WYSE — Academic Challenge
Physics Test (Sectional) — 2016

Correct Answer: A

Conservation of Energy
mgH = mgR + %mvz
Solving for v gives:

v=,2g9g(H—-R)
Correct Answer: D

The pressure at depth is atmospheric plus the pressure of the water.
P=P,+pgD
Plugging in the numbers gives

P =1.01 x10°Pa+ 1 x 103

Converting to atm means dividing by Pa

2.18 x 10°Pa

P=———F—-=216atm
1.01 X 105 —
atm

kg

m
EX 9.85—2>< 12m = 2.18 X 10°Pa

Correct Answer: B

F =ma

F
my+my +mg = E=2.29kg

ms = 2.29kg — 0.54 kg — 0.79 kg = 0.96 kg
Correct Answer: D

First convert the final angular velocity to rad/s.

rev rad rad
1000 — X 2mr— = 6283 —
S rev S

Now we have two equations and two unknowns
1
0= w,t+ Eatz

w= w,+at
The unknowns are o and t. Solving for a in the second equation and plugging it in to the
first results in an equation with only t as the unknown:

1 6283724
5000rad = 0 + ————5 ¢2
2t
5000 rad
t= rad _ S
3140

S
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10.

Physics - 2

Correct Answer: C
Potential Energy of a Spring: Ep = %kx2 = % X 211% x (0.438m)? = 20.2]
Correct Answer: D

The energy given the mass by the spring will be equal to the work done on the mass from
friction once the mass comes to rest.

1 1 N
Ekx2 =5 2115 x (0.438 m)? = 20.23] = mgu,d

Solving for d gives:
g 20.23]

= = =4.73m
18.2 kg x 9.8 7 x 0.024

Correct Answer: E
Fy - v2 . . . . . . v2 .
Fy +mg = m— And in the figure mg is in the y direction and m—is

in the negative x direction. Fy is then the hypotenuse of a right
triangle. So mg is the adjacent side and the angle is 15 degrees.

mg mg
Fy=——=7507N

Correct Answer: E

Thrust, exit velocity, and the rate of change of the mass are related by

dm
Thrust = (—) v
dt

Solving for the rate of change of the mass:

dm\ Thrust 16000 N kg
() - Thrust _ 16000K_
dt v 3050 — s
S

Correct Answer: C
In elastic collisions momentum and mechanical energy are conserved.
Correct Answer: C
The force produces a tension in the string. The tension necessary to accelerate the mass
upward with the given acceleration is found by the sum of the forces equalling the mass
times the acceleration:

F —mg =ma
F=m(g+a)=214N
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12.

13.

14.

Physics - 3

Correct Answer: D

The kinetic energy is the initial kinetic energy plus the work that the force does on the
object. So we must calculate

6

f(:Fdx = L6(—§x+6)dx+f67(—3)dx = (—gxz +6x>|0+(—3x)|2 =9]-3]=6]

Of course there are other ways to calculate that integral including calculating the areas of
triangles and squares in the figure. Finally adding the initial kinetic energy we get:

1
Emvz+6]=24]+6]=30]

Correct Answer: B

Conservation of momentum: 3 x (12700kg) x 1.79 = = 68199“%m = movp

kg'm
68199—— m
£ = 1.23 "

Solving for v gives: vy = 3x(12700kg)+4x(4290kg)

Correct Answer: D

Electric field is given by E = k% in the radial direction either toward or away from the

charge depending on the charge. In this case the 5uC charge is positive so the electric
field from that charge will be in the negative x direction and the -2uC charge is negative so
the electric field from that charge will be in the positive y direction. These are at right
angles so we can now calculate the field (added as vectors)

E= J(k 2—1;)2 +(k %;)2 = [8.988 x 107 N - mz/cz]\/(iﬁg:}g)z + (j;;gmjg)z = 2687 x 10°%

Correct Answer: C

For an object floating in a fluid the volume submerged, Vsu, is related to the volume of the
object, Vo, and the densities of the fluid and the object by:
Po
Voun = Vo (;)
So the percentage of submerged material is given by:

%4
( S“”) x 100 = (&) x 100 = 74.0%
Vo PF
This leaves the rest, or 26%, above the water.
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Physics - 4

Correct Answer: C

The electric field pointed radially inward means that the charge must be negative. The
magnitude is given by:

q
E = kT_Z
We solve this for g to get:
Er? 130% X (6.37 x 10°m)?

= = = 5.87 x 10°C
1= 7% T 18988 x 10°N - m2/C?]

Correct Answer: B

Conservation of mechanical energy:
1
h =-—mv? + = lw?
mg va +2 w

1, 1 v
mgh=zmv +-1=

Where r is the radius of the spindle. Solving for v gives:

Correct Answer: E

This optical system has an image distance of 0.017m and an object distance of 0.55 m.

The power of the lens is given by 1/f when f is in units of meters, which appears in the lens

equation for the system:

1 N 1 1
do di f
1 + = 60.6D
0.017m  0.55m
Correct Answer: A
ML ,
— )
F=C1 = C=E = [C]zT —ML
v E T
T
Correct Answer: A
‘&
-R
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Physics - 5

Correct Answer: E

The magnitude of the average velocity is the distance between the starting point and
ending point divided by the time of travel. The average speed is the length of the path
followed divided by the time of travel. The only way for the distance between the starting
point and ending point to be the same as the path length is for the path to be a straight line
between the starting and ending points, which implies the direction of travel is constant.

Correct Answer: C

_ 1 2 1 2 _
Kfinat = Kinitiad =W = 5 MV =5 MVigiia =W =

2W 2(24.0J
Vfinal = \/? + Viznitial = \/3(Tkg) + (400 m /S)Z = 566 m /S

Correct Answer: D

The rate of change of speed is the tangential component of acceleration and the
centripetal acceleration component is the speed squared divided by the radius of the track:

2 2
a= (6-00m/52)2+[%J =10.0m/s?

Correct Answer: B

. ) mgre,, sin &,
ZT =Tstring T Tweight = I:string Fstring SIN Hstring — mgre, sin ng = I:string = r sino

string string

_ (200. N)(1.50 m)sin150°
g (2,40 m)sin120°

F =722N

Correct Answer: E

Moving the arm’s away from the body increases the moment of inertia of the skater.
Conservation of angular momentum thus requires slower rotation.

Correct Answer: E

r=F,r,sin6, + F,r, sin @, =(60.0 N)1.80 m)sin 75.0° + (40.0 N)(3.00 m)sin 70.0°=217. N - m

Correct Answer: D
The displacement is the area under the velocity versus time curve. From 0.0st0 2.0 s,

the area is 5.0 m, the area from 2.0 sto 4.0 s is 10.0 m, and the area from 4.0st0 6.0 s is
8.0 m. The total displacementis 5.0 m + 10.0 m + 8.0 m = 23.0 m.
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Physics - 6

Correct Answer: C

N (3.0 m/s)—(O.Om/s)ZOISOm/SZ
ty -t 6.0s—-0.0s

Correct Answer: D

1 2 1 2
Tmv; —3my;

AK =W = %mvzz _%mvlz = (Frope - I:friction)d = I:rope = d + I:friction =

e 1(8.00kg)2.00m/s)* —1(8.00 kg)1.00m/s)* C120N-160N

rope 3.00m ' '
Correct Answer: B
F 12.0N
F—=uN= —~ == =0.153
HI = 4 a mg  (8.00 kg)(9.80 m/s?)

Correct Answer: C

PV, _N.T, o _PVNITL (6.00 atm v (3.00 moles)(20.0 + 273.15) _ 2 43 moles

PV, NT, YA (2.00 atm)v (40.0 + 273.15)

AN =N, — N, =8.43 moles—3.00 moles = 5.43 moles

Correct Answer: B

AV =BLysin 0 = (25.0x10° T)16.0 m)200. m /5)sin 90° = 0.08 V =80 mV

Correct Answer: C

VI(t)-Vy
V)=V o + (Vinitial ~Vfinal kit/RC = t=-RC |n—( )~V ina
initial — "V final
t = —(4.00Q)2.00x10*F)in 20V =00V _5 55 104

0.00V -6.00V

Correct Answer: B

Destructive interference between the waves from two sources occurs when the difference
in path lengths from the two sources is an odd number of half wavelengths.

L, - L, =(2n—1)§ =

1 2(L,-L;) 2(400m-3.00m) 2.00m

= 1S (2.00 m, 0.67 m, 0.400 m, 0.286 m, )
2n-1 2n-1 2n-1
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Physics - 7
34. Correct Answer: E
ot el e
1-v? /c? J1-vZ/c?

_ 1
J1-(0.8007 41— (0.500)?

35. Correct Answer: E

(4.00x10° kg)3.00x10° m /s =1.84x10% J

A~ N NIn2
tl/2
. Altl,22 _ (2.oox10-60i)(3.7xlolf’ls-zl/c:i)(zo.o m)60s/min) | o oo
n n
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