WYSE — Academic Challenge
Physics Test Solutions (Regional) — 2017

1. Correct Response: E

-F [F] M-L/T? M
F =-kx = k—7 = [k]—T]—T—E,

where M is mass, L is length, and T is time.

2. Correct Response: D

AK+AU=0 = %mvz—%mv§+mgh—mgh0=0

3 o avb+gh _520.0m/s)’ —0+0
= = -
0 P (9.80 m/s2)

=204 m

3. Correct Response: D

furlongs 201m  100cm 1 fortnight 1day 1 hr 1min cm
6.03 — X X X X X — X = 0.100—
fortnight 1furlong 1m 14 days 24 hrs 60 min 60 sec S

4. Correct Response: D

vZ=v2+2aly -y, =

v=vZ+2a(y -y, = \/(4.00 m)? + 2 x 9.8522 %X 0.82m = 5.66 m/s

5.  Correct Response: E

A+B = (A, +B)R+ (4, + B))§ = (2.00 + 5.00 cos 110°)% + (4.00 + 5.00 sin 110°)§
= 0.290% + 8.70§

6. Correct Response: A

cm3\ /100 cmy3
puv, (804 kg/m3)(33.3 ml) (1 W) (T)

P2 (1.21 kg/m3)

m = p1V1 = szZ = Vz = = 00221 m3

7. Correct Response: B
As the wall is frictionless, it can only exert a force normal to the wall. To be in equilibrium,

the sum of the torques about any point must be zero. Considering the torques about the
point of the board in contact with the floor,

z =0 = Tya+ Tweight of Board T TWeight of Crate = 0

= _TWFW Sll’l QW + TWBFWB Sll’l QWB + TWCFWC Sll’l QWC =0

TwepMpg sin QWB + TweMceg sin QWC
= FW =

w Sll’l QW
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_ (1.50 m)(5.00 kg)(9.80 m/s?)(sin 65.0°) + (1.00 m)(10.0 kg)(9.80 m/s?)(sin 65.0°)

10.

11.

12.

(3.00 m)(sin 155°)
=123N

Correct Response: C

To be in equilibrium, the sum of the external forces on the system must be zero.
Considering the vertical component of the forces (upward positive y direction),

Z Fiy = FWally + FWeight of Board y + FWeight of Cratey + FFloory =0
= 0-—mpg —mcg + En rioor =0
= Fyrioor = Mg + mcg = (5.00 kg)(9.80 m/s?) + (10.0 kg)(9.80 m/s?) = 147 N

Considering the horizontal component of the forces (toward the right positive y direction),
z Fiy = FWally + FWeight of Boardy T+ FWeight of cratey T FFloory =0

FFloory = —Fwau y FWeight of Boardy — FWeight of Cratey = _Ffr Floor = —Fwau +0+0
= Ffriction Floor = 123 N

F 123 N
fr Floor
Ffr Floor < UsFn Floor = HUs 2 Fr roor = 147 N = 0.834

Correct Response: E

AK+AU=0 = %mvz—%mv§+mgh—mgh0=0

2

mgh — mghy + 1mv? 0—g(l—1cosf)+0
= y:\/_ g 9 T3 0:\/_ 9 - ) =./2g(l —1lcosH)

1
Em
Correct Response: C

The system will be in equilibrium where the change of the potential energy of the system
with a minimal change in position is zero. These locations are the locations at which the
tangent line to the curve on the graph is zero, points A, C, and E. An equilibrium position
will be a stable equilibrium if the potential increases in both directions on either side of the
equilibrium position, points A and E. An equilibrium position will be an unstable
equilibrium if the potential decreases on either side of the equilibrium position, point C.

Correct Response: B
vf = v, +at =22.0-0.85x10.0 =13.5 m/s
Correct Response: D

v2 -2 (0.00 m/s)? — (22.0 m/s)?
2 - 249 _ — v = 9 — = 285
vi=v5+2a(y—y0) = Y- 2a 2(0.85 m/s?) "
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13.

14.

15.

16.

Correct Response: B

Solve for the force thatcreates impending motion (the force with
maximum static friction force).

ZE =0 = Fpoamet ﬁgravity + ﬁapplied =0
In the direction perpendicular to the inclined plane (positive direction upward from incline),
Fy incline —mg c0s10° =0
= Fyincline = Mg €0s 10° = (8.00 kg)(9.8 m/s?) cos 10° = 77.2 N
In the direction parallel to the plane (positive direction down the incline),
—Ffr incline max + Mg Sin10° + Foppjieq = 0
= Fuappiiea = Frr incline max — Mg Sin10° = usFy inciine — mg sin 10°

= (0.400)(77.2 N) — (8.00 kg)(9.8 m/s?) sin 10° = 17.3 N

Correct Response: D
As the 50.0 N applied force is parallel to the plane, the forces in the direction

perpendicular to the plane are unchanged from problem 13. In the direction parallel to the
plane,

ZF-=ma N a:ZFi _Ffrincline_mgSin100+Fapplied
i

m m

a= :ukFN incline — MY sin 10° + Fapplied
m

~ —(0.300)(77.2 N) + (8.00 kg)(9.8 m/s?) sin 10° + 50.0 N

= 5.06 m/s2
(8.00 kg) m/s

Correct Response: B

1h
P = Fv = mguv = (650 kg)(9.8m/s2)(0.63)(4.25 m/s) = 17055 W x P

oW = 229hp

Correct Response: C
Twr=aTc+b = 15°WT =a(0.°C)+b and 245°WT =a(100.°C)+ b
= 245°WT — 15°WT = [a(100.°C) + b] — a(0.°C) + b

245 °WT — 15 °WT °WT
= a = = 23
100.°C—-0°C °C

= b=15°WT
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17.

18.

19.

20.

21.

At liquid nitrogen temperature,

°WT
Twr = 2.45 (-195.8°C) + 15 °WT = —435 °WT.

°C

Correct Response: A

T rFsing ilmgcos@
t=la > a=-=— LA 1g =39 cos0
1 mlL? FmL? 2L
Correct Response: D 180Q
The equivalent resistance of the 20.0 Q and 30.0 Q resistors in 15y 2000

parallel is

R = () = () 4 oo r =) — 1200
“M 7 \Rey)  \Ryona  Rsooa 200Q  300Q/ T

This equivalent resistance is in series with the 18.0 Q. The equivalent resitance of these
two resistors in series is

Reqz = ng_og + R12.0Q = 180 Q + 120 Q = 300 Q

P_VZ_(150.V)2_750W
TR 300Q '

Correct Response: C

The stretch of the spring, x, is the difference between the radius of the circular path and
the unstretched spring length, I: x=r—-1 = r=1+x.

2 2

v mv
F=ma = kx:mT > k(r-0D= > kr’—klr—-mv:=0

_ kL2 VK212 4 4kmv? 14 lz+4mv2
"= 2k T2 K
4(0.211 kg)(0.785 m/s)?
1
= (0. + (0. 2 = 0. -0,
5 (0211m)_\/(0211m) + 1.65 N/m 0.405 mor —0.195 m

The radius must be positive, so r = 0.405 m = 40.5 cm

Correct Response: A

kq; 9N-m2 —2Xx107°C -2x10"°C 2x1076C
V:ZT: 8.988 x 10 C + + = —232KkV
- i
L

2 0.10 m 0.10 m 0.141m

Correct Response: D

W =F-§= (150 N)(7 m)(cos 25°) = 952 ]
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22. Correct Response: E

T=rxF=0GB%+29)m x(—5f<+ 7y) N
=2x0-0x7)N-m&—(3x0-0x(=5))N-m§+(3x7—2x(-5))N-m2
=31N-m2

23. Correct Response: A

_Ymyx;  (12.0kg)(2.00 m) + (7.00 kg) X (4.00m)
Xem = 5o T 12.0kg + 7.00 kg -

2.74m

_Xmyy;  (12.0kg)(5.00 m) + (7.00 kg) x (1.00 m)

= =353
Yem =5 12.0 kg + 7.00 kg o

> Tom = (2.748 + 3.53§) m
24. Correct Response: A

The collision being completely inelastic, implies v, 7 = v,;.

P =30f
My Uy + MpUsy

= MUy T MyVUyy = My Uy + MaVrx = Vpy =

my; +m,

_ (45.08)(0.0 m/s) + (62.0 g)(1.60 m/s)

= 0.927
Vrx (450 ) + (62.0 g) 0927 m/s

_ _ My Vqy + MyVsy;
= M1y + MaVsy = MyVpy + MpVpy, = Vpy =

mq +m,

_ (45.02)(2.10 m/s) + (62.0 2)(0.0 m/s)
Uiy = (450 g) + (62.0 g)

= 0.883 m/s

vp = v + 13, =4/(0.927 m/s)? + (0.883 m/s)? = 1.28 m/s
25. Correct Response: A

Z ﬁ = Zp—f) = myUy; + MV = my, Vyr + MmeVcr

—_— _—
my, Wy, — My Uy

—_—> —_— —_—
= Avc=vcf—va= -
(o

B (65.0 kg)(0.0 m/s) — (65.0 kg)(3.40 m/s) B
- 50T = —7.62m/s

Av, = |AV;| = |-7.62m/s| = 7.62 m/s
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26.

27.

28.

29.

30.

Correct Response: B

2 2 2 2
vE—1, 0.0 m/s)* — (19.6 m/s)

2 _ .2 _ 7 0 _( _ 2
Vf =V, + 2ax = a= - 2045.0 m) = —4.27m/s

F =ma = (750.kg)(—4.27 m/s?) = 3.20 X 103 N

Correct Response: B

Newton’s Laws say that the deceleration of the car must be caused by an external force.
The force must be applied to the car. Itis friction between the road and the car that
causes the deceleration, therefore the force is applied by the road.

Correct Response: B

The force of gravity follows Newton’s Universal law of gravitation, F = G % . According

to Gauss’ Law, inside the Earth it is only the mass of radius less than the radial position

that contributes. Thus the mass is radius dependent according to the equation m, = pV =
4 .3

my p T

p%rrr3 . Plugging this into the force gives F = G = Gmlpgm‘ S0 it increases

linearly until the surface of the Earth is reached. After that point the law of gravitation
indicates that the force drops off as 1/r?. This is sketch B.

Correct Response: C

First, calculate the time for the ball to reach the wall in the horizontal direction:

X—X, X—X, 142m—-0m

= = = 3.894
Vox v,c0s60 (41.3 m/s) cos 28.0° S

X=X, + Vgt = t=

Then find the height of the ball when it reaches the wall:

Y= Yo + Upyt + %ayt2 =y, +v,sinft+ %ayt2

0.92m + (41.3 m/s)(sin 28.0°)(3.894 s) — %(9.80 m/s?)(3.894s)? =2.12m

This is above the ground and below the height of the wall, so the ball hits the wall first.

Correct Response: E

1+1_1 M—hl— i d _R_96.8cm_484
o T F MR T e, M STpTT g TRt
fdg (48.4 cm)(41.3 cm)
= = T i3 em) — (484 cm) | 2oLSem
h; d; d;h —281.5 2.58
M=—=_t 5 h; = — lo=—( cm)( Cm)=17.6cm
h, d, d, ((41.3cm))
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31. Correct Response: D

nc 2Lf  2(0.650 m)(4.45 x 103 Hz) 5 79 % 103
= = = = = Do. X
I=3 ‘T 1 m/s
32. Correct Response: C
m
Moy (6.00kg)(-5.50)
MAVA + MTUT = 0 = UA = - MA = - (200kg) = 0165 m/S
Ax At Ax 20.0 m 121
= — = = =
Y v~ 0.165m/s S
33. Correct Response: D
27\
Mm v? (T) 4mir
F=ma = G——=m—=m =m
r2 r r T2
4m2r3 41%(4.22 x 108 m)3
> M=

GT2 (6.673 x 10711 N - m? /kg?)(1.77 days[8.64 x 10* days/s])?
= M=190 x 10%" kg
34. Correct Response: B

The definition of work function is the minimum amount of work it takes to remove an
electron from a metal.

35. Correct Response: D

— 4 4 — 2({m4 4 —
P = GeAsurface{Tsurroundings - Tobject} = oge4nR {Tsurroundings - Tobject} -

w
= (5.6704 x 1078 m2K4) (0.780)47(0.250 m)2{([129 + 273.15] K)* — ([29 + 273.15] K)*}
=619 W
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