
Part – 1  
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Q(3):  

 

 

 

 

 

𝜙 = tan−1 (|
Δ𝑁𝐴𝐵

Δ𝐸𝐴𝐵
|) = tan−1 (|

65, 000 − 60, 000

67, 000 −  60, 000
|) = 35.538𝑜 

  

𝛽 = tan−1 (|
Δ𝑁𝐵𝐶

Δ𝐸𝐵𝐶
|) = tan−1 (|

55, 000 − 65, 000

70, 000 −  67, 000
|) = 73.301𝑜 

Δ = 𝜙 + 𝛽 = 35.538𝑜 + 73.301𝑜 = 108.8𝑜 

 

 

 

 



Q(4): 

 

 

 

 

 

𝑆𝑡(𝐴) = 12 + 15.5 𝑚 = 12(20) + 15.5 = 255.5 𝑚 

𝑆𝑡(𝑉. 𝑃. 𝐶) = 𝑆𝑡(𝐴) + 𝐿𝐴𝐵 − 𝐿𝑉.𝑃.𝐶−𝐵 = 255.5 + 900 − 250 = 905.5 𝑚 

𝑆𝑡(𝑉. 𝑃. 𝑇) = 𝑆𝑡(𝐴) + 𝐿𝑐𝑢𝑟𝑣𝑒 = 905.5 + 450 = 1355.5 𝑚 = 67 + 15.5 𝑚  

 

 

 

 

 

 



Q(5): 

𝐸

𝐺
=

𝑉2

g𝑅
⟹ 𝑉 = √

𝐸g𝑅

𝐺
= √

(0.152)(9.81)(814)

(1.27)
= 111.29 𝑚 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Part – 2 

a)  

𝑆𝑡(𝑉. 𝑃. 𝑇) = 210 + 6.0 𝑚 = 210(20) + 6 = 4206 𝑚 

𝑆𝑡(𝑉. 𝑃. 𝐶) = 𝑆𝑡(𝑉. 𝑃. 𝑇) − 𝐿 = 4206 − 950 = 3256 𝑚 

𝑆𝑡(200 + 1.5 𝑚) = 200(20) +  1.5 = 4001.5 𝑚  

𝑆𝑡(𝑉. 𝑃. 𝐶) < 𝑆𝑡(200 + 1.5 𝑚) < 𝑆𝑡(𝑉. 𝑃. 𝑇) ⟹ 𝑇ℎ𝑒 𝑝𝑜𝑖𝑛𝑡 𝑖𝑠 𝑜𝑛 𝑡ℎ𝑒 𝑝𝑎𝑟𝑎𝑏𝑜𝑙𝑎 (𝑛𝑜𝑡 𝑜𝑛 𝑡ℎ𝑒 𝑡𝑎𝑛𝑔𝑒𝑛𝑡𝑠) 

ℎ(𝑉. 𝑃. 𝐶) = ℎ(𝑉. 𝑃. 𝑇) −
𝐿

2
(|𝐺2|) +

𝐿

2
(|𝐺1|) = 620 −

950

2
(2.8%) +

950

2
(2.0%) = 616.20 𝑚 

ℎ(𝑥) =
(𝐺2 − 𝐺1)

2𝐿
𝑥2 + 𝐺1𝑥 + ℎ(𝑉. 𝑃. 𝐶) =

(0.028 − (−0.020))

2(950)
𝑥2 + (−0.020)𝑥 + 616.20 

ℎ(𝑥) = 2.526(10)−5𝑥2 − 0.020𝑥 + 616.20 

𝐹𝑜𝑟 𝑝𝑜𝑖𝑛𝑡 𝑜𝑓 𝑆𝑡𝑎𝑡𝑖𝑜𝑛 = 200 + 1.5 𝑚, 𝑥 = 𝑆𝑡(200 + 1.5) − 𝑆𝑡(𝑉. 𝑃. 𝐶) =  4001.5 − 3256 = 745.5 𝑚 

ℎ(745.5) = 2.526(10)−5(745.5)2 − 0.020(745.5) + 616.20 = 615.33 𝑚 

b) To find the lowest point we differentiate, and equalize with zero: 

𝑑ℎ

𝑑𝑥
= 5.052(10)−5𝑥 − 0.020 = 0 ⟹ 𝑥𝑙𝑜𝑤𝑒𝑠𝑡 = 395.88 𝑚 

𝑆𝑡(𝑃𝑙𝑜𝑤𝑒𝑠𝑡) = 𝑆𝑡(𝑉. 𝑃. 𝐶) + 𝑥𝑙𝑜𝑤𝑒𝑠𝑡 = 3256 + 395.88 = 3651.88 𝑚 = 182 + 11.9 𝑚 

ℎ(𝑥𝑙𝑜𝑤𝑒𝑠𝑡) = 2.526(10)−5(395.88)2 − 0.020(395.88) + 616.20 = 612.24 𝑚 

𝑃ℎ𝑖𝑔ℎ𝑒𝑠𝑡 = 𝑉. 𝑃. 𝑇 ⟹ 

𝑆𝑡(𝑃ℎ𝑖𝑔ℎ𝑒𝑠𝑡) = 𝑆𝑡(𝑉. 𝑃. 𝑇) = 210 + 6.0 𝑚 

ℎ(𝑃ℎ𝑖𝑔ℎ𝑒𝑠𝑡) = ℎ(𝑉. 𝑃. 𝑇) = 620.00 𝑚 



 

𝑇𝑜 𝑔𝑒𝑡 𝑡ℎ𝑒 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑎𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒 𝑠𝑝𝑒𝑒𝑑, 𝑤𝑒 𝑚𝑢𝑠𝑡 ℎ𝑎𝑣𝑒 𝑀𝑅𝑆𝑆𝐷 = 𝐴𝑆𝑆𝐷 

𝑀𝑅𝑆𝑆𝐷 = 𝑑𝑟 + 𝑑𝑏 

𝑀𝑅𝑆𝑆𝐷 = (𝑉𝑖)(𝑡𝑟) +
𝑉𝑖

2 − 𝑉𝑓
2

2g(𝑓 ± 𝐺)
= (𝑉𝑖)(2.5) +

(𝑉𝑖)
2 − (0)2

2(9.81)(0.28 − 0.01)
= 2.5𝑉𝑖 + 0.189𝑉𝑖

2 = 110 

0.189𝑉𝑖
2 + 2.5𝑉𝑖 − 110

= 0 (𝑞𝑢𝑎𝑑𝑟𝑡𝑖𝑐 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑢𝑙𝑑 𝑏𝑒 𝑠𝑜𝑙𝑣𝑒𝑑 𝑢𝑠𝑖𝑛𝑔 𝑡ℎ𝑒 𝑔𝑒𝑛𝑒𝑟𝑎𝑙 𝑞𝑢𝑎𝑑𝑟𝑎𝑡𝑖𝑐 𝑓𝑜𝑟𝑚𝑢𝑙𝑎) 

𝑉𝑖 =
−2.5 ± √(2.5)2 − 4(0.189)(−110)

2(0.189)
 

𝑉𝑖 = −31.63
𝑚

𝑠𝑒𝑐
 (𝑅𝑒𝑗𝑒𝑐𝑡𝑒𝑑) 

𝑉𝑖 = 18.40
𝑚

𝑠𝑒𝑐
= 66.24

𝐾𝑚

ℎ𝑟
 

 

Since it is a minor short route, we must use the (0.04g intercity metric equation): 

𝐿𝑆𝑝𝑖𝑟𝑎𝑙(𝑚) = 0.0091𝐸𝑢(𝑚𝑚)𝑉 (
𝐾𝑚

ℎ𝑟
) = 0.0091(95)(80) = 69.16 𝑚 


