PROBLEM OF THE WEEK
Solution of Problem No. 2 (Spring 2009 Series)

Problem: An automobile starts from rest and ends at rest, traversing a distance of 1
mile in 1 minute along a straight road. If a governor prevents the speed of the car from
exceeding 90 miles per hour, show that at some time the acceleration or deceleration of
the car was at least 6.6 ft/sec?.

Solution (by Jim Vaught, Graduate student, ECE, Purdue University)

Let v(t) be the velocity in ft/s at time ¢ seconds. Then by assumption v(0) = v(60) = 0
and v(t) < 132 V¢t on [0, 60]. Furthermore,

60
/ v(t)dt = 5280.
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Assume by contradiction that the magnitude of the acceleration |22| < 6.6 V¢ on [0, 60].
20
= 1320.
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Then on the interval (0,20], v(t) < 6.6t so / v(t)dt < / 6.6t dt = 3.3t
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Likewise on the interval [40,60), v(t) < —6.6t + 396 so
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/ v(t)dt < / (396t — 6.6t)dt = [396¢ — 3.3¢%]| = 1320.
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Finally, on the interval (20,40), wv(t) < 132 so
40 40 40
/ (t)dt < / 132dt = 132¢| = 2640.
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And
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/ o(t)dt = / olt) dt + / o(t) dt + / u(#) dt < 1320 + 2640 + 1320 = 5280.
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But / v(t) dt < 5280 is a contradiction. Therefore, somewhere on the interval [0, 60] the
0

magnitude of the acceleration |%2| > 6.6.



Also completely or partially solved by:

Undergraduates: Yanyan Ma (So. Management), Douglas Murray (Jr. Civil Engr.), Nate
Orlow (Sr. Math), Xingyi Qin (Sr. Actuarial Sci.), Wenyu Zhang (Fr.)

Graduates: Mohan Gopaladesikan (IE), Huanyu Shao (CS), Michael Snow (Mech.Engr),
Tairan Yuwen

Others: Neacsu Adrian (Romania), Brian Bradie (Christopher Newport U. VA), Elie
Ghosn (Montreal, Quebec), Mike Glaudemans (Grade 10, Biship Dwenger HS, IN), Chun-
Hao Huang (Grad student, National Central Univ. Taiwan), Steven Landy (IUPUI Physics
staff), Sorin Rubinstein (TAU faculty, Israel), Yansong Xu (Brandon, FL)



