CALIFORNIA BOARD OF REGISTRATION FOR CIVIL AND PROFZSSIONAL ENGINZIRS

1962 LAND SURVEYING EXAMINATION

i]z::] éggg;; PART 1

Time Allowed - Four Hours

INSTRUCTIONS TO EXAMINEE:

The first day of the examination coﬁniata of two parts of four hours
each. Each part has a total grading weight of 50, The grading weipht
is given with each problem. You are to work all the problems.

ALL TORK TO BE EVALUATZD MUST BE IN THE TORKEOOK. The answers to the
cultiple choice Probloms 1 through 5 should be chown on the Anawver Shset
provided in your workbook (Page 1). For ALL OTHER PROBLEMS, your work
should be ghown on the grid sheets in your workbook. Do not put more
than one problem on a sheet, and use only wne side of the paper. 1f
You need more cgheoets of paper, the proctor will supply them.

Show your identification number in the space provided on each gheot ef
your workbook., After you have completed this part of the examinatioen,
check to inaure that your calculation sheota are arranged ia nuserical
daquence by problem number.

If you think that the problen aa stated canaot be anzwered, or that the
data given is in error and an asgumption is necessary before the quUe G-
tion can be ancwered, make that assumption {(stating the aazumption made
end the bamigs therefor) and proceed with the problem. Assumptions made
to decroase the amount of anawer nBecessary will result in partial eredit.
Unneceaaary assumptions will neot be accepted.

Ia problema involving any calculation, sufficient calculations shall be
given to cnable the examiner to judge the mothod of yYour aclutiom, and
anawers without supporting calculations ¥ill be penalized in grading.
Notea and computations shall be Reat and orderly. In discuassion-type
problems, neat loang-hand writing will be just aas acceptable as priating,
No text or reference material may be used in this part of the eXamination,

You may keep the examination questions,

EHOT YOUR wonX IN THE WORKBOGKV
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DIRECTIONS: Indicate the one answer of your choeice for sach of the
Problema 1 through 5 by ashowing the letter A, B, Cy D,
or B in the space provided on the anawer gheet in your
workbook. You may use any available apace for computa=-
tions. Only the anawer shown on your anawer sheet will

be graded. .

Problem 1 ~ Ut., 2

The cosine of an angle ia minous in the
(A) first quadrant.
(B} second and fourth quadraat,
(C) second and third quadrant.
(D) s&econd, third, and fourth quadrant.

(E) fourth quadrant.

Problem 2 - Wt., 2

Laglo P(a+bis equal to

(A) log,, P * n log, (a + b) —
(B) n log,, P+ log (a + b)
(c) n[E;glo,P - loglo (a +.b£]
(D) n 10510 P - n log,, {(a + b}

() n log,o P (a ¢« b}
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Problem 3 - Tt, 2

Centrifugal force i a function of

(4) angular velocity, mass, moment of -
inertia, and radiuas.

(B) angular velocity, mass, and radiug.
(C) mass and radiua of curvature.

(D) speed, mowment of inertia, gravity,
and momentum.

(E) angular velocity and polar moment.
of inertia,

Problem 4 - gt, 2

In order to determine the relative humidity of a sample of ailr,

the casiest way to proceed would be to

(A) =meazure the wet bulbd and dry bulb
temperatures and divide the smaller
value by the larger.

(B) measure the wet bulb and dry bulb
temperatures and use a Hollier chart.

(C) measure the barometric pressure and uge
& peychrometric chart,

(D) nmeasure the barometric pressure and
dry bulb temperature and divide the
saaller value by the larger,

(E) peasure the wet bulb and dry bulb
temperatures and use a paychrometric
chart.




LS Dzen
PART 8/29/82
Page 3

Problen 5 - TJt. 2

If a telescope is conatructed with a convex lens for the eye-

plece and a coanvex lons for the objective,

(A) the image will appear right aide up.

{B) the magnifying power can be determined
by dividing the focal length of the
objective by the focal length of the
gyepiece.,

(C) the magnifying power can be determined
by dividing the objective lens diameter
by the eyeplece leas diameter.

{D) the field will increase as the dizeter .
of the objective lans is increasad.

{E} the field will decroease as the diameter
of the objective lonas ia increaased.

Problem 6 - Wt, 2

The closure on a level circuit two miles long was 0.70 foot, with

an average length of sight of 200 feet.

On a rerun of the same circuit under identical comditiona,
except that the average length of sight was reduced to 100 foeet,

what would be the probable error of closure?
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Problem 7 - Wt. 2

8

Ia the golution of a triangle with three knowa sides, the

following may be used for molving the anglea:

(a) Bin ®A ,-\/(s =b)e - ¢)

(b) COS%A = 8 (s ~a)

* be

What are the limitation and disadvantage of each of the

abévc formula?
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Problem 8 - Ut, 2

Preasent proof by geometry that "the sum of the interior angleas

of a polygon equals the number of sides multiplied by 180°*

leas 360°.%
(A+B+C+D+ 2+ F=56x 180° - 360°)

Problom 9 -~ TUt. 4

A surveyor runs a line AC = 380 feet, with the center O at the

midpoint of AC, he lays out a curve CB bhaving & ceatral amgle

of 20°%.
(a) What is the distance AB?
(b) What is the length of the curve CB7
"""'_—__-
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Problem 10 - Ut. 5§

{a)

(b)

{c)

(d)

(e)

Uhat type of curve is nermally used as the vertiecal
curve at the change of grade of a highway? What ia
the mathematical equation for thia curve?

Vhat is the purpose of a apiral transition curve in
a highway alignment?

What is the differeace between accuracy and precision
as applied to measurementszg?

In measuring horizontal anglea, what is the fundamental
difference in procedure with a repeating instrument and
& direction instrument?

Vhy are the angles doubled in an ordinary deflectieon
engle traverge?

Problomsy 11 - Ot., 4

Compared to the error in Reazurcaent due to a 0.01 foot errer
in the Jlength of an ordinary 10O-foot gteel tape, would the
error due to the following causes be approximately the same
amount, more, or lesa? (Answer each part,)

e e 7 o

(a) One end of the tape is held cme
foot higher than the other end.

(b} One ond of tho tape is 1% feet
off line.

(e¢) Average temperature of the tape
iz JO°F off standard.

(d} Tension uased ia 5 pounds off
standard.
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Problea 12 - Ut, 5

Shown below iz an enlarged view of a portion of the plan
view of a roadway centerline, with a Pipo paacing under
the roadway,

The road grade io ¢ %% from A to the northeagt
The pipe grade is -~ 20% from C to the north

The elevation of A ig 120 foet and the elevation
of C ia 116 feet.

Draw the figure in Jyour workbook, and graphically deter-
mine the vertical distance Irom the road centerline to the
pipe centerlina,

4

@z(’aa;;/? i ‘45 °

Jeole: /'=/0°
Z Fpe
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Problem 14 -~ TUt, 4

The following statementa are either true or falase. If they
are true, 2o gstate; and if they are falge, give the correct

statoment.

(a) Sound travels faster in a solid
than in a fluid, such az air.

(b) Then light passea from a losa
dense medium to a more dense
medium, the angle of refraction
ia always lesa than the angle of
incidence.

(¢) If the intensity of an electric
light signal ig not zufficient,
and an extra electric battery ia
available, the second battery
should be connected in parallel
with the firgt battery.

(d) In order to charge a storage
battery, the poasitive terminal of
the generator is connected to the
positive terminal of the battery,
and the negative terminal of the
generator is connectad to the
negative terminal of the battery,




LS Bxam
PART I 8/28/82
Page 10

Problem 15 - Wt, 8

The following statements are either true or false. I they
are true, ao astate; and if they are falge, give the correct

atatement.

(a) 1In the California State Coordinate
System, the mapping angle for any
pesition of longitude ig always wmore
than the difference in longitude
between this position and the central
meridian,

(b) To reduce a California State Coordinate
Brid length of a line teo ground leagth,
the approximate average elevation and
approximate average longitude of the
line must be known.

{(¢) In barometriec leveling, it is customary
to use at leaat one barometer for ceontrol
and at least one roving barometer,

(d) The geodimeter converts time of travel
¢f radio-frequency signals between two
pointas into diatance between the two
pointa.

(¢) The accuracy of measurements with the
tellurometer or electrotape depends on
the distance measured,

(f) It is legal for any engineer registered
in California to practice land surveying.

(g) Unlike the measguremeat of distance with
stadia, in the subtense-bar method the
horizontal distance is always obtained
directly, even though an inclined line
of sight is taken,

() The purpose in using reciprocal leveling
to cross a canyon is to compensate for
curvature and refraction as well as
instrumental error.
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Time Allowed - Four Houra

INSTRUCTICHS TO mXAMINEG:

The first day of the examinatiosa congicts of twa'parta of Zoar hours
cach. Zach part has a total grading weight of 20, The grading weight
iz given wvith each problem. You are to work all the problema,

Work the problems onm the grid cheots in the TORTTOOI. Do not put more
than one problem on a zshoet and uze only oae side of the papor. I you
2oed more gheots of paper, the proctor will cupply them. ALL TOLY T0
DD DVALUATDD MUST D2 IN TOZ LODI» .

CRow your identification auzber in the space Provided on each aheot of
Jour workbook. Aftar you have completed this part of the excaination,
chock to imcure that your caleulation sheets ara arranged in numerical
Socquenee by problem number.

If you think that the problom as atated canmot ba angwered,; or that the
data givon is iz orror and an aosumption is Beceagary before the quoz-
tion can be anscwored, make that asocumption (atatiag the acssunption coads
and the basis therefor) apd proceed with the problom, dsgpunptions rude
to docrease the amount of abgwor neceosary will regult in partial ecrodit,
Unnecesoary agcumptions will not ba accepied,

In problomg involving any calculation, guZficient calculations ghall be
given to onable the examiner to judge the method of Your solution, and
anowoers without supporting calculations will be Penalised in grading,
Hotea and computationsa chall be neat and orderly. In dizgcussion-typa
problems, noat long-hand oritiag will be just as acceptablo as printioe,

Ho toxt or reference matorial may be used in thig part of the examination.

Tou may keep the examination questiona.

207 YOUR WORX IN TuT TORXBO0X
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Problen 1 - Ut. 3

The following questions are with reference to the toleacope
of a gurveying inagtrument:
(a) Uhat iz a reticule?

-{b} Why do coxme oyopicce assembliea have
four lenseag rathoer than two?

(¢) Uhat is the purpoge in using an
achromatic doublet?

{(d) tUhore are thece achromatic lonses
used?

(e¢) How ia an achromatic lens constructed?

{(f) Are the stationary lencos ia the
eyepiece concave or coanvex?

Preoblom 2 - Tt., 3

The sensitivity of the leval vial on @aa engineer's level ia
20 seconda per 0.0l feoot divigioa.

(a) Uhat is the radius of curvature of the
vial in feet?

(b} If the bubble in this level vial is
2 divisions off center when a rod
readiag is taken om a rod 300 feot
from the level, what error in reading
will result?

(¢} Tould a 30-gecond bubble be more or
loas sensitive than thia 20-gecond
bubble?
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Problen 5 - 72, &

(a)

(v)

YV = Ueight actiapg vertically. . .
C = Contrifugal ferce acting *

noarly horizemtally,
¢ = Suporeclavation in fogt per

- foot of width of roadway,

%? neceasary to balance vy
[ contrifugal force. Lo
3; V = Valocity in foot Per second. ' v
;%- § = Acceleoration of gravity in ’

E*. foot por oecond per oaocond,

R = Radius of curve in faet, !

2 : .
iz C = g%" (approximately) A Ay

SN
derive am equation for o (approx.) in teraa of velocity \}: A
in =iles per hour and radius of curve in feet. . 4

Roduce the equation to its simplest terma.

What cuporelovationm would be roquired to balance
contirifugal force oa a 1CC0-foot radiug curve in a
roadwvay deagigded for 60 aileas per hour spead of travel?
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Problem 4 - Wt., @

Sighting fixed peinta A, B, and € f{rom an unknown pesition P,
angles o and ﬁ are observed.

If A, By and C are plotted in {heir correct relative poasgitiona
and two arca with chords AB and BC are properly constructed,
the correct plotted position ¢f P will be at the intersection

of the two arca. §
How are the two centeras 01 and 02 located?
Show by sketch and trigonometric equations.

State any geometrical theorema used.
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/
Tho above Zipgure repreceats a circular curve of givesm Rediua
"R and central aagle of A%, The valuo of AT in radicos
ia PQ". Por cach of the followimz for=ula, illustratc oa a
sloilar figure (in tho workbool) where it is applicable, acd
state ito com—on mams (if it hos ome). Por example, the
formula *2 tan 1/aéﬁr ia cormonly knowm as the "tangomt¥,
Along lime AD would be writtem "tangent (T = R taa 1/2/\)%
and arrows would be drawn to indicate the limits of the
tangent az illustrated.
\ ’ (a) 2R sin 1/2A
: f;.»-?#f—':r;— S (b) R Vers 1/2 A\
: \-,_ (e) @z
\f\ (d) B Zzsee 1/22\
B iy (o) 2T 2555
. ; 2
\\ i (z) 1/2 La
- 7 2T ~ L
e B a -—é—-ﬁ_—-
(g) n( 5 )
(h)

Ra
< (Q - siaA)
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2rotleon 6 - Ti, 14

Ia retracing the exterior bouadaries
¢f a regular iaterior section (80
chaina record loagth of each aside)

ia preparation for cubdivision of the
section, all four eriginal soction
cornora were Ifound, The wecot guartor
coracr waa found om line betwoen the
N7 and 57 cornors, but 500 fgot north
of ita thooretical position. Mo other
quarter cornors wore fouad,

All found cormers were ticd into the
Califormia State Coordinate Syatom
with the following recults:

Cerner l Y l Z
s :
cornoaxr 3‘05|103037 1,450 |047' 72

g

2 corraar 305'297033 1|453o553.23
onC S SE coraer | 300,702.67 1,454,447.72
-6 8%/
7)‘7/ SY coraer | 200,207.33 | 1,¢40,032.23
A o .
) UU I8 corner | 302,700.00 1,450,G6C0.00
;
r_‘,t“' '
i
ﬁ (a) Uaing methods of analytical geomotry, caleulate the coordipates

of the conter of tha aection.

(b) From the coordinatos of the four section corners only, detor~
@mine the grid area of thig zection,

(c) If the scale factor is 0.9590967 and the reduction to gea loval
factor is 0,999528, wvhat ig the ground aroa of thiga section?

[%OTE: Calculate areag to noarest ,01 acreg]

R - ' - . e T e e e
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Problem 7 - 7t, 3

A vertical aerial photograph is taken with a 6.00-inch focal
length camera {from a height of 5830 feot abova sea level. Two
pointa of equal elevation of 850 feect above sca level appear
on the photograph at a distance of 2.02 inches apart.

(a) vwhat is the scale of the photograph at 0

these pointa? .0 L.

{b} What ia the ground distance in feot between
these two pointa?

Problem 8 - Wt, 3

The ioage of a ground point om a vertical aerial photoegraph
Ray ba diaplaced due to grouad relief. How doaes thia
displacement vary with:

{a} the distance of the point from the
principal poiat of the photograph?

(b) c¢hange in elevation of the point?

(¢} change in flying height?

Problem 9 - Tt., 4

In meaguring distance between points A and B with a
tellurometsr,

(a}) what measurement iz made and indicated on
the master unit?

(b) what other data is necessary to obtain a
goodetic dimtance hetweon A and B, and
how is this data secured?
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oxaninatlion. At tho conclunion of coch ancwory lisgt thoso refoerozeo
Lookoy 1f2 any, whied coro ucsd, Ulore dlograms or tables are usced o
vhoro conotants ood foprmloe are cxployed whileh are zot of cezmon usago:
a0 roforonse bock ad page mu=bor chould be givem.
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Problem 1 - T7t. 18

Fron Lot 7 (Hap 213) as chowa on Page 2, the following
parcels were sold:

(1) The North 1/2 of Lot 7,

(2) The Zasterly 100 foet of the South 1/2
of Lot 7 (872/32 Official Recorda on
6/5/40).

From Lot & (Map 811) as shown om Page 2, the following
Parcels were pgold:

(1) ZEverything osouth of the north line of
Horne Street,

(2) Lot 6, except the wasterly 200 foet
(4/2/52, 2680/228 0fficial Records).

The cnall cirecles reprecont found original positiona, and
the dimensiona aro both record and meacurod.

Urite a porimeter description of the romaining land between
Horne Stroet, Grape Street, Sizth Avenue, and Diagonal
Street. Give the correct bearing and distance on every
lino along with any other callas you deom neceasary. Since
insufficient data is given, you will assume necessary facta
set in eovidencaq.

Prob. 1 contd on next papa
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Rl and Rz, distances AB and BC, and anglozﬁﬁ.

REQUIRZD;

How would You deternineisa?
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Problem 3 - Ui. 3

The following parcaela of lard were all conveyed by Hoore (aa
abseniee owner who had not looked at the property for 15
years) to the follewing parties ag follows:

To Inyo County om 5/15/48 for road pufpones only:
The Uesterly 30 feet of Lot 11 according to map . .

To Smith on 5/23/52: The Testerly 200 fcet of the
Southerly 200 foct of Lot 11 according to map . « o

To Black on 8/27/53: The Zaaterly 200 fect of the
Westerly 600 foot of the Southerly 200 fect of Lot 11
according to « «

To Jones on 6/15/54 the following: 41l that portiocn
of Lot 11 as surveyed and morked by Surveyor Johason
with 3/4" iron pipes and tags stompod LS 6027 and
described as follows:

The Fasterly 200 foot of the Weaterly 400 feot ol the
Southerly 200 feet of Lot 1l in accordance with map « «

You are to locate Black's land and you discover the

3/4" pipes with tage as described in Jomea deed and

ag chowva abova. Uitneasces toagtify that they sew Jobagon
set them. o

Acguming that the factas az atated are correct, state
what you would do aad where you would zeti your monunonta
as & licsnged surveyor.

Lo 7O
Lo~ L/

\ ) ]
) lﬁ 220. 00’ 7
Ay | N
=301=  Syrres g Joves S < ACK
2 N\
N ),
| N
/& 190

{?G\OI 00 ﬂ.\.ﬂ‘-’ .J?Q@. 00 —,

Svxra AVE, / A5 Swown on oIS AR
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You have turned 80° from a givea line and have measured 2,500
feot with a 100 foot tapo, and have zet a point. In amalysiag

your erroro,
ing roprocentas the nrob

All other eorrers arce negligibla.

Apngular moagurccoat

Irror duo to plumb bob owing

Tape out of level

Brroy in temperature of tape

Error due to tenscion of the tape

(a)
(b)
(e}

(a)

Do not express your anawers &3

Uhat iz the probable error due
That is the probable error due

hat is the probable error duc
digtance? :

Uhat ia tho probable leagth of

you have come to the coancluoion that the follow=-
~ble grpror for each item of meacuroment.

Q° CO' 20"

010" +
LGOS

5 F #
-005' +

to taping?
to angle?

to both angle and

the line?

an erreor ratiu.
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o N Saary

In the gpkerical triamgle in the celoatial zplore as zhowa
abeve "P" ropresents the extemsion of the carth's polg, "2F
tho observer'a coenith, amd #3% ihe agtar bein~ obzerved (sun
or polaris). In the celogtial triangle (P, Z, and S) there
are six parts to the trizngle(d azgles amd 3 sideas).

State which parts of the triaagle cam be detormined by the
surveyor (by tables, onps or oboservatioms), and how they
can bo determined. Also state which.part of the triangle
iz tho object of the computation, and which part of the
trianglo is never used.

Drobleon 6 -~ Tt. 7

Discuoo the mothod of Throo-wire Leveling (3 cross hairs in
the level), state how readings are mado on a red calibrated
in yards, how the motes are recorded, how the H., I. is deter=-
mined, and the advantages over the single c¢roses hair and
tarzet method.
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Time Allowsd - Four Hours

INSTRUCTIONS TO BXAMINEE:

The second day of the examination conzista of two parts of four hours
each. Each part has a total grading weight of 50, The grading weight
is given with each problem. You are to work all the problems,

Work the problema on the grid sheets in the WORNECOA. ULe not put more
than one problem on a sheet and use only one side of the paper. 1f you
need more sheets of paper, the proctor will supply them. ALL WORK TO
BEZ EVALUATED MUST BE IN TH:Z WORKBOOX.

Show your ideatification number in the opace provided on each sheet of
your workbook. After you have completed this part of the examination,
check to insure that your calculation sheets are arranged in numerical
coquence by problem number.

If you think that the problem as statcd camnet bo anawered,; or that the
data given ig in error and an ascumption is nccessary before the gues-
tion can be answerod, make that assumption (stating the assumption made
and the basia therofor) and proceed with the problem. Assumptions made
to decrease the amount of answer necessary will result in partial creditg.
Unnecesazary accumptions will not be acceptablae.

In problems invelving any calculation, sufficient calculations ghall be
given to emable the exapminer to judge the method of ¥Your solutiocn, and
anawers without supperting calculations will be penalized in grading.
Hotes and computations shall be neat and orderly. In discussion-type
probleoms, neat long-hamd writing will be just as acceptable as printing.

You are allowed to use any text or reference book in this part of the
examination. At the conclusion of each anawer, list those refereance
books, if any, which are uszed. UTherea diagrams or tables are used or
where conatants and forsulae are employed which are not of common usage,
the reference book and page number should be given.

You may keep the exazination questions.

SHOU YOUR TORX IN THE WORXBOOX
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Problem 1 - yt. 25

You are asked to locate by Survey the N.E, 1/4 of Sectian
One, T. 13 8., R. 2 Z.y of a given meridian according to a
given township plat surveyed in 1502, Explain all of the
RNecessary steps you would do or should investigate from

the start to finish of the assignment. Exclude from the
discussion questions of costs, business arrangements, con-
tracts, or liability. The explanation 1s to include what
You would do rIronm research to del:very of finiuhed irawing,
in answering, neat long-hand writing will be JUSL &b accept-
able as printing, and diagrams may be helpful. Assume that
the section of land was originally Surveyed in accordance
with the normal manual of instructions of the time; that no
land grants, rivers, lakes, or other objecta caumed ex<c lusions
of any portion of the Seitlon; and that standard parullels
were every fourth township.

Note: This ig a 25-point question (2 hours time) and
requires a complsta discussion,
st it v—

Problem 2 . Yt. 5

In many court cases the rule 1s often applied that original
monument positions, as talled for in a conveyance, cortrol
the location of the described land; that is; original monu-
ments called for in g conveyance control over distance,
direction, and area. The courts, jp deciding the lecation

of an ownership, have at timeg rejected the position occupied
by an original undisturbed fMonument, and have decreed another
position to be the limits of ownership,

Of the five general types of conditions that Cause the courts
to reject an original monument position, name three, and
describe an application of each.
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Tou have carefully meoazured frem point #AR {0 moint WDW
aad have found it to bo 2582,31 foot. You calibrated your
stoel tapo, which woisis 2 pounda, by comparizon with an
aceurate gtandard at $3%7, and Zound it to bo 1G0.015

foet long

(unzupported) for a pull of 207, Zurinz tho

moazuraoneat, the tomporature rooco from 78° to O3°F at a
unifors rato. You used plusb bobs and a hazd lovel.

For a distameo of 1600 oot you bhad to broak chain at the
S0 foot point. o wimd veloeity was procoat, o traaciit
was usod for aceurate alignemont, aad you pulled 237 for
each digtancs moacured,

(a)

(b)

Problom &4 - 7,

Chat io the longih of the lins frem A
tao D aftor corrcetions are comnutod fron
the above data?

Jo curvey moacurcoment is aboolately
accurate duo to erroro. List the itesg
that would contributa to tho eocertainty
of ihe mocasurooont as made.

5

Dofine cach of the followiag words or phraseo:

{a}
()
(c)
(3)
(o)
(2}

declination of a atar

diapesitive (phrotograccetry)

focal peint of a leaa

tilt (as applioed to photegremmetry)
rrodbable eryror

apherical oxcoss

riparian righiz

=ozorial (public land survey)
elagtic medulus

spherical aberratioa
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Problom § - Tt. 5
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(a)

In tho above figure, chowing a greph of the rosults
of a large nuanber of nmeazurcmonts of tho oeme dige
tanco, wvhat doea thoe horizontal zcale represess’®

(b) That dees the vertical scale ropresoat?

(e¢)

Usiag this graph, state how you would graphically

deternine the probable error for ome mDeacuremeat of
distancec,.



