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Correct answer: D

Note: [quantity] denotes: units of quantity

[momentum] _ [mv] [mass][length]/[time]

[mass] [m] [mass] =[length]/[time]
[momentum] _[mv]  [mass][length]/[time] _ [tme]
[force] [ma] [mass][length]/[time]’
0 [energy]:
[work]
[power] [energy]/[time] 1
d) lenergy] ~ [energy]  _ [ime] (correct answer)

[energy] _ [force][length]
[force] [force]

=[length]

Correct answer: B

Initially

Using work = change in energy of the child-Earth system:  21.3 kg
- at rest

W

friction

= Ef,sys -E
=GPE, +KE, - GPE, —KE, 2.16m 1.67 mls

i,sys

1 2 1 2
= MQgyy +Emvf —mgy; _Emvi

=mg (0) +%mvf2 —mgy, —%m(o)2

:%(21.3 kg)(1.67 mis)’ - (21.3 kg)(9.80 m/s*)(2.16 m)
=-4211J magnitude 421 ]

Correct answer: B

The maximum possible static friction is 42.0 N.

28.0 N
60.0 N ——o——»
fstatic < /usNF <
< (0.700)(60.0 N) Friction = ?
<42.0N

Since the applied force is less than 42.0 N, the object will remain at rest with the frictional force
equal and opposite to the applied force of 28.0 N. f_,. =28.0N
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4, Correct answer: E

Since the applied force is greater than the maximum static friction of 42.0 N, the object will be
moving, and therefore subject to kinetic friction. The object will accelerate according to Newton’s

2" L aw.

Vi = I:net E = (Fapplied - /ukNF )E
2.40s
(60.0/9.80)kg

= (44.0N-0.400 x 60.0N)

=7.84m/s
5. Correct answer: A Fx (N)
Work (= area ‘under’ a F vs. x graph) = change in energy. i
2.00 m/s K E. =? o1 8. 4.5 6, x(m)
FX(X) Fx(X) _4
5.00 kg —> 5.00 kg —>
0.00 m 6.00 m
1 1

AT 0106.m =, (2:00M)(8.00N) + - (3.00m-2.00m)(~4.00N) + (6.00m-3.00m) (~4.00N)

=-6.00J
Areay . o0 6m = —06.00J = AEnergy =KE,; —KE, =KE; — %(5.00 kg)(2.00m/s)’
KE, =4.00J

What net gravitational
X, force does this shell of
O\ matter exert on mo?

6. Correct answer: E

Only the mass inside the radial location of the
object contributes to a net gravitational force. The
mass outside the object’s radial location exerts a
net zero force. See a freshman college physics
text for a full explanation.

Matter inside mo’s location
does exert a net
gravitational force on mg.

7. Correct answer: D

Assign the initial position of the ball to be (x = 0.00, y = 5.80 m)
2

top,y =Vi2,y +2a, (ytOp - yi)
0=(7.30m/s)” +2(-9.80m/s?)(y, —5.80m)

\Y

Yiop =8.52m
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8. Correct answer: C

Vlfottom,y = Vi2,y + Za‘y (ybottom -y )
Vistony =(7.30m/s)’ +2(-9.80m/s) (0 -5.80m)
=166.97m?/s

Speed, o = \/v[fomm’X +V§ottom,y = \j(8.50 m/s)2 +166.97m?/s?

=15.5m/s
4.50 m/s
: rrect an r: -
9 Correct answer: C 2.80 kg
F =ma Cord
net 2 1i5mi s lgravity
T (down)+mg (down)zmvﬁ(down) fixed
2 4.50m/s)’
T =m| % —g |=(2.80kg) (4:50M/S) g somis? |- 21.0N
R 1.15m
10. Correct answer: E Initially Afterward
) Both: 2.40 m/s velocity?
The momentum of the man-box system is conserved. SN 19.0mis
1681b 1500 Ib 1681b | |5001Ib
man box man box

MyanV + MyoxVboxi = MmanY mant T MboxV box f

man " man,i man ¥ man

500ij(2AO|nh5E):(168lb] . (BOOIb
g ;

(415.21b-m/s E)=(168 Ib)v .. +(95.0 Ib-m/s E)
Vians =1.91m/s E

(168Ib

; j(19.0 m/s E)

j(2.4o m/s E)+(

11. Correct answer: A Initially Afterward
' Both at rest, Spring compression: 0
Since no work is done on the system, the Spring compression: x speed?
energy of the system is conserved. <« -
And since no net external impulse acts 2M M 2M yVWWW\ M
upon the system, momentum is also
conserved.
initial energy = final energy
L . 1 2 1 2 1 2
initial momentum = final momentum > kx® = E(ZM )(v2)" + E(M )(v4)
(20 M)(0 i) = (2M)v; +(M)v, o = (2M)(v, ) + (M)(~2v, )" =62
M
V, =——V :—2V 2
1 M 2 2 V. = ki
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12. Correct answer: A

o(t)=3.00+0.400t + 29.0t>
(0)=3.00
2
g (1) = o(t)- g)(o) _ 0.400t :29'(” — 0,400+ 29.0t
Glayq (5.000 Ms) =0.400 +29.0(5.000x10™* ) = 0.545 (rad/s’ )

13. Correct answer: D
Pows =1.00 atm + pgh

~1.01x10° ﬁ{l 00x10° K9 J(g 80m/s?)(6.00m)
m m

~1.60x10° N | f&M | 58 a4m

M| 1 o1x10° N
m?
14. Correct answer: D
Putting a 185 kg boat above the point in question would not change the pressure 6.00 m below the

surface of the lake since the boat displaces an equivalent mass (and weight) of water.
185kg—-185kg =0

15. Correct answer: B

3 2
EA_L - /IAz(gjL and Jg =L
vg =fiy =fL = T
Mg
Va fﬂ,A—f(gjL: T
3 Hp
T
vg L\
T
3 Ha
Ve _3_ |Ha _ Ha_9 55
Va 2 Hg Mg 4



2015 Sectional Physics Exam Solution Set

16. Correct answer: C

Qtotal = Qice(—lo)aice(o) + Qice(O)awater(O) + Qwater(o)ewater(lo)

= Mo Cice (O --10 OC) + miceL + Myater Coater (10 °C- 0)
J J J
- (0.1kg)[2093 @j(lo °C)+ (0.1kg)[334 x10° k_gj + (0.1kg)[4186 o j(zo °c)
v2  (24.0VY
=43865J= Pelectricalt = H = ﬁ
t=457s
17. Correct answer: E : lgravity
T sin(a) =mg 2 T4 o =86.18°
Feec !
T cos( ):kq— < faiogq
R? a
) 0.0800 m
tan(a) = mglj 'mg
kq

,  mgR? _(0.0250)(9.80)(0.0800)°

= = C?=1.165x10""C?
q ktan(a) (8.988x10°)tan(86.18°) "

q=1.08x107"C =108 nC
18. Correct answer: B

KE =mc? - m,c?
2 2 2
3m,c“ =mc° -m,C

4m c® =mc?

2
m_C
4m c? = —=2
V2
s
2
1—"—2:1
c2 4
Vi1
c? 16

V- /E ~0.968
c 16

19. Correct answer: D
Newton’s First Law states that a body not acted on by any forces moves with constant velocity.

20. Correct answer: B
_ %, =x,| [(6.0m)-(0.0m)

= =1.2m's
| -4 | | (5-0 S)_(O-O S)|

M
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21.

22.

23.

24.

25.

26.

27.

28.

Correct answer: B
(% —xy)-vat _ 5 (6.0m)-(0.0m)-0

G-uF  [eos-osF ™

X, =X, =vit+3alt, -t,)" = a=2

Correct answer: D
r =1,F, sind, +r,F, sind, = (1.20 m}40.0 N)sin71.5° + (2.00 m)30.0 N)sin65.0° = 99.9 N-m

Correct answer: D
Using the convention that positive torque is counterclockwise and 40.0N 30.0 N
negative torque is clockwise:

71.5 65.0°
0 =r,F, sing, —r,F, siné, T\ T R i
= (x —1.20 m)40.0 N)sin71.5° - (2.00 m — x)(30.0 N)sin 65.0° t_l._zo m= /\
2.00 m —»

(1.20 m)40.0 N)sin71.5° + (2.00 m)30.0 N)sin65.0°
(40.0 N)sin71.5° +(30.0 N)sin 65.0° -

1.53m

Correct answer: E
If no external forces act on a system, the total momentum of the system is always conserved.

Correct answer: D
The diameter of a table tennis ball is 4.0 cm.

V=2a° =4(2.0x102m) =3.2x10°m® ~3x10°m’®

Correct answer: E

AK + AUy + AU =0 = 2mvi —2mvy +mg(h, —h )+ 1kxS —1kx; =0 =
o _mv3-mv? +2mg(h, -h) O0-0+ 2(3.00kg)(9.80 m/s* )(~6.00 cm) 2.4 N/erm
- X2 — x2 - 2 2 ey
17X (2.00cm)” —(4.00 cm)

Correct answer: B
AKtranlational + AKrotational +AU=0 =

2

1 2 1 2 1 2 1 2 2 _
2 mv; — 2 mv; + 2 mrgyrationa)z Y mrgyrationwl +mg (hz - hl) =0

Rolling without slipping implies = % :

_ |_20.80mis*)-1.50m)sin30.0° _, oo

1 (12.0cmy
(15.0cmy

Correct answer: C
Using a coordinate system with the x direction toward the east and the y direction toward the north:
A, =400m A =0.00m B, =3.00m B, =4.00m.
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29.

30.

31.

32.

33.

Ry =A,+B,=400m+0.00m=4.00m R, =A, +B, =0.00m+3.00m=3.00m

0m
Om

=36.9°Nof E

R
R=RZ+R? = J(@.00my +(3.00 m)? =5.00 m, 6, = arctanR—y = arctan jg

X

Correct answer: A
As both blocks remain in contact, Newton’s Second Law can be solved for the combined system:

Solving Newton’s Second Law for the 3.00 kg block alone for the unknown contact force:

= F
E =m a=m —— =(3.00 k =3F
contact 3.00kg 3.00kg ol ( g) (300 kg +4.00 kg) 7

Correct answer: C
W W mgah  (50.0kg)9.80 m/s?)4.00 m)

P=" = t =9.80s
t P P (200. W)

Correct answer: B

The stable orientation for floating is when the center of mass of the floating object is as low as
possible. It is easy to verify that when 0.400 cm of this block is below the water, the center of
mass is lowest when the shortest dimension is vertically oriented. An object floats when the weight
of the displaced fluid is equal to the weight of the object:

PobiectIVovject = PruidIVdisplaced =

PricVaispiaced _ (1.50 kg/m* J0.400 cm)(2.00 cm)(3.00 cm)

= =0.600 kg/m*
Podrect =y (1.00 cm)(2.00 cm)(3.00 cm) J
Correct answer: A
The electric field is E = —AA—V. The AV is the same between each pair of curves so the electric
S

field magnitude will be the greatest where the curves are closest together (smallest As).

Correct answer: B
The equivalent resistance of the 20.0 Q and the 30.0 Q resistors in parallel is

-1
Rt =| ot b ~1200Q.
2002 30.0Q
Resulting in the equivalent circuit: ;5 5
N
150 V= o
ol

The equivalent resistance of the 18.0 Q and the 12.0 Q resistors in series is
Req2 =18.00Q+12.002=30.0Q

Resulting in the equivalent circuit:

150V

uooe

Using Ohm’s Law, the current that flows in this circuit is
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V. 150.V
R 30.0Q

This current is the current that flows from the voltage source which is in the same branch as the
18.0 Q resistor of the original circuit.

=5.00 A

34. Correct answer: B
d

m=-— = d,=-md, and S B
d, f d, d;
¢__dod; _-md, :—(4.00)(20.0cm):26.7cm
d, +d, (1-m) (1-4.00)
35. Correct answer: A
One may reach the answer by knowing F =qvBsind = B= F

qvsing
_ . . _— . N N-s
Substituting units for each quantity on the right: [unlts of B] =

Cms C-m



