alidade 
readings with different conditions and stadia factors given; include angle, 

Beaman, and level telescope systems. 
(17) Explain methods of measuring distance with tclescopic alidade when only one 

horizontal wire is available. 
(18) Compare different systens of obtaining differences of elevation with 

telescopic alidade considering which allow you to choose point where middle 
wire is placed on rod. 

(19) Explain methods of working with telescopic nlidade which could be used if 
you could not adjust it or one of the levels is nissing. 

(20) Explnin how to use Brunton commass to measure slopes and how you will use 
slope data for contouring. 

(21) Explain how you could use Brunton compass to obtain differences of elevation 
using more than one method. 

(22) In running telescoric alidade traverse you entch sight at a station of a 
- distant -oint already located on your table; it is too far away to visit. 

Do what to check directions and elevations? Show computations. 
(23) On setting up to start a branch telescomic alidade traverse should you set 

u> over an old station, have rod held at a former station or have rod held 

at a former turning point, set up on old turning point? Explain possible 
error. 

(24) Explain fully why an index level was added to the first telesconic alidades.
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(25) Explain different ways of correcting readings of the barometer when working 

alone; consider case of long interval between visits to known clevntions. 
(26) Comoare results obtained in field with hand level with those you obtained 

with barometer. 

(27) Ex-loin computations of mar distances on different mans scales and 
trunsformation of map scales into fractions and vice versa. 

(28) Hxplain tho distortion of a vertical aerial photograph due to relief of 

regicn shown, considering not only displacement of roints but also change 
in shene of straisht lines on ground. 

(22) How obtain factor to memsure difference of elevation on vertical aerial 
photosraph if you have no information on tyre of camera used. 

(40) Under what two conditions is a vertical aerial photograph a correct map of 

the sround? 
(71) What steps must you take to find the scale of a vertical aerial photograrh? 
\c2) Compare advantnges and disadvantages of Beaman and vertical angle systems 

of the telescopic alidade. 
(¥3) Exolain why alfebraic signs of backsights and foresights with telescopic 

alidade follow different rule. 
.s4) Explain advantage of making sideshots with telesconic alidade. 
0S) What kinds of surface features should be carefully located with telescopic 

alidnde if you are to com-lete your man from nerial shotograrhs? 

(28) Explain odvantage to planetable or comnass survey of location of a prominent 
although. inaccessiblo moint like top of windmill; include clevation as well 

as location determination. 
(37) Explain why you should obtain clovation of surface of a body of standing 

water or slow-flowing strean. 

\35) Explain effect on commass needle of different tyres of local attraction, 

such as R.R. track, joints in rails, roinforced conercte, end of fence, 

north-pointing fenee corner, buried iron pipe, etc. 

(09) Explain effect on accuracy of elevation determination of high and low 

vertical angles. 
(46) How ean you find true north; explain general principle of two different 

methods using Polaris. 
(41) Why in finding true north from Polaris must you know approximate latitude? 
(42) Which way do you move south end of observation line on Polaris to obtain 

a true north line? Dinagran. 
(43) Explain use of survey of a railroad in making an accurate nap. 

. (44) Explain steps in checking stadia constant of telescopic alidade including 

different types of this instrument. 
(45) Explain the rules in resard to contouring which must alwrys be remembered 

in field drawing of a map. 

(46) Exolain two ways in which you can find the time on a given doy that Polaris 
is true north? 

(47) Be vrepared to transform true to magnetic azimuth and vice versa; also 

azimuth to bearings and vice versa, 

(48) Cormare advantages and disadvantages of azimuth system versus bearing 

syston. 

(49) How can you use vertical angles as an aid in obtaining horizontal distance? 

(50) How do you distinguish between Beaman and angles scales of telescopic eS 

alidade? 

(51) Sxolein possible orror in using for straight checks with beromotor of (2) 

level of 2 cold body of wator slong with (>) voints on open ground away 

* from vetor. 
(52) Whet would be offect on difforoncs of elevation of confusing Seanan and 

angle systoms on telescopic alidadc? 

(53) How do you detect aress of locel magnetic attrection duc to unknown causo?
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(54) Whet night be ceuse of anneront egreonont botwoen Beanen and angle systons 

of measuring clovetions with telescopic alidede whon results wore actucllp 

in orror? 
(55) In nm intorsection survey why is so much stress lid on sights clong the faces 

of the bluffs? 

(56) Whe: is linitine fector in securecy of elovations obtained fron the intor- 

soction survey? 

(57) Compare accuracy of level and angle shots with telescopic alidade? 
(58) Why and where might engineers level be superior to telescopic alidade for 

elevation determination? 
(59) “hy is permissible error in closure not directly proportioned to distance 

covered by survey but increases at a lesser rate? 

(60) Be prepared to compute radius of railroad or highway curves of ditferent 

degrees of curvature, : 
(61) Deseribe how you lay out railroad or highway curves on a map, 
(62) 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? 

(63) Yhat are advantages and disadvantages of different ways of expressing scale 
of a map? 

(64) State bare minimum of information neCessary in legend of a map, 
(65) How can you change scale of a map in absence of any special apnaratus? 
(66) If a map is to be reproduced by blueprint (or black line print) whet colors 

of ink are allowable? 
(67) “hat color mst be avoided if a map is to be reproduced by ordinary 

photography? 
(68) What types of checking may be done to determine accuracy of a given topo- 

graphic map? : 
(69) Why is "tracing peper solution" of three point problem useful mainly in 

office? 
(70) Explain how the U, S, Land survey was supposed to be laid out, 
(71) Define, baseline, correction line, meridian, meander corner, township, 

section as used by U, S, Land Survey, : 

(72) Be prepared to compute notes taken with telescopic alidade (any system). 
(73) Compute notes taken with engineers level or hand level and rod, 

(74) “hat is limiting factor of accuracy in using hand level? : 

(75) What is limiting factor in accuracy with barometer? 
(76) Describe two ways in which paced distance may easily be laid out on map, 

(77) What is limiting factor of accuracy in pacing? 4 
(78) Why is it necessary to set flags to sight on in intersection work? 
(79) Describe steps in finding a land corner in unfenced region, 

(80) Why are results with large telescopic alidade commonly better than with 

small or explorers model? ; 
(81) ‘hy are foot numbers commonly omitted on stadia rods? 

(82) Explain two major "personal security rules" when working with a party. 
(83) Under what circumstances should telescopic alidade be kept in its case 

during moves and when not? . 
(84) Explain reason for precautions during leveling plane table with telescopic 

alidade and when setting up on rocks. 
(85) Why is Brunton compass better for following land lines than is prismatic? 
(86) Give precautions in carrying telescopic alidade in its case when traveling 

by car, 

(87) ‘hen it happens that you cannot see enough of the rod to span the smallest 
interval in your alidade and you cannot have rod moved suggest what method 

to obtain true distance, 
(88) Outline procedure used to check accuracy of the stadia constant. 
(89) Uneer what circumstances could you find a "neutral point" where the compass 

necdle will not stand still?
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(0) Under normal circumstances does motion of compass needle indicste local 

attraction? 
(©1) Although the f + c constant with telescopic alidade is less than 1 foot 

coud its omission cause an appreciable error in a long traverse? 

(92) It is commonly said that the allowable error in surveving is proportioned 
to the square root of distance covered, Uxplain qualitatively, 

(93) Bxpiein two important reasons why geologists must be familiar with the U. S, 
Land Survey of area in which they are worling, é 

(94) ‘Why is it better to follow land lines when sun is out? 
($5) “hat limits mothods used for long sights with telescopic alidade when rod 

can be seen only throuzh » narrow lane between trees? 
(96) Plen how you coulé carry out a "two base! barometric survey by cooperation 

between several parties, 
(97) Outline best method of using barometer when you are always close to straight 

cheeks, . 

(98) Outline a method whereby two observers, each with a barometer, could carry 
correct elevation over a considerable distance from nearest known elevation, 

(S2) You desire to check the magnotic declination for use with a hand compass 

and have no astronomic tables, Outline practical method, 

(100) Describe effect on compass of (9) another compass close by it (b) of a north- 
south fence, (c) of a vertical iron roé in ground, (4) of a break between 
rails of railroad, (e) of a buricd iron pips not at the ends, (f) of a con- 
crete bridge or culvert,



: Review questions, first half final exam (Use Diagrans) 

1. Full interval reading = 5.0 ft, Seaman arc = 56. Middle wire at 8.0 ft. 
Difference of elevation? (Stadia. constant 101) Up or down. 

2, If above is a backsight on point with elevation 1000, tavle elevation = 1 
3. If above were a foresight with table elevation of 1000, rod elevation = 7 
4+. 3ule for sighs with backsights. 
5. Bule for signs with foresights. 

6. Rule for signs of rod reading. 
7. “hen other than middle wire is read how make correction to middle wire? 
8. Full interval = 10 ft, Angle scale =131-08 (factor = 2.00%) 

35-46 (factor = 10.00%) middle wire 10.0 
Difverence of elevation? Up or down? Stadia constant = 100 

9, “f a backsight from elevation 850, table elevation? 
1), If a foresight from table elevation 900, ro¢@ elevation? 
11, Why keep alidade cases on hinge side? 

iz. W hy hold onto alidade until table is levelled and clamped? 
13. How use the compass on base of alidade when on table? 
i. Describe principle of drum method. 
i. Describe basic idea of step method. 
if. 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 tel. alidade 
lg, Fall 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 essential steps that must be taken before starting work with tel. alidade 

Omit details. 
22, Hxplain in full each of above stens. 

22. When elevations are obtained by intersection and vertical angles instead of 

with rod, how compute difference of elevation? Why? 

23. When you enter area of local magnetic attrattion how run traverse with 

p. table and tel. alidade? 

o4., Whenever you catch sight of a previously located point in course of tel. 

alidade survey do what? Wet two things will be accomplished thus? 

25. What is a sideshot and what taken for? 
26, 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 

points should you locate on your planetable sheet? 

28. If vou 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, Cavtion 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, Suggest methods of checking differences of elevation in field? 

356 Wnon is steel tape measurement desirable? With planetable? 

36, Cautions in.. use of steel tape. Three kinds. 

37. How is slonecompensated in use of steel tape? ‘Two methods. 

38. Could you use tel, Alidade for a Polaris observation? Explain. 

39, Explain how without ony tables or other aids you could obtain true north 

from Polaris using methods suitable for any hour. For culmination?
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40, Define: culmination, elongation, meridian, zenith, hour angle, 
41, What effect does latitude have on direction to vertical piane through 

Polaris? Explain, 
42, Describe two methods of indicating directions 

Bs Define: azimuth, quadrant, bearing, true,megnetic as applied to direction. 
yh, In running a compass traverse could ;ou use every-other station method 

and under what circumstances, 
45, If local attraction occurs or is suspected can you still run compass : 

traverse an¢. how? 
46, How is Polaris located in sky and how can ;ou tell its position in orbit 

Bive two methods of latter. 

h7, If a line of known true direction is obtained by sight on Polaris how can 
be corrected to a true I-S line? 

4g, How can you tell when you are far enowgh from a known source of local attrac- 

tion to get true(correct) reading. 

4g, Transform sone quacrant readings to a™zinuth and vice vorsas 
50. Transform some true azimuths to magnetic azimuth and vice versa, 

51. What must be done to compass when it is moved to a 7ifferent latitude? Why? 
52. Explain the sundial cormass. What must be used with it? 
53. Compass foresight = 220; backsight from next station = 30. Explain. 

5. Draw diagram of cormass circle showing how divided, 
55. Draw a diagram showing how to set off a declination of 5 East on Brunton; 

also 10 West. Show line of sight and needle, 

56. Show two methods of gotting directions with Brunton. 

57. Show how slopes (vertical angles) are found with Brinton. 
58. Diagram construction of prismatic compass. 
50, Compare advantages and disadvantazes of Brunton vs. prismatic compass, 
60. Are land divisions of U.S, Land Survey truc or macmetic? 

61. If your retracing of an old map shows a éiffercn® Joclination than was ori- 
ginally used, what is explanation? 

62. Explain magnetic pole, declination, deviation, me tic storm, long torn 

"Teomaag) change. 
63. Define townshin, section, correction line, princi,al meridian, forty, 
64, Diagram subdivision of townshiv into sections. 
65. Diagram subdivision of section in 40 acre t¥acts 
66. Diagram where error in surveying etc, is concentrated in township. 

67. Explain why correction lines are needed and where error is concentrated, 

68. Someone tells you that a certain corner is 40 acres distant; meaning? 
. 69. Define, quartor corner, 4}0 corner. Why is latter sometincs called 1/8th corner? 

70. In following lines along west and north boundaries of townships how obtain 
distance recorded by original survoyors? If sections are subdivided into 

40's where is irregularity concentratod? 
7l. “hat is meander corner? mcander line? chain? link? bearing tree? 

72. Explain how original surveyors were supposed to subdivide a township, 
73. If you find two sets of section and quartcr posts along township lines what 

is reason? 
74. Define; contour, contour interval, vertical interval, depression sontour, 

hachures 
75- What rule applies to position of lower(or highor)land as you travel a contour 

in one direction, 
76. What rule with rogard to vertical cliff contours, to contours on divide, to 

contours crossing a valley, to olevation of contours, to choice of contour i 

interval. 
77. Draw some sinole contour diagrams of hill with depression, dfrmlin, valloy, 

even slop}? two-story vallcy, concave slong ctc, ; 
78. What methods might be used to locate contours (sround survey) 

79. Other methods of showing relief, Acvantage of contours,
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a Lianne ap : 
80. Definc: tangent, degree of curviture, radius of curvc relation of 
a a to tangent, station, including system of rocording iene i le 

e How can you find value ir f diffe io 4 3 

82. Parallax measuros 15 ce ee Th a aX 1 u ° p of a 3; at a point 500 fect lower th 
measurencnt is 12.5 mm. Cormute fiffe ao 4 4 i ae 

83. Explain pwrposo and mareeee of eek eo es : cy sa oini i 

. - nothods of drawing contours from vertical oie Se 

a w find alitude at which photos were taken, Show formula, 

a anaes — between parallax difference an¢. other quantities 

° av how formula aif Lox i ‘ i 1 or ot i for difference of clevation fro;unit parallax difference was 

85. Why is_thore a motion at right i . the 2 ght angels to line of flight on 2 of ne 

dots} What doos its use demonstrate? = — 

eg —_—. process of setting up a sterca pa vs 

. eae es Seed nultiplying factor with formula given. 

ov is .¥ mos esirable to have true elevation; é fen 

92. ec dot should be used to trace detail? ie eee 

OF T i Ci 9%, Describe differcnces between tho three models of stereo i - iv ry nstruments usod 

ole. es ee 4 must you fly to take photos at 1;20000 with a cancra of 6 in. 

a Gute 

955 4 oe measure 3.0 in. Find scale as fraction. Asy nunber of feet to 

one inch. 

96, When ana whvy is true horizontal @istance used with plane table? 

97. When is horizontal distance correct on vertical photos? 

93. How can, you correct for error due to differences of clevation using vertical 

photos. 

99. If you uscd an crroncous stadia factor with tel. alidade would it affect 

difforences of elovation; exception to this rule? 

100, In what direction are contour intervals moasuredé; map distances?



Geology 11 
Kheview questions, six weeks Use diagraus 

(1) Telescopic alidade: define apparent distance 
(2) Define slant distance with tel. alidade, and give relation to apparent dist. 
(3) Show how appare nt distance is corrected to true horizontal distance. 
(4) Which, sla nt or horizontal distance is shown on a map? 
(5) In computing difference of elevation with telescopic alidade which is used, 

when observetion is with stadia rod: slant, apparent, horizontal distance? 
(6) Which distance, slant, apparent, horizontel is found when intersection 

method is used on plane table? 
(7) Derive formula for difference of elevation used when distances are by 

intersection ana verticel angle is measured. 

(&) Yerive formula for vertical difference when stadia rod is used. 
(9) Define, stadia, interval, rod correction, half interval, rod intercept. 

(10) Define angle scale 
(11) Define, Beaman arc 
(12) How can you tell Beaman erc from angle scale on telescopic alidade? 
(13) Explain basic principle of Beama n arc. 
(14) Make sketch showing how you read vernier; on which scale is it? 
(15) What is the drum? 
(16) Explain basic idea of the drun. 
(17) How is the drua used to measure distance (more than one way). 
(18) How is the drum used to measure difference of elevation? Show computation. 
(19) What is prupose of the striding level? 
(20) Drew a diagram of essential parts of telescopic alidade. 
(21) Show why and how the striding level of tel. alidade is adjusted. 
(22) Show why and how the line of sight of tel. alidade is adjusted. 
(23) Why is there a control or index level on telescopic alidade? 

(24) Explain why and how the indéx or control level is adjusted on tel. alidade. 
(25) How would you work if there were no control or index level on alidade? 
(26) How do you read the vernier on Beama n arc? Explain. 

(27) ‘What would you do if the striding level of tel. alidade is not broken but 
cannot be adjusted? 

(28) Why is it a good idea to lay down a telescopic alidade with hinge down? 
(29) Could you measure distance if there were only one horizontal wire in 

tel. alidade? Explain method. 
(30) Define full, interval, half interval, quarter interval, rod reading. 

(31) Explain more than one way to find distance when not enough of the md is 
seen to span a half interval. ( No quarter interval on instrument). 

: (32) Explain level shot. What is its advantage? 
(33) Show by a diegran how you fina difference of elevation with telescopic 

alidade when leveled and middle wire does not strike rod. 
(34) Derive the formula for the "f + c” correction to stadia distances. 
(35) Explain why the f + ¢ correction can often be omitted. 
(36) When a nd why is plumb bob needed with plane table? 
(37) What are major advanteges of plane table? 
(38) What are some of the most iaportant objections to use of plane table? 
(39) In what kind of terrein can you survey by plane table intersections? 
(40) In what kind of terrane would you survey by plane table traverse? 

(41) Explain difference between intersection and resection. 
(42) Compare advantages and disadvantages of two methods of traversing. 
(43) Explain two methods of plane table traverse. 

(44) Define orientation, station, turning point, resection, intersection. 
(45) Explain two ways to orient plane table. 
(46) What is purpose of “three point problem", of "two point problem." 
(47) Explain solution of one case of wone method of solution of three point 

problem (method suitable for use in field). 
(48) Describle solution of "two point problem". 
(49) Explain foresight, backsight, side shot 
(50) Explain advantages of telescopic alidade over opensight.
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6 weeks review, p. 2 

(51) ‘hat is magor cause of error with planeteble? 
(52) Oxplain rule governing reliability of intersections with plane table. 

(53) Should any shots be made which do not conform to rule of minimum angle of 

intersection? “hy? 
(54) In what kind of country is use of planetable not advised? In what kind 

of country does it work best? 

(55) Define "base line! 
(56) Caution in use of vlanetables with leveling head. 

(57) Why does use of plenetable apneal more to geologists than to engineers? 

(58) You want to measure distence across water vith plane table and cennot see 

a readily recognizable point on other shore to intersect. Do \hat? (Vater 

can de crossed Stadia rod cannot be used. 
(59) Define"stadia constant. 
(50) Fell interval at 1000 feet, true distance = 10.2 ft. Stadia constent =? 
(61) Why is a leteral adjustment needed for striding level? 

(62) What is limiting factor in accurecy of stadia distance? 
(63) Why is full intervel reading the most accurate? 
(64) Diagram essential varts of hand level. 
(65) ‘hat limits accuracy of non—telescopic hand level? Assume it to be adjusted. 

(65) Step needed before use of hand level for any purpose. Uxplain. 

(67) How is hand level used when vorling alone? 

(68) errane in which hend level cannot be used wor'-ine alone. 

(69) Do what efter adjusting before using hend level alone. 

(70) Show method with form of notes for use of level with assistant. 
(71) Why choose hend level instead of barometer? 
(72) Way choose hand level over telescopic alidade? 
(73) Suggest a method of finding a level line for adjustment of hand level on 

telescopic alidade. 
(74) When vrefer barometer to hand level? 

(75) General principle of barometer. 

(76) Give limiting factor of accurecy of barometer; explain. 

(77) Sxolain a practicable method of compensating for weather when working done. 

(78) Zxplein use of stationery barometer. 
(79) Zxplein two base method of compensations show computations. 
(60) Zxplain basic principle of Lahees method of use of barometer. 

(81) Sxplein effect of a thunderstorm on beroncter. 
(82) ‘hen and vhy use a thermometer along with barometer? 
(83) Major advantace of barometer over other instruments. 

t (84) Define strei ght check; how used for correction of barometer readings. 

(85) Define cross check; how used for correction of barometer readings. 
(85) Describe a precticable methoé of correction of barometer readings when 

straight checks can be found only at start and finish and vou work alone. 
(87) Coulda you use @ baroneter as an aid in finding horizontal distance? Sxplain. 

(88) Give three ways of describing scele of a mav. 
(89) Scale 1/20000, 1 in= ? ft. 
(90) Scale 1/20000, how many inches = 1 mile. 
(91) Scale 1 in = 2000 ft. Give fractional scale. 
(92) Define "vertical photo". 
(93) Define "Low oblique photo". 
(94) Define "high oblicue photo". 
(95) Define "principal point" of photo. 
(96) Define "nadir" or "plumb point". 
(97) Define "parallax". 
(98) xplein cause of stereo vision. 

=(99) Sxplain several physical defects which mey prevent stereovision.s 

(100)2xnlain in general terminology displecement of points in vertical photo due to 
differences of elevation.
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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. (sight days total: 

Equipment. Each student must provide: 

(a) Clothing suitable for work in brush and mud at temperatures down to 

freezing; some include thin gloves which you can wear while using instruments. 

Footgear are very important. Use either well-oiled boots with composition soles 
if possible or lumberjacks rubbers with leather tops. 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. 

(>) Bedding for temperatures considerably below freezing; this means not 
less than three (3) HHAVY blan'cets, not quilts unless filled with wool. Mattresses 

are furnished to everyone! ses > ee : Be eee EME 

(c) 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. 

(@) Pocket notebook, 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) Flashlight is handy zt 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 Vook. Students will be assigned to K.P. in turn. Note schedule of 

appointments. These are to help washing dishes, setting table, putting up 
lunches, etc. Firemen will attend to stoves and provide all fuel. Sweepers are 
responsible for cleanliness of all quarters. INSPECTION FOR CLEANLINESS 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! 
FYiremen ere volunteers fer the trip and nermally exemrt from Ke FP, 

PERSONAL DIRSCTIONS 

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 ‘cary can 

park lunches there and come in to eat them. Evenings 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. Work is permitted on Sunday. Discipline must be maintained to saier 
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 violation of any University or Park rules. 82h END OF DIRECTIONS 

Care of instruments. Please observe all cautions literally. Remember 
that telescopic alidades and all instruments for that matter, are VERY EXPENSIVE. 
Do not jump fences or off cliffs. Check up your instruments whenever you go 
through a fence and whenever you leave a point you worked at. Follow definite 
lines so that if you leave or drop something you will know exactly where to look 
for it. Accidents do not "just happen" but are the result of failing to consider 
the risks. A. B. C. = always be careful! Better be safe than sorry. The dishes 
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 Safety. Be careful on the rocks especially if there is snow. 
Remember that Northwestern trains run on the left hand track; KEEP OFy TRACKS 
WHEN A TRAIN IS PASSING! Do not stray from your area; leave it only when abso— 
lutely necessary. There is no excuse for getting lost when you have instruments. 
Trust your compass and use yaur location maps. Do not take shortcuts across 
talus and cl’ffs for they take longer than to follow trails and roads. The 

greate:t danger you are exposed to is that when alone you might slip end injure 

a leg or fcoos so that you could not walk. To guard against this event carry 

matches and if incured make every effort to light a smudge in daylight or a fire 
at night, Be 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 
withow' proper equipment including clothing suitable for weather. A. B. C. 
To NOT carry pencils etc. in bootlegs. Women students must not work alone or 
leave immediate vicinity of the building after dark without proper guard. NEVER 
fail to keep en eppointed meeting place; do not go looking for the others. 

Fire warning. April is in the Spring Fire Season in the woods. The dry 
leaves make the danger very great except during and just after rains or snows. 

Fires are particularly hard to fight at the Lake on account of the 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! Break your match and step on stubs on hard ground. A. B. C. Use empty tin 
cans on the tables. Don't throw any stubs or matches on the floor. 

Health. If it is warm when the trip starts do not be misled into thinking 
that summer has come. Some bad weather is almost certain, Avoid wet feet and 
chills. Change wet clothes and shoes IMMEDIATELY on return to camp. Try to 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! Never drink from streams. Learn to avoid drinking .)¥ dkquid 
during the day and you will suffer less from thirst. Help keep the dishes 

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

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

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

as possible as most of them like to talk too much and will delay yous Avoid grein. 

Mail, Have your 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. 

Transportation. The University is not responsible for any student cars or 
for accidents incurred in use of them. Take 12-13 to junction with 159. Turn 
right (east) onto that and follow it to junction with 123. Go a short distance to 
right on that and then leave concrete to follow gravel road to right (south) up 
the biufi. Follicw that to sign indicating route (east) to south end of lake. 

Follow Pazrix road aronnd south end of lake to Camp Devils-Lake. Avoid the Skihi 
shortcut. If possivle, gasoline, RR or bus fares will be paid out of the deposit 
fund. File claims for such expenses with Treasurer. No return fare will be aly 
lowed if student is dismissed for misconduct. Park aleng rsad oppesite office. 

Cost. Expenses may run to $26.00. Dapaest cet 2¢ untc in full chore 
beeSerr Sar she ¥Ye.a) : » Living costs of Instructor, 
pay ana keep of cool, and rent of house, are paid out of this fund. Any surplus 

will be refunded. together with a group photograph (if possible) at earliest pos- 
sible dase. Unclaimed refunds will be applied to next years class. Owners of 
dishes etc, get notaing for them except any left-oversat end of trip. 

Grales ‘radents who complete the required field work in a manner which is 
merely “satistactory" will automatically receive grade of C. Higher grades are 
given as rewe-cs for ACCURACY of work, interest, resourcefulness, dependability, | 

etc. lower graces are result of CARELESSNESS including loss of equipment through | 
violation of eles, neglect of opportunities to worl, unreasonable neglect in 

reading ond following instructions, slowness in grasping ideas, etc. \ 

Conslusiou. Success is up to your initiative and gumption. When in doubt 
try to figure vut SOME WAY to get the desired result, Get locaticns from map and 
not from natives. Gheck 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! Making yeur deposit censtitutes a pledge te 

sbserve poth sbove and eny new rules which may become necessarys Failure to 
sign-out for town leuve or for air phetos ets. taken from atuey hall, ateying 

out luter than is reasonebie, or causing eny disturbence in quarters are 

serious offensese Chief of euch perty must sign all members in on pozrd@ ss seen 
esp he resches camp. Ail eccidents must be reported promptly. 

Fe Te Thwaites, chief of Party
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é Directions for field work at Devils Lake 
edition 1941 

Introduction. Field work at Devils Lske will be divided into three phases: 
One day in testing the alidades and doing an intersection survey; a shortpractice 
traversk . The following three or four days in © three man parties with the 
telescopic alidade. (Each verty will have qh, square mile to survey per porson)3 
two or three days doing contouring. a ; 

: Testing the telescopic alidades. 

Material. Large plane table, sheet of mounted peper, telescopic alidede, 
adjusting pin and scrow driver, note book, hard pencil sharpenod to chisel point 

. on one end, eraser, maenifying glass. Ono party will have tene line (steel), 
plumb bob, marking pins, wood stakes, hatchet or axo. : 

é Methods Each perty will work together excopt as some members will be detached 

for measuring lines end setting flags. Go to the level open ground cast of camp. 
There measure off a lim about 1000 feet long, os oe 

Set up table so that contor-of instrument when placed on it will be about 1 foot 
back from zero point of your test line, This will compensate for the constant 
which is usually neglected in practical work. Note how your large table is 
levelled. Thero ere two wing nuts bolow the table. Of these the uppor is for . 
levelling end the lower for oricnting. Placo somo grease or vaseline on threads 

of screw which serves to attach the board, otherwise you will have trouble in 
vromoving it. Do not place paper on table until you can do so in a warm place or --: - 
it will buckle when heated. To level the tablo first loosen both nuts. Note é 
“hich way you should turn tho nuts, Plece nlidade on it. HOLDING THE ALIDADE 
with one hand level the table and clarp the wppor nut, CAUTION: NEVEL LEAVE GO-OFr-- 
THE ALIDADE UNTIL THE UPPER NUT IS TIGHT for otherwise 1 sudden jerk will couse it 
to slip off and such falls do not ngroe with ony instrument. Never sct up tho table 
on rocks without piling stones not less then 4 inches in diameter around the legs. 

Renenber that you hove big boots on and soonor or Inmtcr will strike o tripod leg 
z with one of then. SAFSTY FIRST; it is better to walk arowud rocks than to pay for- - 

sepairs. After levoling the treble it can bs oriented to any. desired-position ond, 
then eclomped with LOWER nut. After leveling tho table it will now be unnecossary 

: so oriont it for ell you will have to do is to read the rod on nork. 
Rocord results in notebook. Change places at instrument so thet every un of the . 
party will nake ’ observations. Then compare with what you-sheuld have 
obtained *, Tho conclusions may be stated in cither of two 

Ways: (a) as the number, say 101, by which you will multiply each full interval , 

roading to got true distance, or (a) the percent you herve to add or subtract fron 

100 x full intorvoal to get reel distance. READINGS AND COMPUTATIONS MUST ALSO 

INCLUDE HALF AND QUARTER INTERVALS, both upper and lower separntcly. Make sure , 
thet instrument is alvays seme way up by keeping FOCUSING SCREW AT RIGHT. <After_all-- 
computetions anve boon tabulated in notebook procced to test the drum edjustnent. 

: ; : 2 . Pind out what-tho-drum_ actyally 

reeds when wire is swung over 1 footser 100 fest - Repeat __. 

dotermination being sure thot clemp screw on téhbescope axis is tight and thet 
spring is pressing on levot correctly. Mnke all roadings- by turnang_DO-RIGHT. 

Each nenber of party should meke his orn tosts. Last check 211 other adjustments" ~ 

of the-slidddo moking sure that everything is tight waon finished. DO NOT THINK, 

HOWEVER? THAT THIS ADJUSTMENT IS PERMANENT. Check adjustnont of wires every day, -- 
and of bubbles whenever you have « chenee during courso of work.
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: Devils Leake instructions, O41 > De 2 

s Intersoction survey. : : 

General. The remeinder of the first. day will be devoted to a survey by 

intersections from a base line moasuring elovations..by means of vertical angles. 

’ The base line will be measured with steel tape, Tt will be looated on the 

flat wast of cam o5 far to the south as is possible. From the base we must 

be able to see all the stations on Hast Bluff to the north but need not 

be able to see those on South « . § Bluff. To not use the testing bese line! 

Setting signdls. i 

Material: Red and white cloth in siges not less than 3 feet each way, Location 

mop, string, hatchet if possible, field glasses if possible. 

Method; Read over the instructions and get verbal directions as voll. 

So far as possible each man will be responsible for enly one station, Be sure 

: you understand fully the recuireuents as the setving of the stations determines 

the success of the survey. The stations which aro to be marked mugt be so 

placed thet a plane table can be set up citner under, over, or just by the 

side of the flag in a safe position to work. Uarking must be good cnough to 

soe with naked oye and good enouch to sco even if snow falls. ‘With exceptions 

only as civen verbally BE SURE THT LVERY STATION ON BACH OLUFY Is INLGRVISIGLE. 

Thet is from oxch station you MUST BU “DL. T0 SH2 TiS N“IGHBORS along the face 

of the bluff. Unless this is so you will nover be able to get accurate resulis. 

Visibility must bo fro lcvel at which-table will be seb about three feet fron 

the sround;Imecl down to see if this is-done. Nover locate so tual next station 

eam bo seo only through troos and brush; the lino of sight myst be open. 
Do not locate a station on a. trog for semo roasone Use the onginoers tripods 
Where tacre are such ~ , « In gonoral it is bost to use flags 
on vertical poles stuck into cracks of the rock. ‘Tripogs may aluo bo made of 

three dead brancaus tiod together at the top. Flags may de draped over tops 
of those. You will undoubtecly find rowcins of foracor signals bus do not 

dopone on thoir location being corroct. 

Stations on Hast Dluff are : ab southwest cornor : 
.}bais Gs eolled East CLUFr, 

; aast of the trail near to a largo square 
stone 6a tho udge must bo soon from Zast ELOY wey; this is 

_ SOUTHEAST, East of Decr Gap md above tho cuarry on a ledge which can oasily 
bo soun from Southeast but not frou othur Bast} Blufs Stebions, Desk GaP. 
stotions on South Bluff arc: on the talus above camp not far Trou the top 
but so locajed as to be able to svo the enginoers tripod far-to tho coast; this 

as TALUS. 5 é 

The engineers tripod et thu farthest vast- part of South Bluff which can bo 
secon from camp; this is SOUTHDLUFF. On top of soue talus abaut = mile fartnor 

oest but not visible from South Bluff; this is RM! RUN .  Othor stations 

may be sot on Vost’ Sluff if thore is timc. Im this work please aVOID CUTTING 

ANY LIV TRESS. Pus Run caunot be seen “ren Zoutn Biff, 

Survey by planotable intersections and vertical anglus. : 

Material: largo plano table, sheet of mounted papor, toloscopit alidadc, 
adjusting pin, note book, 6 fl pencil sharauncd to chisel point on one ond, 
magnifying glass, orasor; if party is to measure base lino, stool tapo, plumb 
bob, marking pins, stakos, flags, axe or hatchot, Fiocld glasses aro very 
holpful. Rod will bo usod oneo by ouch party. 

lMothod: It is first necessary to Locate the baso lino. West BAS 4should be 
Located roughly betwoon Talus and Hast Bluff in tho opon ficld= “~~ .
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sy to the weods. ecst of +1 
EAE GASH musk Bo Loseied Ge for adh and oa fer angie ae poms ae Sk 
STATIONS on Bast Dluff (cxcopt the Door Gap station) MUST DHE SEGN FROM SOTH 

ENDS OF THE BASS. It is not nocessary to seo ony South Bluff Stations. 

During tho time that some mon aru out sctting flags two will measure the base 

one way and (if possible) cnothur two measure the otuer way. Koup carvful 

count of number of tapo lengths as an crror in this moons one of 100 foot. 

Keop tapo always on the line and koop it as noar level as possible using tho 

plumb bob on tho end off the ground. Look for tae correct 0 on the tape 

If it is necessary to moasure across tho 

roilrood DO NOT ALLOW THS TAPE TO TOUCH THE RAILS for these are cloctricelly 

charged ond to touch them intorfores vith the train signals. lso look out for 

trains while tape is on tho right of way. Trains may bo hoard at somo distance. 

After the base Line has. becn measured find the clevation. of one SBS Bits 
by use of stadia rod held on the railroad benchmark on the top of thy, orthern © 

: conont base of the signal bridgo on the west side ef tho track, that is the one 

nearest tho ola i, %. . Ets clovation is °9!.9 To do this it is bost to 
sot up the table abouts midiay botvoun tae bench mark ond tho base line station. 

Tho rod will not bo necdod after this is dono. To do this is is not nocossary 

to mark ony lincs on tho tepls but they may bo put in if desired. 

To start tho map first choose a suitable place for it on the showt romombor~ 
ing about how big it will bu. Seo problum 13. Scealo Ll inch = gO foot. 
Ou this small seale it is ,ossible for mors then one party to sot their tables 
at a stabion but a similer off center position must be usod at both ends of the 
base if this is dono. First. sot up and Level tho table as deseribud above : 
romomburing tho ccutioncbous not leavin; go of the alidade until the table is 
clamped. Draw a long line parcllel to onv udge of the table and lay tho alidads 

on it. itclense the needle and orient the table. Do not fail to do this at 
overy station horcaftor as a chvek on backsights, ‘ith tabl. oricnied soluct 
position to plat tno bascline station you sre on. Lark very neatly with usual 
trionglo outside the dot. Sight tho other ond of the baso and draw linc. 

Mossure length of the base on this very accurately using the secle on tho base 
of the alidado which is divided into 50ths of inches. Plat other ond of linus 
If your table is off contor alloiz for this in sighting. Keop poneil sharp 
With somdpsapor on bottow of table. Now line in all stations that you cen sou 

_ deawing lines with chisel pointed poncil tho. full, length of the alidade, 
This is donc in order to fecilitato Laying the clidads on the Lino again for 
2 backsight. Road vertical anszlos with middle wire on top of each flag. 
Romember to CHNTUR THE CONTROL LEVEL-FOR EVSRY Si0T. Record notes in f ollowing 
form but luVak usu-signs for dugrcos. and iinutus. Instead soparcte thom by 
a dash snd enter a 0.-bofors thu figure when’ she minutes are Less than 10, 
Look out for the falso-0 noiny-on the indux. - Look out for big. orrors like this 
and the small onss lik. vibration of the table will take caro of thomslovos. 
One of vag party shoulé road cmd the other roesrd and then check by roading 

himself. “henco alates to divid. tins oveonly. 

Sta. Oc. | Sta std. | Dist. | uclo __—‘(Gomp, diff.|Elovation | 
| |Oblicuolbiti. | Eo occuried [Sba. sdehtnct 

| | 4 a inst}G@r. |f. FT ¥ 

| | 

s i 4 SS z 
Note ehonge! from Problua 13 in that columm for hoight of instrumuat above. 

x é Colum F is for clovetbion of top of flag, . =: a 
Do not forget to indicats on lines what: sto$ions thoy aro“bo. Some bad orrors © 
Inve arison from disrogard of this, Keop stations in abbroviatod form in notoss
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Fiold glasses aro an immonso holp in picking up stations, After shooting all 

stations which con be soon frem ono ond »f tho base go to the otnor ond and 

sot up. If eff comtur wake propur ellowenco in orionting by backsigit. Chock 

with compass. DO NOT FORGET TO DLOCK THs COuPASS i THROUGH OA TO Su TiiaT 

STRIDDIG LEVEL IS FIRULY ON IS POST. Lcasure hoignt ef flags with pocket tape 

or othor conveniont instruaont. If nevud bo you can use the seale on the 

alidade. Tho noarost foot is onough. Now you will have intursvctions on 

most of tho East Dluff stations, Put news squarcs around their locations. 

Of thou choose the one with bust intersections and go te it. Trail up bluff 

is marked with sign at the bottouw. Use it in proforonce to dircet climbing. 

fake tablo apart for convonionce if desired. Se sure to carry alidado in its . 

cuso. aftor a rough climb cieck adjustments at first station. Sot up on 

station chosen and. change tho square to a triangle to show that if has boon 

aceupicd. If you sot up on rocks do not forzot the cautions to be observed, 
‘ flidades arc not intended for rock bruakers! DO NOT FORGET WHAT Tits CONTROL 

LEVLL I3 FOR or to check its adjustacnt. It gots out of adjustmont from strilcing 
tho side of the case in carrying. Do not forget that you MUST sight the other 

stations on tho bluff along its feco. This is af vital _ importanca and cgnaot 
be, nvglveiad., If you cannot sec thum frow location on tablo try anothor placo 

on table end trensfor line by drawing ene parallcl to it through map location 
of station occupiod. amovhor trick is to have your companion go to tho other 

station and wave a flag on a stick until you can svo tho spot. Wow you will 
be ablo to got shots to the South Bluff stwbions. Koup on joing to now stations 
cach of which has proviously beon voll locatcd. A plan of movements is esson~ 
tial to avoid pilings up a cumulative error. Make cll possible check sights. 
Always use the sights from the base for oricntabien whonever possible. Think 
over tue intersections you will get and how they will stroagthon the accuracy 
of tho map. Bo not forget that in somo places rescetion is just as accurate 
as intorsvction and usy tiis faci to save having to ge te some stations. It 
is better to lot some stations go than to got to thom so Late in the day that 
you vould have to doscond the talus in the dark for that is vory dangerous 
both to you and to your instrumonts, SPORE LAAVIUG ANY STATION CHECK YOUR 
ORIENTATION BY RESIGHTING TH FINST SHOT. Look eut for readin-s of other than 
middlo wire. S 

In the cvoning first gy.-3 what you ide vory. small dots. for station 
> ocations, lines between stuvivun uccuyy insidy the squares er trianzlos. 
srase otusr linus and tomporary notus putting names on final locatiens of 
stations for lator inking. Also ink the line for nagnetic north which was used 
for coupasa oriontation, Nov scalo distances botween stations (except the 
bese waich should be show as measured with the tape). Use cithor the alidado 
or a s00d scale. divided into 50ths or 100ths of inches. Use lons for oxtra 
accuracy. 4tocord these in oropur columns of notes, Study Problom 13, 

' : - multiply the dis- ~ 
tance uy the naturcl tangont oi tho verticar anglo. Tangont tablu is provided, 

2 as doce ed Sign of Uiiioroncos of olovavion recalling that most of 
thom aru foresights. fipply thoso readings to olovetions of instrueec.t to cot 
vlovations of flcgs at stations sichtcd, Fill out all tho colums excopt 
chat for He F. whoro you did not visit the station, For thuso stations you 
can only give the olovetion of tho flag. You will undoubtedly find that readings 
t9 the Bade station from differcnt places do not all chock. Tho chicf causo 
cf this is orror in scaling the distance, Remombor tht steop angles cause tho 
geatest orrors from this reason. another orror is to road the wrong wire.
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In throe wire iastruomtns this causos an orror tf 17 minutes. In/five wire 

. dnstrucuonts the crror is @} minutus. Reading the false € on tho index causos 

cn error of 29 minutes. Ovner orrors aro duc to incorrect counting of the 

divisions on the are ( not tho vornier on tho indox). Sheek all compututions. 

Disrogard rosulis which diffor widoly from others. If tho work nas boon well 

done, particularly the intersections and scaling, thu-difforoncus in slevetion 

cbtuined from difforemt souces should not differ by more thin 5 flict. Sofcro 

puttins dow on the map the olevation of a station w-agh the probablo accuracy 

of tho difforcent observations. Give profersnce to low vertical angles, 

also consider the probable accuracy of tho v.ovetion of the station from which 

each sight was tokens For instance on orror botwoun the two onds of the baso 

line would affoet cll shots from one ond‘of the basu. ‘non finishod clesn up 

tho mop aud ink in the ground olevations of all stations which you have dotor- 

mined and also place tho flag slovetions of stctions sighted bub not occupied. 
Those cro diutinguished by squares instecd of trianglus, Romombor the rule that 

s all lottoring should by read from bottou (south) or cast. Licke Lotboring 
porallol to south side of mip whoroover possible. Givo chevations to nearost 
foot only. See new Giréciions for final map. 

Treverse with plane tablo and teloseopic: alidado. 

Lietoricl: larso plone tablo, tolosconic alidads, stadia Gable , adjusting 
pin, noto book, magnifying class, hard poneil, stadia rod, fiold glassos if 
possible, 

liethods _ Wes .dll heave to make a traverse through 
the arcas assignod to your party for mapping. “Kocp tho samo alidede you hed 
on the first day. Check all adjustmonts first. Use same shoct «s on provious 
doy. Obvcin informetion on nearest vonch mork and its Clevation. Check over 
tho locetion of your party's aroa from the loccetion map. Go to tho bonch mark 
ond prepare to start a traverse to the aroa, Do nos sot up table over tho 
bonch mark. NLVER SET UP ON PAVSLEnT or trayelled part of a mein road. 
Romomber cautions about leveling. Your traverso will normally bo made by the 
Every Other Station method using coupass oricntstion, Look out for Local 
attraction from fences, reouforced concrete, stovl culverts, ote. Chooso station 
locations so as to got long shots whore noeded. Lark stations (table locations) 

_ with triangle around a dot and turning points and other rod points with square 
around a dote Sot up table and take a backsicht to the beneh mark. 
Continue with forosight to turning point.” Thun co beyond and ropoat — 
tho process until you roach tie aroa. Soo form of notos on noxt page. 
hon you roach tho area try to determine as mmy clevations and locations of 
foaturss within it as is possiblu. Traverses avod not clways follow roads. 

In April it is possible to run through a lurce vert of the woods. Work turning 
poinss so you con find thom ogain. Red rags aro bost in the wovds and small 
piles of stones eloug the sides of reads, Choose contrel locctions for stations 

in the area from which you ecm sot sovoral, sidushots to recognizable points. 
Hake separate colums for t ego in your notes.’ The purpose of thig, survey is to 
hclp you Lloewatu contours in your area. Plan it ccrofully. thréo/ days are 
allowed for this kind of work. NEVER GO AVAY FROM YOUR TADLE W121 TIL] ALIDADE 

OW It. thet is tho tino tho wind will blow it over or a cow noso it. 
Vhhonever possiblo let sunliant fall on faco of rod. Hold bost ond up under 
conditions of cach shot; black against sky, waito against woods. Plan your 
traverse to closo back oy points of bosinnincg, Sceies” 1. inch = 1000: ft.
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Garo in planning statien and rod locations will make sigitts Longor and progress 

. moro rasid but do not take so many shortcuts us to make you miss the peinis ef 

vhich you will noud clevations. KGap TWO sais OF OTSS, ono by the Beaman 

systom and whe othor by the angle system. Lake Beaman reauings first, thon move 

ne widdlo wiro using slo motieu scrov uatil it hits 10 fost or top of rod, 

waichevor yeu profuer, thon wave rodiacn en or to lay down rod as case may bo and 

road englo. COMPUTE Nai DIFFERENCES LGRDIALOLI. fhen compare rosults of two 

mothods. If thoy do not agroo within a foot or so ropvat readings. Fhange 

slaces as rodman ond instrucnont man whenever that sovus desirable but be sure 

to show whon in notes and make times oqual. Elevations nocd not bo computod 

in ficld only not difforonces. Failure to havo those up to detec is a doworit. 

Koop notes noably and uso eraser if you have to change a roading. Avoid soft 

pencil, Try for Lovol shots whenever possible romomboring rulos for reading 

other than middle wire. Uppor wire roadings aro + angles, levor wiru ~ anglos. 

Computod difference is HALF INTERVAL. Othor rules samo. Do not confuse with 

ston mothod wnich uses full interval. DO WOr FORGST TO CENTuR TH COM ROL 

LEVsL FOR EVERY SHOZ, Roviow your copivs of Problows 11 ond 12 to make cortain 

that you lmow just what oach colum is for. Gketch in roads, stroaas, luke 

‘ shore, otc.as you pass thom. LOCATZ CONNERS both on outsids and inside vf ; 

sections. Got their clevations if possiblo. If you compute clovations in ficid 

sketch contours wuonover you heave timo.. Do not forgot olovations of read cornerse 

. In tho ovoning after your notes navy bovun inspectod soc that they are 
copied correctly in notebooks of all mompora of tho party. Show whon instruucnt 
mon changed. fFhon chock all compusations. When agrocuont is roachod ink in 

your survey showing scction and subdivision linos, wain fonses, stations and : 
turning points with olevations of ground .t latter to nearest foot ( with 
0,5 foot take ovon foot.), lakes and stroaas, roads, otc. Givo clovation of lake. 
Show names of party, scalo, md north point. ALL LaTTERLIG MUST BY READADLZ 

FROL SOUTH OR EAST SIDS OF Tils WAP. 

In case you noud to survey a railroad uso the Every Station Mothod oricnting 
tho table by backsights. Uscrk stations with shout of paper on a teaig or havo 
rodmon hold rod on thom. Pus mark diroctly wader location of poins on tablo 
not under contor of tripod, Aftor having sot up in saao vay over what otheor~ 
wiso would have boon a turning point use tho rod te mvasure the hoight of tho 
table above the ground. Sntcr this in Rod Corroctien colwm troating it as 
a backsight with + sign. intor a @ in distance evlum ond in onglo colum 
in the anglo notes md 50 iu Beaman ere colum. ‘Thon use rules as usual. 
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; There is no mystery about on alidade and no noud to take a half a day to 
moke a Singlo sigitt as some have donc. Road over dircesions tie night boforo 
starting and ASK QUESTIONS THEI. Bo sure you undorstand notes. Uso lottors 
for stations and numbers for turning points. Extra shot» orc SIDE SHOTS; add 
Spocial colums for thom in appropriate placus. Wateh te soo what wiro you 
read overy timo. Noto tho qudtor Sntorveal wires in somo instruments. 

; *- These who herve not hed sufficient trevious exccrience aust 
do ever + rrretice treverse rerr ce wm until both verticel end horizontel clesure is 
s-tisfrctory, Do tris urcblen on your ¥rrucing rerer cevar sheet. 

at first do net tr, rerding vther then middle wire!
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Loposrepna. Esch ncnber of the prrty vill be responsible for a tonogrephic 

and odterop. ghp.of Gpproxinately 'ya square wild. Wile ba fSatecdrent dem with: 
tae elidede he wiflwork mainly on his porsonal area and should thereforc-heve not 

only somo unown olévation points but « start on accurate contours. Naturally the 
telescopic alidede will be used mninly in the moro open parts of the areca and along 
roads end trails. In April it is possible also’to go through the woods wherever 
there is not too much brush. In the foregoing noto forms there is no colurm for 

SIDE SHOTS, Add one at right. Side shots are foresights taxen to points like 
fence corners, lakes, culverts over strorms, crests of hills or ridges to obtain 

data for locating what is to be shown on your finel map. As far as possible the 
rodman should mark those points where there is nothing by which the spot cen be 
later recognized. "Syl regs".on troes ~ or sticks stuck in ground are good. Tho 
computor of the party is to keep the figuring of all notes up to date and report the 
results to the instrument man. This job reauires work and is not an opportunity to 
catch up on sleep! 

. Bounderies. Your next problem will be to toll whore each man's saree begins and 

ends. In gonerel you should be able to locato cither-one corner of one of the areas 

or sone lendmark which is 2 Imown direction ond distrnce from such a corner. Locate 
this with o rod reading. Next use your location mep to lay out tentatively. the out~ 

line of tho arenas. Study this map to see the dimensions of the sections and their 
subdivisions as iven by the U. S. Lond Survey. ‘When rosurveyed these nay not nll 
check exectly but lnrge errors should not be expected, In lnying this out on the 
table renomber the DECLINATION of 4 degrees BAST, In anmse you cannot find 2 corner 
DO NOT HOLD UP WORK looking blindly for it but go cherd with the mep end when sonc- 

one ern Inter show you the corner then locate it. You comot find corners with 
certainty unless you follow tee lines which lerd to then,. Most corners ore nerked 

by intersoction of fenses, Others have a strke in center of o pile of stones, 2 

pile of stones without ony strke, or rarely on iron stake, In trying to follow 
fences do not be misled because some are strung irrezularly from tree to tree. 
Renember thot fonece wires attract :rour compass so sight parallel to fences not righ* 

alongside thom. Many property lines which mre not fonces are blazed. Look for 
ald healed blazes which can be distinguished fron accidental scers by being on both 

sides of = troe et seme olev-tion from ground. Sone of the Strte Park corners heve 
cement posts with signs on them; »t othor vinces there are snoll "Wild Life Refuge" 

signs. Fences on property lines aro comionlr nore substantial then are the nore or 

iess torporsry fonces within farms. Jt will in most areas be uneconomical to try 
+o traverse all of the outside with the telescopic alidade. Run lines to some of 
the corners and across the more opon parts of the arca, While doing this do not 
neglect to nap whet topography you can, using = 20 foot interval. Get all you can 

done in way of locating rocds, trails, houses, ond rock outcrops while you have the 
telescopic slidade with sou. ( To finish the crea you will herve to split up end each 
work alone in the more densely wooded parts of the aroas.) You will probably strike 
interior as well as exterior corners. Do not neglect to identify them by scaling 
with alidade base. It nay at tines be desirable to detach the computor of the party, 
to scout around slone and hunt for corners, To do this he mst have a compsss and 
if possible 2 barometer. Take these instrunents along although not celled for apove. 

The scout nust calculnte how many vaces to + mile. When he starts on a linc he will 
pace to this distence and then nark tho spob and circle until he either finds o 

. corner of his personal area or decides there is none. In lIntter case he may vant to 
carry on onother + mile and look for the next. Renember thet nost of the bluffs is 
held by fraarie farmers in smell 10 or 20 ecre woodlots so expect to find other 
boundaries than these of 40's. Note "tinbcr boundaries" show by different ages of 
cutting, Many of these are dlazed, The scout should keop notes--see sample. In 

general he will endeavor to thus lesrn his personal area.
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Completing the tovosrrshy, etc. 

Motericl: Sketcaing board or plane teble, sheet of . pepers 

Brunton, herd pencil, note book, ereser, aneroid brrometer, wtch. Field classes 

end talle;y resister desirndle and « hand level is usoful 

Mothod: In order to finish the toporrsnhic ond outcrop mop of your sauerc 
rile it will now bo necessery to bromr up the party of three . ‘ 

. Ono of tue party will noeta soction of the sheet alrota; made with tho large 

plenetrblc byt the others must trensfor tho dntn on their orens to other shoots. 
In tronsforing shoot to snothor table DO NOT FORGET THE LAGNETIC DECLIVATION} !! 

ha'ce conics witn thin prver nd errbon popor using hard pencil. On renching the 
field you vill st-rt cb * udint clrecdy fixed on the map nd run ouy tho lend lince 

not previously trrversod. It is orsicr to do this with tho corprss than with sc 

: plenetrbl>2. Bo sure your*corprss kos the declinotion set off corroctly. Check by 

Sighting slong - line which is morn to be north mud south such as tho ono fixed bry 
observins Polrris, Romembor thrt in isvying out lines on the plrnet-ble you sheuld 
neke the Gistences betrveon cornors wart thoy sro suposed to ve (usa serlo of fact) 
not what -our v.cing orkes it. Directions my, howover, be mode wint the coupess 

melsos thon. It is woll-to Zisure tho number of peces for = niles this sill ucke it 

ensior to lnow when to ompoct n cornor, Sono lines on rows: fround cannot bo p-ced 

end “ust be nonsurod br intorsectim, rosection, vortierl mnglo, or by actourine, 

You will probeoly vent to run s0m2 cothon Lines with one or more neiabbors. 
Vaile ~ou sro trevorsine tho exterior of yur eres rerd the orronctor, 

be surc to sot this rt'csrn, Try to visit «11 mem clevotions y7u cen during the 
dev. «#t thon recd end compute tro error for lator use-in-arking » curve. «Koop 

tives. to necrest five minutes. 4s wo do not hrve thermimoteors onc thc proprbic 
texupersture will not bs ier from thet to whieh tho instrunonte fro set no attempt 
will Do medio to co*ponsete for tompaersture. Sco Problen 1. 

Worn of notes for sneroid 

Sa eer eee | Loention | Time : Rending ! Correction “~ Blovrtion EAE 
eS ee 

Eork stpeicht cheexs with circle and cross checks ~ith cross snd lino lercins to 

the other rescins or rerlings ot srme place, Renmenbor now the slope senile e-n 20 
used to scot Btrrigit checks. Try it whenever you can see 2 plrce of mown clevation 

ot o known distance. Although it is true thrt snoroid rosdines ernnot bo fully 

eorrected until the ond of the day do not n71d_up tac drevin: of contours to weit 
for this. Estimate the correction fron thrt at tio Inst straight check end drew 
tontetive contours which ney be corrected Intor if noed be. Do not forget to map 

outerons; vords, trails, buildings enc foncos if on Lindos, Show cll isnd corners 

you hove found. Use the level whonevor rou nocd it cither to level up inoortent 

hills or to simit.to imovn clevrtions. Get hoight of vour oyo noove tac round. 

On the first dry tre to <o around the outside of tho cron first. DRay. NO SOUNTOURS 

EXCEPT OF T=a GROUND YOU ara LOOKING £1. Dolrer merns losing the mein adventr-:o of 
this kind of memping. Contour sprcing senlos can bo used. Koo Roving to mow ....- 3 

loertions when Growing contours. Keep looking brck rt whet. you Anve done snd orase 

if you do not think it is right. Prectice meke porfoct. Roenerber thet tara true 

‘test of cecurrcy in contouring is to mirke the mep so:thrt emyono enn Loerte hizself 

on it from the features shovm without having to mensure Gistrnces. UTrv to rork 

in as cfny srcll dotecils rs +ou crn, Most beginners <cnerrlize rltoscther too auch. 

Thore bas not to dete boen sny wholly sceurnte nap of the bluffs s6 try for this 
iderl, Try to sco ss buch ss possible of our “ror,
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Use of sericl paotograpks. Aerial photographs ore an aid of immeasureble 

value for they show features not found on maps and enable one to get a view of the 
ground from above. Please do not mark them, please do not taxe them into the 
field without special permission which will be granted only if you have means to 
protect them from folding and soiling. Make a tracing of trails, roads, timber 

boundaries, etc.,in your sresa to put in your notebook. Follow methods of Problem 
16 to make this - real map, 1:20,000, in evenings; ink in end add elevations you 
heve determined. Use stereoscope to sketch 20 foot contours of features in your 
eres which show out well. Much detail can be worked in if your eyes ere good and 

you usc a.sherp pencil, Check form of contours by tracing directly from photograph 
we ET. Tf you heve a rainy or snory day you can enlnrge this aerial 
mop entd=spour field. scale of 1:12,000. Use system of squares, say by subdividing 
the forties into 10 acre patches. Show timber boundaries. Some outcrovs can be 
leacted fromthe cir. Note, however, thet there are changes due to logging sirce 

the pictures were tuken, also new roads and traiiz not shown on them, Try to work 
; in all practicable cetail mend make proper corrections to present conditions when 

your deta is checked in field. 

Remember thet the drainage is the kor to the topegraphy, so be sure to get it 

outlined first. Do not sketch contours too frr sway; traverse to the now loc-tion 

or valk there ona then locrte yourself. Do not guess; try to be as precise and 

deteiled as you can be. Your scxle will permit of showing fentures 20 feet across 

end 20 feet high. Use two or three point methods of lecation, if necessery. 

DO NOT FORGET TES ROCK OUTCROPS out do not map tnlus and broken rock. Obtain 
dips by getting rour eye into plane of beds and then holding Brunton compass or 

Abney up sco it lines in with edge of bed. Then center bubble and rend dip. Record 
on nep. Gct strike by sighting 2 level line on a bed and then orionting teble and 

shooting it in. Seo symbols in outline for abbrovintions. (Non—gcology students 

nay omit.) 

Above romarks epply mainly to the open part of our crea, Parts will be so 

denscly covered with vegotrtion that even in April you will not be able to see very 

fer, Either take notebook ond compass only or table-top and compass. With this 
treverse N-S ond E-T7 lines through the wooded part cf the orea so that you will be 

assured that you heve net missé. anything of importance in the way of topogrephy 
ené outcrops. Unless the,topogrephy is of very large features (corrse texturs) you 

- should go through tho ared® at least every 1/8 mile, otherwise every $+ mile both 
North and South and Esst and West. Boundsries of lots ere shown by blezed lines 

ond bounderies betweon different ages of cutting. Do not forget to traverse in all 

imortent logging rooads closing such traverses on corners or points previously 

surveyed. Use protractor if ven use compass nnd keep 2 record of courses run in 
your notebock, Use Brunton to mensure slope of ground so thet you con fill in con- 
tours Iter, Read bnromoter as usuel keeping notes es before. You can secure fro- 
quent cross checks if you trneverse in a system of checkerboard, that is first North, 
then West, then North, and so on, for instance, This will bring you to cornors 
previously detcrminod nt more or less regular intervnls. Nake side trips whenever 

possible to securo straight checks. [ndierte positions of aneroid rondings on map 
as before. Also map drninage and if possible draw tentative contours as far as 

you enn. see from the line lerving them detted. Indiente slopes with usunl slope 
svmbol with murber of dogrces given at apex of trianglo.. At night rdjust aneroid 
rendihes end trensfer corrected elevations to map shect. You cm then finish the 
contours botwoen lines of treverse. Sone have followed the method. of devoting the 

first two days to securing onc: adjusting elevations and the third day to sketching 

contours in the field. This seers to be a good plnn. No meps will be accepted 
unless the CONTOURS ARE ALL DRAWN BEFORE LEAVING DEVILS LAKE. Every nap nust de 
submitted for inspection every time you return from the field, Jf yournsp is not 

sntisfoctorily completed, return must be nede to Devils Lake to finish it ct a 

Inter date, ot your om expense.



== 

Edition of 1941 

After the return to Madison you have the option of either (a) inking in 

the map sheet, or (b) tracing the map on tracing cloth or paper. In latter 

case, a sheet the size of this page, 8s x ll, can be used. All 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-made features (culture) black. Follow U. S. G. S. style except to nake 
section lines solid. Fences need not be shown except where very few. Do not 
attempt fancy lettering but make 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 

7 complete the course for 3 credits, but be sure to inquire if all work is done. 
This course cannot make you a skilled surveyor, but should teach the uses and 
the limitations of the different instruments commonly used by geologists. 

Blueprints of tracings will be accepted, ~ ; : aS:
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Amendments to Devils Lake Directions, 1952 

Testing Alidades. Tirst make normal adjustments of the alidade indoors, Set 
two stakes about 200 to 300 feet apart on the open area west of the railroad tracks, 

Set up the instrument midway between the stakes and use the rod to find the 
Gifference of elevation of their tops. Set uw alongside one of the stakes and 
measure carefully elevation of axis of telescone above the top of the stake below. 

Use rod to do this. Then compute what you should read when rod is held on top of 
other stake, If it fails to check adjust horizontal wires, Do not change the 
batvle of level. Then follow old directions. Measure baselines for stadia check 
ani sor intersection baseline with steel tape always on ground except across 
railroad tracks, Since Fast Base is much higher than West Base determine average 
slope of the more steeply inclined part of the base and use a table of cosines to 
find true horizontal distance of this »ortion, It is absolutely necessary for more 
than one party to measure the base, Some may prefer to hold tape level and use 

. plumb bob. Check one another, Checl: zero and 100 foot points on tape, The most 
common error is to make the line 100 feet too long. If a pin is dropped at initial 
point then the rear man has in his hand the correct number of pins for tape lengths 
Vol counting the lest pin in the ground, (Low's method is to not use a vin at start 
acd then comt the one in ground at last full tape length; this is not advised, ) 
ever count a pin for the fractional length of tape at the end, Remember how 
engineers always count number of tape lengths (hundreds of feet) and record for a 
mile 52 +60. =sample: 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, At 1900 
feet the recr man will hold 9 vins, If the end stake is 70 feet farther then the 
votal distance is 1970 feet, Hence the pin in the ground at 1900 feet is NOT 
counted nor is a pin coumted at 1970 feet. The check or testing line should be 
about 1000 feet long, The intersection baseline is in a different place and as 
long as possible. Get advice on location of ends of this line. 

. Trial Traversee Use a small sheet of paper fastened to planetable sheet with 
masking tape. Letter neatly and hand in without inking. A good place to run this 

trial traverse is just east of cam along the quarry railroad and the road north 

of the camp, and back through the camp's area. Look out for local attraction of 

rails, air line, and well 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 paper showing both vertical and horizontal errors of closure. Be 

sure this is checked before leaving for your area in the field. Every 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 planetable sheet. After measuring distances, trace the entire problem 

carefully onto a piece of tracing paper and ink this. Inthe notes add a column 

for tangent of vertical angle. Use the tangent table. Your party map must give 

scale, exact location of stations, lines sighted, and ground 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 ready for the traverse survey 

of your areas 

Traverse Surveye * ; 

ks ie ewes . Use scale o1 1 inch = 1000 

feet. Be sure to get directions as to where 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). All notes



aids 

should show full interval rod intercept, corrected by proper stadia constant if 

necessary. The f #¢. constant is generally negligable. Do not multiply by 

stadia constant (stadia interval factor) except for platting (when corrected to 

horizontal distance) on planetable 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 compute. Do computations 
at once and systematically. Keep column for © computation of elevations. This 

portion only can de deferred until night. All instruments with Beaman arc must 

keep duplicate set of notes, one in each system. All instruments without the Bea~ 
man are must keep two independent sets of notes reading a different point on the 

rod in each. In such instruments the level reading (with striding level centered) 
should be placed below each oblique angle reading when telescope is pointed to rode 
Remember 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. 
: Even 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 commutation. 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. 

Reread whenever you find a disagreement of greater magnitude. Otherwise never 
alter the notes. Get all data you possibly can onto your planetable sheet; it 

helps later. 

Field Mapse Some will use planetable top, others sketch boards. Not every 

party can get a barometer. Use scale sume as traverse, 1 inch to 1000 feet. Do 

not enlarge. Male copy from planetable sheet with tracing paper and prick through 

control points, or you can use carbon paper tracing with sharp pencil point. In 
stead of using a "pacing scale" make a small table of feet for every 10 of your 

paces up to 90 in your notebook or in border of the map. You can then find number 
of feet for any number of paces by simple addition of hundreds (decimal point 
moved one place to right), tens, md single paces (decimal point moved one place 

to left). Plat the paced distances with your engineers scale. Plat compass 

: directions with protractor. When following lines have one man do pacing, other 
leveling, sketching, compass work, etc. Change places on the separate areas so 

each man draws his own contour$ The odd man detached from a three man telescopic 

- party will be sent out ith one of the men from the party in an adjoining area. 
Do not go out alone ~ for one thing there are not enough instruments. Remember 

that road and highwey hills are contoured just the same as natural features. 

Areas drained by culverts are shown as depressions. Permanent streams do not 
have grass in bottom. Note underground streams in many places which flow only 

in wet weather. Your final map should show all features which would aid a stranger 
to find his location on that map. DO NOT TAKE OUT ANY AIR PHOTOS MAPIGD "OFFICE 

USE ONLY" OR "RUSTRICTHD OFFICE ONLY" We must hsve a full set always available.
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Devils Lake instructions, 1941 

CONVENTIONAL SIGNS p. 14 

CULTURE (black) 

Building e School house & Church & Camp a Public road in good condition === 

Road in voor condition or privates=+Trail not open to wheeled vehicles— — - - 

Railroad, single track +—+Railroad, double track ===¢ RR, temporary +-+++ 

Tunnel}... State line — -.County line-—~- Civil township line -—— — 

U. S. tewnship line ——— Section line, where subdivision lines are shown ——— 

City limits —.—.- Reservation or state narizs line —~ - Land corners found + 

Traingulation station Boundary monument Well, non-flowing o 

Well, flowing, in rock gi Yel, flowing in drift ox Exploration drill hole ¢ 

Oil wells-drilline %@ Oil well © Gas well te Gas md oil well 3 Dry hok 4- 
Dan «=  Ceuetery “+1 Bench mark x 2M pizhthouse 3 Quarry 3 Dump ve 
Shaft @ Pit in drift o> Road cut = Fence, barbed wire ES 

Tiber naa Sine ars ; 
Timber boundary aw Section line, vhere subdivisisn lines 

are shovn----- Subdivision linos----- 
* RELIEF (if colors are used, brown) 

Elevetion of definite noint 793 Cliff Slove, gentle >> Slone, stecp = 
Undulation, gently ~~ — Undulating, roughly “NY Sags and knobs, gentle ~— 
Sags and mobs, nronounced WS Flat === . Plain, pitted ~W- Sand or wash *:. 

Sand dunes Z\ Contours, numbered ¢007~ Make every fifth contour heavy and 

number it as shown. ze 

WATER (if colors sre used, blue) 

Stream, permanent 7“ “7 Stream, intermittent --""\_.-’ Ditch ——— Springo 
Marsh, fresh -t+ Marsh, salt = Tidal flat = Lake, intermittent QB : 
Glacier or make blue contours on the ice oS) Lakes may be left open 

GEOLOGICAL 

ae 
Outerop of sedimentary rock, horizontal or unknown dir <= dip known =— 
Outcrop of igneous TOC Outerop of gneiss or schist ~~ Bowlders or talus 

Gravel pit ¢ Clay vit CL eek 
Dairift Sesand T+till cgeconglomerate ¢l=dolomite is=limestone 
sl=slate ct=chert qz;quartzite sh=shale ss=sandstone Bt=basalt 
Dr=diorite Gn=gneiss St=schist Db=dinbase Ga=gabbro Gr=granite 

Po=porphyry . Tr=<trap 

SOILS 

cl-1 = elay loan sdy-1 = sandy Loam 1t cl-1 = light clay loam 

TEXTURES AND STRUCTURES 

amg = anygdaloidel gns = gneissic por = porphyritic sch = schistose 

str = stratified tkb = thick bedded tnb = thin bedded xb = cross bedded 
xin = crystalline xin-c = coarsely crystalline xin=f = finely crystalline 

COLORS 

bf = buff vk = black br = brown bu = blue ék = dark dr = drab 
gn = green ey = eray Ut = light ra = red wh = white yl = yellow
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Fah WESTERN LOCATION WAP, 1951 12-13 
Departure of east-west section lines from normal + or - in feet. Note odd 

lengths of 40's on % and N. sides of townships. Closing cerners on township 

line (E-W). not shown. On Highway 12-13 in NE,Mi, sec. 15, T. 11 N., Re OE, 
U. S. C. and G, survey E. lM. M109 NE end of east base of railing y ft. above 

pavement B. M. = 984.4 Other B. i. on highway were removed during reconstruc 

tion but level of pavement may be used, U. S. G. S. B. M. We ¢ post $-10-6=848,3
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CENTKAL LOCATION MAP 

tT. ll Ne, Re, .6 and 7 Be 
- Excess or deficiency of E-W section lines shown in feet + or ~ 

: E-\ width of western 40's shown in feet S&S. township line normal lengths. 
RKailway is double track 
See 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 
All north-south lines are normal unless noted. 

1951
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Elevations on U. S. 12 S¢ p. 34-11-68 = 870.2 MW 27 (Paul Zantow farm entrance) 
=323365 NEgNig 27 (entrance to Myrtie Zantow garage) = 1192,0 

_ U. S. 0. and G. Survey B. M. K109 on concrete culvert 22' E, of center old 
pavement, 2' below road, 18 N. of side road near S. line 27 + 1055.2 emoved 

U. S. C. and G, S.B. M. L109 on concrete culvert SS corner of headwall, 18’ E 
center of pavement and same level Nig 22 = 1096.@removed) 

C. and NW Ry. 5. M. topfoundation of signal tower N line 24-11-68, = 971.9 
. top foundetion signal tower N line 25=11-6E = 991.8 
” base of rail under signal about 100' EW. line 29-11~7E = 

" 954.0 : : 

3 : base of rail at former signal bridge NE,SE; 29-11-7E =906.0 
; " top of W. coping of bridge over town road, about 580' S of 

N. line 32~11-7E = 884.7 
C and G. Survey B. M.s have metal plate with number but no elevation. 

: hailroad B Ms are not marked; locations approximate. ; 
-. Trianguletion station under tover of hadio Station WiCF assumed to ke 1620 elev. 

Flight numbers of air photography shown at top, 

Deyarture of east-west section lines from normal shown in feet # or - ;



CHOLOGY 11 
inAd FILG 

Determinetion of true rorth fron Polaris Edition of 1943 

Bosed on Spaulding, G. K., Traiving sanual in topocraphy, may reading and 

reconnaisance, U. 5, War Dept., 1917 : 

Materials Stroug twine or fish lize ebeut 30 ft. long, weight, two stakes 

several fect long; one stake less than 2 fe t long with cross ber nailed * 

to top, 2 needles. axe, two flush lights, pocket tere, scale divided into 

tenths of inches» 

Methods Study the diagre.. to see how Boleris ic found frow the pointers of 

tue Gipper- Folsris is not exactly on the projecticn of the earth's axis bui 

roughly a degree off. It appears to an observer to revolve in a suall orbit 

in a counterclockwise direction. Comare with uirection of motion of sun. 

Study Fig. 1 for definitions of four different positions in this orbit. 

At two of these the star is directly north (on the wedidian). 
Folaris is found at an angle esove tic uorthern horizon (Yigs 2) opproxiua- 

f icly cqual to the latitude of the point of observation( et both elongaticnus 

: it is exactly cqual). Study Fig. 2 te see why we wust know the letitude of 

a locajity with more and nore exactitude as we go north, also why no accurate 

sbseivation of kolaris for dircction is pos ible in the far north. ; 

If :.u tamed a revolution of Pclaris 

Pointers -~ mg ae you would digcover that it is com- . 

\ bILPER pleted in 23 hrs. 56 min of earth 

Upper culuinatipn Tae time or "mean solar time". The 

: a {24 f <—~* “hour angles" given outside the 
See ae Se a circle represent hours after Unoer 

e Way : = Culmination in "siderial time". 

go é mS The difference between this star 

a : eee time and our earth time is due to 
/ ee * the fact that the earth goes around 

J aot Z ee 220 the sun every year. We do not 

2 x \ have tc compute the d.fference 

: ae \ between the two kincs of time 

aa \ because it is tvo small te make 

oe \ a material difference in eny one 

Ey ; set slongavion x ue East elongation | day with observations to be used 

big ’ Pole sue only with the hand compass. 

| a. - But it is worth noting thrt 

\ eee j Polaris comes to the same pos- 

\ ge / ition sbout 4 minutes earlier i 

\ o | every days You can lvok up the 

\ me cxact times cf each position in 

as 2 4 J the ephemeris making corrections 

a ; = 16 for both days since the one 

ae ey é given ond for longitude. Where 

x . x we live the latter is not important 

~~ Tower = eee for comass observetions- 
eee Galen eatin ok then you do not heve a table ee 

\ i Eee \ eee still get tine of culmination very close- 

ee = ly by wetching to see when one of the 

gy, Ae dotted linus to sezoud ster from left of both 

| Dipper and Cassiopépa cre on vertical line below 

gah Folaris. ‘The Dipper line passes this position 

CASSIOPEIA about 8 minutes ocfore Upper Culmination and the 

Cassiopeic line about § minutes before Lower Culmination. But this 

does not always occur during the hours of darkness or muy be et an inconvenient 

hour. Spauldings method is to imugine thet the time is shown on & celestial
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clock with Polaris at the centcr and with the lincs to Cassiopeia and the 
Dipper «s hands (both hour hends). The hours of this clock run in the con- 

trary direction to the hour engles :nd each represents two siderial hours. 

You can make «a clock frce out of cerdboard with a hole at the center, Then 

hold this a> ct right anglis to th. line to Folaris and read the "clock time” 
by holding out « string or ruler until it touches the proper ster. 

Near the twocukaigetions tine iaust be estimuted within about 15 minutes dut 

near the clongations such accur:cy is not nucded 

Study Fig. 2 to sec why as letitude increases the divergence of the planes 

from zenitn througi the clongetions increases at the surface of the cartn or 

HDG 2s Star True FIG. 3 
Zenith ay Orbit of Polaris ae — 

ine Of = ee \ 
: sight y So \ 

* a 

Plumb : S : \ 
ne, “ a - _ oe os \ 

: r * = “oat | Horizon 
ee a 

ie ee = €&—- Plumb line 
as \ . ue 

oe + True north = \ 
‘ S oe \ 

no Base Line \ 

T*Btike with cross ber \ 

Steke with cross ba.” 
ct south end base line 

Make offset in seme dire-ti.on 
as star is froma true north 

horizon piane. This is like opening a door by inserting e given object 
farther end farther. Z 

The following table is for 10 deg. north letitude and gives the horizontal 
or horizon engic of Foleris in both minutes and offset in inces per fcot of 
baseline for both hour cngles after Upper Culminytion end for “clock” times” 
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: Routine of observation. Prepare stakes, etc. before dark and if s 
possible select the point for the plumb line and place it. If a tree 
it shovld be as large as possible and the lir+ hang from a stout limb ; 
where the view to north is reasonably free of obstructions, Ground 
to the north must be nearly level, Line can generally be thrown over 
and so tied at one end that it can easily be pulled down when through. 
Place weight on the free erd, If disturvded vy a slight.wind the weight 

can be placed in a pail of water, Choose a time for observation as 
near as possible to an elongation. After you go to the location after 

dark find Poleris. Then estimate "clock" tine. ‘An observer on the 
ground will then line in the plumb line snd star, A flashlight on the : 

line but turned eway from the eyes of the observer will meke this 
possible, Place needle. Then compute offset in inches by multiplying 

the 10 degree value by the latitude factor, Measure base line in feet. 
Multiply offset by this... Set second needle on cross bar in proper 

direction from first necéle. See Fig, 3. Now use two flashlights to 
set the large stake from 100 to 500 feet apart along the line of : 

second needle end plumb line, 3cmore plywo line. Next day finde 
local declination by roading compass on this line, (Line must be 

removed far snough Zrom sources of local ‘evtre stion,) 

Example of computation by uso of cpheueris. 
Madison, Herch 17, 1942 Time 10 P.M, C.W.T, = 9 P.M, 0,.5,T, = 

9:02 Pi, Local wean soler tine. (ec-rection for longitude). 

Upper culmination Greemwich March 15, 1942 eh 16 m PLM, 
Subtract change, 2 days, 3.93 min per day 8 

Upper culmination Greenwich Merch 17 2h 05m, P.M. 
Correct to Long, $0 ¥, subtract 1m aL 

Upper culmination Medison March 17 2h 04m P.M. 

Time of observation L, H, S, 1. Gh -Ogn P.M. 

Elapsed time since Usper “ulmination 6h 5€m solar time 

Change to siderial time add 7 x ,16m EE 
Hour angle in siderial time (st.r west of north) 6h 59m 

From teble Polaris 1 deg, 18 Min. WY of north at 7 hours in lst, 42 

3 ¥ 1 doe, 2l.lins | eee dae in let. 44 
Polaris 1 des, 20 min, Yess of North et Madison (43 deg.) 

Tangent 1-20 = .0233 Multiply by 12 to reduce to inches = 0,2796 offset 

in inches per foot of baseline, Multiply by length of baseline and 

make offset to west of first needle,
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5 eee GEOLOGY 12 
MAPPING 

“veehand lettering after Orth and Maclin. %ee also T. M. 5-230, sec. IV 
‘crows show direction of strokes; numbers show their order. Draw guide lines; 
lower case letters extend 2/3 heigth above and below lines. Practice makes perfect.
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