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1)

2)

3)

A 200-m equal tangent parabolic vertical curve is to be placed between the incoming
grades of g, = 1.25%, and g,= -2.75% intersecting at station 18 + 000, which has an
elevation of 270.190 m above mean sea level (MSL) res_pectively. Please calculate
elevations at even 20-m stations on the vertical curve and also determine the station

and elevation of the highest point on the vertical curve. (20 points)

On August 1", the observed altitude of the sun at a given place was 30° 51° 45” at 7"
42" 20’ local time. The latitude of the place is 37° 18> 20” N. During the observation,
the temperature and the barometric pressure were T = 75° F and P = 29.3” Hg
respectively. The horizontal angle, measured clockwise from the reference line AB

to the sun is 89° 39* 15”. Determine the azimuth of the sun at the time of the
observation and what is the azimuth of the line AB? (30 points)

Hint: GMT = Local Time + 7 h.

Staion C is located by intersection from two control stations A and B. The
coordinates of the A are X, = 1,421,231.304 m and Y, = 521,304.009 m respectively.
The distance AB was measured by using an EDM device and AB = 897.859 m. The
azimuth AB is known to be 235° 20’ 32”. The measured horizontal angles are 3 =
BKC =80°27 35.8” and f3\= AﬁC = 54" 14’ 37.8” respectively. What is the

unknown coordinates X and Y.? ( 20 points)

Az(AB)



4)

5)

Name and describe the horizontal curves that are very common in route survey. How
many types of the circular arcs that are common in highway design? Also discuss the

advantages and disadvantages for each types of the circular arcs. ( 15 points)

Name the person who perform the 1" scientific measurement of the earth
circumference. Specify the place, the date and the time of this expedition. Also

explain the method used and discuss the quality of the outcome of this historical

measurement. ( 15 points)




TABLE 1 tADLE g *
SOLAR EPHEMERIS AUGUST 1984 SOLAR EPHEMERIS SEPTEMBER 1984 i 4[
For Ot Universal Time or Greenwich Civil Time For O Universal Time or Greenwich Civil Time » I
i
D: Fegontion of e ) . Lquation of Time i
2y of The Sun's  Diff. in  True Sof. Time Diff . Day of The Sa's DHE In Trus Sol. Time DI GHA i
;"""‘h Apparemt Declin, = LCT + 'rqu (','):A Month Apparent Declin, = LCT + fn:m of ] Iﬂ'
Week Declination  for 1| hour Eq. of Time Viowr  Polaris b & Week Dectingtion  for 1 hour  Eq. of ‘Time t hour  Polaris ] !
° ‘ v m s 5 3 - ° ‘ : ™ < 3 g i
I W NL8B 0l.8 0.63 -06 17.3 '
2 TH NLT 46.5 0165 06 13.4 0.19 o7 oe 0 2 S0 Ngy sely Ooab ;00 02.7 0.79 306 15.7
3 FR N1T 31.0 0.é6 -06 09.0 0-21 37 2.8 U NQ7 56.0 0.91 +¢00 16.3 0.81 307 i4.4
4 SA NIT 1552 0.67 o6 oaiy 022 27; $1.5 3 M NO7 34.0 0.92 +00 35.7 0.82 308 -13.2
5 SU Nl6 59.1 0.68 -05 58.2 '0.26 279 33'3 ; LU L‘SZ :;.3 3’§§ ‘8(1) 1303 0733 309 i3
. , . . 401 15.3 0.84 310 10.7
6 M N16 42.7 0.69 -05 Si.8
7 TU NI 2601 .70 -95 oi:8 g.gz ggg :7.6 t; ;: NO6 27.4 0.93 0L 35.4 0.85 311 09.6
8 W NL6 09.2 0.71 -05 37.3 0.3%4 287 o 2 NOo6 05.0 0.94 +0% 55.8 0.86 312 08.4
9 TH N15 52.1 0.73 -05 29.2 0.3s zeg 38 S S0 Nos sot6 Sio% 302 1e-s 0.87 313 0.3
10 FR NLS 34.7 0.76 -05 20.5 0.39 284 23: 13 :u 282 i?'g 3‘33 "3§ 1.2 0.87 314 06.1
- . - . . + 58.1 0.88 315 05.0
11 SA NIS 17.0 0.75 -g0§ 11.]
. 1 0.
12 SU N4 59.1 0.76 -05 01.3 o :; g:z 21.3 \ :; TU NO4 34.5 0.95 +03 19.1 0.88 316 03.9
13 M NI4 41.0 0.77 -04 50.8 0.46 287 ors - Th Nos 8Ly Ooes 303 40.3 0.89 317 02.8
14 TU N4 22.6 0.77 o4 39i8 Oide 2 38.9 13 TH NO3 48.7 0.96 +04 0l1.6 0.89 .318 0].6
15 W Nl4 04.0 0.78 -04 28.3 o0.s0 zgg ;Z; i; ;: 383 g;'g g-% o4 2213 -85 315 0.4
. . . . «96 404 44.3 0.89 319 59.3
16 TH Ni3 45.2 0.79 -4 16
-2 0. .3 0.
17 FR N13 26.1 0.80 -04 03.7 g ;i 53? ?33 :: X Nos iene O:37 405 05.7 0.83 220 6.1
18 SA NI3 06.9 0.81 -03 soiy oiof 23 .1 _ M NO2 16.4 0.97 +05 27.1 0.89 321 56.9
19 SU N2 47.4 0.82 -03 37.2 o.58 92 3218 S 25w el 332 .31 e03 4.5 0.9 322 5507
20 W NIz 2708 0.83 -0 33,2 038 292 :(1’; 4 ;g :"u zgi 32.41) 0.97 +06 09.8 0.89 322 854.5
. N - E . 0.97 406 31.1 0.88 324 53.4
21 TU N12 07.9 0.84¢ -03 '
. . - 08.7 o.
22 W NIl 47.8 0.84 -02 53.8 o :f gzz g:.o gé FR NOO 43.4 0.97 +06 52.3 0.88 325 52.3
23 TH NIl 27.6 0.85 -02 38.5 o0.46 '7 J o5 NOO 20.0 0.97 +07 13.4 0.87 326 51.2
24 PR NIL OT.1 0.06 -3 o573 0:-66 297 26.5 23 S0 S00 03.3 0.97 +07 34.4 0.87 327 50.1
25 SA NIO 46.5 0.87 -02 06.6 0.09 a99 .3_35 \5; ’T‘u :gg ;8'1 0.97 on 1o03 0.8 328 45.0
. . - . 0.97 408 16.0 0.86 329 48.0
26 . SU N10 25.8 0.87 -g e )
- . -01 50.0 . W
27 M NIO 04.6 0.88 01 33.9 g ;; gg(l) gz.a P-26 W SOl 13.5 0.97 +08 36.6 0.85 330 46.9
28 TU NO9 43.7 0.89 -01 15.7 0.74 303 oo 238 PR S92 oen3 0:37 108 56.9 0.84 331 45.8 ‘
29 W NO9 22.4 0.89 -00 58.0 0.75 303 -9°3 29 Sh 302.00-3 0.97 09 17.1 0.83 332 44.7 !
30 TH NO9 01.0 0.90 00 39.9 o0.77 oz 1.1 30 S0 Sos arie 037 109 371.1 0.82 333 43. l’
31 PR Nos 39 . 8.1 30 SU S02 47.0 0.97 +09 56.8 0.81 334 42.4
-5 0.90 -00 21.5 o0.78 : :
32 sA NOS 17.8 00 02.7 7 20 }2'? LN soadea *10 16.3 335 4t.2
Hourly differences in declination and e i inati 'l |
r n quation of time are for (F - Houely differences in declinntion and cquati Tt . N
hours following O-hours of date in feft column. re for the 24 houts following 0-hours of date in left :‘o‘;:nv::::‘ P e aee for the 24 I
! :
e ; ] ™
q AR e L . "')‘ n
) 1
; TABLE 1 " TABLE 2 !
BH 3
. SOLAR EPHEMERIS DECEMBER 1984 REFRACTION AND SUN'S PARALLAX iIy¢
; For Oh Universal Time or Greenwich Civil Time . (To be applied to observed altitudes. See page 16) !
Bar. = 29.6 in. Temp. = SO°F _ :
) i R o
1 Eq"".inn of Time 2 e Measured | Refrac- Sun’s Measured | Relrac- Sun’s '
h Day of The Sun's  Difl. in  True Sol. Time Diffec. ~ GlIA Altitude tion Par. Alttude tion Par.) -
Month Apparent Declin. = LCT + for of . 2
: . & Week Declinstion for § hour  Eq. of Time . I hour  Polaris e ' ’ ° . ’ ’ ¢
e ‘ ‘ m s $ ° . *
, )
L . A . 0.14
1 SA S21 47.9 0.38 +11 02.5 0.94 035 46.7 ; %8 g% 8}!5’ {g § ggg 0.14 ¥
2 SU S21 57.1 0.36 +10 39.8 0.97 036 46.1 7 S0 6.62 0.15 18 2.85 0.14
3 M S22 05.8 0.35 +10 16.5 0.99 037 45.4 8 00 | 650 | 018 19 00 | 277 | OM
4 TU S22 14.1 0.33 409 52.7 1.02 038 44.7
- 8 10 | 637 | 018§ 19 30 | 270 | O.l4
5 W S22 21.9 O0.31 ‘009 28.2 1.04 039 44.1 g 28 g?g 8}2 g? % ""‘glgg 8}:
3 X . X - 0.
: ;: :;; §9.4 0.29 409 03.3 1.06 040 43.4 8 40 6.02 0.15 22 00 236 - 0.14
. 6.4 0.27 +08 37.8 1.08 041 42.7 -
8 SA S22 42.9 0.25 + ; 8 5 | 592 | 015 [l 23 00 | 225 | o4
08 11.8 1.10 042 41.9 00 82 0.18 24 00 218 0.14
9 SU S22 49.0 0.24 +07 .45.3 1.12 043 41.2 - s %9 | 3% | o 25 00 | 208 | o4
10 M $22 54.6 0.22 +07 18.4 1l.14 044 40.6 1,(' 9 2 5.63 0.18 26 00 1.96 0.13
11 TU S22 59.8 0.20 +06 51.1 1.15 045 39.9 }- 9 30 | 553 | 0.5 27 00 | 18 | OI3
12 W 523 04.6 0.18 +06 23.4 1.17 046 39.3 | 9 0 | 843 | 0I5 § 28 00 | 189 | 013
13 TH $23.08.9 0.16 +05 55.3 1.18 047 38.7 ‘ ,g 88 g%g 8‘}3 % % 1'321. 0.13
16 FR $23 12.7 0.14 +05 26.9 1.20 048 38.1 ) : S ’
15 SA  S23 16.1 0.12 +04 5B.1 1.21 049 37.6 10 20 8.10 0.15 32 00 1.53y 0.13 .
) AR ARTA RS AR AR
16 SU 1823 19.0 0.10 +04 29.1 1.22 050 37.0 ‘ . X y
17 M 523 21.4 0.08 +03 59.8 1.23 051 36.4 120 | 467 | 0l4 || 38 00 | 133 012
18 Ty S23 23.4 '0.06 +03 30.3 1l.24 052 35.8 11 40 454 0.14 40 00 1.18 0.11
19 W $23 24.9 0.04 +03 00.7 1.24 053 35.2 12 00 4.42 0.14 42 0 1.07 0.11
: 20 TH $23 25.9 0.02 +02 30.8 1.25 054 34.5 12 21 481 $4 0 1o o
21 PR $23 26.4 0.00 402 00.9 1.25 055 33:9 ' s . 1 o
22 SA $23 26.5 0.02 401 30.9 1.25 056 33.3 {3 38 3:‘7’.? ,8:#, ,éS % 3% *8%-
23 SU S23 26.2 0.04 +01 00.9 1.25 057 32.8 : 14 30 368 0.14 55. 00—t 0.61.7 .g.(ﬂv-\
‘ 24 M 523 25.3 0.06 +00 30.9 1.25 058 32.1 15 00 | 353 | 014 || 60 00 | 085e— 007w
B 25 TU Ss23 . . . . . ,
: 24,0 0.07 +00 01.0 1.24 059 31.5 15 % | 34 8'}2 6. 00 8—32? g6
. X . .05 4,
26 W §23 22.2 92.09 -00 28.9 1.24 060 31.0 16 30 3.22 0.14 80 00 0.17 0.03 -
27 TH 523 19.9 0.11 =-00 58.6 1.23 061 30.5 17 ©O 3.12 O.l4 90 00 0.00 0.00
t iz’g FS: g;g {1.2 0.13 -~-01 28.2 i.ZZ 062 30.0 =
: «0 0.15 -01 57.5 1.21 063 29.5
The refraction values in Table 2 are corrected by multiplyin
. 30 SU 523 10.3 0.17 -02:26.7 1-2.0 064 29.0 lhambylhemulupllerlInToblehwhanlhobororr‘mlﬂcprﬂ!urg'
! 31 M $23 06.2 0.19 02 55.6 1.19 065 28.5 and gast‘em ralu;esc(!)l’"’o:r from those on which Table 2 is based,
1 . » - . . - l.e. . nches an .
i 32 TU 523 0l.6 -03 24.1 066 27.9 If the barometric pressure is not known, il may be estimated
i Hourly diffi s s . , Y from the elevation of the Iocelltn in accordance with the values
| ourly differences in declination and equation of time are for the 24. h given in Table 2a. Otherwise the slevations are disregarded.
hours following O-hours of date in left column. !
64 P N 65




TABLE 2a

To correct Table 2. Ses Examples below.

MULTIPLIERS FOR OBSERVED BAROMETRIC
PRESSURE OR ELEVATION

Bar. Elov, Maultl- Bar, Elev. Multi-
{Incties) (Feet) pller (Inches) (Feet) plier
308 | - 48t 1.03 289 |4 o194 o.gl
gg.z - 181 1.02 236 8538 080
0 00 1.01 233 6887 0.79
230 7239 0.78
2090 |+ 01 1.01
2016 366 1.00 22.7 7897 0.77
29.3 643 0.99 224 7960 0.76
29.0 024 0.98 221 8327 0.75
28.7 120 oy 21.8 8700 0.74
zg.o ung .08 218 77 0.73
281 178 0.95 312 0460 0.72
27.8 75 0.94 20.9 0848 0.71
27.6 2371 0.93 206 10242 0.70
272 2670 0.92 20.3 10842 009
20,0 11047 0.8
26.9 2072 0.91
26.6 3277 0.90 19.7 1458 0.67
26.3 3586 0.80 19.4 11875 0.68
26.0 3899 038 191 12209 0.85
25.7 4215 0.87 18.8 12729 g.0¢
254 4538 0.36 185 J3108 .63
261 4859 0.85 18.2 3608 0.63
24.8 518! 0.84 17.9 140 0.61
245 lg o.ga 5 o
242 54 0.82
MULTIPLIERS FOR TEMPERATURE
- N
Tomp, Muitl- Temp, Multi- T N 1t1-
Deg. F pller Du.nr plier D:: pl" B:»I‘:e"r
- 20 L1 + 30 1.04 0 0.94
Z 1o 113 10 103 f %1 o
10 | 1ds ® | o% i | 0%
] 1.08 70 098" 3 0388

Enm‘ale. Sun: Meas. Alt. = 30°; Bar, = 26 in. or Elev. 3900
ft.; Ter F,

; Temp, s
Refract = 1.66° (0.88) (0.96) = 1.40°. 1 - 013"
“True Alt. = 30° 01).{)0' —)- .40’)+ 0.13" = 2PQ.°"5:7‘3'. 0.13

Example. Star: Meas. All. = 25° Bar, = 24.5 or Elev. 5510
ft.; Temp, 10° F.

Refraction = 2.05’ (0.83) (1.08) = 1.84",

True Alt. = 25° 00.00° ~ 1.84' = 24° 58.16".
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TABLE 3

POLAR PISTANCE OF POLARIS 1984
For OP Univessal Thne or Greenwich Clvil Time

1984

Ian

fieh,

Apr. 10
2
May 10

June 9

Polar Distance Polar Distance
Angle Colan Angle Cotan
. 1984 ..
0 4824 71.26 Suly 0 48.7( 7057
0 482 71.30 19 | 0 48.70 | 70.59
0 43191 71.33 2% | 0 4869 | 70.60
0 4819 | 7133
0 4819} 7133 Avg. B |0 4867 | 7063
0 48201 7102 18 10 4864 | 7067
28 {0 4861 70.712
4823 ¢ 1.7 Sep. 7 | 0 48'36 {7078
8 4826 ] 74.23 v 17 | 0 4852 §17085
0 4830 70117 27 [ 0 4846 | 70.94
4483 .10
0 4833 o 7 |o asdo | 7002
0 4840 ] 7102 17 §0 4834 |71y}
0 4845 | 7095 27 10 4828 | 7.20
0 4850 70.88
Nov. & |0 :g.ll ;{;g
48.54 | 7082 16 10 4315 .
(0) 49591 7075 26 10 4809 | 7148
N 48631 1069
e 18 8% | i
0 4866 | 7064 E
Q 4!.62 70.6) 26 10 4294 1M
0 4870 ;| 7039

Declination « 90° - Polar Distance

TABLE 4

THE SUN'S SFMI-DIAMETER 1984
For OP Universal Time or Greenwich Civil Time

Semi. Semi- Semi-
Dete Diem, Date Dinm. Date Dism
1984 1984 B 583 .
Jan. ) 16.29 May 10 15 86 Sep. 7 11890
1y 1629 1583 14 11593
1 16.28 30 15.80 7 15.98
3 16.26
Feb, 107 16.24 fupe 9 15.78 Oct. 7 }1603
0] 1620 19 15.76 i1 | 16.08
20 15.76 7 16.12
Mar. 1617 ty 9 15.76 Nov. 6 | 16.16
u 16.12 19 15.76 16 16.20
21 16.08 29 i5.78 26 16.23
k1 16.01
Apr. 10| 1599 Awg. 8 i5.80 Dec. 8.]16.26
208 1894 18 15.83 16 11628
30§ 1590 2 15.86 26 | 16.29




