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Lesson one
Introduction to Surveying

Surveying is the art of making such measurements of the rel-

ative positions of points on the surface of Earth that, on drawing

them to scale,natural and artificial features may be exhibited in

their correct horizontal or vertical relationships®.

Less comprehensively, the term,“Surveying”,may be limit-
ed to operations directed to the representation of ground features
in plan. Methods whereby relative altitudes are ascertained are

distinguished as“leveling”,the results being shown either as ver-

tical section or by conventional symbols on a plan®.

Plane, Aerial and Geodetic Surveying A plan is projection
upon a horizontal surface, and in its construction all linear and
angular quantities used must be horizontal dimensions. It is im-

possible to give a complete representation of distances following

the undulations of the ground other than by a scale model®. Now

a horizontal surface is normal to the direction of gravity as indi-
cated by a plumb line, but, on account of the form of the Earth,
the direction of plumb lines suspended at different points in a
survey are not strictly parallel, and the plane horizontal at one
point does not precisely coincide with that through any other
point. It is not the irregular shape of the Earth’s physical surface
that is referred to here, but the almost regular curvature of a
level surface which is necessarily perpendicular to the vertical
everywhere.

In surveys of small extent the effect of curvature is quite
negligible, and it is justifiable to assume that a level surface of
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the Earth is a horizontal plane within the area covered. Surveying
methods based on this supposition are comprised under the head
of Plane Surveying. The assumption becomes invalid in the accu-
rate survey of an area of such extent that it forms an appreciable
part of the Earth’s surface. Allowance must then be made for the
effect of curvature, and the operations belong to Geodetic Sur-
veying.

No definite limit it can be assigned for the area up to which a
survey may be treated as plane, since the degree of accuracy re-

quired forms the controlling factor. The sum of the interior an-

gles of a geometrical figure laid out on the surface of the Earth

differs from that of the corresponding plane figure only to the ex-

tent of one second for about every 200 square km (76 sq. miles)

of area®, so that, unless extreme accuracy is required, plane
surveying is applicable to areas of some thousands of square kilo-
meters.

Plane Surveying Plane Surveying is of wide scope and util-
ity, and its methods are employed in the vast majority of surveys
undertaken for various purposes, such as engineering, architec-
tural, legal, commercial, scientific, geographical, exploratory,
military, and navigational. As applied to civil engineering, all
surveying methods are utilized in the various surveys required for
the location and construction of the different classes of works
within the province of the engineer. These surveys may be rapid
reconnaissance s of an exploratory character undertaken to facili-
tate the selection of an approximate site for the work. They are

followed by more detailed surveys of the selected region, in

witch a much greater degree of accuracy is sought, and from

which the best location is ascertained®. The obtaining of various

data required in the design of the proposed works forms part of
2



the preliminary operations, and may involve surveying methods
of a specialised character. Previous to and during construction,
the surveyor’s duties also include the routine of setting out the
lines and levels of the works and the measurement of areas and
volummes.

Aerial Surveying  An engineer may have air-photographs
of a site on which he has to design or set out works. It is impor-
tant that he should understand their uses and limitations.

Though an air-photograph will probably show all the details
the engineer requires, and indeed probably very much more, it
must not be treated as a map because it is not possible to ensure
that the axis of an air-camera is exactly vertical. The tilt may be
several degrees in a so-called vertical photograph, so there may
be appreciable differences of scale between opposite sides of a
photograph. In any case, even if the camera axis is vertical, the
relative positions of points at different heights will not be cor-
rectly shown.

The most valuable property of an air-photograph is that an-
gles round a point at or close to its center may be regarded as
correct, and in making maps from air-photographs this property
is exploited. In other words, a near-vertical air-photograph may
be regarded as a record of angles taken at its center point or any
point very close to the center.

If air-photographs from two different positions cover an area
of common ground, and they are viewed by means of a suitable
stereoscope, a three-dimensional picture is seen and can be of

very great value®,especially in the preliminary stages of design

of a project.
The production of accurate maps from air photographs in-
volves the use of techniques and equipment which will not nor-
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mally be available to an engineer-surveyor. These mapping pro-
cesses, called photogrammetry, are outside the scope of this
book. However, mapping from air-photographs requires some
control by ground-survey methods.

Geodetic Surveying Geodetic surveys are usually of a na-
tional character, occasionally works of international co-opera-
tion, and they are undertaken as a basis for the production of ac-
curate maps of wide areas, as well as for the furtherance of the
science of Geodesy, which treats of the size and form of the
Earth. The most refined instruments and methods of observation
are employed, and the operations are directed to the determina-
tion of the positions on the Earth’s surface of a system of points

which serve as controls for all other surveys.
New Words and Expressions

surveying [seo:'veiin] n. fl| &% ; W &; FH#
measurement | 'me3zomont ] n. W& ; M E 45 R
position [pa'zifon]n. i &, H L vt. ELr,BCE
artificial [|aitififol]a. AT, AR
feature ['fiitfo] n. 4%4F, BE, H)
exhibit [ig'zibit]vt. BW; B~
horizontal [ hori'zontl] a. K HF# . KT, KT
vertical ['vaitikel Ja. EM; TR AM ». BHLE . FHE
operation [,opa'reifon] n. ¥{E, THE;¥EH
representation [,reprizen'teifon] n. #E, %Ex; @E
altitude [‘eltitjuid] n. BB, B
ascertain [\seso'tein] vt. #iE, 2
distinguish [dis'tingwif] vt. ,vi. X3, # 5
leveling [levalin] n. 7K #E# & ; $5F
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conventional [ken'venfanl]a. AN, AMKHHRK
plane surveying F-m#E
geodetic [,d3i:ou'detik] a. K& (F K
geodetic surveying K Hil &
projection [pro'dzek[on]n. i&it, #R; ¥
construction [kan'strakfon]n. Ei%, M 1L; 5% : BRY
linear ['linia] a. EHZRY. MM
angular [zngjule] a. A1, AEH
dimension [di'menfon]n. L0 ; R~F, K/ R
undulation [,andju’leifon] n. FEAR; K Bh
scale [skeil ] n. HBRGHRR ; BE&
indicate ['indikeit] vt. ¥, 0 ; 4 B~
on account of [HH
plumb [plam]n». FHR, HFEa. EHK
plumb line &43ELR
parallel ['paeralel]a. 478 n. FATLGE), 5B
coincide [ kouin'said] vi. {§IFE S, —
irregular [i'regjulo] a. MY, RNEFFH
curvature [ 'kovatfo]n. Tl ; g &R
perpendicular [\parpen'dikjulo]a. MEW n. FH; EHLZ
extent [iks'tent]n. JE[H; FREE; A/h
negligible [ neglidzebl]a. 7] ZRB&H), 1B/
invalid [in'veelid]a. JCRK)
accuracy [ 'ekjurasi]n. HEMAE G /E
geometrical figure JLfi] I
extreme [iks'triim]a. RIFH; HRIEH
architectural [ aki'tektforal]a. M EH, A
exploratory [eks'plorotorila. $1#RM,. W EH
navigational ['navi'geifonal] a. fi1TH); FALH
location [lou'keifon] n. {38, #h 5 EAOL, BUFE; HiHD



province ['provins]n. 5%, G &
reconnaissance [ri'konisans ] n. &, B5#h, E M)
character ['keerikta] 7. $¢¥E, i, 74 &
facilitate [fa'siliteit ] vt. {5 ; HEHE
approximate [aproksimit]a. SEIHI, KAH
detail [di'teil]n. sy, SR, Y EME; EHE
region ['ri:d3en] n. X, JaE; #1 X, #HHF
preliminary [pri'limineri]a. W&, ¥$H
specialised ['spefalaizd]a. E|7H, EEH

aerial surveying fiSHE

air photograph =& v, MRE

air camera I, AL

vertical photograph HHIFEEBH
angle [engl] n. A, fy
stereoscope [ 'stioriaskoup ] n. FAAMREE
photogrammetry [ fouta'graemitri]n. EFME¥
furtherance ['fodorans]n. {83, #E5h
determination [di,tami'neifon] 2. B, WE; Yl

Notes to the Text

@ Surveying is the art of making such measurements of the
relative positions of points on the surface of the earth that, on
drawing them to scale, natural and artificial features may be ex-
hibited in their correct horizontal or vertical relationships.

MERRLE LS EAQRSALE, ARAREC N EH
AP REALR, RILFIRTERRRG A Ly oh—Fr
x.

such ---that--- ) B B 2“0 e 9 IR AL -+ DA ZE F (H 1)

o
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fN: He is such a lovely child that everybody loves him, fii &
MEEAZENE T (H) AAZBER A

@) the results being shown either as vertical sections or by con-
ventional symbols on a plan.

45 RAAT A8 S AT @A RA S AT,

X — IR G5 RN HEBEE L .

® It is impossible to give a complete representation of dis-
tances following the undulations of the ground other than by a
scale model.

BT R—AMNAIBRA, F0ERTRTE AT HREARK
THISER .

it RIEAE1E to give - & F1iF, following 41 i1k
distances FiE,

@ The sum of the interior angles of a geometrical figure laid
out on the surface of the earth differs from that of the correspond-
ing plane figure only to the extent of one second for about every
200 square km of area.

WHAE EATEB A AR, SlaE0-TaBRHG AR,
R 200 FHFABHRBA, AL 1#,

that 73X B #E /X, The sum of the interior angles, laid out -
earth JE&id &R 1E/E geometrical figure B EiE.

® They are followed by more detailed surveys of the selected
region, in which a much greater degree of accuracy is sought and
Jfrom the best location is ascertained.

LB i KB A EEHATEFmA NS AREREHY
K, B RAERGAILE

in which i from which 5| R #8 2 E1E M), B4 detailed
surveys ,

® can be of very great value.
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of + &1 5 be M, M FKE, RAMT.F#R. Ha. ER.
R B SHI ST be + B4

fi: Those old books are of no use. HFEIHBEHT .

His eyes are of a very dark-gray. {h#iREERIEK AN .

His temper is of the most cheerful and sociable. {844k

N RRFNE .

Grammar and Translation Skills

HE5H (D

TR R, 28 S8 P AE MR, 7 5 SO B A A,
R, EFRERADE YW MER T EHESCEHFS
K, S0 BAF BT RN T 3R S0E FIGE I, AT LR
B LT3 BEXAMAREEER EMFE, SRS &,

(1) Perhaps the only trouble with this method was that it

needs the known data too much.

RFTHEHHE BRI FRFEMNEHEE/AL. (trouble
AR BRBU)

(2) Universal theodolite seems to offer more hope than any
others.

SHREGULIF L HELBUH LG ERIIE. (to offer
more hope RNiFE“RIBFELHFHE")

(3) Like any precision instrument, the theodolite requires
careful treatment.

BAEFDEENS—H, AT ER OB . (treatment R
B

(4) Closed traverses provide checks on the measured angles
and distances.

P& L REXT BT 6 A FBE BRI TR A% . (provide ANiRAE“I8
)
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Comprehensive Exercises

1. Surveying is the art of measuring the relative positions of
points which
a) can be drawn to scale.
b) are in the same horizontal plane.
¢) denote the feature of the surface of the earth.
d) show natural and artificial feature in their correct rela-
tionships.
2. The distinction between plane surveying and geodetic
surveying is in
a) time b) speed c¢) extent d) location
3. In plane surveying the effect of curvature is
a) small b) not existent  ¢) not influential  d) large
4. If the camera axis is __ , the relative positions of
points at ____ heights will be correctly shown.
a) vertical, same
b) vertical, different
¢) horizontal, same
d) horizontal, different
5. Which of the following was not mentioned in the text.
a) The most refined methods of observation are used in
geodetic surveying.
b) The accuracy in geodetic surveying is higher than that
in plane surveying.
¢) In plane surveying, we don’t consider the effect of cur-
vature.
d) Geodetic surveying generally extend over large areas.

6. Fill each blank with the most appropriate word from the
9



words below.
coincide, assume, provide, treated, regarded

a) No define limit can be assigned for the area up to which
a survey may be _ as plane.

b) It is justifiable to  that a level surface of the earth
is a horizontal plane within the area covered.

¢) Closed traverses __ checks on the measured angles
and distances.

d) Angles round a point at or close to its center may be
____ as correct.

e) The plane horizontal at one point does not precisely

with that through any other point.
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Lesson Two
Bubble Tubes

Since nearly all field measurements, angular or linear, are

made in either a horizontal or a vertical plane, it is essential to

have some ready method of determining the positions of these

planes through any point, so that particular lines or planes in an

instrument may be made to lie in them®,

The most convenient and sensitive device yet invented for doing

this is the Bubble Tube, the action of which depends on the fact

that the free surface of a still liquid, being at every point normal

to the direction of gravity, is a level surface®

Construction  The device consists of a glass tube, shaped
and carefully ground on the inner surface so that a longitudinal
section of this surface is a circular arc. The radius of curvature
of the arc may be as much as 100 metres. Some bubble tubes
have the curvature formed all round the tube, that is they are
barrel-shaped, and then they will function if turned upside-
down.

The tube is nearly filled with a liquid such as alcohol, chlo-
roform or ether: these liquids, besides being very mobile, have
the advantage of low freezing- points. However, they have
rather high coefficients of thermal expansion, so the bubble
space is shortened in hot weather.

To indicate a central position of the bubble, some equally
spaced lines are etched on the tube on either side of the center,
or sometimes on a separate but attached scale. The lengths of
the divisions are usually 2 millimeters.
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