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ABSTRACT 
9 time rseeded to traverse on skis a straight line btveen tvo pints A ard B =)red on the ski slop was 

cumpared to to tbe t h  needed to carve a ski turn which follovsd a cycloid m e  connecting the A and B pints. 
Descents over the loagcr path antlined by the cycloid curve were faster tban the descents o w  straight 

line traverses in 14 out of 18 tests. In eacb of the m vhich procedured shorter time on the traverses 
mnsiderable skidding of tba skis ((inshad of the desired carving) m okmed. 

Th tlrachistochrone prediced by tbe calculus of variatioru indead yield a path vhich the skier descended in 
a minim time. 

The pucpse of this study ms to compare the time needed to traverse on skis a straight line between points 
A and B to the time needed to carve a ski turn vhich folloved a c w e  connectinq the A and 0 points. (Pig.1) 

Figure i :  Slope in the experiment (not to sca!e) Y axis is horitonal and the X axis is along the f?::- 
1 ine. 

Our intuition suggests that t k  fastest line connectiq tw points on traverse is a straight lint. For 
exanple Dan Bean (national coach) in an article, describkq 'Maaentals of Giant Slalon' in hrican Ski m, Noveater 1 9 8 7 ,  p.12 states: 
There is no argumt against the fact that the fastest my to get from pint A t o  pint  B is a straight line.' 
Wrous ski coaches mke sinilar statewnts describinq descents at an aqle t o  the fall line. 

However, variational calculus shows thdt the brachistochrone for a passage of a particle slidinq witbur 
friction from A to B under the force of gravity is not a stright line, but a cycloid w e .  (Fig.2) 

Figurrr 2: Common cycloid Curve a path traced out by a point on a vheel that rolls along a straight line. 
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In fact tlu of tbc ulcullrr of variatians &d itr beginn& ia Km cclatlcm 8f tb hrachfstocbrme 
problu. It lar f h t  rolved ((tbcontically) by I Sviss scientist, J c k  -11, a h d y  ia 1696, (ad 
prbap5.w rrbtscmued by tbr Svfs P t i a ~ l  hhl of taddy? Slile!) 

to th k t  or 4 LPovlsdp th tint emtrolld uplrirnts, adwfrrl tk ~~ *la is lul 
ski* sitrutioa, vuc prfond la 1961 by an msarcb m. 

S A P K A B O ~  
* 

Zhr uperirnt iw p ~ & d  on a 3 3 4 0  doqm slcp a t  ~ p ~ v  V ~ l l e y f ~ i l  U, 1988). * rlopr uas salted. 
ti- qipent was .ads by Swtbem Cross CoqRen. Tb straiqht t n ~ u w  nd qcloid a m  uuc. =&ad 
viththe mlwEyr.l&alrtfhq cn~straigbtlina a n d a n t b c m e s  uasuenrtaibyt!murpriurcd 
skien. Ail nrbjocts msd &larQpe sL!r.Patrs, 154 D, 70 4 s t i r  Mc a. Nenka, 114 lb, 52 kq skis 195  a. 
Sean, 194 lb,  ski^ 88 tq 205 a. 7 b  stdrt ar ~ e p l l ~  by mbq I gravity start (tm a sM-still) 
proccdurc. 

- Run): S t e v e  
saan 
Almnka 

Run): Stave  
soan  
Almnka 

Tes t  I 

Tima i n  seconds 
S tra iqht  Cum* 

Line Line ------- ------ 

Run$l S t e v e  6 . 2 8  ( + ) *  
~ e a n  6 . 4 1  6 .2 ,  
Almnka 6 . 7 0  6.20 

Run12 S t e v e  6.13 6 . 0 3  
Sran 6 . 3 8  6 .07  
Alenka 6 . 3 6  5 . 9 8  

)0 - 
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- 
Alanka 

Notes: A l l  times i n  seconds. Because o f  rain and strong 
wind there was only one run i n  Test 111. 

CONCLUUIHC REmcS 
Wben the slope vas prepared for the experiaent m r o u s  bystanders wid: 'It will never vork!' 

- fortunately, i t  did. Specifically the experiment was succesful in 14 out of 18 runs. Kost of the time the 
cycloid curve produced sbrter tires than the straight line. In four runs the skier vas faster on the straigh: 
line than on the curve. In each of the unsuccesful nms bath the skier and and the okervers ncted considerable 
skidding of the skis instead of carvhq (for carving-skidding line see Fig. 3 ) .  

Figure 3: ?or the Brachistochrone to be effective a carved track, i .e.,  a track vith rinirua skidding is 
needed as in Fig.3, A. Skidded track vhicb followd tbe cycloid curve as i n  Fiq.3, B produced 
slowr tines than a straight line of traversing descent. 

In this brief report m y  facts had to be left out, and vithout a doubt m y  mre remin to be discovered. 
If i n  the future the vhole truth eaerges, vill i t  be an extension or a contradiction of the story 1 told? + - A Zen aaster could mt  dream up a finer conundm! 
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lnEFmmAs 
The slop k a p l a n  d e b  nabs an aqle(a) to tha bxitc8tr11 plan. The Y-AXIS k horizoatal ard tbe 

EMIS k am thc fal l  lh. BE quation of tk cpcloid carved fm origin (0,O) to  the will bc: 

1 
I=-  (1- COS 0) 

4G C cia 

Wen G i s  thc acctlcratian of gravity, C is a constant, and 0 i s  a paramtrr in tbe interval 0 < D < U1, C and 
0 are calculated from the equations: 

Rom th fomlas one can deduce tbat the fon  of the m e  does not depend on the slope angle but the time 
of the passage does. Riction is neglected in the presented calculations. 

Bwever, &ern ski baPeJ are evidently so slick (coefficient of friction as l i t t l e  as 0.02) that they 
reduce friction enough to tear out 8ernoullits Wry. 

The curve were calculated ard graphed at  the University of Oppsala, Institute of Theoretical Physics , 
Uppsala, Sweden and presented in P i p e  4. 

Figure 4: hian time cpnrt used i n  the erperimnt (meter units). 
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DISCWIQ 
Qftlal analysis my cmider the advantage of the mil inear  pth which at thc outsct of the descent is 

closer to the fall-line (than the straight traverse line), affords more acceleration and therefore a r e  velocity 
to s M  with. Homer, this observation wst be ueiqhted against the advantage of tbe shortest dishnee of tbe 
straigbttnrrrsrpa porwrrr.utairpcilltwtLaaaa nolaagubrbrlptulirdtbpn rrYLrcQlythe 
mtheiatical rtbal. 

Th &tical mluth  to tb bracbirtDchmDa is vsll lmolQ. It uas pubIbd by tb tw Bernoulli 
brothezr, I&a, ird pdI*ibait, rltbollJh the Wmbpm at arriving at tk solution w e  quipitr differeat. M a y  
v h t a l l p  emy trrt of classical dyprptr or wirtkml calculus deals vfth tb, ~~ problea in 

shortest lh of descent ktvsaP tbn gate ray not be b fartort. 
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