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YANGTZE RIVER COMMISSION.
THE PERIODIC FLUCTUATION OF BAR DEPTHS IN THE

YANGTZE,
Kerbert Chatiey, D. Sc., M. Inst, C. E.

One of the features of the Yangtze which is well known
to pilots and surveyors is the tendency which the shallow “‘cross-
ings’ have to rise and fall as the water stage falls and rises. In
other words, the navigable draught is reduced in the winter not
only by the lowering of the water level but also by the rising of
the bars. This is a characteristic feature of silt carrying rivers
and the remarkable extent to which it occurs in the Yellow River
was noticed some years ago by Mr. J. R. Freeman. Speaking in
rather general and inaccurate terms it may be said that it is a
velocity effect. As the water level falls the velocity also falls and
the silt precipitation increases thus raising the bottom, until by rea-
son of the reduction of sectional area the velocity has increased again
locally to an extent which will wasn away any further accretion.
Vice versa as the water stage rises the velocity increases and scour-
ing occurs until by reason of the increase of sectional area the velo-
city falls to such an extent that the precipitation balances the scour.

Actually imatters are not so simple as this, the processes
of erosion and deposition depending on the position and size of the
eddies formed at every bump and bend.

EFrom the point of view of attempting to improve the na-
vigable channel of the Yangtze, which is of ample depth even in
the winter except at the bars, it is of great importance to know
how much accretion forms on a bar during a change of stage and
especially during the annual fluctuation of level. A cursory in-
spection of the excellent surveys of crossings made by the River
Inspector shows that on any one bar a quantity exceeding a mil-
lion cubic metres is often deposited in the winter season, frequently
within a very short time. This is more than a large dredger can
remove in the same time so that annual dredging of these bars



without constructing trainng works seems hopeless. As there is
good reason to suppose that training works alone if of adequate
size could concentrate the stream sufficiently to remove the up-
per crests of the bars, i1t 15 very questionable if any dredging at
all is desirable, but this is an econgmie question which it is unwise
to express a general opinion upon at the moment.

I have elsewhere indicated that the quantity of silt car-
ried by the Yangtze below Hankow is of the order of 500 million
tons per annum. The quantity of silt in the water at any one time
between Hankow and Woosung fluctuates during the year from say
5, 000, 000 tons to say 20, 000,600 tons and the difference between
these figures very roughly represents the quantity dumped on the

various bars in this reach during the low water season. With an
ideal traiming of this whole reach this quantity, say 15, 000, 000 tons,
would be partly dropped on foreshares during the winter, partly de-
posited 1n cul-de-sacs and partly carried down into the estuary ard
eventually to the sea. It is obviously a tremendous quantity to
deal with. '

An examination of the charts of the Yangtze shows very
clearly that most of these bars occur at or near places where the
river divides into two or more channels. This forking is a disease
from which all rivers in alluvial soil suffer, and is a consequence
of erosion at curves. At every curve the centrifugal force throws
the current towards the concave shore and the transverse secondary
current washes out and undermines that shore so that the curve
sharpens. As a result of the increased curvature the river lengthens
and the slope diminishes, until finally the distance across the neck
of the curve is s0 short compared with the length round the curve
that in spite of the shallowness the water begins to run along the
shorter path and forking has commenced. By reason of the loss of
water in the curved path the depths there diminish and we now
have two (or perbaps three) charnels in none of which are depths
or velocities equal to those in adjacent parts of the river where
the channel is single.

. = . The curve channel may eventually be abandoned forming
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a “‘bayou’’ which will slowly silt up but frequently it persists for
many decades. The c¢omplicated system of loops below Chinkiang
15 an excellent example of this.

This process of splitting can only be prevented by protect-
ing the concave banks and 1n a deep large river this is a tremendous
piece of work which may far exceed in cost the capitalized value of
the land saved. The earlier it is commenced the less expensive it
is, but even so in the Yangtze it will always be a very serious pro-
blem. which may be aggravated by training works designed to elim-
inate existing forks.

The Whangpoeo river presented much the same problem in
regard to forking and a low crossing when 1t was tackled by the
Conservancy m 1808, There was an annual rise and fzll -of the
“Inner Bar’’ (near the present Sanitary Station but 1n the old ship
Channel, which no longer exists®, due to the annual fluctuations
of the tidal currents and silt charge. As is well known this “Inner
Bar”’ was eliminated by the closing of the old Ship Channel and
the conversion by simultaneous tramning and dredging of the shal-
low Junk Channel into a new Ship Channel (now called the As
traea Channel). In a more limited sense the improvement of the
Outer Bar at Woosung may also be compared. There also was a
slight annual fluctuation of depths and a tendency to split the chan-
nel into ebb and flood passages, which was cured by restricting
the water to a single channel. A certain caution must be exercised
in comparing the Whangpoo with the Yangtze bars. A Yangize
bar above Nanking differs from one in the Whangpoo in the fol-
lowing important respects:-

a) The full depth and the widths are greater. (This introduces
certain important considerations of scale.)

b} The maximum currents are much stronger and are always
down-river.

¢) The annual change of stage is very much greater.

There are scarcely any precedents for dealing with river
crossings of the size of those in the Yangtze and while undoubtedly
the same general prineiples can be applied to them as serve in small-



<r rivers, the economic question is of paramount importance., The
Mississippi river which presents some parallels has been dealt with
(and not entirely successfully) in order to resgtrict flooding but very
little has been done on it except near the mouth to facilitate na-
vigation. In such large rivers it is often much more economical
to adapt the vessels to the river rather than to adapt the river
to the vessels. Here again there is a difference bei, ween the Whang-
poo and the Yangtze in that as an ocean port Shanghai must pro-
vide for seagoing ships of the largest type plying or the Pacific
whereas on the Yangtze the majority of the business iz between
the river ports. It is true that in the Summer rather large ocean
steamers go up to Hankow but it is very improbable that Hankow
can ever become a port of the first class.

The suggestion has been made that the Yangtze may even~
tually carry a traffic comparable with that on the Suez or Panama
Canals but while an intense development of the provinces adjacent
to the river should cause a great increase in the traffic it is not
probable that the traffic could bear the enormous expense of
deepening the river sufficiently for very large ships until after very
many decades.

One rather important point however in this aspect of the
question is the possibility that it mav prove not very much more
expensive Lo make appreciable increases in depth than to make

small increases of depth, but this is a matier on which it is pre-
mature to speak.

ETH NS

X5 8

Ol



I

NOTES ON THE UPPER YANGTZE,
ICHANG-CHUNGKING SECTION.
& TAKEN -FROM THE CUSTOMS PUBLICATION

“HANDBOOK I':OR THE GUIDANCE OF SHIPMASTERS OGN THE
ICHANG-CHUNGKING SECTION OF THE YANGTZE RIVER"

BY THE LATE CAPTAIN S. C. PLANT, UPPER YANGTZE
%  RIVER INSPECTOR.

CAPT. H. E. HILLMAN, MR. H. C. LIU

Part 2.

The following table, abstracted from a record, gives the
time of descent and levels attained by freshets:-

TABLE OF FRESHETS.

S I Levels Aitained at _

"~ Date. - |[Chung-| Wan- | K’uei- |, _ - Origin.
o king. | hsien. lchou-fu.| lcbang. |

o ' eet. | Feet. | Feet. | Feert. '

Panuary 10-20....] - 3 .o . e -~ 4 |Yangtze:K’ueichuo-
1 o - | fu-Ichang Section.
i as eeeses 6 5; [Yangtze: Suifu-
1 Chungkingg ection,

F‘ebruary 10-15..., 4 . 4 "
' . 15-30...; 3 . 2 .,
March 1-10....... 7 7 "
] ., 20-30....... 0.6 [ 9 [Ch’ienchiang (Fou-~
chou River).
" 1y waménaen 19 12 Yangtz&: Suifll-
: Chung king section,
April 1-10.........] 2 .o . 13  [Ch’ienchiang (Fou-
' chou River).
L1} 33 Wumnganiie 13 - LR 11 Yar‘gtze: Suifll"
Chungking section.
o 15-30, 3 . . 3 |Yangtze:K’ueichou-
- fu-Ichang section.
*» Y SnpEbmeua - 5 - - 17 Ch’iel’lchiang (FO!I—
chou River).
31 33 sesses 25 . 19 [Yangtze: Suifu-
. Chungking section.
May 1-15.......... 4 14 14 10  {Ch’ienchiang (Fou-
chou River).
S 8 30 31 20 R
| TS, J 18 17 16 14  Yangtze: Suife-~
Chungking section.
{. B-N..... 21 43 48 20  [Ch’ienchiang (Foue




" Y aadbabBarpan 31 33
J:une 1"‘15..1: 1T 10 -
" ¥y Shmwn 'TLIRLL] 28 .-
,, 15-80......... 40 | 65
1 3] y BARAS 50 l 85
July 1-15......... 40 ‘ 56
I 8 | €5
L] 20"30 ........ : 67 10‘0
| I ’p sesmasvens 95 130
August 1-15...... 30 115
el 88 | 110
., 15-30...... o7 r 104
B ' " on.t-ul 50 ! 7‘4
Keptembper 1-15..] 75 105
g *y 13 ] uul 60 80
»” 15-3000; 45 ' 7l
' |
i » *y TERY 26 } 37
iOctober 1-15...... 54 | 85
: i
»y PEYE mamnan 42 ’ 68
. 15-30...... 82 | 44
s vy seeeeens 20 i 35
Novendber 1-15..'l 3% 64
: " .. B %Y --.-} 23 ' 30
w  15-30. 12 | 16
* ._ A 1A LY 8 % 10
IDecember 1-15.... 18 j 22
oo : t :
U 14 |
e 18-30...| g o

(g
100

60

86
124

150
145
140
128

86
130
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ICh’ienchiang ( Fou-

chou River).
Yangtze: Suifu-
Chungking section.

chou River), .
Chialingho (Chung-
king Small River),

Yangtze: Suifu-
Chungking section,
Yangtze (Kinsha):
Sui-fu and beyond.
Min River. - -
Yangtze (Kinsha):
Sui-fu and beyond,
Kinsha&MinRivers.

Min River.
Kinsha River.
s &MinRivers.
Iy River..
Chialingho (Chung+

Yangtze (Kinsha):
Sui-fu and beyond.
Chialingho (Chung-|

Yangtze (Kinsha):
Sui-fu and beyond.

Ch'ienchiang { Fou-
chou River),
Ch’ienchiang and
Yangtze, -
'Yangtze: Wanhsien
Ichang section.

Yangtze: Suifu~
Chungking sectiond
Yangtze:Wanhsien-
Ichang :cection.

king Small River).]

king Small River)J

L

The Junk Traffic.

There are thousards of native craft plying on the Ichang-
Chungking section of the river. They are of various types rang-
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ing from the 80-ton junk of over 100 feet in length down to the
metest cockleshell of a sampan, And perhaps the whole of the rocks
and reefs on the Yangtze do not present so great a danger to steamer
navigation as the junk traffic does in the gorge district between
Ichang ard X’uei-chou-fu during low and mid level seasons.

It is the down-bound native craft that hampers the down-
bound steamers. The un-bound boats being tracked along close
inshore are generally out of the way of both the up-bound and the
cown-bound steamer. But the cown-bound eraft, especially the
larger junks, must always follow in the course taken by the axis
of the current, which is aiso the course taken by the down-bound
steamer, and, in overiaking, it often happens that the steamer in
getting out of the way of the junk 1s odliged to run herself mmto
danger. Collisions frequently occur through the whirlpools or eross
currents taking complete charge of the steamer, but it is incam-
bent on the latter to remember the junk was “‘there first” and has
a host of dangers to contend against over and above those brought
along by the advent of the steamer—and 1t is up to the master of
the steamer to do all possible to give way to the junk. Another
grievous trouble 18 the swamping of native craft by the steamer's
wash. The master of the steamer must always bear in mind that
all native crait, both large and small, are to all intents and pur—
poses open boats. That is to say, their decks are not watertight
and the shipping of a heavy wash may result in the sinking of the
boat, attended probably with loss of life. So, wherever practicable,
it it advisable to slow down suificiently to reduce the wash and ham-
per the junk the least possible.

As before said, to formulate hard and fast anti-coliision
rules for the steamer and junk 1s next to the impossible. It is up
to the man on the bridge of the steamer to exercise his own Judg-
ment, and what will assist him to do so most successfully is a close
study of the currents. It is indeed the keynote to safe navigation
on the Upper Yangtze. and ane soon gets to know the directions

that the main or cross currents in any reach of the river will take
junks, and steer accordingly.



The Gorges.

The gorge district extends from Ichang to K’uei-chou-fu
(M HF), over a distance of 110 sea miles, though the combined
length of the Gorges is actually 51 miles, as follows:~
Huang -mao-hsia (KL and Teng-ying-hsia, or Ichang

GOIZ . uiirnisretnrrennutanesssnssnsiorsnserasasnes darersseaeeanns 15 miles.
Niu-kan-ma-fei-hsia (45782 50k, or Ox~liver and Horse-~

JUNE S GO, vaiecvrrirerisrserssiarsssesscrsnronssnseencsnanssas & miles,
Ping-shu-~pao-chien-hsia{ K F TR, or Soldier’s Book and

Sword Gorge (also called Ch’ing-t’an Gorge ... eees 2! miles.
Ta-hsia (K, or Wu-shan () GOrge.niciennrinnnns 25 miles.
Feng-hsiang-hsia (1), or Wind-box Gorge......... 43 miles.

‘The breadth of the Gorges ranges from about 230 to 350
yards, though there are certain points, such as Huo-yen-shih (&
f%8), mn the Wu-shan Gorge, and Hei-shih (), m the Wind-
box Gorge, that do not exceed 150 yards.

The prevailing depths are from 30 to 45 fathoms at low-
level: there are many parts however, where not more than 6 or 8
fathoms exist, ard many others where over 60 fathoms may be gat.

The navigating of the Gorges during the low-level sea~
son is a pleasure, a slack current and placid water prevail, and
with the exception of a few third-rate races there is nothing for
the merest cockleshell of a boat to trouble about. At this level
it is difficult to conceive the sweeping changes which take place
as low-level gives place to mid-level, and mid-level to high-level,
when the water throughout the whole gorge district becomes ex-
tremely turbulent,

The rise and fall at the head of the Wind-box Gorge a-
mounts to at least 130 feet at ordinary high flood, ard at highest
flood as much as 150 feet above the ordinary low-level of winter.

The floods usually come down during the latter and of July,
and again early in September. Whilst they are on it is only tempt-
ing providence to attempt to run the Gorges, which, at such time,
present to one’'s imagination a series of ‘‘devil’s cauldrons,” espe-
cially at their entrances and exits. Fortunately the floods last only
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for two or three days at a time, and navigation may be Jesumed
on the fall.

The normal high-level in the Gorges may be estimated
as follows:-

Wind-box Gorge, -to range from 70 to 90 feet,
Wu-shan Gorge, - ., 60 to 80 ,,
Ch’ing-t’an Gorge, ,, .» 50 to 60 ,,
Niu-kan Gorge, ‘e v» 40 to 50 ,,
Ichang Gorge, . v» 80 to 36 ,,

On these levels steam navigation may be carried on with
a fair degree of safety, though there are several nasty places to
tackle on certain levels. These are dealt with in their proper order
farther on, in the chapter of navigation notes. Fortunately, at this
periogd very few junks are running, and this simplifies matters very
considerably for the steamers,

The current runs from 6 to 8 knois, and the whirlpools are
violent, but in the Gorges the principal danger lies in the very strong
cross currents, which set a vessel bodily and swiftly in on to the
rocky cliffs. In fact safe navigating becomes a matter of heading
off these cross currents to a nicety, especially when downward bound.



&%ﬁﬂﬁﬁkimmﬁ 2w
WS O DR s e S B e RS I e s
HERESE | BERUNRGHESKKIS | MR RIS OTEr KRR S KT
FERSRSEIEny AL T Er SHIEREBEUNT L NN E S BT
gacekEsnregd s L R e KT RN N TR S T EE
o B 0 EDNE B o S IR A ST A1 1 0 Y A e i S el DR A DKM |
mn#wﬁmauﬁzmﬁammm§¢@,%ﬁmnﬂﬁ&.zﬁ@mmawuaﬁmm
O D T e I
2 | NEREFESEIREHNALE x%&ﬁm@&%&gwﬁammim»mwms
ga@miaam@mKMﬁmx&¢zm SHERAT AR RAGITE RN TR &
wmmwmmmmmm,mmmmw@mammemﬁﬁaeﬁgaﬁzzﬁmmmmm
" ) !



He R gH& 1
mm m@ﬁﬁyczﬁﬂﬁaﬁﬁaﬁz+ﬁﬁn&ﬁgmamm&a;a¢
NI TR ORKIEREO - OORKKE | T 2% | MBS WS-
mym%@mwm NECE | SE4EELRRSES | REILAT | FTRERESS
B | IR & xﬁﬁ;ﬁﬁlwﬁ,m_xamauemmmﬂmwm$¢zuMﬁ Sy
K ERNELEESE | ERCVCK RSN ERE E Y ERRERR ﬁ?%ﬁﬁ&
SLE G T | RS SRES E S5 o N N HERE | SRRERNE I F RS
e wRIE RSN AR RS RN | ER T e @ﬁﬁmaiiﬁﬁm
: ! T i % e mmwm&%ﬁaﬁaﬁﬁ%ﬁrmh%
HEZREEREELAEE S D SRS @ RE | KK BYERES R cEREE
W e RS WY E 2 9k 2 42 20102 4 OIS i) 50 g L 4 e s e
ZEEENPENSREET S CERE BN HRE mﬁgxﬁsmﬁJWMwamu
EELHRREL SRR YHENTNE S LE BNEA SE S - p e 5
= B¥ s amp Wi e en S o SR a e s K EROMRSK - NS KREY
BSOS SR S e B ST AR E G LY TR B L KR EATEE RS
EmeE s L 3 UL st S EERE IR RE S R B LS ERTH



R EIEERN |+ 3 T B PR RN R TR NN R R E R E R D P e
o0 BB+ $ # FE<EN | ED ,

EENE OCERE Y E+ 4 BE I Rl SR ER D PG 0. 5B R+ 4 ¥
A 2 e 2 a5

S S R S B D AN B O B TN SR, e LT MR
S et CE T D R M RE BHSE S IR PSS B B DIESS eE
BRI ARY E F R ER AU IS 4 B A AN R T RN
BN 2 e

HERE R EE DA B LG TR Rie< T S W BT T g
K BRE BRI PIE BN EIRE K T EH N SRR ST B R B4 T
AT RE BN R R TG A SR N < IR L RN S EHR N ERE P
AUETEHER AT RE % R K TR T HE R EE R SR F N a2 RS
SRR R B i S it W R DT K W <~ G WA BN %
WM TR AN G BN EE & TEE A BRI E B < E AR K R E O
RN WL B B E B RS H TR NS W Es el OF ke -2 n

- 4 b} i1




BPHoFE KBRS &
I T RS B < D R R IT S R T A I W e o TR
PEXKERG( ] ) ERKPEHE S E RTINS B BN ERS KRR I HER
Em TRy T | BRI ) <HEESKGHE RKEY | SROTEEECT o
% s T | BB EAREHE RS0 ) EREEE KL RS EERN S
LER s BT K B Bk
BB s B TR e R | TR RS EE e R B TN W T
aﬁnﬁw o e A i A} AT Ry o =R ey AR R S gt ot
pREURERE @ | RYMENR | EHEETQC T RS S ER RGBS TRHEEH
o B AT IS AN TR TR MR LT B H R R e
B | A EEEE S AR AR S UB R E KB A DR T,
B BT SRERCHNS e B B s SEL o B KEERARE
| ZEFUERY) +FEHNER | PTERA | +HREYE SR = # Bie KT R
me»muzﬂ&mam_+:r@ﬁﬁma5umeﬁ&aﬁ=§¢ﬁ¢awﬁﬁn
ey (e L o ALttt izt Apr R o 00 4 S el 7
ST S S RS KM TWOE | RE DN S H RS B GKTAT



axﬂ_atkmmmmnﬁ@ .nmw@aaamaﬁm@mmumm»&unnn
IR KT MU 9N 2 | W - e 4 T 5 S
&rfﬁﬁpML@mmﬁﬁ%ﬁ@xﬁﬂﬁ&magﬂm&ﬁaaaﬁa#Lnnaﬁs
EH QM DY S S E R I wﬁmmfxaﬁﬁﬁﬁamaﬁﬁﬁxﬁw
B SE EW
HKA BT SRR L R eI N PN AEH SR T ENE PR e £ 8
IR < SR I S S IR R KK BRI R MBI N S ER R o - 5
o Bt N L E ottt s R T A fTE
EX#RHERCHESIT | BEKTKEREEULEINES N EnN ety
S BNE DR ERH B BE KA FES ERUR Y C KT R BE S
B EHH P B R KB R SR RN AR R BE RN T BRE
BHZERCHIBY | SEELKBEPTEH TR g S EREH e S B m
BT MR RS S B L R B TR R TS YR TR TN
ERAEHEE | RN REEs T IS HREE N ERTED cEER 29 | REKE
M R B N AN R B RS R ST R K 2
" o i



#
EE&%@KﬂM?EEEﬁ&ﬁMﬁEM&&@W
ﬂ EFRRHEEER



18PN E ESERGRNX I EEE®  paw

®| |4
8 ST
(B )R BNH S HHT BRI SR SITIE N | KR S
N EEEBEEERRTNRE TR B X S S KN S S TR
ERESRRAT T RS SE |
— _° <M EEmE R O NG RAZTHRRNSE R
I g <ofmanka<aNogy 2aegEs
1 SOERAREL T S A< O
FHMA X BEmOA NE F <O g0 g W=
NS APNESE EEERETEEAE
= - | I




TEhEE BER 3]

FE S EEREETSE BEEERY | HESESBER SERNE RIS
SEK 2 BT 2 TR N B R AR I B v B ST MR RO T

(N) K= NS
R ENL K e + SR S TR RT R
(1 )8 (Iced Base-bar) X NE B S WL S BN K& KB M pER SiEk R
SY R EEN NI SRR R EER B
() ¥’ (Thermometric Base-bar) % N & (Coeffecient of expansion)
MR e 0.0000114 S5N WS 0000020 [NEERINEK) o B
KEANESTY ) F2HeS | GERR T

R e < HO R RAO HFO AN
I — L —T v ey« 1
d “m - % 3 ST INFE
R REGF NN E B T i s e N P i e
RNTE

(1) EBEEY (Compensating Base-par) 5K N 50 8 & i ol BIx = EE 45 3 |
S<(RF) FREHE SHOEE Y | EE<QENOENEERERKKE



cd(¢ ﬁr — )y , _ mlmmnE.
E B = %
T e e e
cce  gi— a5y
E Fﬂ o w

F) s SEENELEENG | o ERSSENAT SIS ENZEN
EE S NEENEEE GHIMNEE

<¢ 3P 6 0RO BO KN TES 8 @K aEs e

11| R RS R P 2 A SR S AN O AR O M RO SN
BEEEWO WEE Y DEEma NENEHBREO BROA N By ki
OA N

SRR R4 i ST o T BB R A Nl R OR N
EEENEHROA NEEERE B |
()& (Duplex Base-bar) BXENHFHR IGRNE B | BRKEI &
i Efe s B B H e N KN R TR SN TN SR BT L RN
= ES I



BHHDE HHE 2
e E e B S e B B B D N NE R T R R KT
YRR E RN GREK IS HEER
u&w&ﬁ%m.%%%%ﬁiﬁﬁﬁzw&:%%xmmﬁammmzﬁmmw

SR B I

()@= w (Invar Tabe) BXENFEHITRNI 1h2§§ﬁﬁﬁﬁ&ﬁﬁﬁ
FEEYREE 0. 0000004Z T - ! _.T«Amn&ﬁ%%&&ﬁﬁ%ﬁﬁﬁ BN B
R
(RNEE R (Steel Tape) %Rﬁ%maﬁ%ﬁ%%ﬁ%ﬁ%ﬁﬁﬁ%ﬁﬂﬁﬁﬁ%%

S5 %Zhﬁmﬁ‘%ﬁzqﬁ ZE%%%%MTE%EZ%&@MMN&MME
ﬁﬁiﬁ%ﬁﬁmz.ﬂﬁ%%ﬁ
(R)HEHUENEE

EE# e N ﬁﬁﬁZRH&%ﬁﬁﬂ%éﬁiﬁ et aNJEs (Constant error)

ﬁ.ﬁ%ﬁ?mﬂz 119X (probable error) ERAERNEEH (Accidental error)

ATV%RZWﬁ



B SR BNE 2K [ FeiE g

(1)E-RIE=HERa% Keuffel & Esser Co. N I8 80T Hr i (Champion)
4 S R KR | R B i R R 1 N
REME IR 11| 24 HF T N i R v - 1

(1) (Eugene Dietzgen Co.) Z&Qm%ﬂﬁ.m m@.&%ﬁﬁmﬂmﬁwﬁﬁﬁﬁﬁ |+
jus)

FRERE Y R B ERRYE NE RS SR 1 RN R R
BRI

WIS | - OMIE

B R RE | - s

R R ] - P

B K EHN - [RYE

BRI+ E ] - O KIE

R N IR G | |10 BT S W 0, 0000116 3z NP | | i I
BRI o =SSR TR A

= ¥ i



EHHxE

ZEHR

3[4

RASS | 12 SR N R K R B R i SR R
KENBRE | EENSERAEIE U NFERE | Yr<2E% | YK AE
S aﬁmp%%@%ﬁaﬁﬁmﬁﬁﬁa

S

<MOQEEENE

[ & ;o3
HETHF<OOEY | HEUIAKHE | EE-SE SN

S5 | ERNSELEKEE

=
»”
N

b

mﬁzmaA*mmmnﬁﬂamzm
GHE TR | 02 i N ke
P EREE NEERE | ARIEH
KRB B
HEEERELGE | GRLEEEL

ﬂﬂ*ﬁjﬁ£+ﬂﬂ_%ﬁﬁﬁﬁﬁﬁ_Wﬁﬁﬁﬁ%%ﬂ



4

X~

= __ - )

R

vid Sl "o i av v o v A G
_ .

.Muwﬁ Al

. g

BRERERE I+ B E o SR SR

A 2 S ] B 3 T N D TR T [ i R 2 NP S R X

g | L2 EU RIS RIN 1 L R I I | O S B i

NEE RS TR B T @ I T B

R M R A E T E T RN R R BB R R

TR YRR | SR W N KNREN B TR B
=~ &

sh
X




)

E,B§3¥

-——

i N L4
m&gmx&ﬁ&ﬁ+ﬁ?
EATK K WEE 0-10 REFAKEAH-IKN | s
ﬁam Sow C-D REEK IO EWO BN
ﬁﬁkﬁﬁmzﬁimﬁﬁaﬁnmﬁazxmwm
m?%g& wkgﬁyémﬁm&mnﬁ% i BT RR UL WG T
mm&mﬁﬁaﬁ» P i RS
$%+_?ﬁ%m;wmaazﬁmgmﬁi¢wmﬁﬁﬁﬁxmmﬁmw
ﬁmzax T BT A S SRR (B KBS Z SR NE
KR A B s
mﬁﬁﬁﬁizaa:ﬁmﬁlﬁt+;i+%gm‘symﬁxgzﬁ&:+&.
@A) Yy Ct= L (t- be) 5 od b BN BRI TEE K
Hﬁﬁuﬁ ur.r..f wmfnﬂumﬁarﬁ ﬁRZ#ﬁlmﬁKﬁ&.ﬁﬁ 0. o@oo:.wm 37
120 N W ﬁoo%e;+tﬁﬂﬁfﬁggﬁ@ﬁﬁmaﬁamamzmma
Homy NSy 18°.5 3731 MY NS G 20, 0
2 e ERNHEERE NS K i ] | BN RIEFES

iL

i

ﬁltm*n

31



B4

FREFDSErISELREETHSNE K KE RIS E TR S
zwﬁoﬁﬂgm:ucmmﬁﬁmﬁ@mmzz%ﬁwﬁamﬁﬂaﬁzﬁﬁi
%qmm.m,unmﬁﬁ =m{e? 0.0000413 % 3731 B E Y=LK 0. oooommmﬁd ©®=E
EERENYERERTETEE | ERERKEE NEZBRERBN @K ER
Z.ﬂbﬁ.ﬂumlﬁhP #EN _._u%ﬁ,\nf.pn EMe? Cs= 0. oooooooooooooqm%m o7
31 %..\ PeEl 1 EAAAE @ Cs=0 cooooooooooooqmm%
RANCE SN B SR T T N QB R S KB S NS
BB RSB N B S - I N R R £ <O TN S
NS E < EN I ST EX R R EEE S EeE K | BERIEOEN
R TS B KNSR BRI KB K NE S e
HRSES L) EX L GINFE YR KT EEEH - HK | BUROEN ¢4
SIS e U BRI S YK A A S
R @R K F KN IR HOEF YN | 4 KASHES R
;@mmn&mxﬁmwﬁz@aﬁzxmﬁxﬁﬁx%ﬁxzmmxaﬁmﬁ+
M ENF R TRFCH TN B < S XS R e SRS RIS EY

o =




BHhEoE HIE 'O

crassd o e s I 0.3 Y SRR E A R RE N W R L RERLK
FEEHNKEKLBE 0.3z
R RE L
BNBHE =2
IR 112 RN 1
_ R R
fa i el 2731 MusT RS S S SRR |+
M EWEE O - OONNYREN B RS NS QU ER =R & B BRN
wE SRS L E= BIUEYENAEHSE KoL EENT S
RHCEETHHHABHKPLFELNR ]
B+ | CEBY L S O SR E NS KL B R ER R EEN
105Gy LS R T N R - < OO [ T O — 1,3 Y E B O TN
== €549, 9987 QKIEN 3731 WK NE50,0001 YK HREHYN=1]
Ko 3731 BRENG | - BYERMNSSHKE 3731 HKK | - B
® 3731 BYNERPESY | - QUESSBRKNBHEES | LIAECHE




AL N
NR+E SR T HHR A c R TESEW BT REB+ | DO
BY= R E —At 2+ 2 5 A1 0.1, A2=—0.1, SA=0E —A+
mw+Hazfo&qN+wwu4omﬁﬁﬁﬁm%+_ﬁ%ﬂﬁﬂ Bl yeir
K—A + A0 v e sim s Sien g —A -+ 28T g i
B+ | CEEERY 3731 WueT i —A - 24 1 &0
W+ IEEERYRERFER T | ENESKETEHE SR OR IR < RS R
B 9 QR N K- 7 St g2
%{ﬁ%_?@ﬁmﬁﬂza&mﬁ+ﬁﬁ_mﬁ&fﬁﬁﬁﬁxﬁyRZ$a_
%Eﬁﬁ+ﬁﬁ~%Fﬂ1@ﬁﬁR4m@ SN T 2K S SN
miﬁﬁﬁﬂg@ﬁﬁJ@ﬁRﬁzxgﬁJﬁfza%mﬁiz+$mﬁa
%RZ#%@zmﬁgﬁtmmﬁ+&ﬁ_%ﬁt
R IEERER | 11 G KSR INFEB LRI KGR T LR+
| QEREHHME-EH HENE SRR R+ | DR RNSE —082IER-DRE

® BRI NERIRBEE —0. mm R | EREKEE+ 1. om NYE—0,82 ERT
oH 11




M HZE R EHE 111
HO.ABEFRIRER DK RESRYEETR |1 DLENE
FIHEER! [ E LN TR RIS TR R R 1 B R
S RN R, N e S I R NSRBI | - S B
HEEEEERSSERRD SN ENEKERE D
i P REL SR R REEY NS MK | EHEEE R | TR
WER | ESBIY 50— 40 +UKENSTHEE +0.2 JERS+NETE
@ RRE Y N BRI G TS GEEBRERER  50-30 | | + YKEN
GG + 0.6 QE B NS 15 S S EE T N i o 9 o I o
o 1 T2 ST ST 2 6 0,2 50-25 | 1412 QI E N ez + 111 1+
HE [ NETRE | - SRSEY NS+ | S E a1
R R e 0. 6E R FE
FPLENUEMNE Y R s N EE R K IS E UK | 150
R R R DR K G EE S G R A S T B T R K 3731 REMHRK
(0 o AR S R N R 1 L K S B IR R A N 3



114 128 M 1 e e s 3 N SR I 8 BUIR ¢ D Y B B 5 St [
QENREEPENERE KR

b 1



£ W B
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STANDARDIZATION OF TAPES (lst. time)
Line Location Weather
YR. MO, DAY
Date 192 Tape No. Head Tapeman Triangulation Party No.
éeetion | Stakes I;T.ncorrect_ed.i.'emp' . CORRECTIaNS -‘E E ) Rt ke
o 1 Length o ‘Terp | Catenary i +8et Up Index | Abgolate lenugth| Dotal for Pistan,es Total f.r Sectins " . "
X m 5 ] 3 — 8et Back ' Between Stakes of T'a it
i R e L B B e T TV 1 el IR
METERS METERS | oG { MM, | MM. | MM [ MM. { . MM. ; SN, Ml
For tajpe No. |{|{ undler 30{ lbs. {pull and [reduccid to.3.°5 {C '
0—-500A~C| 50 [10.0}-2.0j—2.4| +3.1 _ | —1.3 +1.40 ~(—1.3 +0.1 = +1.40
0-25B—C| 25 |7.5-1.7/—1.2| +3.0 40 1wenn | +0-60 | =014+ P =406
2550/ B—C| 25 7.5~1.7,—1.2] +2.8 —-0.1}‘: +0.80 +0.1+ *‘lj“ + ’: =408
_ +1.40
*0-10{C~D| 10 [8.1(—0.6/--0.1} +0.2 —0.5 +0.42 +0.5-0.36+ - = +0.42
10-20{c—n| 10 8.1]-0.6/ —0.11 +0.5 —0.2 +0.12 +0.2-0_36 + ‘: =10.12
20—30i C—D 10 8.11-0.6; ~0.1 +0.4 -0.3 +0,922 +0,3-0.36 + L‘i =4+0.22
30—40{Cc—D| 10 |8.6-0.6—-0.1| +0.1 —0.6 +0.52 +0.8-~0.36+ " = 40,52
40—50lc—D! 10 | 8.6/—-0.6—0.1| +0.5 _=0.2 40,12 +0.2-0.36+ " = 4+0.12
| ? k::m?r menan +1.40
For talpe B. S.INo. 3731 |under|9 kg. or 20 1bs) pull and reduced to %g."O c N
_ _ +0. is means that | the morks A
0-500A—C| 50 |7.9/-7.0/—2.4] +6.2 |[+0.3| +3.0 *21 & ¢l are 50. 0001 | m. apart,
0-25B—C| 2 |7.9-35 —1.2| +2.9 |+0.3 ~1.5 . +2.65 | +1,5-0.85+ o = +2.65
25—50|B—C| 25 .[7.8-8.5~1.2] +5.5 ~ +0.8 - 40.35 +0.8~-0.35+ 2 = 40.35
| | T +3.00 *
. —0 35 medn
0-10;C-D}| 10 7.2-1.5/-0.1} +0.8 | +0.3 -0.5 +0.78 +0.5-0.32+ 3 = +0.78
10—20p/ C--D 10 7.2—1.5| —0.1 +1.0 —0.86 4+0.88 +0.6-0,32+ —:— = +0,88
20-30/C~D| 10 |[7.2-1.5~0.1] +038 —0.8 +1.08 +0.8—0,32+ = = +1.08
30-40{C—-D| 10 7.5(—1.5{—0.1| 40.8 —0.8 +1.08 +0.8-0,32 + : = +1.08
40-50/C~D| 10 |7.6(—~1.4—0.1| 42.6 +1.1 4+0.82 +1.1-0.32+ 5 = ~0,82
| el  +3.00




F L =

wom X R MM Xx = B
STANDARDIZATION OF TAPES (2nd. time)
Line Location Weather
R MO DAY
Date 192 Tape No. Head Tapeman Triangulation Party No.
Section | Staxes | URCOTTOCtedb _(_IORRECTIONS_ it o E— B o . Remarks

| Length | - Temp. |Cstensry| Mi- Set Up | Iudex |Abeolute leugth| Total For Distances | Total For Bections . "
ZRH Bt i) % —8et-Back Between Btakes of Tu : i
AR Wk (BB ok | e |35 R | MEWTRER|  ERAERE | exmaRm |
METERS . o Mt | mal | msm T MM TmM MN, T MM,

- For | tape Nb, J|{| undier 30| 1bs. .pull | and reduced to |13.°5 C - - . o
0-500A—-C 50 14.2+0.4 2.4 0.6 | —-2.6 © 42,50 | =(~2.6 —0,1=+2.50
0—25|A—~B| 25 "19.0-1.8 -1.2] +1.0 | . ~1.5 +1.10

25—50|A-B| 25 |8.7-1.4~-1.2] +1.8 | _~1.8 +1.40
.. 2%‘”“ : _12'50-
0—10|C—D 10 14.4/40.1} 0.1} —0.5 -0.5 +1.20
10-20C—D 10 14.4/+0.1] —-0.1 +0.,3 +0.3 +0.40
20-30 C—-D{ 10 [14.8+0.1]-0.1| +0.1 +0.1 +0,60
30—-40C-D! 10 15.71+90.2/-0.1} 40,3 +0.4 +0.30
40-50C—-D 10 [15.8/+0.3 0,1} +0.5 407 ~0.00
' . 5%&%@&11 +2.50
For | tape [B,S.| No.| 3731 under 9 [kg. or (20 Ibs pullland redaced to| 20.° O C .
' _ This| means that | the marks A
— — : _ 0,
0 50A C 50 14..2 3.4 +2.4 +2.7 +3.0 | 1 & C| are 49. 9999 m. apart.
0—10c—D| 10 14.0—0.7/-0.1] +0.5 —0.3 | +0.76 Zih
10-20{C—D 10 [14.3—-0,71 -0.1 +0.8 0 0.9 £k
20-30C—D| 10 [14.4{—0.6/—0.1] +0,2 - ‘g _*1’4: ﬁ{%
30—40/C—D| 10 [14.2-0.7—0.1| +0.2 —1. 1. vl
0—50C—p| 10 [14.2-0.7-0.1| +1,9 Ll +0.64 37,
4 ~ 4.2-0. A +1L T +3.00 r
' %
bt
i
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STANDARDIZATION OF TAPES (3rd. time)
Line Location Weather
YH. My DAY
Date 192 Tape No. Head Tapeman Triangulation Party No.
Red tion I Stakes IUncorrected.,l,emp CORREGT ONS ﬂ:‘ ﬁ Remurke
Length Tamp. Catenary | B+8et Lp Index  ; Abwolote bengtn | Totw! For Nigpnees | Total For Scetfous
AR ot & n & —~Bet-bac k Hetween Staken ot Tapes 1 At
T ek R g | e | R | MREERE| E AR | SRR
METERS METERS | vwi | M3 | MM, MM, M. Mt | My Ty, T T
_ For | tape Nio, |i{H urdler 30| lbs. pull | and rieduced to |13.°5 C
0-56A—-C| 50 11.1]—1.4]-2.4] +1.5 ~2.3) ean —(-2.43)—0,7=41.75
0~50A—C| 50 112.4—0.6—2.4] +0.4 —2.6/ 7% 4175 |
0-925|B—C| 25 111.4-0.6—1.21 +1.4 —0.4 +0.73
25-508—C, 25 N1.2/-0.7 —1.2] +1.2 ; 0.7 41,083 |
.I“ ; . | 1 ::}f’é_ﬁwau +1.76
0-10/C~D| 10 I1.4-0.2-0.1, —0.2 1 ~0.5 +0.45 |
10—200C—D! 10 ‘11.4-0.2 —0.1! +0.1 | * —0.2 | Leas ,
20-30(C—D 10 .4-0.2 —0.1l —0.0 . 0.3 | o2
20-4c-D| 10 116-0.2-01/ —0.3 | 0.6 4055 |
0-50C-D, 10 11.8-02-0.11 -0.1 | | 04 4035
! ' ! [ ’ :t%gTwlll +1.75
For tape 'B.8| No. 5731 under 9 kg .or 20 1bs. puliand reduced to 20.° O C '

CEO A a4 05 3.0 : _n 7 This means that the marks A
0-50 A-C 50 12.3-4,5 2.4 +29 +0.3 4 | n & C are 4. 999 m. apart.
0-25B--C 25 12.2-2.3-1.2 409 14+0.3 _2.3 .9 40

25-50/B~C' 25 1nL9-2.3-12 +3.0 N o6

. 1 [ ' | f I -,\:__:I:' : THe AN +3'00
0-10C-D 10 121-0.9 -0.1 —0.3 403 o 0.9
10-200C-D 10 11 6-10 -0.1 402 e 0 84
2030 C—1 10 11.6-10 —0 1  +0.2 "o 3 ;0'84

. \__ : . - ! — 1. .’
40-50 C-D 10 A1 76-1.0 -0.11 +2.0 | — Zoles
| i - ho—8 v 23700 |

=5 Thean |

I



xx -+ o
# B B — R A+t H B2t BESASRMA
4 -k R B (—) BAXR& )

tR@®| % % B # R W | URTZREEL| IR | u
RMAMR | - - ) g—tE—k | *—H :
WRE®| X — B X = 8 ' X = # Swya| BAAEEE| ZBH
R »n| ® =» ® » ®E » @ » R »n|lm»n| ¥
r0-0 +1.40 +2.50 +1.76 +1.9 | _____
5025 +0. 80 +1.40 +1.03 +1.1

T . 0-—-5 0.0

o 5—15 40,2 -/
50—0 41,40 +2.50 +1.75 +1.9 15—-22.5 +0.6
50—10 +0.98 +1.30 +1.80 +1.2 29.5—-2(.5 +1.1 m
5020 +0. 886 +0. 90 +1,15 +10 27.5—-25 “+1.0 |
50-—-30 +0.64 +0.30 +0.90 +0.6 35—45 +1.2 C
50—40 +0,12 0.00 +0.35 +0.2 4550 +1.9 R
50 -0 +3.00 +3.00 +3.0
50-25 +0.35 , +0.60 +0.5 3
— 0-5 0.0 7

. 5—15 ~0.,8 3
500 +3.00 +3 00 +3.00  4+8.0 15—22.5 +0.5 1
5E0—10 4+2.22 +2.924 +2.06 +2.2 | 22.5-27.5 +0.5 o
50—20 +1.34 «  41.78 +1.22 +1.4 | 27.5-35 +1.4 -
50—30 10.26 +0.82 +0.38  +0.5 35-45 | +2.2 .
50—40 +0.82 —0.64 —0.96 ~0.8 4550 +3.0 R
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0—-25 ! +2.65 _ +2.40 +2.52
0—50 ‘ +3.00 +8.00 +3.00 3
- m 7
0—10 +0.78 _ +0.76 +0.94 +0.8 +1.0 3
0-20 +1.66 | +1.22 +1.78 +1.6 +1.9 1
0—30 +2.74 +2.18 +2.62 +2.5 +2.7 %
. 0—40 +3.82 +3.64 +3. 96 +3.8 +3.9 ]
0—50 +3.00 h +3.00 +8.00 | 43.0 +3.0 R
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1h= 59 50. 17
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22 3m  40s, 21
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E. E. of 51 Cephei for Nov. 1st1928= 10b  34m 40, 21 P. M.
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Wi UWEBER TAHEEEB®WHE

-: NUMBER FOR TABLES :-

loti sie wee sie eir wir sst wer ser eee eoHosmer Adjustment
2. v aer e we aee e s see e Lodngram Adjustment
Biee  sev ees s wee oQuadrilateral with 1 station unocecupied
... v v s evr eer sie e wee s Base line computation
Beve  eie hee h eir e see e wee ser oo Time determination
Biee see we ee wre aee eer e oo Determine Latitude by sun
Teee 4o sev ees ser e ses we  Determine Latitude by Polaris
Biei vt wit see ses see s e e Determine Azimuth by Sun
Bich vee wiv e enr see see e« Determine Azimuth by Polaris
10, . wv we e e we o.Computation for Geodetic position
11... v v wi v we we e s wuCoordinate computation
12, wv st st et e wnr eee en we Computing Distances
13... s sv ih see s wee se wer e e o.BenchMark list
14i. sie wiv s wie se e wee e e o..Level crossing river

15..- er (TL) LTY] e LT saw YL ...St-adia Adjllgtment
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ANGLE ADJUSTMENT

Angle fram Second
Ist Adjastment First set Second set adjustment
1 56> 28" 29733 55 28° 347b8! boe 28" 34”70
2 41¢ 30 467,66 41° 300 B17.91- 41 30 b27.08|
8 3Te 49 1867 d7v 49 2370921 87c 4% 23780
2| 250 11' 04734 45° 11 09759 e 1 0947
1.9° B9 39700 lavv W Waw
180 007 00700
43217 .00 |
o’ .2b
5 | 46* 13 3733 460 13 39766 460 13 3054
6 EQ* 45° 457.00 50° 45" 477331 bB0° 4o 47721
7 41 27 2000 41° 27 3133 | 1su¢ w Ol die 27 31.4b
8 | 4l° 32 59".34 4lc 33 017.671.180° 00  00“00| 41° 33 01780
179 59 BUT.6T 1790 bY by 49 | 400y | 1.0 T Wl
1180 00 00”00 180 OO 000 012 '
4)97.33 407 61
P4 018
SIDE ADJUSTMENT
.. Angle from : : o
second Adjustment Log Sines Intf, 1 Final Angle
1] Bbe 28 3470 9. 916870215 4.5 550 28"  357.90
3 1. 8¢ 49 2880 9. 787621998 27.1 37 49 - 25”.00
& 46° 1% 3954 9, 808bO38T1 20.2 . 460 13" 40774
7 41 27" 31”46 9. 820910761 23.9 - 41¢ 2¢ 82765
o 9. 352996549 8.7 |
2 | d1c 3¢° 52.08 9. 821388311 23.8 41° 30" 50”83
4§ 4be 117 09°47 9, 8Bb0885932 20.9 4b° 11" 08”27
6 Be 45 4721 $ . 889042401 17.2 BO° 4% 467,01
8 41° 3¢ 01”.80 9. 821896366 23.7 41 33" (¢’.60
] 9., 3x3U15090 #b.6 360° o, w700
9. 382006849 86.7
20741 171.3
Y
. STATION
.., ADJUSTMENT
‘Station at | Subéeﬁgtlafl by | "‘OIbserVed angles | First: Adjustment
1| eumg ). cat a8 | oo 28 gov 550 28' 297.33
8 °119 °43  rl120 . 41° 33 @27 410 32" 59’34
°119 * .°41 <120 97° 01 27 | -97 Q1. 28767
21~ c41 - °119 <129 41 30 48" 4l 30 46 .66
3| el o483 <120 | 370 49 20 370 4% 18767
- °q] 119 ©43 T o79e 200 o4~ 790 20° 06".33
4 | <43 <119 <41 - 4be Y (2 | 4be 11" 04734
5[ <43 e119 <120 460 1% 3" 460 13 37783
o T 43 o4l - 2120 9le 24" 44 91° 24" 41787
6 =120 o4l =43 . boc 45 H1* bloe 46’ 45”.00.
7 %120 |- <119 e41 . 4le 27 % d1° 27 29700
©120 © 119 =43 g2° 1% o8 92¢ 1¥ 4700

T N

EEBSR
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SURVEY OF SIANG RIVER.

B

—
——

R

d, =222 4, =.30.2 d =16.1 d,

ANGLE-EQUATION ADJUSTMENT
| .Megs.ured Angles for 360° _fjfngggg‘ Adjusted Values -
a | 46° 82 23" | 407875 —67.0 | A | 46° 32 177.87
b | 3 42 44 | +0.875|-6.0 | B | 36 42 38.875
c | 61 53 21 | 4+0.875| +5.25| C | 61 53 27.125
d | 34 51 30 | 4+0.875| +5.25| D | 34 5L 36.125
e | 30 39 49 | +0.875,+6.0 | E| 30 39 55875
f 152 3¢ B4 | 40.875| 46,0 | F | 52 35 00.875
g | 42 2 48 |.4+0.855|-5.25] G 4226 43,625
h | 54 18 24 | 4+0.875| —5.25| H | 54 18 19.625
T 360° 00° 00’
dy = 19.9 dn = 28.2
T T dy = 30.2 d = 11.2
A d. = 35.5 & =16.1
4, =_15:2 4 =231
+100.8 #7386
Tl; I, C::gg_:g— T+ 555

d'j = 19.9 d' = 11.2 d: = 35-5 dz — 23-1

= 15.2

Ci=+48.1C,=441.4C3= +51.6 C,= +38.3




Check,
log sines

Side-equation
Adjustment

Log sin A,B;

ete. Adjusted Angles

9.8608375 | 19.9 | + X +X,| + 2.49” | 46° 32’ 20,36 | 9.8608424
9.7765386 | 28.2 | + X —X,| — 1.97 | 36 42 36.90 |9,7765331
9.9454941 |11.2 |~ X + X, +1.65 | 61 33 28, 78|9.9454959
9.7570722 30,2 | -X —-X, — 2,17 | 34 51 33, 96)9,7570656
9.7075917 | 35.5 |+ X +X,| +2.64 | 30 39 58. 51 |9.7076011
9.8999520 | 16.1 | + X — X,| — 2,12 | 52 34 58 .75 |9.8999486
9.8292317 |23.1 |-X + X, +1.51 | 42 26 45.149,8292352
9.9096304 15,2 |~ X — X, — 2,03 | 54 18 17.609,9096273

MR M

g B %

L=—382 Lo 3600000007 | L=0
—382
~ R0~ +.04613.
LS 123.21
4 - : +X = 5.55X +.04613 = + 0,26
Ci = 2313,61 +X;= 48,1 X +.04613 = + 2,28
Cl = 1713.96 . tXa= 41,4 X +,04613 = +1.91
1466.89
C = VR +Xy= 38.3 X +.04613 = +1.77
Computed by: Y. F. Wang, Date: July 1st 1926

Checked by: T. Y. Huang Date:

it




el

-

= &
HANKOW CROSSING

_' o ANGLE-EQUATION ADJUSTMENT
B. P.] Measured Angles [— TR _
| o for&60° . Anglgs?;' Adjus_t.ed Values
Comptfd a| 26° 8% 49”| - 07 |+387.25| A | 26° 89 527.25
12 | bl104 55 24 ., l+8.25| B {104 55 27.25
12 e] 17 81 33 . |—8.25| ¢ | 17 81 29.75
11 d| 30 53 14 ., |—8.25| D | 80 53 10.7
11 el 97 32 &5 , |—8.25| E | 97 82 51.75
13 | f| 84 02 31 " —3.25| F | 34 02 27,75|
12 | g|- 880720 | , |+8.25, G | 33 07 24.25
Comptfd h| 16 17 18 | ,, | +8.25| H | 15 17 16.25
| 360 0 0.00
d, = 42.0 d, = 5.6
B Chinshan dq = 35.2 d = 66.7
AN 4 d = 2.8 d = 31.1
4. 2. 711 4 - 32.3
'SR <1345
; ,
124, c
K, Xy C=m  Z=6.T5

dy =42.0 d. = 66.7 d_ = 2,8 d, = 32.3

d,=5.6 dy= 352 d =81,1 d= 77.1

C =364 C;=101.9 C;=28.8 C,=109.4




Log sin A,B, Side-equation - _ Chéck,
~ ete. d _ Adjustment . . édjusted Angles log sines
 9.6520196 | 42.0 | + X + X | + 0.93” | 26° 39’ 53”.18 | 9. 6520235
9.9850972 | 5.6 |+ X — X, — 0.64 |104 55 26.61|9.9850976|
9.4787407 |66.7 |— X + Xu| + 2.05 | 17 81 31 .80 |9.4787544
9.7104020 |35.2 | — X — X,/ —2.3¢ | 30 53 08.41|9, 7103938
9.9962208 | 2.8 |+ X +X,| +0.75 | 97 32 52.50|9. 9962206
9.7480225 | 311 |+ X ~X.| — 0.46 | 34 02 27.29 97480211
9.7375457 |32.3 |~ X +X,| +2.21 | 33 07 26. 46 |9,7375529
. 9.4210582 | 77.1 | - X — X,| —2.50 | 15 17 13.75(9.4210389
=531 360 00 00 _ 00 0
+5631
Ty =0.021587
94% - 182.25 +X = 6.75 x 0.021537 = 0.1454
C) = 1324.96 +X,= 36.4 x ,  =0.7839
C2 = 10383, 61 +X.= 101.9 x ,,  =2.1946
C2= 800.89 +X,= 28.83 x ,  =0.6095
11968. 36
Ci=mm— +X4= 109.4 x s = 2,3561
Computed by: Date: Dec., 28th, 1928
Checked by: Date:

g B
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LENGTH COMPUTATION OF BASE LINE

Computed by Y. F. Wang Checked By Y. Kue.
Tape used:— K and E 50 meters Champion Tape.
Total front thermometers for 61 stakes = 4098°.5
4098.5/61 = 67°,188 F (Average front temperature)
Total rear thermometers for 61 stakes = 4064°.6
4064.6/61 = 66°,63 F (Average rear temperature)
67.188 66.63 = 133.818 133.818/2 = 66°.909 F

Slope correction = — EhL_z 0.02549

Mean critical temperature of tape = 138°.5 C or 57° F.

Coefficient of expansion of steel = 0.0000114 per 1° C.

Or = 0,0000065 per 1° P,

Tension supported throughout its length =12660 grams
= 30 lbs.

Catenary correction = 1 (W2 X L3

24 (%)

W = Weight of tape per meter = 21.57 Grams

t = Horizontal tension = 30 Lbs = 13660 grams.

L = Length of one span of tape = 25 meters

2
1 _ (21.B7) — o0
Catenary correction = 24 = (13560) X 15625 = 0.00162
Cmsl = _Ba
r

B=length of base as measured =1501.267( Average of 2measurment. )
r =Radius of earth = 6367465 m.
a = Average elevation of base line = 52.72
- 1501.267 X 52.72
Cms)] = _W— = —0,0124 M.
For First Measurements:—
Temperature correction = (66.909—57) X 0.0000065 X 25
= 0,00161

Catenary correction = — 0,00161
One tape length under the condition of measurement =
(25.00000 + 0.00161 — 0.00162) X 60 + 1.267 = 1501.2654

(The last station only 1.267 in length)
Set forwards, Sum + 990 mm.
Set backs, Sum — 51 mm.



1501.26564
+0.0900
~0,0510
-0,0255 (For slope correction)

16501,2788 (Prelimary correction length for first measurement)

Second Measurement: —
Total front temperature = 4057°.5 for 61 stakes.
4067.5/61 = 66°.5164 F (average temperature)
Total rear temperature = 4124°.7 For 61 stakes.
4124/61 =67°.06 F (average temperature)
(66.52+67.6) — 2 = 67°.06 F Mean temperature.
Tenperature correction= (67°.06-57) X 0.0000065 X 25 = + 0.00163
One tape length under the condition of measured =
(25.00000 + 0.00163 —0.00162) X 6 + 1.268 = 1501.2686

Set Forwards Sum + 7¢I

Set Backs " - gomm
1501.2686
+0.0790
—~0.0800

—0.0255 (For slope correction)

1501.2421 (Prelimary corrected length for second measurement )
(1501.2789 + 1501.2421) — 2 = 1501.2605 Average length.

1501.2605
~0.0124 For reduction to mean sea level

1601.2481 True length for P, and Py

| W O H R
Determination of local time by the Sun’s Altitude.
at Any Hour Angle.

Observer : —.Y. F. Wang Place : - Hukow

Recorder : - Y. Kuo Date : - March 27th 1924
Inastrument : - Jena No. 12778

EoHHE

ERBE

OlY
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gh 18M 573 43°03' 655
9 32 18.75 4539 12.0
2318511625 2388°43 07 .5
gl o5™M 33819 44°21 33”.76 Average altitude

— 597.33 Refraction
44°20" 347.42

+ 67,32 Parallax
44°207 40”774 Corrected altitude

Local watch time = 97 25™ 38512 A. M. March 27th, 1924

Longitude from map = 116°21 17" = 7° 45™ 25°
Equation of time =  9725™ 38512

= 5™ 47377, 12

(Var. in 1 Hr. = 05766)21"25™ 38512

Var. in 18.67 Hrs = 7 456 25.00

10547 13P40™ 13812 March 26th 1924.
52 47377 +5 37.30 Equation of time
— 10.47 13P45™ 50842

5™ 37530

Declination for March 26th, 1924 at Greenwich Apparent Noon
=2%12 39"”.3

13’ 29”.g§

2° 26° 08”.56
—43”7.00 Refraction for Declination
25 25 257.66 Corrected Declination
Sin. 1/2t =/ Sin- (z+m) Sin3 (z—m)
Cos L. Cos &

Z = Co-altitude = 90- 44 20° 40".74 = 45 39’ 197.26
L = 29° 45’ 02”.86 From observation

8§ = 2° 25 25”.56

m= L+8=27 19 37'3

l(z+m) = 86° 29° 28”.28

l{a—m) = 9° 9 50’98

Log Sin 36°29° 28" 28 = 9.7742973
Log Sin 9°09° 50’*.98 = 9.2021168
Colog Cos 29°45' 02 .86 = 0.0613842



Colog Cos 2°25' 25”.56 = 0.0003887
‘ 23190581870

19°17 44 12" oo™ go°

38 35 287 2 34 21.9

= oM 34™ o) 8¢ ot 25™ 3851 Computed Local Time
9 25 38,3 watch time
o oo™ 0051

Latitude observation also shows that cur watch has no erroc.

L

e er

8 X =R
Determination of Latitude by Highest Altitude
of sun
Observer: Y. F. Wang Place: Hukow
Recorder: Y. Kuo Date: March 27th,, 1S4

Instrument: Jena No. 12778

Longitude from map = 116°21°17" = 70 45™ 258
Local watch time 12h noon, March 27th., 1924
12
Equationof time=5m¢'{s.??§E 0™ 0¢°
(Var. in 1 Hr. = 05768)
Var.in16. 24 Hrs.=12%44 7 45 25
16™ 14 355  G.A.T. March 26ih, 1984
5 35.33 Bquatwn of time
162 20™ 10533
Declination for March 26ih., 1924 at Greenwich Apparent Noon
= 2 12 39°.30

Var. in 1hr. = 53°8)
Var.inl16.336brs. =160°.56 16 00" 56
— 80", 00 Refracton for decl naton
.86 Correctad Declinatwn

ZBE EZ=THHE

L3
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Highest Altitude = 62° 43’ 33~
- 307
T 62° 49708
4" Parallax

62° 437 07"

—2° 28" 09’ 86

: Giio ia' Elr?’.li4

90°
~295 45" 0276

s+ #*
Determine Latitude by Polaris
at Lower Culmunation

Observer: Y. F. Wang Place: Nankang
Recorder: Y. Kuo Date: May 19th., 1924,
Instrument: Jena No. 12778

Civil date and mean time for Polaris lower culmination for

May 19th. = 9%45™ 00° (See Ephemeris 10700 — 3 92 x 4 +1% 00
for 120° Longi.)

Lowest alt. = 28° 22’ (06"

(Mean of direct and reverse value. See observation sheet for same)
Refraction = 1’ 42”7

Polaris dist. = 90° — 88° 53" 1”.69 = 1° 0§’ 18”.6

Lat. = alt. — refra. + Polar dist.

=h—r+d
= 28° 22° 06’ — 1’ 42" +1° 06" 18".6
= 29° 26’ 42’.6
| A
To find Azimuth by Sun at Any Hour Angle.
Observer:~ Y. F. Wang Place:- Hukow.
Recorder:- Y. Kuo Date:- March 27th 1924,

Instrument:- Jena No. 12778,



43° 03’ 556 9" 18 575

45 39 12.0 9 32 18.76
288 43 07.5 2518 51 16.26
44 21 33.7 gh 25’ 387.12 Average time
— 95, 30_ Refraction
a4 20 94.45

+ 6,00 Parallax
44° 20° 407.45 Corrected altitude.

local watch time = 9% 2538512  March 27th 1924.
Longitude from map = 116° 21 177 = 7% 45 g5°
Equation of time = 5M 47577 9P 25™g8S12

(Var. in 1 hour = 07 766) 12
Var. in 13.67 hours = 10547 21 20 38.12
~ 745 25.00 G. A. T.
547577 18740 18512 March 26th 1924
-10 . 47 — 5 37. 80 Equation of time.
5M 37530 18B45™ 50530

Declination for March 26th 1524 at Greenwich Apparent Noon

=2° 12’ 39”.30
13 29.26
25 26' 087.56
43".00 Refraction for Decl,
25 25 25°.56 Carrected Decl.

(Var. in 1 hr. = 58”.8)
Var. in 13.763 = 13’ 29'’.26

E hNat.-S_ine | Log, Sine | Log. Cosine.

d | 2°25 257.56| +0.04229

h | 44°20° 40745 | 9.8444597 | 9. 8543967
1| 29°45 02786 9.6956317 | 9. 9386158
Product ' .1 —0.34685 | 9.5401414 | 9, 7930125

Numerator - - _,'.__0.30456 | o 9. 4838729
Bearing |S60° 87 30.E| | 9. 6906604
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126° 13' 18".78
123 07 34.80

27049% 30" 537 68
124° 40° 26°.79
60° 37° 80".00

S 64° 02' 56,79 W
64° 03 04” .46

27128° 06" 01".25
64, 03’ 007 .62

M o &
To find Azimuth by Polaris at Eastern Elongation

Observer: Y. F. Wang Place: Nankang, Kiangsi
Recorder: Y. Kuo Date: June Hth, 1924
Instrument: Jena 127.8

Time for East Elongation for the meridian of Greenwich (Latitude,

40 N) for June 1 = 3P 00™ A, M. (Ephemeris)
5 3.92=19"¢ —19.6
2B 20™ ¢ for June 5
18 — 1.0 for Lat. 30°

15{120 8 x 016 = 1028 2P 39M4
+ 1.3 for longitude 120

2b g0 7
Therefore Civil dite and mean time or Eastern Elongation at
Nankang = 2" 40™42° A, M.

. . _ Sin_of Polar Dist.
Sin of Azimuth = = ———

Sin (90°—88* 53 37.41) = 8.25857135
cos 29° 26" 42,6 = 9.9398317
8.3457818

Log Sin 8.3457818 = 1* 16’ 13" 43



Observed Angle (Aver. vaiue from direct and reverse. see observa-

tion sheet? = 142° W& 307 -
1° lsn 13”..43 B ’:Q\d 3
1437 18" 437 .43 . -
130 i *\! i*“_: ——
S96° 417 167 .3TB . -
Thereiore true bearing for le w Pig \‘\:_.‘1_\\\
=S36° 41" 16”.5(E s T

o6° oF 1316 from vid hase line Pl F’3
2 53" .41 Difierence
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YANGTSE RIVER COMMISSION
N SURVEY DEPARTMENT

COMPUTATION OF GEODETIC POSITION

a | Py toPyy D48 17 107332
S| £ | Substenind by Py and Py at Py, I s 25 04728
a fPﬁmPas {12 53" 06~.622
Ad | | —52. 255
' 192° Bl S4°.967
a”
Third argle of trisngie |
g 29 14 23 oM A -116° O 55~.144
AS —0113.9W AN —01 06,107
g 2910 0 2ld A’ 116 0% 527,087
LORT RRE- Ut o I R 7.&381 |
- 2 9N L 8635 e 4.8
L w836 c ;1138 (2.32
| f PSPPI — asn = :
Ist terme, 233w . A ; Shlas ;“:;:i h-]t‘gl
2nd & Sed | ool B S R :
weoms } _.___...,_'ml i ; ] -{
S | I R
T s | soaw
o | & 0% : 150043
P s 0ed) g esasne
et
1800 1509600
: —aa 2255
aa 1% |
Computad by Y. F. Wang. Dash 12ch Februsry 1335,
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SURVEY DEPARTMENT
SURVEY OF POYANG LAKE.
COMPUTATION OF GEODETIC POS[T‘[ONS
@ | PggtoPog 223° 15' 89".280
Z | Substended by Pypand Pggat Pgg 83° 19" 11”.77
@ |PggtoPgg 306° 34’ 51”.050
Al . 59 . 240
- 126° 35’ 50.290
a,
| Third angle of triangle
| o i 29° 11’ 277,379 A l-116° 01’ 50”532
Ay | -0t 19.163 AA -02 01 . 505
¢ | 29010 03~.215[ A’ | 116° 03’ 52.037R)
1g+g) [29°1047 97| s |s.61600 | o [7.233] .
' cun | TS v 88 3
B wia | C sas U
. 1 .1 L 6,11
1st term L h i !
ord&Sma| 79148 79.148 | .015‘ 0
. 015 ! ,‘ ;
| 000 I o
| 79.163 | | |
| s |s.61:600 |
sing | 9-904725 N AR
A | 8509376 | | 1 2.0845%¢N
g | 0-008898 sin: (§+801 9 683023
sSeC e al——— .
| 2.08459¢ N 1. 772617
-121.506 | —AQ —59.240
o AA '
Computed by Y. F. Wang, _ Date 12th February. _19_5

Checked dy Date 18h ,, 1925
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YANGTSE RIVER COMMISSION

TECHNICAL COMMITTEE
SURVEY DEPARTMENT

TRAVERSE SHEET.

Traverse Line Along Yangtse River

From Hukow

Field Sheet No. 14

To Panchih Map No.
1 2 3 4 & € . 7 8 9
Azimuth LthDlsécgsnee Loﬁbé)lgzime Latitude Depart
) Instance. Begi-mg.. Bearing. . eparture. Co-ordinates
%Otﬁ Page Stat.on
N%L: No. ' Log. + - + -
Bearing. Log. Latitude Departure North. South. East. West. Southings Eastings.
046
7318192986717064726
58018105 317365285831736285
™8 o112 9720513599295468 7835054 12687473 6534687586843989506
N58°18'10.6 2H894042081038758
57945°04."45  3269739932697399
0% ie0og72 9726611598274 754 9916839 15747684 E6548063687001416845
N57<48'04."GE2996351481972153
31202112715 3296902132969021
048 19410504 98¥846749868646713346564 14640260 _ 42083972868560132456
N4T<38'47."86W3 125 369531655488 ‘
227°36'2285 $199218131892181
— 7T 150 0423 9828802098688682 10666454 11683860 5275042686738174645
S4To3622"85W3028021030675563 '
| 1859535606 3312606283126062 _
06 o054.0269 9997694290218813 20481507 2110996 73181988867170648656

S55F56'06W 331 0300428244875

Columns 1, 2, 3, and 4 copied by Y. F. Wang Date,
Columns 5, 6, 7, and 8 computed by Y. F. Wang Date,
Columns 9 computed by Y. F. Wang Date,

Compared and fnal check
by C. C. Chang,
Date
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Computation of Triangles 1.

No.!  Swibus | Observed angles | Convi, |$EL | Soheri| flame sngles |y oy
'B to S o 10 | 7743.791| 8.8889536
b 15°17°11.”798 | 9.4210253

ftg 67°09'52.”77 ° _ | 9. 9645538

e 97°32/55.”°25 0,0037802

B to K, 2059.487 | 3.8137591
'S to Ki 7199.256 | 3.8572876
'S to K, | | | 3.8572876
d 20°53'07."75 | 9.710.,915 |

a 26°39'55.” 76 ol | 9.6520343
b+c  |122°26'56.”749 R 0.0737249

S: to Ko | 4379.293 | 3.6414040
K:to K, | - | '3828.660 | 3.5830468
'K, to Ky | ] 3.5830468
,_ h 28°22'82.” 75 o | 9.6769240
| fig 73°38'07."22 . | 9.9820395
e T7°59°20.7°03 e 0. 0096135

K, to Ky | | 1860.305 | 3.3695843
Ka to Ko | . 8755.777 | 3.5748398
K; to Ks | | 3.5746998
-4 23015'46."30 | 9.5965422
A | 42°14117.744 | £ 9.8275076
b+c. - [114°29°56.26 - | 1. 0.0409785 |

K: to K, ; -_ | 1630.105 | 3.2123155
K, to K, ; 2774,476.] 8.4431809

Computed by Y. ¥. Wang
Checked by H. Tseng aug. 1923
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Survey of Hankow 2.

No | . Statious Ooeerved augles | corcn | SPIST | Fobert | Flene suelen | 1oyt
K, to K, 3. 4431809
\_ h 20°37°19.02 9. 5467896 |
. f+g 81°33'16./76 9.,9952659
e 77°49'24.°22 0.0098823

K; to Ks 999.661 | 2,9998528
K, to Kg | 2807.655 | 3.4483282
K: to K | 3.4483282
d 93°49 12.702 9. 6062359
a 64°38'33.”722 9.9557021 |
b+e 91°37°14.”76 0.0001738

K, to K, 1134.826 | 3.0547379
Ky to K, 2536.820 | 3,4042041
Ko to K, 8. 4042041
b 68°24’41.”023l 0.0315873

. a+h 79°45'55."/ 087 9. 9930340
j 4 81°49'23,7890' 9. 7220589
| Ko to K, 2684.265 | 3.4288254
K, to Kq 1438.302 | 3.1578503
Ks to K, 3.4288254
f 52°52°49.7992 9.9016649

d+e 70°38'29." 700 0.0252749

c 56°28°40.308 9.9209955

'Ky to K, | 2268.638 | 3.3557652
| Ks to K l 2371.897 | 83.83750958 |

EHYH®W

Computed by Y. F. Wéng‘
Checked by H. Tseng

aug. 1928
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Survey of Hankow 3.

No Stasions | Obsorved angies Ko e, J;_  Logaiitins
K: to K, . 3.3557652
a th 65°45'51.”/81 | 9.9604407

b 69.23'30.05 0. 0287203

g 44°41’88.7'11 9.8471525

Kr to Ky 2212.719  8.8419262
Ky to Ky | 1704.661  3.2316380
K, to Ki 3.844926
£ 59°40°44.” 54 9.9361169

d+e | 8205541.702 | 0.0033166

¢ 87°23'34,44 | 9.7833871
Ky to K 1924.685  3.2843597
K to Ko 1354.035 | 3.1316299
"Kuto K . 1320.681  3.1207981
f+g 85°2609."550 9.9986207

e 66°0032.”325 0.0392395

h 28°33'18.”7125 9, 6794303

Kz to Ko 1440.981  3.1586583
Ky to Ko 690,98  2.8394679 |
Ko to K | - 3.1586583
! a 73°19'39.”845 9.9813i80
b+c - | 81°49'85.7990 0.004°339

d . | 24°50'44.”165 9. 6231296
Kuto Ky | 1594.569  3,1444402
Koto Ku | | 6l1.676 2,7865218

Computed by Y, F. Wang
Checked by H. Tseng aug. 1928
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Survey of Hankow 4,
© . Stations | Observed 'z_u:éz'es Cort'n, S;’Iﬁ‘g;j "‘;’f‘;;: ffg“gi;};’f}gﬁﬁ' © Logarithms
Ko to K ! '8.1444402

a+h  [103°01'52.950 | ' 9.9886689
b 84°15°05.675 0.2496246
g 42°43'01.375 - 9.8314719
K to. Ky 2413.980 | 3.3827337
Kauto Ko | 1680.880 | 3.2255367
Kos to Ky 3,3827337
£ 53°0805.365 9,9081108
d+e  100°50°14.320 0.0078155

¢ | 26°01740.315 9, 6422748

Kz to Ko 1956.373 | 3.2936660
Knto Kix 1078,610 | 3.0328240
Kg to Ky | | 3.2936660
f+g 84°18°11.540 9.9978498

e ' 64°07/36.505 0.0458724

h 31°34°11.955 o 9.7189496
Ki to Ky | 2174.644 | 3.3373882
K to Kz 1144.163 | 3.0584830
Ke to Ky | 3.3373882
a 67°13'25.015 9.9647416
b+e 87°44’43.990 0.9003353

d 2501'50.995 .| 9.6264590
Ko to Ky | 1'2006.624 | 3.,3024661
Ko to Ky 920.8385, 2.9341835

Computed by Y. F. Wang
Checked by H. Tseng

aug. 1928
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SURVEY NEAR CHRISTMAS ISLAND

FIRST  SECOND THIRD ADOPTED
STATIONS:  ELEV.:  ELEV.: ELEV . DIFFERENCE. MEAN DIFF.. ELEV.: REMARKS
B. M. 108: 19.196 19.196
B. M. 108 : 19.894
E.T.P. 1: 4.997: 5010 0.013 0.0065 5.004
E.T.P.2: 5761: 5777 0.013 0.0085 5,771
W.T.P. 2: 6.244: 6,188 0.066 0.028 6.216 Cross R
W.T.P. 1: 5.902: 5.902 5.902
T.M. B. 1: 15.981:15.972 0.009 15.976
T.T.P. : 6.164: 6,163 0.001 6.164
Gage M. 1: 4.742: 4.744 0.002 4.743
v 4 2 6.515:° 6515 0.000 6.515
T.B. M. 2 : 16.276: 16.252
T.B. M. 3 : 16.077:
L.B. M. :18.864: 18.864 taken flat
H.WM. 16.161: 15.166 0,005 15.169 surface.)
W. L.on6: 4.242: 4.243 0.001 4.243
Gague : 4.434
Gague 1ft 4.790
s/ T M &
RIVER CROSSING AT KIUKING
sor At wa Aytm A L
CRIL T T
.,_,/ 4 -,.1_7 ‘:'y, a2y & B P,
T Lty‘?‘ Benk
B. M. 1 - Forward 1~ Backward Mean -
S B. S. | F. S. B. S | F. S Diff.
Y.R.C.T.B.M. 169 | 3.14800 | 2,69200 | 3,36300 | 3.82300} +0.45550
Y.R.C.B.M. 73 A | 0.87300 | 9,88500 | 9.87800 | 0.87200{ —9.00650
T.P.r - [1.03200 | 0.87345 { 0.33100 | 0.59545! +0.21150
T.P. 1" 9.77100 | 1.27100 | 2,11600 |10.61700| +8.50050
0. B. M. 13- A4 o B ! N B '




Average difference of elevation from Y.R.C. T.B.M. 169 —O.B.M.
19 = 016100 M
Elevation of Y.R.C. T.B.M, 169 = 38.8403 m.
+0.1610
39.0013 "
Ele. of 0.B.M. 19 (leveling from
L. B. M. 68 = 39,0083
Error = 0.0080 m
These two values are computed from follows,
Since forward levelling =1.00575 m ( Mean of 16 times)
Backward o =0927TT5m ( ,,
Distance of Sight =1400m

_ 2(from Merriman’s Precise
Using formula d =0.0000000675L surveying & Geodesy)

T ————

=0.0000000675X 1400°
( Whered isdenoted =0.1323 m
correction for cur-
vature & refraction
Therefore 1.00575 — 0.1328 = 0.87345m
0.72775 — 01323 = 0.59545m

B 1+ 1 %
To find the ratio%-in Ainsworth transit No. 2783

LN 3 1

Dlstance=-€-‘- S+(F+C)

By actual measurment distance = 100™

. »s  reading = 98Mg
» " measurment F = 21
s 1 1) C = .068m
j ] '_ N ;
o ] i
_/ 1
X F
< >>» D
F
100= =S+ (F+C)

99.7122 = -Ei:X98.2 -1;"- = 1.016

The focus length ¥ really lies in front of the objective glass but it 1s
nearly equally to the distance from the optical centre to the cross hair.
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FIELD INSTRUCTIONS
SECTION 1 TRIANGULATION

(CONTINUED)

D 55q) Horizontal Angles.

Station: Tung Date February 7, 1924
Location: Near Paho Instrument: 7-inch theodolite No* 1162
Observer:-
: . =t ) tel W h .
. v {°[8 Ll ie &i@ | Angle, |
oietsy. | £ lgjangte Al 2lE | mean |
18 E | | 18%|e %! D.andR. |
SR BrEB
= [ 45
a.m. : - IR E °  » 23
Sung wu 8.00} (0| 0 000009 00
31266 552020
D|6{173 5814040 40 | 40 | 88 59 46.7
Wu-sung Ri6| 0 00]1020 15 | 25 44.245.5—-0.7=44.8
Wu-Bat 3127 303040
R 16255 011020 15 | 00 | 42 30 10.0
' D16 0 002020 20 | 55 09.2/09.6-0.7=0g.9
Bat-Kow 3| 82 432030
. D161165 263040| 35 | 15 | 2734 22,5
R{6| 0000010 05} 30 | 25.0123.7— 0.8 = 22.9
Kow-Dog 3113 0210;20
R |6 226 04}2030 25 | 20 ' 37 40 43.3
- D|{6]| 0001020/ 15! 10 41.742.5-0.8=41.7
Dog-sung 31129 152020 '
D16259 30|3030 30 |15 16315025 .
R{6} 0001020 15 15 | 02.502.6— 0.8=01.7
o | 101 3000 (@& 000




D 56) Observations on intersection stations. -An intersection sta-

tion 18 ore which 1is not occupied and of which the position is
determined by observations upon it from station of the main sch-
eme, or from suppplementary stations. Each series of observations
on intersection stations should contain some one line, and only one,
of the main scheme (or a line used m fixing the position of a
supplementary station). Such a series of observations should com-
mence with the selected line of the main scheme, with the telescope
In the direct position, and with the circle reading approximately
zero. The intersection stations should then be observed in order
of azimuth and the first half of the series closed with a reading
on the line of the main scheme. The telescope should then be
reversed and the same process repeated in the reverse order, beg-
inning and ending as before with the selected line of the main
scheme, A second such observation should be made on each inte-
rsection station (with the circle shifted in position, say, 100°) if
this can be done without matenally delaying the party. 1t is
Important to observe at least three lines to each intersection station
in order to secure a check, but a possible intersection station should
be observed upon even if only two lines to it can be secured.

D 57) Example of record 1s given below. From this the resulting

directions should be written in the ‘‘List of directions’ without
other abstract.

D 58) Horizontal angles.

Station: Date: January 10, 1924

Location: Anking Instrument: 7-inch theodolite No, 1161
Observer:-

o R S

- i

-H

|

L —

ot

7

»



-

=

x , =
] _ s o -1 g 2 :
852‘;"?&1 Time| & | Angle | A | B % E '@ | Direction Remarks
| Tz R
-1, T o ’ 's . ’e _:: T R S
Tien {950 {D | 00000} 50 + 85 _
1 R (180 00 | 10| 00 | €O 0 00 00
Bell tower, D 21 18 130 20
: R | 201 18 {40 30 | 30 21 18 35
Hu D | 176 13 | 10| 30
R 20 [+10! 176 13 30
Chen : + D | 208 59|50, 40
' R 29 59160 | 50 | 50 {4 5| 209 b9 55
Pagoda D | 232 18
R 52 18 232 18
Anking D | 241 11} 00 | 40 _ . :
R 61 10 | 50 { 40 | 48 |+ 5| 241 10 53}
Tien D | 3569 59 | 50 | 40 - -
1032 | R (17969 160} 50 | 50 | 0 00 00}

D 59) Eeccentrie stations and signals.

Whenever 2 station 18 aot occupied centrally the direction
between the eccentric station and the center of the station must
be carefully measured. A sketch, showing the relation between
the two stations and also to one line of the main scheme of the
triangulation, must be entered in the record book and also on the
list of directions form for the station. If the station is a light-
house, the eccentric distance can be obtained by measuring the
circumference of the tower from which the radius can be computed.
The length of the radius added to the distance between the eccentrie
station and the nearest point of the tower gives the eccentric dis-
tance sought. The direction to the center may be obtained by obs-
erving upon each side of the tower and entering the results in the
record as left and right tangents. The mean of these two direc-
tions is the direction to the center. The eccentric angle should
be measured from the station used as the initial n the regular
observations, if practicable.

D 60) If the part of a signal upon which observations have been
made is eceentric, the eccentric distance and direction must be
measured and entered in the record and on the list of directions.




The eccentric distance for a signal is usually small, and it is suff-
1cient to state that the pole is off center meters on line and m
the direction to station, a station of the main scheme or an inte-
rsection station. If the eccentric station is not in a line between
the center and some other station, the eccentric distance can be
given, and then it should be added that it 1s---meters to the north
of the line to---station. In any event the eccentric distance and
direction must be measured with the greatest care. Making the
measurements twice will nearly always insure against mistakes.
DD 61) Observations on large objects.

When sighting on a standpipe, large chimney, or other
object which has a large diameter, it 18 often best to observe on
the two sides, right and left,and enter the observation in the rec-
ord book as left and right tangents to the object. The mean of
the two observations will give the direction to the center of the
structure and should be used in the computations of the triangles,
D 62) Observations on indefinite and temporary objects.

Observations may sometimes be made upon indefinite ob-
Jects, as, for example, montain or hiil tops which are comparatively
flat or wooded, or upon points which are temporary in nature and
not marked upon the ground, such as flags n trees, ete., which
are to be used as hydrographic and topographic signals. One series
of cbservations, such as s deseribed 1n paragraph D 56, 1s all that
IS necessary in such cases. The two pointings. one direct and the
other reversed, are needed to check the degrees and minutes of the
direction. The indefinite obejcts may be observed in the same
series with other intersection stations. Bach pointing upon an
indefinite object should be clearly marked ‘‘indefinite’”, and all
topographic and hydrographic points not permanently marked upon
the ground should be marked in the record with a circie and a dot.
For observations of these two classes a graphic treatment will
frequently be all thal is desired, and hence the necessity of dis-
tinguishing them from other points for which a complete computa-
tion must be made. In selecting indefinite points to be observed

EEHR I HHNS
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it should be borne in mind that ar approximate determination of
the position of a prominent mountain or hill too far away to be
included in the fringe of topography-is frequently of considerable
geographic value.

D 63) Indefinite or other unoccupied stations which have been ob~
served upon from two or more stations must have their identity
established in the record either by means of sketches, estimated
distances, or descriptive notes, so that they may be plotted or com-
puted without probability of confusion. An object appearing in
more than one list of directions must bear the same name or de-
signation in each., Any characteristic features of hills, mountains,
church spires, pagodas or other objects which would render them
good landmarks must be clearly noted, as such notes are valuable
in chart construction and in hydrographic work. The location of
prominent objects and the determination of elevations of mountains
are to be considered important parts of the work essentrial to the
completeness of the survey. This work is to be done even when
the objects and mountains are beyond the limits of the area to
be surveyed.

D 64) Value of intersection stations.

In selecting intersection stations it should be kept in mind
that the geographic value of a triangulation depends upon the num-
ber of points determined, the size of the area over which they are
distributed, and the permanence with which they are marked.
The geographic value of a triangulation is lost for a given area
when stations can not be recovered within that area. The chance
of permanency is made greater by increasing the number of sta-
tions as well as by thorough marking. For the reasons stated there
should be determined as intersection stations many artificial objects
of a permanent character such as beacons, lighthouses, church
spires, temples, cupolas, pagodas, towers, chimneys, and standpipes.
Occasionally intermediate stations should be established perman-
ently marked, and determined by intersections for the special use
of topographic and hydrographic parties.



D 65) Marking stations,

Every station, whether it is in the mam scheme or 1s a

supplementary or intersection station, which is not in itself a per-
manent mark, as are beacons, church spires. cupolas, pagodas,
towers, large chimneys, sharp peaks, ete., shall be marked in a
permanent manner, except where the station is on a shifting sand
dune.
D 66) At every station a standard granite triangulation mark sho-
uld, if practicable, be set in rock or concrete, where digging is
Teasible, there should be an underground mark which 1s separate
from the surface mark. The use of a standard station mark in
the underground mark.is desirable. The station mark, if on bed-
rock, sheild be surrounded by a triangle or circle cut in the rock,
which will make it possible to recover the station. Wooden sites
will be acceptable as mark only where the station is on shifting
sand dunce, ‘where a concrete or stone mark could not remain un~
disturbed.

In the top of the concrete monument and surrounding the
granite station work shall appear in sunken concrete charaeters
the following (Insert real number instead of P40 shown>

HmH N
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