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Period: Date:

Erabsthenes was a Gr€€k mathema0cian who liv€d befiru€en 276 and 195 BC. He ls b€st knwn for calcuhting he
cllcumhrcnce of tlte Eadt and th€ uiql tilt of fie Ear$ wih a good degrce of accxrasy. Erabsthenes calelded he
circumhr€nce of the Earth on June 21' (The Summer Solstice) by noting that the Sun's ray3 (assumed b be parallel
e\6r!,tnhere on the Earth frcm a distance of 93 million miles) shone in to a well at noon in Alexandria, Egypt at a slighuy
different angfe than a well in Syene, Egypt. The Sun shone
into a well in Alexandria at abouta7o angle from the
vertical and the Sun shone into a wellfrom directly
overhead (0" angle from the vertical) in Syene. On June
21sr, the Sun will shine down on Earth from directly
overhead at places that are 23.5" N latitude (Tropic of
Cancer). Syene is near the Tropic of Cancer, so the Sun
will be directly overhead at noon on the Summer Solstice
on June 21*. We are going to duplicate Eratosthenes'
experirnent by using a GPS receiver instead of looking at
how the Sun shines into a well to determine sun angle. We
will use 30 meter measuring tapes to measure distance
instead of riding the 5,000 stadia from Syene to Alexandria
by camel. We will then establish a simpfe ratio to measure
the circumference of the Earth!
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Procedurc and QuestfoqF to Anewer
1. Dlvlde into groups of 4 students.
2. Obtain a GPS teceiv€r fur your group. Make sure that tltis GPS rccelver is s€t b d€cimal d€gr€e8 for purpoGes of

meesu.ing ht'hrde ard longifude. Makcs sur€ that its m6hod of calcuHing disilance b set to th€ metic aysbfil
(m€tersftilomobB). I will run hrough hw b do frlie with the class.

3. Obbin a tape m€€sute br your group. You will be measuring €ing the nrdric aysbrn. Do not use the inc$es sidel
Ask me if you don't know which is which.
Proceed to the Oak Grcve JV sofrball field.
Find first base on lhe JV sofiball field. Record the latitude and longitude at first base. Latitude:
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6. lteasur€ th€ drstanco fiom first b€se b second bass on the JVsofiballfi eW. l1 ,Q? nEWz

7. Record the latitude and longitude at second base on the JV softball field. Latitude: 34. l '1>:X

Longitude:

8. Subtract your latitude at first base ftom your latitude at second base.

Latitude at second base: 34.fi ?%" d Latitude at first base: j4, / ? laSo
G
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wlib en equatbn belcnrv that will heh yon b soJw tur 0|e circumfuience of t|e Esrth. Hint Think ratios and se6
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1 0.. Let th6 variaDle x b your €quation be the dlumbr€nce of the Earlh. Soh€ br x wltl|out .ddfiE ln tho numb.fr vetl
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From Eratosthenes to Global Poeitioning Systems: Galculating the Size of the Earth
1P Mr. T

1 1. Using the equation that you just bund in number 10, add the numbers in wjlhgb end solve for x, the circumfErence
of fte Earth. lf you have the right equation, your units of d€grce€ will cancel eadr offi6r out and you will be lefr with an
lfilswtf*f itffii5. Cffiif ffiir frfttftf5 fit ffttfi!ffi, fcftnvTfrgiftatfierc arc l,mo nleE|E in 1 kilomebr. State your
ansu,er br the circumbrenc€ of Earlh in kilomebrsl Shor wo*l
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12. The established value br th6 drcumblenco of th€ Eailh b 40,076 km. Debrmin€ your percenFge eror below by
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using the equation/Bercent €ror = (actal drcumfurenoe - yo$r am\ er / ac$ual circumbrenca) x 1@. Shor ryo*l z
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I 3. lf you wE|€ making a map and the square dimonsions of the map m#r dre dbhnca ftonr first b second hse, what

rivould be the g€E of your map? Sbb thE in a ratb of I : lgClnCglgt. Shoil workl
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14. Wtry did you haw b measure the circumftrence of he Earth going ftom first b second base? Why could you not

measure the drcumfur€Dge en*Jrdy if you went fioq second to third bisa? Hirt Thinlt about the dircction of bavel
itEadf case. yi;a(tL;2 Q]! fl^l,il1n a@-o{,. He-t.r./,a.na ,Zd-
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Us€ lhe k n rraluo of Earth's drcumGr€ne of 40.075 km b do tfie bilowino calculations. //lt44,Gt (3{l'= 92 y.-
15. Wtat b th€ radiw of the Earth in kilort€brs? Find itris by usir€ th6 equdon br olrcumbrcncs tftat you litamed in

geom€fy .Showwork l  , ' t 77V 
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16. Th3 Earh, if it*ere a perfuct spher€, has a surfac6 area that can be fourd by using the equation: surface aree of a .__
splrere = 4'r*1. l/Vhat-is the su ace arca of the Earlh in squarr kilom€brs? Show wolkl 4
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17. The Earth, if it trre a p€rbct sph€re, ha8 a \,olune thai can be bund using the equdion: volume of a spherc =
4/3"r'f. What b th€ vdur€ of he Eailr in cnrbic kilomsrg? Show sorkl
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'18. Convertyour anouer in number 17 to units of qubic metec by mulplying your an$rcr tim€s I billion = 1,000,000,000
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1 9. The mass of the Eadr is 5.97 x 1 0a kilograrns. towing this and rolurne of the Eadh fuund in! I S, calculate the
Earti'sa€ras€d€nsltyinkilosrams/cubicmebf.shdvsbrkt v t ?, 1w;#, 
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20. DMde yEur emiler b. #1 9 by 1 ,000. Thb will con ert your anercr for densi$ b unib of gems/cut$c centimeter.
showwork! 
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21. W#r has a d€rFlty of 1 g/an3. How many time6 heavier han-lEter b the average density of Eatth? WouH Ea.th
sinkorfoatif you putitinweEnshflmrk i,?lz z--_> 

- 5.413 y ;,o_.rn ), s i n K--r---w-
22. Why is it impo€sible br Earh b b3 a p€rftct spherc? Hrhf Think about what th€ Ear$ do€s ercly 24 houB and th€n -

rclale thb H€a b the spin qlcle In your ryashing machine at horne.
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