WYSE — Academic Challenge
Physics Solutions (Regional) — 2018

1. Correct Response: B

massxlength . 2
Pressure _  Force/area  ~— {meZz x(time) __ mass

(velocity)? - (length/time)? - (length)2(length)? - (length)3

Micrograms per cubic meter has dimensions mass/(length)3.
2. Correct Response: E

d = Ultl + Uztz + 7.73t3 =
m m m
(11.4 —) (1.485) + (0.54 —) (253 s) + (16.1 —) (0.30s) = 354 m
S S S

3. Correct Response: D

The downward force of gravity along with the normal force are the only forces acting. The
sum of those forces must equal the mass times the acceleration.

Fy—mg=ma =

Fy = mg + ma = (43.0 kg)(9.80 m/s?) + (43.0 kg)(0.800 m/s?) = 456 N

4. Correct Response: D

At this point, the velocity is constant and the acceleration is zero.
m
Fy—mg=ma = Fy=mg+ma=(43.0kg) (9.805—2) +0=421N

5. Correct Response: B
The center of mass of this object would be in the center if the piece weren’t cut out.
Cutting the piece out reduces the mass on that side and therefore moves the center of
mass slightly away from the center and the cut out.

6. Correct Response: C
Uf = vl‘ + alAtl + azAtz + agAtg =

ve =0+ (2 g)(3s)+(—1 g)(25)+(3 532)(15)=7?

7. Correct Response: A

Vix = 3.00 X cos 140° = —2.30 Viy = 3.00 %X sin 140° = 1.93
V,, = 2.05 X c0s 250° = —0.70 Vyy = 2.05 X sin 250° = —1.93
Vtotx = le + sz = _300 Vtoty = Vly + sz = 000

This vector has a magnitude of 3.00 and the negative sign means that it is along the
negative x axis or 180°.
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10.

11.

12.

Correct Response: E

The total travel time is the time it takes to drop from a height of 1.10 m.

t= \/E = 0.474s
)

The distance it travels is 142 m in that time. So the x velocity at the muzzle is

142 m m

= =30
Y = 04745 s
The momentum given to the cannon ball is also the impulse given to the cannon by
conservation of momentum. So

m kg m
Ap =1=3.20kg x 300 5= 959T

Correct Response: A

It is the difference in gravitational pull from the Moon between the near and far sides of the
Earth that causes water near the Moon to be pulled closer and water farther from the
Moon to not be pulled as much.

Correct Response: C

1, 1,
Emvo + mgh = Emvf

v = [2gh+v2 = jz (9.80 532) (38.0m) + (145 ?)2 - 30.9?

Correct Response: A

If we use the top of the ladder as the axis of rotation, measure the distance along the
ladder to the point where the string is attached as x, call the tension 7, and use the torque
eguation in static equilibrium we get:

—xT'sin 70 — mg 5 sin(90 — 70) + mgl sin(90 — 70) = 0
This can become:
xT = mgécot 70 = constant

If xT is constant then larger x means smaller 7" so the largest x (at the bottom) will be the
smallest T.

Correct Response: A

The mass of the block is M and the mass of the board is m. The distance from the fulcrum
to the mass is x and the distance from the fulcrum to the center of mass of the board is

(% — (0.5 + x)). With these definitions and the axis of rotation being the fulcrum the
torque equation in static equilibrium is:

4.2
Mgx —mg T—(0.5+x) =0

Solving for x we get 0.43 m.
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13.

14.

15.

16.

17.

Correct Response: B

The force of gravity creates an acceleration down the incline of 9.8xsin22° = 3.67 m/s?.
This will be the acceleration throughout the trajectory (including when the object stops at
the top of its motion).

Correct Response: C

The radius, r,,, from the axis of rotation at 40° latitude is R4+, COs 40°. The speed at the

equator is v, = Rqqrenw. The speed at 40° is
Vao = Tuo® = Rogrenw €0S 40° = v, cos 40° = (464 m/s) cos 40° = 355 m/s
Correct Response: C
Nano is the prefix for 10°°.
Correct Response: E

As the initial and final heights of the projectile are the same, the initial and final vertical
velocity components are of the same magnitude but opposite sign.

Vyr —Vy; —VgSinf —vysinf v Sin 8
Vyr —Vy; = ayAt = At = v 7o 0 0 =22
a -9 g
Applying this to the batted ball,
(30.0 m/s) sin 45°
Atpatted bau = 9.8 m/s? =4.33s

and to the thrown ball,

(22.81 m/s) sin45° B

Atthrown pail = 2 9.8 m/s? 29

The total time is the sum of these time times plus the 0.50 seconds to catch and throw:
At = Atbatted ball + Atthrown ball 4+ 050s=4.33s+3.29s5s+0.50s=8.12s
Correct Response: A

The average velocity is

Ax xf—Xx, 2m m
—= =——=10.286 —
At tr —t, 7s S
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18.

19.

20.

21.

22.

Correct Response: D
W = AKE and F = uFy

where the normal force, Fy , equals mgin this situation. The work done is F-d where dis
the distance travelled during breaking. The negative sign is because the force is in the
opposite direction to the displacement.
1 1
W= —Fd= —uFy = —umgd = Emvf —Emvg
Solving for w« we get
2
UO

= 0.469
2gd

Uk =

Correct Response: C

The work is the area under the curve:

1 1
W=§bh=§ 3.00m x 5.00N =7.50]

Correct Response: D

Conservation of momentum gives us

MyV1p + MpVyp — My Vyf

mqVq0 + MmyUyy = mlvlf + mzvzf = vzf = m
2

_ (7.25kg)(4.12 m/s) + (1.50 kg)(0.00 m/s) — (7.25 kg)(4.12 m/s)
Ver = (1.50 kg)

= 6.82m/s

Correct Response: C

The tension in the string is what the scale measures and this tension is the same all along
the string because of the pulley. A force diagram would show two tension arrows pointed
upwards along both sections of string leaving the pulley. The force downward is mg and
this force is balanced by the two tensions that are evenly distributed. Thus the tension

must be % =98.0 N.

Correct Response: B

Conservation of energy in this system that includes rotational motion will result in the
equation:
h = L w2 + 11 2
mgh = > mv 5 W
Substituting ® =v/rand solving for v:

=0.542m/s

2mgh 2(0.200 kg)(9.80 m/s?%)(0.76 m)
m+1/r2 — [(0.200kg) + (4.20 x 10~* kg - m2)/(0.0065 m)?2
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23. Correct Response: C
Using Newton’s 2" Law in the horizontal direction:

16.7 N = Frriction = Ma =

m
Frriction = 167N — Ma = 16.7 N — (21.3 kg) (0.4115—2) — 795N

24. Correct Response: E

a 0.411m/s? rad
S P = 996 —
R (0.825m)/2 s?

a =
25. Correct Response: C
V=IR = I[I=V/R=012V)/(6Q)=2.0A
26. Correct Response: B

The potential is related to the force by:

U aU aU ,
F=-VU= —ia - 3y~ k& = —iay?z® — jax2yz® — kaxy?3z?

27. Correct Response: B
m
P = Fv = (2090 N) (51.4 ?) =1.07 x 105 W

28. Correct Response: B

L _m L=p (2 50 x 107 W) (12'0 m)z 1.05 X 10-% —
—_— = — —1 = —_—= . _— = 1. —_—
L rf 2T g m?/\185.m m?
I 1.05x 1078 ﬂz
B =10log;=10log YQN = 40.2 dB
0 1.00 x 10712 —
m
29. Correct Response: E
M M 3[3M 3(60.kg)
P=v =% = R= P K = 0.0902 m
~TR3 TP 4m(195x 1035
3 m3
30. Correct Response: A
L + ! d M : L
—_= — — an = — = —— =
f do di (o] do
_( M+1)_1_( h; +1>_1_( 1.5cm 4 1 )‘1_ 152
r=tzts) “Cantsy) U Czomezom T Sizom) -~ 2o
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31. Correct Response: D
Michael Faraday developed Faraday’s Law as stated.
32. Correct Response: E
Electrons and muons are leptons and not hadrons.
33. Correct Response: D
AE=0Q-W
Q = AE + W = AE 4+ PAV = 1.73 x 10%] + (2.30 x 10° Pa)(7.50 m® — 2.50 m3)
=2.88x109]
34. Correct Response: B

Considering the equilibrium of the upper horizontal rod:

MuertTiert — Mright 9Trignt = 0.00

(200g)g(20cm) — Mg(50 cm) = 0.00 =

_ (200 g)(20 cm)
~ (50cm)

80g

h 4

35. Correct Response: D

The sum of the torques about any point is zero. Summing
the torques about the elbow joint applied to the forearm:

G

Tbiceps(cos 10°)(x) — Wforearmd — Whaul =0.00 = lgraVity
— Wrorearmd + WpauL  (32.0N)(0.150 m) + (112.0 N)(0.320 m) 478 N
biceps (cos 10°)(x) (cos 10°)(0.0470 m) B
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