WYSE — Academic Challenge
Physics Test Solutions (State) — 2017
1. Correct Response: E

Young’s Modulus has dimensions of force per area, which has Sl units N/m?

N kg-m/s> kg

m? m? s?.m

2. Correct Response: B

Pl TET]T MLT M
Al LAt I I

Using a coordinate system with the +x-direction toward the east and the +y direction
toward the north, the total of the first two displacements is

3. Correct Response: B

Fal

A, +d,|=|(4.00mi)i +(3.00mi)j| = /(4.00mi}* +(3.00mi =5.00mi
The average speed is the total path length divided by the total duration,

o (gl +dz| +]ds| _ 4.00mi+3.00mi+5.00mi
~ t,+t,+t,  1.00hr+0.750hr+1.667 hr

=3.51mi/hr

4. Correct Response: C
vi-vZ  (1.00m/sf —(3.00 m/s)

2 2

Vi =V +2alX—X%,) = X=X = = =200m
= 2alx) =" 2a 2(-0.200m/s?)

5. Correct Response: E
X; =% +Vvit+1at?
In this case,
X =% = O=vt+iat® = t=0 or tz—ﬁz—mz
a —0.200m/s

6. Correct Response: D

Using a coordinate system with the +x axis to the East and the +y axis to the North,

Vboatto bank — Vboatto river + Vriver to bank = Vboatto river — Vboatto bank — Vriver to bank

= Vysaore =120M5 T =5.00M5 ] = Vypo e =+ 120 M/s)? +(5.00 mis)? =13.0 mis
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7. Correct Response: E

Using a coordinate system with horizontal as the x direction and vertical upward as the y
direction,

vy =Vg, +2a,(y - ¥o)

= Vo, =V2—2a,(y - y,) =/0-2(~9.80m/s?30.0m) = 24.25 m/s
2V, 2(24.25mls)

O=y-Yy,=Vot+iat’ = t=0 or t= =- =4.949s
Y™V =Yo7y a, ~9.80m/s?
v v,
tangy =2 = v, =—2 = 24.25MfS _ 54 35 mys
Vox tang, tan50.0°

X — Xy = Vot =(20.35m/s)(4.949s)=101m
8. Correct Response: D
Using the same coordinate system as in the previous situation,

vi-vo, =2a(y-y,) and v, =vysing, =

Jvi —2aly-y,) \Jo? —2(-9.8m/s?)30.0m)
= V= =

- - =3L7m/s
sin g, sin 50.0°
é. Correct Response: A
Ap F =M ~ Myjock@piock
F = E = mcartacart + mpersonaperson + mblockablock = a‘cart = pere ':,nﬂson = =
cart
1200 N — (100 kg)(2.00 mis? ) (200 kg)(2.00 mis?) )
cart = =0.750 m/s
800 kg
10. Correct Response: B
The only horizontal component of the force on the 6.00 kg 6.00

block is the 30.0 N tension force. The horizontal kg
acceleration of the 6.00 kg block is

a= F_300N _ 5.00 m/s®
m  6.00 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,

300N-mg=ma = m=-0ON_ 300N

=6.25k
a+g —5.00m/s*+9.80m/s* g
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11. Correct Response: A

Using a coordinate system with the +x-axis downhill parallel to the incline,

> F,=ma = Fsin25°+mgsin25°=ma, = F= ma, -mg

~ sin25°

2 2
- (6.00 N/9.83 rr]nzlss J6.00mss?) 6.00N)=359N
I (o)

12. Correct Response: C

2F=ma,=0 = -F_ . +Fsin25°+mgsin25°=ma, =0

But from problem 11,

Fsin25°+ mgsin 25° = m(6.00 mis?) = —F, ., +m(6.00m/s?)=0

m(6.00 m/s?) = %(&oo mis?)=4.90 N

applie

= Fapplied =

13. Correct Response: B

There are no external forces acting on the system, so the center of mass moves with
constant velocity. From the initial conditions, the center of mass velocity is

Vo MY, (3.00kg)(4.00 m/s)+(2.00kg)—3.00 m/s)

o =1.20m/s
m, +m, (3.00kg)+(2.00kg)

Xem — Xoum = Vemt = (1.20M/s)(5.005)=6.00m

14. Correct Response: A

In a perfectly elastic collision, the total kinetic energy is conserved.

m
1 2 1 2 _ 1 2 1 2 _ 1 2 2 2
MV +5 MoV =5 MViy +5MyVoe = Vo _\/_m (Vli — Vit )+V2i
2

= vy = \/ Z:gg tg (30.0mss] ~[10.0misP )+ 0 =316 mis

15. Correct Response: C

The metric prefix pico is equivalent to 10",

16. Correct Response: B

P=— =202 _500W

W _AK _ 600J
t t 120s
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17. Correct Response: B

T-mg=ma and T-m,g=-m,a

— 7o 2mme o 2A400kgh600ke) g gy e) 470
m+m, © 4.00kg+6.00kg

18. Correct Response: E

The entire original piece can be considered two masses, the mass m; that ends up with
the hole in it and the mass m, circular piece that is moved.

_YmE _mp;+m,f, _ (100kg)0)+ (2.00kg)3.00m i +2.00mj)

=0.500mi+0.333mj
fom > m; m, +m, 10.0 kg+2.00kg !

19. Correct Response: D
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.

Vo

x ~Voy 5 30.0 m/s—0.00m/s
a 9.80 m/s?
= X=Vy,t=(30.0m/s)6.1225)=184m

X=Vot =Vo,t+3at® = t=2 =6.122s

20. Correct Response: C

Calculate the moment of inertia of a solid circular plate of the same density and subtract
the moment of inertia of four circles that are cut from the plate.

_ _ _1 2 _gla [2 ]2
I = Isolid 4|cutout -2 msolidR 4(2 mcutout cut—out + mcutout R

The mass of a solid circular plate of the same density and radius R as the object shown is

M
Y - N —
TR —4z(LRf

= 1=3EMR 4B M RF + MR )= [5- afgs+ MR - 1 MR?

SO|Id

_9 —(ip¥ 1 _1
_EM and mcut—out_”(ER) o-_§msolid_§M

21. Correct Response: B

Gmg, m Ar?
Sta\#planet mplaneta mplaneta) R mplanet Tz R
2 2 1
m A7 g 47(6.00x10" mz)3 _321x10%Kkg
GT? " (6.673x10N-m?/kg’ (20.0yr)(3.156x10" s/ yrf
22. Correct Response: C
3
oy _ NiT PV NT, g _PVap (200kPa)5.00 ms)Tl 33T,
PV, NT, PV, © (300kPa)L.00m°)
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23. Correct Response: E

Work done by a gas is the area below the PV curve. That area can be partitioned into two
trapezoids, one with a base from 1.0 m? to 2.0 m® and the second with a base from 2.0 m®
to 5.0 m®
W =1(300x10° Pa+600x10° Pa+f1.00m? )+ 1 (600x10° Pa -+ 200x10° Pa+)3.00m?)
=1.65x10° J

24. Correct Response: C

Ry, = 40002000+ R(6.000) ~ R- (4.002)(6.002)—(2.00Q)6.00 Q) 3000
R+6.00Q 6.00Q+2.00Q-4.00Q

25. Correct Response: B

Z =JR? +(wL -1/ oC)

— (0000 +[1.20x10°5(30.0x10 H)-1/(1.20x10% 20010 F)J =106 0
26. Correct Response: D

3
SE-0 - GE-mg=0 - g:£:(3.00><10 c)4000vim) ¢ o o
m 2.00kg

27. Correct Response: B

d mAL L
ml=Ty = V=T Y2_Y-3=[(2)_(_3)T

9
I 5(500x10° m)3.00m) 07510 =107 mm

V,-Ys  (7.00x10° m)
28. Correct Response: A

1_1.1 o _ fs; _ (-800cm)2.00m-60.0cm)

, = = =-50.91cm
f, s, s} s;—f (2.00m-60.0cm)—(—80.0 cm)

Therefore, the image from the first lens is at x = 60.0 cm + 50.91 cm = 110.91 cm.

1_1.1 _ _ fs _ (400cm)11091cm-10.0cm)

) = = =66.27cm
f, s s s;—f  (11091cm-10.0cm)—(40.0cm)

The source is 66.27 cm from the lens located at 10.0 cm, so the x position of the source is

X =10.0cm—-66.27cm=-56.3cm

source
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29. Correct Response: C

Z F=0 = I:buoyant_ mg =0 = Pluid ngubmerged _pcylindergvcylinder =0

., _vsubmergedp _ 27R%L+2(LRcos60°Rsin 60°)L
cylinder — fluid — 2
chlinder R°L

Pauia = 0804044

30. Correct Response: B

2
P+ipvf=P,+iv and Av,=Ayv, = Vv, =%V1 zﬂlzvl
2 7ZR2
_2(R-P)_ 2R-P) _ 2(2.00x10° N/m?)
vi-vZ  vZRY/RS -1) (400 mss)E((20.0cm)* /(10.0cm)’ 1)

=16.7 kg/m?
31. Correct Response: E

By definition of change in entropy,

as=2
=
32. Correct Response: A
AU +AK =0 =
2 J—
~mgsh=AK =mcfT, -T) = T, =T - %" _ag0ec B0ME-200m) ) oo
C 80.0 J/(kg-C°)
33. Correct Response: E
AE =E, +E, :E+E:hc(i+ij
A A oA
-34 3 1 1 -19
- (6.63x10%3-5)3.00x10° m/s S— _|=8.29x107°J
400x10°m  600x10° m
AE =829x10° Jx— & _517ev

1.602x10"°J

34. Correct Response: B
K =E-mc? = Am¢® —mc? =(A—-1)mc?
35. Correct Response: C

The neutron is a subatomic particle with a half-life 611 s.
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