WYSE — Academic Challenge
Physics Test (State) — 2015
1. Correct Response: A
Angular momentum is the product of mass (M), velocity (L/T), and radius (L).
2. Correct Response: E

pathlength 6.0m

Average speed = —— = =3.0m/s
timeinterval 2.0s
3. Correct Response: D
Average speed = pathlength _9.0m =1.5m/s

timeinterval 6.0s

4. Correct Response: D

t= =3.49s

2y, \/2(;g(2.oo s)? +40.0m) \/2(;(9.80 m's®|2.00 s)* +40.0m)
g g - (0.80 s ?)

5.  Correct Response: E

Assuming a Cartesian coordinate system with positive x horizontally to the right and
positive y vertically downward. On the 45.0° line, the x coordinate is equal to the y
coordinate.

Vox ~Voy _,20.0m/s —0.00 m's
a 9.80 m/s?
= X =Vg,t=(20.0ms)4.08s)=81.6m

X=Vot=vot+iat? = t=2 =4.08s

6. Correct Response: E

With a coordinate system with the positive x direction parallel to and up the incline and the
y direction perpendicular to plane and directed upward:

D F, =Fc0s20.0°~(m, +m,)gsin20.0°=(m, +m,)a =
E_ (m, +m,)a+(m, +m,)gsin20.0° _
co0s20.0°
[(4.00kg) +(2.00kg) |(2.00m/s” ) +[ (4.00kg) + (2.00kg) ] (9.80m/s? ) sin 20.0°
c0s20.0°

=

=34.2N
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Correct Response: B

With a coordinate system with the positive x direction parallel to and up the incline and the
y direction perpendicular to plane and directed upward:

> F,=F-m,gsin20.0°=m,a=0 =
= F =m,gsin20.0°= (2.00 kg)(9.80 nvs 2)sin 20.0°=6.70N

8. Correct Response: C

Firiction

Fgravityl I Fnormal

Foravity + Fromal + Firicion #*F =0 = Fyraityy + Fromary + Firictiony +F, =0 =
Frormaly = ~Faravyy — Firciony — Fy = —(~20.0kg)(9.80m/s* -0~ 60.0Nsin20.0° =175.N
Foravityx + Fromat x + Fricionk +Fx =0 = 0+0—uF o +Fc0s20.0°=0 =
_F CF(:::.)'O _ (60-0T;;§;20-0 _0321

9. Correct Response: A

Wiigion = AK + AUy = —umgd cos30° =2mvZ —imv? +mg(h, —h,)
N ﬂ:_%vg -ivi+g(h,—hy)
gd cos30°
_ vi-vi-2gdsin3o°  (4.00 m/s)” - (2.00 m/s)” —2(9.80 m/s®)(1.50 m)sin30°
2gd cos 30° 2(9.80 m/sz)(l.SO m)cos 30°

=0.106

10. Correct Response: C

o F_F+RK S oa- Fax +Fox _ (2.00 N)sin50.0° - (4.00 N)cos 20.0° 07422 m/<?
m m m 3.00kg
F., +F 2.00N)c0s50.0°+(4.00 N)sin20.0°
= a, = Ay "By :( ) ( ) =0.8846 m/s?
m 3.00kg

a=.a2+a? = \/(—0.7422 mis?) +(0.8846 m/s?)” =1.15 m/s’
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11.

12.

13.

14.

15.

16.

Correct Response: C 8.00

kg

The only horizontal component of the force on the 8.00 kg
block is the 40.0 N tension force. The horizontal

acceleration of the 8.00 kg block is

a=5= 400N =5.00 m/s 2.
m  8.00 kg

The block of mass m has the same magnitude acceleration, but in the downward direction.
The total vertical force on that block is the upward tension force and the downward
gravitational force. By Newton’s 2" Law,

40.0N 40.0N

a+g —5.00m/s? +9.80nys?

400N-mg=ma = m= =8.33 kg
Correct Response: C

No. The constant acceleration, initial velocity, and initial position must all be known to
determine the postion at future times.

Correct Response: D

a=ya?+a? =0 ) +(ar) = \/((2.00 sf(0.200 m)]2 +((3.00 s72)0.200 m))’ =1.00 nvs 2

Correct Response: E
A conservative force results in no net work done on an object as it traverses a closed path.

In this case, there is a change in speed as the object completes a closed path, so work
must have been done on the object. The force is not conservative.

Correct Response: B

myv, +m,v, (500kg)8.00ms )+ (80.0kg)0)

my, +myv, =(m +m, V' = v'= = =6.90M's

m;, +m, 500 kg + 80.0kg

Correct Response: C

If the trash can tips, it will rotate about the lower right-most point
of the trash can. Calculating torque about that point with an axis

of rotation perpendicular to the page, 50N | Trash
w |
>r=mg % ~ Fronzonta (0.800m), 0.800 m

{

where positive torque is counterclockwise and negative torque is clockwise. The trash can
will tip if the total torque about the lower right corner is clockwise (i.e. less than zero).
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17.

18.

19.

W

20.

Z T= mg honzontal (0800 m) <0

2Fhonzoma, (0.800m)  2(25.0N)0.800m)

—0.680m
mg ~ (6.00kg)9.80m's 2)

= WKL

Correct Response: A

o MXom Mo Xy _ (2.00 m)(20.0 kg)+(8.00 m)(24.0 kg) _ £ 27 m
e m, +m, (20.0 kg)+(24.0 kg) '

yo = MYem *MoYemo _ (2.50 m)(20.0 kg) + (1.50 m)24.0 kg) _195m
em m, +m, (20.0 kg) + (24.0 kg) '

Correct Response: E
Ly =y 1, = (I + Myd7 ) + (I, +m,d2)
- 1(20.0 kg)((4 00 m)’ +(5.00 m) )+ (200kg)((2.00m)” +(2.50m)’)
(24.0kg)((8.00m)’ +(3.00m)’° )+ (24.0kg)((8.00m)* + (150 m)’
=2.01><103 kg-m?
Correct Response: A

o, (3'00 kg 'mZXZﬂ-l'O S_l)
o (272557

—AK =1l 0f — 11,07 =2(1.20kg-m? J2z2.5 5] —~1(3.00 kg-m? J2z1.0 s f =88.8

2

=1.20 kg-m?

Ifa)f =Iia)i j— If =

Correct Response: A

The maximum mass without tipping results in a zero net

torgue on the object. If the torque about the edge of the r
table is used, L— 6.00 cm

+11MY — T'em block Mplock 9 = 0. =
+(9.00cm)m(9.80m/s® ) - (6.00cm)(4.00kg)(9.80m/s*) =0 =
(6.00cm)(4.00kg)(9.80m/s? )

=2.67kg
(9.00cm)(9.80m/s?
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21. Correct Response: A

AP (mlvlf + MLV )_ (mlvﬂ +MyVy, )

average — E Atl

Using a coordinate system with north positive and south negative,

_ ((200. kg )0) + (80.0 kg)(0)) - ((100. kg )} 6.00 Vs )+ (80.0 kg }(7.00 /s ))

Faverage = (0.400 S)

=100.N

This is the force on the players, so by Newton’s 3™ Law, the force on the ground is 100. N
south.

22. Correct Response: E

The symmetry of the direction of the entering ray and the
exiting ray imply that the ray within the prism forms an
isoceles triangle with the apex of the triangle with base angle
65.0°. Therefore, the incident angle and the refracted angle
are 65.0° and 25.0°, respectively.

_n;sing,  1.000sin65.0°

n,sing, =n, sin6, = ; - = : =214
sing, sin25.0°
23. Correct Response: C
PV, nT, PV,n,T, PT, (1.00atm)([400.+273]K)
PV, n,T, vonm, T ([200.+273.]K)

24. Correct Response: E

U :%nRT = AU =%nRAT

=$(4.00 moles)(8.3145 J/(mole - K))([400. + 273.]K ~[200. + 273.]K ) = 9.98kJ

25. Correct Response: B

Q = MigeCice ATice + MiceLtusion + MiceCuvater ATmetted ice + Mwater Cwater A Twater
=(20.09)(2.11/(g-C°))(0.00 °C - [-5.00 °C]) +(20.0 g)(334. J/g)
+(20.0g)(4.18 J/(g-C?))(20.0 °C-0.00 °C)
+(100.0 g)(4.18 J/(g-C?))(20.0 °C-0.00 °C) =16.9 kJ
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26.

27.

28.

29.

30.

Correct Response: E
Given a wave represented by a function of x and t that can be written in the form
y(x,t)=f(x-wt),

where the velocity of the wave is v. The given function that describes the wave can be put
in this form

y(x,t) = Acos(3kx — 9wt ) + 2Asin(2kx — 6wt ) = ACOS{3K(X - %tﬂ + 2Asin[2k(x - %tﬂ :

which implies the velocity of the waves is 3w/ k.

Correct Response: B 94
E-E,+E, = E =E,+E, and E, —E, +E, B
Es
2\ ——— o
o (8.99><109 NCTJ(S.OOxloe c) :

AL . +0=-6.74x10° N/IC

dz (0.200 m)

2

o [8.99x109 NCT j(4.00><10_6 c)

Ey=0+#=0+ . =8.99x10° N/C
d (0.200 m)

4
E-EZ+EZ - \/(—6.75 x10° N/C) +(9.00x10° NIC) =1.12x10° NIC

Correct Response: A

E=—AA—V = AV=-EAX = V,-V,=-EAX =
X

V, =V, —EAx = 2.00 V - (5.00 N'C 1.00 m) = =3.00 V

Correct Response: C

Application of the right hand rule for the force on a positive charge, gives a resulting force
direction into the page. As the moving charge is negative, the force is in the opposite
direction, out of the page.

Correct Response: D

(20.0 ©)30.0 Q)

Requivatent =18.0 Q1+ (2000Q)+(30.0Q) 30.00
2 2
p__V _ (150. V) 50 W
R 30.0 Q

equivalent
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31.

32.

33.

34.

35.

Correct Response: E

Applying Faraday’s Law, during the time the flux is changing there is an induced EMF
proportional to the rate of change of the flux. When the flux is constant, the induced EMF
is zero. The polarity of the induced EMF when the flux is decreasing is opposite in polarity
to when the flux is increasing.

Correct Response: B

_ Vims Vs _ 10.0V _0.200 A

Z JRve? Jooay +(1.00x10* s f(3.00x107® Hf

ms

Correct Response: D

he N (6.626 x10°*4J-5)3.00. x10®ms )
E 1t (600. x10°m)
At LW (0.200 m)0.300 m)

(2.00x10%s)
=1.10kW/m?

Correct Response: B

2 2 2
Lol 1-Y o v B oo i [ BOM ) _oe6lc
V72 12 100.0m

Correct Response: D

A beta decay results in an atom with an atomic number one greater than the original atom.
The element with atomic number 7 is nitrogen.
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