Problem 4—Great Circle Trajedory

Captain Jonas “ Skipper” Grumby isnot an idiot. He knows exactly wheretheidandislocated: 10° N latitude, 140°
W longitude. He also knowswhere Honolulu is; 21.3° N latitude, 157.9° W longitude. Looking at these figures,
most people would be able to tell that Honolulu is roughly northwest of theisland. However, the Skipper neels
more information than thisif heis ever to get his passngers home.

What the Skipper knows is that the shortest path between two points on a sphere (such asthe Earth) isalong a great
circle—acircle whose center isidentical to the center of the sphere. So, if the Skipper wants to sail home he first
hasto find the drcle whose center isthe canter of the Earth and contains theisland and Honolulu, and then he hasto
compute the trajedory that circle takes to lead him to Honolulu. He @n do this because he isan experienced sail or.
Can you? Great circletrajedories often appear strange to people who are used to lodking at the Earth on flat maps.
For example, to travel from Anchorage, Alaska, USA (61.2° N latitude, 149.4° W longitude) to Moscow, Russan
Federation (55.8° N latitude, 37.6° E longitude) you would travel almaost due north!

Y ou may asaume that no strange aseswill exist in theinput file: the two pointswill not beidentical. They will not
be diredly acrossthe Earth from each other. Neither point will be the North or South Pole. Each test case will
result in a clear, unambiguous trajecory that will point the way from the starting point to the ending point.

INPUT SPECIFICATION. Each input casewill consist of linesin the following format: <Start lat> <N or S>
<Start long> <E or W> <End lat> <N or S> <End long> <E or W>. Thelatitude and longitude numbersarefloating
point and the charactersareall uppercase. Exactly one spacewill separateitemsin theinput case. The position thus
spedfied will bevalid. Each input case will be foll owed by exactly one<EOLN>. Following the last test case will
be asingleline mnsisting of —1 foll owed by <EOLN>. This case signalsthe end of input and is not to be
processd.

OUTPUT SPECIFICATION. The output solutions sould appear in the same order astheir corresponding input
cases. Each solution will be aline of text that will either be “x degrees east of north” or “x degrees west of north”
whichever isappropriate. x isafloating point number with exactly two digits foll owing the dedmal point, rounded
to the nearest hundredth of adegree x should be inclusively between 0 and 18Q Angles of 0 and 180are bath
considered east of north, so that due north is 0.00 degrees east of north, due est is 90.00 degrees east of north, due
south is 180.00 degrees east of north, and due west is 90.00 degrees west of north. Each lineisterminated by a
single <EOL N>,

SAMPLE INPUT.

10.0-N-140.0-W-21.3-N-157.9-Ww<EOLN>
61.2-N-149.4-W-55.8-N-37.6-E<ECLN>
- 1<EOLN>

<EOF>

SAMPLE OUTPUT.

54.56-degrees-west-of-north<ECOLN>
4. 41-degrees-west-of-north<ECQLN>
<EOCF>



