2013 Academic Challenge
Sectional Physics Exam Solutions
1. Correct response: C
vi-v?  (12.0m/s)’ -0°

2 _y? 4 2a(x— - - — 3.60 m/s?
vi=vZ+2a(x-x,) = a 2 x) 2020.0m) m/s

2. Correct response: B

2(x,~%)  2(20.0m)

(v,+v,) (12.0m/s+0m/s)

(x, —%;) _(100.0m-20.0m)
v,  (12.0mh)

t=t +t, =3.335+6.67s=10.0s

X =X+ V)t = t = =3.33s

X, =X +vt, = t,= =6.67s

3. Correct response: D

Using a coordinate system with positive x direction toward the east and positive y direction toward
the north,

Vcartotruck = Vcartoearth + Vearthtotruck = Vcartoearth - Vtrucktoearth

2 2 2 2
Vcar totruck \/Vcartotruck X + Vcar totruck y - \/(Vcar toearthx Vtruck toearth x ) + (Vcar toearthy - Vtruck toearthy )

= /(0.0m/s—15.0m/s)? + (= 20.0m/s—0.0m/s)* = 25.0m/s
4. Correct response: A

Using a coordinate system with positive x direction toward the east and positive y direction toward
the north,

ptotal final — ptotal initial = (mcar + mtruck )ch final — mcarvcarinitial + mtruckvtruckinitial

m Vcarinitial + mtruckv

car
= ch final — (

truck initial

m + mtruck )

car

Finding the x component of the final velocity:

MearVearinitiat x T Miruck Viruck initial x (1500 kg )(OO m/S) + (2000 kg )(150 m/S)
Vem final x = = =8.57 m/s
(mcar + mtruck ) (1500 kg) + (2000 kg)

Finding the y component of the final velocity:

mcarvcarinitial y + mtruckvtruckinitial y _ (1500 kg)(_ 20.0 m/S)+ (2000 kg)(oo m/S) — 857 m/s

' ) mcar + mtruck ) (1500 kg)+ (2000 kg)

cm final y (

Vet =y Vem /. + (Ve y = (8.57 m/s)’ +(~8.57 mis)® =12.1m/s

g =tantLontaly _ o0 =897 M/ cailllLs

= —-45.0°, which is 45.0° south of east
ch final x 857 m/S

5. Correct response: B

AU = %CVfZ _%CViZ — C= 2AU _ 2(300J)

—1.25F
VZ-V? (8.00V) -(4.00V)
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6. Correct response: E
Newton’s 2" Law for 4.00 kg mass in the horizontal direction:

Fension = Macokg@acors = (4-00kg)(3.00m/s?)=12.0N

Newton’s 2" Law for mass m in the vertical direction:

F

tension

_ _ _ I:tension _ 120N _
M9 =M = M= g+a, (9.8m/s?)+(-3.00 m/sz)_l'76 9

7. Correct response: D

As the surfaces of the V are frictionless, the forces of those surfaces are in a

direction normal to the surface. Using toward the right as the positive x 200

direction and upward as the positive y-direction, 20°
- cos70.0°
F=ma=0 = F,, +F, =0 = F,cos70°-F,c0s20°=0 = F,=——
Z 20x 70x 20 70 70 c0s 20.0° 20
and Fy,, +F,, —mg=0 =
= F,,sin70°+F,sin20°=F sin70°+MF sin 20°0—-mg =0
20 70 20 cos 20.00 20
2
L v et i meat L
sin70.0°+ ———sin 20.0°  sin70° + —————sin 20°
c0s20.0° co0s 20.0°
8. Correct response: D
- —(50.0r 27 rad/r
oot = t=2"% 0—(50.0rev/s) zzad/ ev) 1575
a —2.00rad/s

9. Correct response: A

r=lg = 1=L=040NM_ 4 o00kg-m?

a  2.00rad/s

10. Correct response: D

This is a statement of the parallel axis theorem.
11. Correct response: E

Using upward as the positive y-direction,

Z 'f =Mma = I:shroudlinesy + Fgravityy =Mma = I:shroudlinesy =ma-— Fgravityy =ma+ mg

= (70.0kg)(2.00m/s?)+(70.0kg)9.80m/s?)=826.N
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12. Correct response: A

D F, =Fyary + Froma =—Mgcosé+F

normal

:mayzo = F

normal

=mg cosé

On the verge of slipping:

z F gravx frlction X,max = mg Sin emax - :us I:normal = mg Sin gmax - :usmg Cos Hmax = max = O
sing_.,

s T = 0, =tan™ u = tan™(0.500)=26.6°

13. Correct response: E

AK, +AU, =AK, +AU, = imv/+ikx?=imvi+ikx} =
m(vz -v2) 300kg(100m/s) — (L50mis)’

" —x ) (Y —(0.800m)’ =5 86Nm

14. Correct response: A
This is a statement of the law of conservation of linear momentum.

15. Correct response: C

The heat required, Q, is the heat to raise the temperature to the melting temperature, Q,, plus the

heat to change the solid to a liquid, Qa:
Q=0Q,+Q, =mCAT +mL,
= (2.00kg)(800J/ kg - °C)(40.0°C - [- 20.0°C])+ (2.00 kg {4.00x 10* I/ kg) = 1.76 x 10° J
16. Correct response: E

The electric field magnitude E at a distance d from a point charge q is

kq
E _d—z.
17. Correct response: B
1 tity,
A=A =
5(3)
1 t/ty, t 1
In(A/A)=In|| = = —In|5
( Ab) sz :l [tl/z (2}
t-In(1/2)  (3.00hr)In(1/2) t,, =0.495hr

Y27 1n(AlA,) ~ In[3.00x10°/2.00x10°)
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18. Correct response: D

—|3.00kg (B
2.00 kg

8.00 kg

Fas =—Fga; Fec =—Fcg  (Newton's 3rd Law)
=a, =ag =4ac (All the blocks move together)
4 F_F+Fe Faa+tFee  Fe
13.0kg 3.00kg 2.00kg 8.00kg
Fea —Fes _ Fes
2.00kg 8.00kg

Fga Feg Fes 1 1 10.0
= + =Feg + =Feg| -
2.00kg 2.00kg  8.00kg 2.00kg  8.00kg 16.0kg

F
Fo _p (100 ) _ Fee 160 ;000 _ |Fecl _ 5 800
2.00kg 16.0kg F., 20.0 |Faal

a

whole

(Newton's 2nd Law)

19. Correct response: B

10.0 N East

Direction withno »’
component of Sum:

45° West of South

20. Correct response: C

F nball = Mpan@pa

(o]

""OM e o = Mg gy =** M, "(ﬁj — b |'((27ZR/T)2J: (4”2R)mba”

R2 all “bal a a R -I-2
GM planet (472'2 R)

R2 = T2
2p3

T 4r°R

GIvlplanet

GM

Also,using**, R=

L [4R \/4ﬂ2(GMplanet)2
GMpIanet VG

T depends upon G, R,M .., and the speed of bowling ball, but not the

mass of the bowling ball.
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21. Correct response: B

2 2
|atot| = \/acentripetal + avertical M lV
2.00 m

) N\2
29 = [VEJ +g°? lgravity

v=(3g?R2}"" =(3x9.82x2? | “mis =5.83 mis
22. Correct response: E

GPE, + KE, = GPE, +KE;
0+%(m)(7.00 mis ) = (m)g(-1.50 m)+%(m)v?
v; =8.85m/s

23. Correct response: E

Energy, ... « Amplitude®
Eoc A?

Erew = Eoriginal
kAL, = kAazriginal — Heat
Avew = \/Aozriginal —Heat/k
Avew < Avriginal

— Heat

i

0.650 L 0.350L

A
A

24. Correct response: A

D Torques, =0
(1.90 kg)(9.80 m/s?)(0.350 L)CW +(0.125W )(0.650L )CW + (W )(0.500 - 0.350)(L)CCW =0
(1.90 kg)(9.80 m/sz)(o.35o)cw +(0.125W )0.650)CW — (W }(0.500-0.350)CW =0

(1.90 kg)(9.80 m/s?)(0.350)+(0.125 W )(0.650) (W )(0.500 —0.350)=0
W =94.8N
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25. Correct response: A

x(t) = (20.000 m/s?)t? + (30.000 m/s?)t®
x(0.100 s) = (20.000 m/s?)(0.100 5)? + (30.000 m/s* ) (0.100 s)* =0.230 m
x(0.00 s) = (20.000 m/s2)(0.00 s)? + (30.000 m/s* ) (0.000 s)° =0.000 m

_ x(0.1005)-x(0.00s) 0.230m-0.000m _0.230m

ave — = =2.30m/s
0.100s-0.00s 0.100s-0.00s 0.100s

26. Correct response: E

f=uN = pemg

f 355N N
=—= =0.625—=0.625
< ~mg ~ (58.0kg)9.80 m/s?| N

27. Correct response: D

Workon Earth-block system = AEnergyof Earth-block system

F iiciond - €08(8) = (KEBf +KE,, +GPE,, +GPE,, )— (KEg, + KE,; +GPE,, + GPE,,)

(12.5N)(0.500 m)-cos(180° )=

(%(8.00 kg\V? + %(3.00 kglV? +0+(3.00 kg)(g.sosmzj(o.soo m)J

D

q lgravity

8.00
kg

y=0.5m

10.500 m
3.00f --¥-y=0m

kg

- (%(8.00 kg)0? + %(3.00 kg)0? + (8.00 kg)(g.sosmzj(o.soo m)+(3.00 kg)(9-8osmzj(0 m)J

2 2
62550 ™ _ (550 kg2 +14.7 K9S M g9 KO°M
S S S

2

v, =1.82m/s

28. Correct response: C

L=Ilw :>a)=TL

2 2
ke=tiw2=1y[L) L
2 2 (1) 2
12 (4.81x10° kg-m?/sf

'“2KE T 2.153x10°J)

=75.6 kg-m?
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Q

29. Correct response: C
Q Q

Q

d = Jd2 +dZ = (R +(2R) =/(45.27) +(2-45.2) cm=168 cm

30. Correct response: D
-C+A=S=-D+B EX

A+-C=S=-D+B C D

31. Correct response: B

v= 11

72.1m/s =(110.Hz)A
_72.1m/s
~110./s

L =% (for the fundamental mode)

LoL(721m)  yasam
2 110.

32. Correct response: A

B.F. :Wdisplacedfluid = pfluidvcannonballg
234 N = (1.00x10% kg/m® V.1 nonsa 9.80 m/s?)
234 kg-m/s? = (1.00 x103 kg/m?’XVCannonball )(9.80 m/sz)

=0.0239m°

Vcannonball
33. Correct response: A

p_AQ_ AT

At At
o _ o
150.£=(1859)(4.19 ! OJ[loo C-238 CJ
S g-C At

At=395s
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34. Correct response: D

e
1 —4A
z I(inward reference=positive) = O W '2 =
+(3A)+(1,)-(6A)+(2A)-(-4A)=0
— [
l,=-3A ] T —

A denotes amps.

35. Correct response: E

IObject Le:ns

d h 1 5 R e e B
[T _(—o.4ooj 2 E i }image
d, =§di «———560cm ——»

2
d;+d, =56.0cm
d; =56.0cm-d,

5 5

d, ==d,==(56.0cm-d,)
22

d0(1+5/2):g(56.0 cm)
d, =40.0cm



