WYSE — Academic Challenge
Physics Exam Solutions (State) — 2019
1. Correct Response: A
Apply kinematics equation for one-dimensional motion with constant acceleration:
X = Xo +Vout + (1/2)a,t?
In the above equation, the time t refers to the time elapsed since the initial time t = 0,
and X, and vy are the position and velocity at that time, respectively. In this problem,
consider the initial time at t = 1.00 s and the time elapsed since that time is t — 1.00 s. So,
x = 1.00 m + (5.00 m/s)(t — 1.00 s) + (1/2)(2.00 m/s?)(t — 1.00 s)?
Evaluation the above equation att = 2.00 s, we have x = 7.00 m.

2. Correct Response: D

This is a vector problem. The speed that the swimmer moves must be added to the
vector velocity of the water to create a sum that is directly across the river.

1.80 m/s
= oo
and because this is a right triangle we can use the Pythagorean

theorem to determine the sum of the first two vectors. x = v1.80% — 0.702 = 1.66%.
Using this as the speed that the swimmer can move across the river we find the time:

t_d_54.9_331
“y 166 008
3. Correct Response: A
Vector addition:
A, =3.47cos132° = —-2.32 B, =1.80
Ay = 3.47sin132° = 2.58 By = —0.80

Cy=Ay+B,=-232+18= —052
Cy =4, +B, =2.58—0.80 = 1.78

C= [CZ+C(C} =185 9 = arctan 2 = arctan—2> = —73.71
\I Cx ~0.52

Realizing that we are in the second quadrant we must add 180 to this to get the correct
angle. -73.71+180=106.3".

4. Correct Response: C



Apply kinematics equation for one-dimensional motion with constant acceleration:
Y = Yo Ho,t + (1/2)a,t?

In the coordinate system chosen for this problem, y,= 0, vo, = -V, and a, = g. So,
y = -Vt + (1/2)gt>.
Correct Response: D

The position is given by the integral of the velocity or the area under the curve in the
figure. The firstincline is a triangle with area (1/2)b,h;. The second part is the constant
velocity section which has an area of byh,. The third part is a triangle sitting atop a
rectangle. These parts add up: 4.5+12+3+1=20.5 m.

Correct Response: C

The Force Diagram looks like this:
The frictional force is kinetic friction
because tension will overcome static
friction and gravity. The force
equations for the 1.50 kg block are:
Fy —mgcos20° =0
—F, —mgsin20°+T =mya

We know that the frictional force is
given by Fj, = i Fy
The force equation that can be
written for the 2.00 kg block is:

myg — T =mya v

All of these equations can be combined to solve for a. Use the first to find Fy and use

the definition of kinetic friction to get F, and then solve the third equation for T and plug

all of these into the second equation. So q = Zm2=#km1c0s20°-my 5in207) _ 3 g m
(my+my) s2

Correct Response: C

In the process of solving the previous we can look at the equation for the hanging mass
andgetT =m,(g —a) =12.22N

Correct Response: B

The extension of the spring depends on the tension in the string. From a force diagram
for each of the two masses we can immediately write the force equations:
T =mqa
myg —T =mya



10.

11.

12.

my

Two equations and two unknowns can be solved. The result is that a = ——J and so
1 2
we can solve for T to get T = mya = ~2Z2 g = kx where we have added kx because
1 2

that is the force of the spring (neglecting signs). Solving for x gives 0.100 m or 10.0 cm.
Correct Response: D

The trick to this problem is to convert miles per hour to meters per second.
18311' 5280 .ft 12in 2.51.Lcm 1im 1hr. 1min - 818 m
hr 1imi 1ft lin 100cm  60min 60s s

With this speed we can cover the distance in a time of t = % = 23‘;@ = 2.44s

s

Correct Response: A

We use the equation P = F - % and solve for force. The result is 1450/81.8=17.7N a very
low drag force indeed.

Correct Response: B

A free-body diagram for the bob of the pendulum is shown below.

The tangential component of the bob’s acceleration is equal to the rate of change of its
linear speed, that is, a; = dv/dt. The tangential component of the net force is —mgsiné.
The negative sign is due to the fact that this force component is opposite to the direction
of motion. So,

a; = dv/dt = -mgsindm = —gsind = —(9.80 m/s?) sin10.0° = —1.70 m/s®.
Correct Response: E
Refer to the free-body diagram in Question #3. The radial component of the net force is

Fraa = T — mgcoséd and the radial component of the acceleration is a,,q = V2L, Apply
Newton’s second law:
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Frad = Mamg > T — mgcosé = mv2/L
Solving for v, we have

v = [L(T — mgcos#)/m]*? = {(1.00 m)[6.00 N — (0.500 kg)(9.80 m/s®)cos 10.0°]/(0.500
kg)y¥? = 1.53 m/s.

Correct Response: B

Since the object is at rest relative to the inclined plane, the object has the same
acceleration as the inclined plane, that is, the object has an acceleration of 2.00 m/s?
directed to the left relative to the ground. Two forces are acting on the block: normal
force directed upward perpendicularly to the inclined plane and gravity directed
downward. A free-body diagram for the block is shown below.

a=2.00 m/s?

< Ay
\ Ncosé

x AN

Vmg

Apply Newton’s second law in both the x and y directions:

Nsind=ma and Ncosd —mg =0

Solving for 6, we have tand = a/g and @ = arctan (a/g) = arctan (2.00 m/s%/9.80 m/s?) =
11.5°.

Correct Response: A

The magnitude of angular momentum L is defined as L = lo, where | is the moment of
inertia and o is the angular speed. Since [I] = ML?, [o] = 1/T, [L] = ML?/T.

Correct Response: C

Total momentum before collision: (2.00 kg)(1.00 m/s) = 2.00 kg-m/s
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Total momentum after collision: (2.00 kg)(0.550 m/s) + (1.00 kg)(0.900 m/s) = 2.00
kg-m/s
So, total momentum is conserved as expected for a collision.

Total kinetic energy before collision: (1/2)(2.00 kg)(1.00 m/s)® = 1.00 J
Total kinetic energy after collision: (1/2)(2.00 kg)(0.550 m/s)? + (1/2)(1.00 kg)(0.900
m/s)? = 0.708 J

There is a loss in kinetic energy during collision. The collision is inelastic. However,
because the two objects do not have the same final velocity, the collision is not
completely inelastic.

Correct Response: E

Escape velocity is the velocity such that the total energy of the object is zero and thus
the kinetic energy (which is certainly positive) must be equal to the opposite of the
gravitational potential energy (gravitational potential energy is negative).

Correct Response: C

This is a conservation of momentum problem. The cars are totally inelastic because
their bumpers lock together and the final object is one with a mass that is the sum of the
two masses.

Piox = M1Viox = 1550kg X 30.0% = 46500 L™ Pioy =0

m kgm
DPoox = MaVyoy = 1270kg X 22.0? X c0s 55° = 16025T

m kgm
D20y = MaVyoy = 1270kg X 22.0? X sin55° = 22887T

So now the final momentum must equal the initial momentum. The two cars are locked
together so that their velocities are the same and we can treat the final system as a
single mass (total mass of 2820 kg).

kgm kgm kgm

Dfx = 46500T + 16025T = 6ZSZST = Mvy,
kgm
. . . 22887 m
Solving for vy gives us 22.2m/s. Similarly for y we see that vy, = W = 8.12?

Reconstructing the vector from the x and y components yields a magnitude of 23.6 m/s
and a direction of 20.1°.

Correct Response: B

The energy lost can be calculated from the kinetic energies before and after the collision.
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1 2 1 2
§m1v1o + Emzvm = 1004840/

2
And after > Mv} = (2820kg) (23.6?) = 785314/

T2
So that the loss of mechanical energy is the difference or 2.20x10° J.

Correct Response: E

This problem has three objects that are rotating on an axis through the center. The first
is a rod of length | and mass m rotating on its center. The moment of inertia for this
object is %mlz. The other two objects are rods of length | and mass m that are rotating
about an axis parallel to their center axis and offset by a distance of 2| from that axis.
The parallel axis theorem gives us

I = Iy +mD?
Where D is the distance between the axis of rotation and the axis through the center of
mass of the object. For each of the two massive parts left we get:

I = iml2 + m(21)?
12

And since there are two of these items (one at each end) we get a total moment of
inertia that is the sum of them all:

I = iml2 +2 {iml2 + m(ZZ)Z} = iml2 + 2m(21)?
12 12 12

Correct Response: D

First it is necessary to convert 10.3 rev/s into radians/s. 10.3%’ N Zf:;]d = 64.7%

At this point it is a rotational kinematics with constant angular acceleration problem. We
have the two equations of motion:

1
0 = w,t +§at2

w=wy+at
Where we have o, is zero, o is 64.72 rad/s, and « is 34.1 rad/s®>. We can solve the
second for t and plug it into the first.

Correct Response: C

We must start by converting rev/s to rad/s for the angular velocity of the wheel.

rev 2mrad rad
w=167—X =10.49—
s 1rev s
The relationship between linear speed and angular velocity is
V= wr

Which we can now solve for rto get: r = 5 = 0.0748m
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Correct Response: D
Apply thin-lens equation: 1/s + 1/s’ = 1/f
S+s'=100cm > s'=100cm —s

Substituting s’ in the thin-lens equation with the above expression, we have
1/s + 1/(100 cm —s) = 1/20 cm

Rearranging the variables, we obtain a quadratic equation:
s? — (100 cm)s + (100 cm)(20 cm) = 0

Solving the above quadratic equation, we have s = 72.4 cm or 27.6 cm. The shorter
object distance, s = 27.6 cm will result in an enlarged image on the screen. (Since |[M| =
[s’/s|, IM|>1 implies s < 50 cm.)

Correct Response: C
Apply conservation of angular momentum to find the final moment of inertia:

lion = L, > |, = lyanl @, = (30.0 kg-m?)(5.00 rad/s)/(8.00 rad/s) = 18.75 kg-m? (keeping
an extra significant figure in this intermediate result)

Now, apply work-energy theorem:

Wiot = AK = (1/2)l,a,” — (1/12)l,,® = (1/2)(18.75 kg-m?)(8.00 rad/s)® — (1/2)(30.0
kg-m?)(5.00 rad/s)? = 225 J

Correct Response: B

This problem is about resonance: when the driving frequency is close to the natural
frequency of an oscillating system, the system has a large response (amplitude). The
natural (angular) frequency of a simple pendulum is ey = (g/L)*. So, w should be close
to (g/L)"2.
Alternatively, note that the torque for a simple pendulum is given by:

T = —mgL sin(0)
For the small angle approximation and realizing what the torque is we can rewrite this
equation as

d?e

s
The moment of inertia for the pendulum mass is simply mL? so that we get (after
cancelling like terms:

= —mglL6
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d’6 g

dtz L
Recognizing that solutions to this equation include sine and cosine with the frequency
being:

Wy = Z

This gives the natural frequency of the system and so if we drive at that frequency we
obtain resonance.

Correct Response: C

When a wave passes through an opening, it spreads out. This spreading of the wave is
called diffraction.

Correct Response: A

The two speakers (sources) are = radians out of phase, which corresponds to an
equivalent path-length difference of 4/2. The total path-length difference between the two
sound waves is

A, =4.00m—-2.00m+ /2

For constructive interference, A, = nA, where n is a whole number. So,
4.00m-2.00m+ A/2=nA-> A=(2.00 m)/(n —%).

When n =1, Anax = 4.00 m and fin = VI Amax = (344 m/s)/(4.00 m) = 86.0 Hz.

Correct Response: D

Since the object is in static equilibrium, the net torque about point O must be zero.
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The object has a square shape and its half diagonal length is Lsin45°, where L is the
side length of the object. The lever arm of gravity about point O is then Lsin45°cos60°.
So,

mgLsin45°c0s60° — FL =0

Solving for F, we have F = mgLsin45°cos60°/L = mgsin45°co0s60° = (5.00 kg)(9.80
m/s?)sin45°cos60° = 17.3 N.

Correct Response: E

According to Faraday’s Law of Induction, the induced electromotive force is proportional
to the rate of change of the magnetic flux through the ring. Since the magnetic field is
uniform in space and remains constant with time, and the area of the ring and its
orientation do not change either, the rate of change of the magnetic flux through the ring

is zero, and therefore the induced current in the ring is zero.

Correct Response: A

Apply ideal gas law: PV = nRT. From 1 > 2, P, = P,, V, >V, thus T, > T;. From 2 2 3,
V2 = V3, P3 < P2, thus T3 < T2. SO, T]_ < T2 and Tz > T3.

Correct Response: C
According to energy conservation, hf = AE = E, — E;, and so, f = (E, — E1)/h.

Correct Response: C



Due to the plunger, the tube of air can be treated as a pipe that is half open and half
closed. For two consecutive natural modes (or standing wave patterns), the change in
length of the pipe is AL = 4/2. So, A4/2 =0.386 mand 4 =2(0.386 m) =0.772 m.

Therefore, the speed of sound in air is v = Af = (0.772 m)(440 Hz) = 340 m/s.

32. Correct Response: D

tr

1
t
= J1-(0.85)2
c2

Time dilation gives us t = 1.70x1078s = yt' =

Solving for t' we see that t’ = 8.955x107%s
Now we can take this time to the decay equation for materials with a half-life.

_0.693tl
N=Nye 2 =N,x..5307
Thus we see that we have 53.1% of the total particles that started in the beam.

33. Correct Response: E

In a thermally isolated system, entropy never decreases. The only process for which the
entropy can decrease is to exchange heat with the external environment, with the heat
flowing out of the system.

34. Correct Response: C

R, and Rz are in parallel with each other and their parallel equivalent is in series with R;:
R=Rot (e ) = 2000+ (b o)
=R+ (7 + =

— ) =4000
. Rs 3000 6009) 00

35. Correct Response: B

This is a torque problem. Using the axis of rotation of the point where the board contacts the
floor and calculating the sum of the torques (=0) we see:
1.00mxXMcgsin65+1.50mXxMBgsin65—3.00mXxFnsin155=0.00 Solving for Fngives: Fn=

87.6N.



