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Physics — 1

WYSE — Academic Challenge
Physics Exam Solutions (Sectional) — 2018

Correct Response: B

This is a direct application of Kepler’s Third Law,

A2 412 q3
2 ooy =
oM, ° s =762

T =

412(1.50 x 10 m)3

M. =
$ (6.67 x 10711 N -m?/kg?)(3.15 x 107 s)2

=2.01x 103% kg

Note:

365.24 days> ( 24.0 hr ) (3600 S

T = 1.00 yr = 1.00 (
yr Y"\"1ooyr /\1.00day/\T00nr

)= 3.15x 107 s

Correct Response: C
d=yt) —yt)l =

1 1
d= |(y0 + vty + Eatzz) - (yo + oty +5at12)| =

d =1(0.00 m/s)(3.83 s — 1.31s) + 2(6.27 m/s?)([3.83 s]* — [1.315]%)| = 40.6 m

1
vyt — tr) +3a(t} —th)| =

Correct Response: A

Fpee=Ma = a=

Correct Response: C
A+ B = (1.361 — 2.10§) + (1.49 cos 224°1 + 1.49sin 224°§) = 0.2881 — 3.14j

|A + B| = \/(A +B):;+(A+B); = J/(0.288)2 + (3.14)% = 3.15

L, @A+B), 314

o Y — =_-85° + 275°
(A+B), " 0288 (or )

9A+B = tan

Correct Response: D
a= ’a2+a2— v—22+a2— M2+(800m/52)2—100m/52
N\ r t (37.5m) ' S

Correct Response: D

P~ D 075%'2”%_3'00%'2”% rad
w=w,t+at = a=| . = 1435 =0.989S—2
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7. Correct Response: A

- 121 —150.,2
W =AK = Jof —Jw; = J(0f - wf)

1 rev rad\? rev rad\?
W =-(0.0176 kg - m?) (0.75—- 2 —) — (3.00—- Zn—) = —2.93]
2 S rev S rev

8. Correct Response: E
1 2 1 2 2
AK+AU=0 = S Myf = 5mv, —-mgh=0 = v;= |2gh+;

9. Correct Response: B

1 1
W=AK = —,ukmgdzzmvfz—zmvg = v= /vg—Zukgd =

vp = /(5.23 m/s)Z — 2(0.150)(6.11 m)(9.80 m/s2) = 3.06 m/s

10. Correct Response: B
ry
w =f F-dr
r
For the first segment of the motion, the path is parallel to the y axis,

Yf y=4.00 m

dr=dyj = W= f F-dyj= f {(3.00 N/m)xi + (1.00 N/m?)xyj} - dyj
Vi y=1.00 m

Jy=4-00 m y=4.00 m

(1.00 N/m?)xydy = ~(1.00 N/m?)xy? =
¥y=1.00 m 2 y=1.00m

= %(1.00 N/m?)(1.00 m)[(4.00 m)% — (1.00 m)?] = 7.50]

For the second segment of the motion, the path is parallel to the x axis,

Xf x=5.00 m
dr=dxi = W, =f F-dxi= f {(3.00 N/m)xi + (1.00 N/m?)xyj} - dxi
X x=1.00 m
J-x=5.00 m x=5.00 m

(3.00 N/m)xdx = 3(3.00 N/m)x2| -

x=1.00 m x=1.00m

= 2(3.00 N/m)[(5.00 m)? — (1.00 m)?] = 36.0]

W=W,+W,=75]+360] =435]

11. Correct Response: B

_2n_\/§ - _4n2l_4n2(1.78m)_146 /2
=TT 9=7T2 T (69452 S
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Correct Response: C
mqvq + myv, = (m1 + mz)vf =4

_muv; +myu,  (785kg)(8.21 m/s) + (2410 kg)(4.67 m/s)

= = 5.54
A ——— 785 kg + 2410 kg m/s
Correct Response: C
PV, nTy P,Vin,T, (1.33 atm)([500 + 273.15] K)
= = ) = = = 2.17 atm
P,V, n,T, Von, Ty ([200 + 273.15] K)

Correct Response: E
3
U= EnRT =

AU = gnRAT = ;(3.00 moles)(8.3145 ]/(mole - K))([500 — 200] K) = 11.2 k]

Correct Response: B

First, using the right hand rule, the magnetic field direction at the location of interest
created by both currents is in the positive y direction.

_ Bl oy (47X 1077 T-m/A)(0.768 A) . | G 1077 T-m/A)(0.768 A) _
= 2md,) T 2nd,) 27(156 x 10-2m) ) 2m(1.56 X 10-2 m)

B=197x10">Tj

B

Correct Response: E

In General Relativity, the surface of the sphere of radius equal to the Schwarzschild
radius is known as the event horizon.

Correct Response: D

Gamma rays are electromagnetic radiation and therefore energetic photons.

Correct Response: E

units of momentum Su

— = units of mass = - - =
v units of velocity duper

p=mv = m=
Correct Response: B

Using a coordinate system with the x-direction toward the east and the y-direction
toward the north,
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dy=dcos = d=—2=

cos @
Q. =dsing = dysin®  (200.miles)sin50.0° 238 mil
y = asmy =m0 cos 50.0° B miles

Correct Response: E
Using East as the positive x coordinate,
vf —v? = Za(xf — xl-) =

2 2 2 2
Vi — vf —8.00 m/s)* — (4.00 m/s
a= 2L ¢ /5) /5) = —12.0 m/s?
Z(xf — xi) 2(—2.00 m/s — 0.00 m/s)

Correct Response: A
Using East as the positive x coordinate,
W =F-d=(20.0N)(—2.00m — 0.00 m) = —40.0]

Correct Response: E

Either recall

2v3 cos 6 siné
9

or derive this range equation. Using x as the horizontal component and upward y as the
vertical component,

Range =

Y =Yo + vyt + %ayt2 =Y, + Vysinft— %gt2
As y = Yo,
2v4sinf
g
The horizontal component of motion is constant velocity motion,

t=0 or t=

2v§ cos 6 sin@
X =xg+voyt = Range=x-—xy=vycos0t=—"—

Correct Response: A

Using a coordinate system with horizontally to the right as the +x-direction and vertically
upward as the +y-direction,

Z F,=ma, = -mg—(20.0N)sin30.0°+Fy =0 =
Fy = mg + (20.0 N) sin 30.0° = (5.00 kg)(9.80 m/s2) + (20.0 N) sin 30.0° = 59.0 N

Z E, =ma, = (20.0N)cos30.0°— uFy=ma, =
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(20.0N) cos30.0°—ma, (20.0N)cos30.0°— (5.00 kg)(2.00 m/s?)
u= = =0.124
Fy 59.0N

Correct Response: B

ZFx=max = (20.0N)cos30.0°—uFy+F,=ma,=0 =

m
F, = —{(20.0 N) c0s 30.0° — uFy} = —map, 5, = —(5.00 kg) (2.005—2) =—10.0N

Correct Response: D

T =1,F; sinf; + r,F, sin6, = (0.60 m)(60.0 N) sin(—70.0°) + (1.00 m)(80.0 N) sin(245°)
=—106 N-m

Correct Response: D

Using a coordinate system with vertically upward as the +y direction and
the Tas the magnitude of the tension force,

ZFylzT_Mlg:Mlal and EFyZZZT_MZg:MZaZ

If M1 moves, then A% will move one-half the distance and in the opposite
vertical direction = a, = —a,. Using this relationship and solving the
left equation above for T and substituting for T in the right equation
above,

1
2(Mya, + Myg) — Mg = —5M2a1

Solving for a4,
AM, — 2M, o]  [tMa=2M,
am, +m, 90T M T M

a, =

Correct Response: D
0 = AK + AU = Ky — K; + M;gAhy + M, gAh,

As in previous solution, M, will move one-half the distance and in the opposite vertical
directionto Mi = Ah, = —Ahy

1 1
Ky = K; — Myghhy — Myghh, = 0—M; ghhy + 2MygAhy = — (My — 1M;) gAhy
As Krmust be non-negative, Ah; must be negative, so M is the mass that falls.

K = (My - 1M;) gd

Correct Response: B

Set the tension in the cable to the maximum tension, 400 N, and solve for the mass M
that creates static equilibrium. Solving for the torque about the pin at point A,
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T = (0.700)L (400 N)sin 150.° — (1.00) LM g sin 90.0° —

= M=

(0.700) (400 N)sin 150.° — (0.500)(10.0 kg) (9.80 592) 5in 90.0°

Physics — 6

(0.500)Lmyegmg sin 90.0°

(1.00) (9.80 sz) 5in90.0°

Correct Response: B

=9.28kg

As the total impulse acting on a system is identical to the total change in momentum of
the system, response b. is an alternate statement of the law of conservation of

momentum.

Correct Response: A

w

= 1
K =ZkgT = Emvrzms

N

2
vrmsz

Tz

80.0 + 273.15
Vrms2 = v””“ 200+ 27315 U= Liov

Within the described fields, the electrostatic force on the electron is directed toward the

Correct Response: C

top of the page, and, using the right-hand rule, the magnetic force on the electron is

toward the bottom of the page. For the electron to move with constant velocity, the net

force must be zero, implying that the magnitude of the electrostatic force equals the

magnitude of the magnetic force.

E

Vv

300.—

qE = quvBsin = v=

Correct Response: B

Taking an approach of reducing the circuit to a single equivalent resistance, the

equivalent resistance of R, and R; in parallel is

R R,Ry  (3.000)(6.000) 2000
¢l T R, +R;  (3.00Q)+(600Q)

This results in an equivalent circuit shown to the right
with the Ry in series with R.;1. These two resistances

in series have an equivalent resistance
Req2 = Ry + Req1 = (4.00 Q) + (2.00 ) = 6.00 O
Ohm’s Law may now be used directly to
determine the current from the voltage source,
V. 120V

=———=200A
Reqz  6.00 Q2

V=IRy, = I=

Correct Response: D

M__ —150.m/s

Bsind  2.00 Tsin90°

R,=4.00 Q

120V 35

W\

Regz = 6.00 Q

12.0V 5

Req1 = 2.00 Q
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z? Esz, (32)2/22 9
EZ,n = —-13.6eV F = EZ'l = 22/12 = Z - E3Z,2 = ZEZ'l

34. Correct Response: A

E 6.0 x10%%eV
E = yEO = Yy=—=

=————— =6.397x 103
E, 9.38 x108eV

Lo 21.6m
L==2

_ ~ L
T 6397 x 107 - 538 x 107 m =3.38 mm

35. Correct Response: E

A domtht o Lo Tt _ Z300Br
0 A .00 uCi =

7, MZoouc




