EEEEKKKKK!!!! 1

In January, 1942 a Soviet llyushin II-4 bomber carrying navigator
Lieutenant |.M.Chisov was badly damaged by German gunfire. At an
altitude of about 21,980 feet Lieutenant Chisov bailed out. He planned to
open his parachute when he cleared the battle zone, but due to the thin
atmosphere at that altitude he lost consciousness and was unable to pull
the rip cord. He landed on the slopes of a snow-covered ravine and slid to
the bottom. He suffered a fractured pelvis, severe spinal damage, and
other injuries, but lived. How fast was Lieutenant Chisov moving when he
hit the ravine? How long did he have to think about it? Is air drag
important?
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Newton’s Laws 2

@ Consider a body with no net force acting on it. If it is
at rest it will remain at rest. If it is moving with a
constant velocity it will continue to move at that
velocity.

@ For all the different forces acting on a body

, dp
Y Fi=ma=—
’ dt
@ For every action there is an equal and opposite
reaction.

Fag = —Fpga
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Why Does F = m3?

Acceleration vs. Mass
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—

Fo = —SMM, Fg = —mgy

Fe = k.22t Fs = erih x (5;—77 28T )
Fs = —gs<=¢ Fw = —gw =t

/j_c = 3 tons F5 = —krr

|Fe| < psN |Fel = kN

ﬁf = —bvv ﬁf = —%CDSpv2V

Jerry Gilfoyle Freeee Faallll 4 /16



EEEEKKKKK!!!! 5

In January, 1942 a Soviet llyushin II-4 bomber carrying navigator
Lieutenant |.M.Chisov was badly damaged by German gunfire. At an
altitude of about 21,980 feet Lieutenant Chisov bailed out. He planned to
open his parachute when he cleared the battle zone, but due to the thin
atmosphere at that altitude he lost consciousness and was unable to pull
the rip cord. He landed on the slopes of a snow-covered ravine and slid to
the bottom. He suffered a fractured pelvis, severe spinal damage, and
other injuries, but lived. How fast was Lieutenant Chisov moving when he
hit the ravine? How long did he have to think about it? Is air drag
important?
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The Drag Force

. 1 ) Resistive Force on Coffee Filters
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What Happens to Av as At — 0? 7

Velocity inm/s

Timein seconds
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Solving Lt. Chisov 9

ArcTanh (1) - _&iiq

Vi Vit
4+ Green - Re[ArcTanh(v/v;)]
Red - Im[ArcTanh(v/v;)]
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Hyperbolic Functions

* Hyperbolic sine:
et —e % 621 -1 1-— 672:

sinhz = 2 T T2er 2e*
* Hyperbolic cosine: a.rsm.h(m) - ]_n(m + 4 .-'1'.E + 1)
coshz — e +e* e +1 _ 1+e %
T2 2t 2t arcosh(z) = In{z + v/2° — 1);9; =1
« Hyperbolic tangent:
. - 1 1+a
_ sinhz ¢ —e* artanh(z =—].n( )-a:<1
tanh:_coshz_e‘%—e" (2) 2 1-z il
1 z+1
arcoth(z) = —1In el =1
()= a2 )sla

« Hyperbolic cotangent: z # 0

coshz e +e*
cothz = — = —
sinhz e* —e™*

0Odd and even functions:

sinh(—z) = —sinhz

« Hyperbolic secant:

1 2 cosh(—z) = coshz
sech z = =—= =
coshz e* +e* Hence:
2" 277
Te 41l 14e tanh(—z) = — tanhx
« Hyperbolic cosecant: z # 0 coth(—z) = —cothz
escho= —— =2 _ sech(—x) = sechx
- smhzze_:e’ —-e* csch(—z) = — cachz

e -1 l1l-e*
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Terminal Velocities

Falling object Mass Area Terminal velocity
Skydiver 75 kg 0.7 m? 54 m/s or 121mi/hr
Baseball 145g  42cm?> 33 m/sor 74mi/hr
Golf ball 46 g 14 cm®> 32 m/s or 72mi/hr
Hail stone (0.5 cm radius) 0.48 ¢  0.79 cm® 14 m/s or 31mi/hr
Raindrop (0.2 cm radius)  0.034 g 0.13 cm?® 9 m/s or 20mi/hr
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Lieutenant Chisov’s Fall
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Lieutenant Chisov’s Fall
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Sample Homework

Style Points on Problems

©0 0000 OO

Draw a picture. Write out knowns and unknowns.

Choose appropriate notation - don't have the same variable mean different
things.

Use your words. Use short sentences to describe what you are doing.
Clearly separate different sections. Use a sentence, a line, a number, etc.
Do it symbolically - no numbers until the end.

Imagine someone will read this this solution who isn’t in the class, but is a
physics major.

Use your text for examples of mathematical writing.

Be legible. Use a pen only if you are perfect. Scratch outs annoy the reader.

An athlete can throw a javelin 60 m from a standing position. If
he can run 100 m at constant velocity in 10 s, how far could he
hope to throw the javelin while running? Neglect air resistance
and the height of the thrower in the interest of simplicity. (Hint:
derive an expression for the distance R in terms of the initial angle
0 to the horizontal and mazimize R.) Compare your answer with a
world-class throw of 105 m for the javelin.
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Sample Homework
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Sample Homework
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