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QL
The position function (x) of a particle moving along an x axisisx = 1.0 + 8.0t — 2.0t%,
with x in meters and the time (t) in seconds. Where does the particle stop
momentarily?

A) 9.0 m
B) Zero

C) 10 m
D) 80 m
E) —1.0m

Ans:
x =1+ 8t—2t?

v=8—-4t—>0=8—-4t—>t=2s

x=14+16—-8=9m

Q2.
A particle has its position vector given by T = (2t)i +(4t—3t?)j (m), wheret isthe

time in seconds. What is the magnitude of its average acceleration betweent =1 sand
t=3s?

A) 6 m/s’
B) Zero

C) 8m/s’
D) 2 m/s’
E) 4m/s

Ans.
I = 2ti + (4t — 3t?)J

V=204 (2-6t)f

171=Zi—4j}9 AN 12
no e, = o= =2 =6
Bo=20-16"9 " AT 2 jm/s
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Q3.
A block is initialy at rest at the top of a rough inclined plane. The coefficients of

friction between the block and the incline are us = 0.500 and 4 = 0.400. The angle 6
between the incline and the ground is gradually increased. At what value of 6 will the
block start sliding down the incline?

A) 26.6°
B) 21.8°
C) 63.4°
D) 68.2°
E) 45.0°
Ans:
y —comp: Fy = mg cosO
X — comp: mgsin® = f;
on the verge of sliding: f; = fsgmax = Ms Fn
:7/g sin@ = usyécose = tanf = pg = 0 = tan~1(yg)
Q4.
A car moves on a horizontal circular road of radius 200 m. The coefficient of static
friction between its tires and the road is 0.30. The car starts from rest and reaches the
maximum speed with which it can travel without dliding in 5.0 seconds. The
magnitude of thetotal accelerationis:
A) 5.7 m/s?
B) 4.8 m/s®
C) 9.0 m/s’
D) 7.8 m/s®
E) 29 m/s
Ans:
o’
R = fs = %—L.u'g
v= \UsRg
0
v=y;+at
R 0.3 x200x9.8
g = Lo YRy _ Y = 4.849m/s?
t t 5
.UZ
U= 5= s g = 0.3 X 9.8 =2.94m/s?

a=a+ az=57m¢
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Q5.
A truck of mass 2500 kg accelerates from rest to 12 m/s in atime t = 6.0 s with
constant acceleration. Calculate the instantaneous power delivered by the engineat t =
50s.

A) 41.7 kW

B) 15kW

C) 25kw

D) 55 kW

E) 10 kW
Ans.

_Av 10 , 5 5
v 6m/s =-m/s

a 3

12.5
F=ma= TX 103 N

_ 125x 103

P=F-v= 3 X 10 = 41.7 kW

Q6.
A constant horizontal force (F) is exerted on a block that is free to slide on a
frictionless surface as shown in Figure 1. The block starts from rest at point A, and
when it reaches point B, it has speed vg. When the block has travelled another distance
dto point C, its speed is:

A) V2 v,
B) Vg

Q) v, /2
D) vg/2

E) 2v,

Figure 1

1?”

Ans:

1 2
W_EWWB
1 2
B ->C W=§mv3
1 1
AK=§mv§—§mv§
W= AK:

1 1
B vt = ot — Lyt = 20f = v = v = VE
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Q7.

An object consists of three uniform thin rods, each of length L= 30 cm, that form an
inverted U, as shown in Figure 2. The vertical rods each has a mass of M; the
horizontal rod has a mass of 3M. What is the position vector of the center of mass of

the object (in cm)?

A) Tyn=151-60]
B) F, =15i
C) f,, =15
D) F,=15i-15]

Figure 2

. ° 2 L M M
E) My, =151-75]
Ans
1: ml = M; Xl = 0; yl = _15
2: mz = M; XZ = 30; YZ = _15 Mtotal = 5 M | &
3: mg=3M; x3=15; y3=0
xc0m=${[o+3oyf+451y{] =15cm
Veom = &’[—15}@ —15 M] = —6cm
Q8.
A disk of mass 1.0 kg and radius 2.0 m is rotating about an axis passing through its
center and perpendicular to its plane. It is Slowing down at the rate of 7.0 rad/s’. The
magnitude of the net torque acting on itis:
A) 14 N-m
B) 7.0 N-m
C) 28 N'-m
D) 44 N-m
E) 23 N.m
Ans

1 1
leom = 5 MR? == X 1.0 X 4.0 = 2.0 kg.m’

Tnet = leom " @ =2X7=14N-m
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Qo.

A uniform solid cylinder starts from rest at the top of a rough incline and rolls
smoothly without sliding down the incline. What is the speed of its center of mass

when it has descended by avertical distance of 4.0 m?

A) 7.2m/s
B) 8.5m/s
C) 6.0m/s
D) 5.5m/s
E) 47m/s
Ans:
K= Emv2 + Elcomwz
1 1 1 v?
_ 2 v 2 — 2
= va +<2 XZM/Xi xﬁi) 0.75mv
0 0
K+U; = K + )07
0.75?{172 = 7<gh
, gh oy 9.8x4_72
V=075 T VT o D A
Q10.
A horizontal massless rod is used to support a weight W, as shown in Figure 3. The
rod is supported by a cable at an angle 6 from the horizontal and by a hinge at point P.
The value of the horizontal component of the force exerted by the hingeis:
A) W.(cot 6) Figure 3
B) W.(csc 0) T
C) W.(tan 6) -
D) W.(sin©) P’—GRA ' --_Cab/
E) W.(cos0) i ~@
Ans W 9/
ZTP=O:T-L-Sin9:W-L P rod
o [w]
~ sind
ZFX=0 F,= T, = m-cose=w-cot9
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Q11.

A particle of mass 3mis located 1.0 m from a particle of mass m. At what distance
from 3m should you place a third particle of mass M so that the net gravitational force
on M due to the other two particlesis zero?

A) 0.63m
B) 24 m
C) 0.37m
D) 0.42m am M m
E) 1.6 m ¢ AV
Ans;
g3 fmM
x2 (1—-x)2
(1 - x>2 1
X 3
! . 0.577
x E
1
1= 1577 =2 x=0.63m
Q12
The magnitude of the gravitational acceleration at the north pole of planet Neptune
is 10.7 m/s>. Neptune has aradius of 2.50x10" km and rotates once around its
axis in 16.0 hours. What is the magnitude of the free fall acceleration at the equator
of Neptune?
A) 10.4 m/s’
B) 10.7 m/s’
C) 11.0 m/s?
D) 10.2 m/s’
E) zero
Ans
_v?_ w?R* R — R (2n>2 _ 4m’R
YTRTrR O TNAT) T

= 4m? x 2.5 x 107 x (16 x 3600)™2 = 0.297 m/s?

agq = ayp — Ay = 10.7 — 0.297 = 10.4 m/s?
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Q13.
A 1000-kg satellite moves in a circular orbit around the Earth at an atitude of 100
km. How much energy must be added to the satellite-Earth system to move the
satellite into a circular orbit with altitude 200 km?

A) 4.69x10°J
B) 6.38x10%J
C) 1.99x10%J
D) 9.97x10™"J
E) 3.08x10%°J

Ans:
_ GmM
B 2r
AE = GmM+GmM_GmM 1 1
- 2Tf 2Ti - 2 T Tf
_ GmM 1 1
2 \4+R he+R
1 1 1
_ - -11 24 _
= 5 X 667 X 1071 X 1000 X 598 X 10* X (¢ 0o 105~ 537 % 706 5 7 % 70°)
=4.69 x 108J
Q14.
A spherical planet has a radius of 500 km. The acceleration due to gravity at the
surface of the planet is 3.00 m/s?. With what speed will an object hit the surface of the
planet if it is dropped from rest from 300 km above the surface?
A) 1.06 km/s
B) 1.34 km/s
C) 2.19 km/s
D) 1.73km/s
E) 1.58 km/s
Ans

Onthesurface::ag:%—>GM=R2 ag
R

0

1 GmMM  GriM

Ke =U;j= Up: 5plv? = —— + ——
r = Ui= Up: gt R+h ' R
,  2GM  2GM 11
o (L)

R R+ h R R+h

=2R?-a (E—L):>U=106km/s
9\R R+h '
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Q15.

Ans.

A planet makes a circular orbit with period T around a star. If the planet were to orbit,
at the same distance, around a star with three times the mass of the original star, what
would be the new period?

A) T/4/3
B) T
) 3T
D) /3T
E) T/3

4m?R® 1

-7 ¢ mM|t?_ 1 1 M
_4m?R® 1 (T2 3M M 3M
G 3M

TZ

tZ

Q16.

Ans:

If the density of water is 1.00 g/cm®, determine the density of the ail filled in the left
column of the U-tube shown in Figure 4.

Figure 4

T s6em _

272em

A) 684 kg/m®
B) 581 kg/m®
C) 755 kg/m®
D) 322 kg/m® Oil
E) 475kg/m®

Pa = Do+ pPx" g (27.2)

P = Do + pw " g (18.58) Water

pa = pp:27.2p, =18.58p,

18.58

= p = 3
572 pw = 0.684 g/cm

= Px
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Q17.

Ans.

A piece of copper is placed on top of a0.40-kg block of wood that is floating in water,
as shown in Figure 5. The density of wood is 0.60x10%kg/m®, and the system is in

equilibrium. What is the mass of the copper piece if the top face of the wood block is

exactly at the water’s surface? )
y Figure5

coppel
A) 0.27 kg wood
B) 0.40 kg
C) 0.13kg
D) 0.55kg
E) 0.90 kg

H: water , w: wood , c: copper Fy
F, =my,g +m.g T

puVid = myg + meg

Q1s.

Ans:

In a house, the water is pumped at a speed of 0.50 m/s through a pipe in the ground
floor under a pressure of 3.0 atm. What is the pressure in a pipe on the top floor 5.0 m
above where the water speed is 1.2 m/s?

A) 2.5x10°N/m?
B) 3.5x10° N/m?
C) 15x10°N/m?
D) 1.7x10°N/m?
E) 2.1x10°N/m?

Berroulli Equation:
g: ground floor , u: top floor

1 2 1 2
pg+§pvg+0=pu+§pvu+pgyu

1
Py = pg+ 5p(V§ —Vv2) — pgYu

= (3.0 x 1.01 x 10%) + (500)(0.25 — 1.18%) — (1000 X 9.8 X 5)
= 2.53x 105 P,
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Q19.

A horizontal piping system that delivers a constant flow of water is constructed from
pipes with different diameters as shown by the top view in Figure 6. At which of the
labeled pointsis the water in the pipe under the greatest pressure?

Figure 6

A)1l
B) 2
C 3
D) 4
E) 5
Ans:
All point are at the same elevation.

1

ressure
P speed

1
d « —
Spee area

pressure o« area

Q20.
Water is flowing through a river that is 12 m wide with a speed of 0.75 m/s. The
water then flows into four identical smaller rivers each having a width of 4.0 m, as
shown in Figure 7. The depth of the water does not change as it flows into the four
rivers. What is the speed of the water in one of the smaller rivers? Assume that the
cross sectional areas of al riversto be rectangular in shape.

A) 0.56 m/s Fi gure 7
B) 0.75m/s

C) 2.3m/s //Z

D) 0.25m/s

E) 0.12m/s — I;
Ans; -

d = depth of channel \;
Big channel: flowrate = Ry =A.v=12Xxdx0.75=9d
Ry
Small channel: flow rate = ry = — = 2.25d
ry=a-v: 2.25# =4ﬁv

=>V= T=056m/s
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Q21
A physical pendulum consists of a meter stick that is pivoted at a small hole drilled
through a distance of 10 cm above the center of the stick. The period of oscillation is:

A) 19s

B) 0.60s

C) 0.32s

D) 3.7s

E) 16s
Ans.

1 1
I=—mL2+mh2—m +001 = 0.093 m

. 0093y _
T mgh 7 x9.8%0.1 s

An object is moving in simple harmonic motion on a horizontal frictionless surface.
When the object is displaced 0.55 m to the right of its equilibrium position, it has an
acceleration of 8.5 m/s” to the left. What is the angular frequency of the motion?

Q22.

A) 39radls

B) 2.3radls

C) 3.1rad/s

D) 2.7radls

E) 5.3radls
Ans:

a= —wxs>w= |-

Rl

—8.5

= —E=3.9 rad/s
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Q23.
An object is undergoing simple harmonic motion with period 0.25 s and amplitude 5.0
cm on a horizontal frictionless surface. At timet = O, the object is momentarily at rest
at x = 5.0 cm. Find the shortest time it takes the object to go fromx=5.0cmto x = —
1.5cm.
A) 0.075s
B) 1.3s
C) 29s
D) 0.050 s
E) 0.025s
Ans
X = Xy - cos(wt + D)
V= —wX,, - sin(wt + P)
0=—-wxy sindb=>d=0
=X = Xy " Cos wt
Xo =Xy, =5.0cm
—1.5=5.0 X coswt
—0.3 = coswt
_2m 1 _ T
wt = cos~1(—0.3) = e~ =
1 T
t=—-cos 1 (-03)= —-cos™*(-0.3) = 0.075 s
W 21
Q24.
A block-spring system, moving with simple harmonic motion on a horizontal
frictionless surface, has an amplitude x. When the kinetic energy of the block equals
twice the potential energy stored in the spring, what is the position x of the block?
A) x,//3
B) x./3
C) x,/2
D) 3x,
E) V3x,
Ans
K+U=E

20+U=E = 3U=E
1 1

BX;/k/xe:z/\éEn

2 _ ¥m

x=?
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Q25.
A 2.0 kg block connected to a spring executes simple harmonic motion on a
horizontal frictionless surface. The position of the block is given by x = (1.0 cm) cos
(9.4t + w/2). The total mechanical energy of the systemiis:

A) 88mJ
B) 1.8mJ
C) 22mJ
D) 11mJ
E) 35mJ
Ans:
w=94rad/s

k
= \/;: k =mw? =2.0x(9.4)2 =176.72 N/m

1 1
E= Eerzn =3 X 176.72x 1.0 x 107 =8.8 mJ




