SwissPhO: Landesausscheidung Kurzaufgaben 03.04.2016

Aufgabe 1: The Medicine Ball Kick: Solution (4 points)
i. (2.5 pts)

e Option 1: Using the center of mass (CoM) reference frame. Calculations in-
volving elastic collisions are much easier in the CoM reference frame. When two objects
collide exactly vertically, the momentum vectors simlply turn into the opposite direction.
First, we calcualte the velocity of the CoM. According to the task, we may assume that
during the relevant time span, the CoM has constant velocity.

muy°" + Moy

M
vs m+ M m/s

With this quantity, we calculate the velocity of the tennis ball in this reference frame
before and after the collision:

0% =0} —vg = —6.98m/s = vP¥" =6.98m/s
Therefore, the requested velocity in the lab system equals:
U?ach — U?ach + g = 0. 4m/s

Grading: 0.5 points for the algebraic or numeric expression of vg, 1 point for mentioning
or using the fact that during an elastic collision, the momentum vectors (or equivalently
the velocity vectors) just change sign in the CoM reference frame, 0.5 points for the
algebraic or numeric expression of vgfqdl, 0.5 points for the numeric result of vnaCh with

exactly two significant digits.

e Option 2: Deduction using conservation of momentum and kinetic energy.
This time, we perform the calculations in the lab frame and act as if the collision happe-
nend on an even plane, as requested in the task. We start with the following conservations
laws

2
kinetic energy: m (v}°")? + M (v}9")* = m (vf30h> +M< nach) (1)
momentum: mv;*" + Movyj = mvfaCh + My} nach (2)
Solving the second equation after vnaeh yields:
nach __ M <,U2/or v?ach) + ngr

Inserting this into the first one gives:

2 2
m( vor) —|—M( vor) —m (U?ach> +M[]n\;2 ((,UZOI‘) _QUVOI' nach+ (U?ach> >_|_

4 2M ( vor v;lach) ,UXgr +( vor)21|

By expanding terms, we get:

9 2 m2 m2 m2
m(vzfor) — (v?ach) <m+> nach <2vvorM+2mvvor> +M(U§0r) +2mv2/0r X;r

M
(3)
This quadratic equation is solved by the well known formula

nach _ —b+ Vb? — dac

(4)

. 2a
m? m? m?
where a = m—&—ﬁ , b=-2 Y v+ muyg” c=(37—m (0} )2 2may T uyor
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— Option 1.1: Inserting figures right here. An important pitfall here ist that the
sign of vy°" is negative in the lab frame. We calculate:

a=0.0636kg, b=—2(—0.0166 + 0.168) Ns = —0.303Ns ,
= (—0.0564 - 4.6% — 1.546) Nm = —2.74 Nm.

Therefore, the result is:

nach  0.303Ns + /0.0917 4 0.697 Ns
V. =
¢ 0.127kg

=94m/s or —4.6m/s

The second one exactly equals v;°", which is not interesting, even though it also
preserves energy and momentum (because there is nothing happening). The correct
result is:

vt — 9 4m/s

Option 1.2: Simplifying the expression further. First, we calculate b? — 4ac:

b2 4(,02101“)2]\4—42 +8 vor VOr]; _|_4m ( }1\/([)1")2
tac =4 (mo+ 20 (B0 @ = m ()7 + 2oy )
mﬁ( 0¥o)2 — 4m? (07°")? + 8mZu}°" vor+4Mz( yor)2 _
4]\;( yor)2 +8ﬂj\§)v;’°rvﬁr

= b2 — dac = 4m ((,Uz/or)2 + (UX/?T)Q) 8m2 Vorngr _ 4m ( Xor o 'I)X?r)Q
= Vb2 — dac = 2m |v)°" — V37|

This makes things a lot easier. We may calculate v'*? directly:

2m or + 2m (,U}/'\;I' :l: ( vor ,U}/\?I"))

2<m+ﬁ>

In the case of "+”, v}% crosses out, and we again have vf*® = v}°". The correct
solution is (we multiply both terms by M /m):

vy (m — M) + 2Muvy)"

nach __
’Ut —

nach _
5
v M +m 5)
Inserting figures yields:
4.324 Ns + 5.6 Ns
ppach — 106 ke =9.4m/s

Grading: 0.5 points each for (1), (2), and (3), 0.5 points for the application of the
quadratic formula (4), 0.5 points for the numeric expression of v}*" with exactly two
significant digits.

Option 3: Knowing the formula by heart. Because this is a standard case, equa-
tion 5 might have been deduced in school already. The only difficulty is in this case to
get the signs of v}°" and v} right.

Grading: 1 point for (5), 0.5 points for the usage of the correct signs of v;*" and v}?",

1 point for the numeric result of v}

nach with exactly two significant digits.
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ii. (1.5 pts) We use the energy conservation law to estimate an upper boundary: After
the collision, the tennis ball has a velocity vPah. If all the kinetic energy the ball has at
this point would be converted into potential energy, i.e.

9 nach) 2
mg - Ah = % (vfaCh) < Ah = (t2g) =4.5m,

the ball would reach a hight of
h1 = ho—FAhZ 5.0m.

Of course, the ball will not fly this high, because parts of the kinetic energy will be lost
due to air friction. Also, the real velocity after the collision will be smaller, because the
collision will not be fully elastic.

Grading: 0.5 points for the idea that energy conservation could be used to calculate an
upper boundary, 0.5 points for the numeric result of hy with exactly two significant digits,
0.5 points for one correct argument why the ball will not reach h;.
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