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1. The length and width of a rectangular area is measured to be L=12.25 m and W=2.5123 m respectively where the
last digits are significant. What is the area, in the unit of m?, up to the last significant digit?

| g)" 30.78 b) 30.77567 c) 30.77568 d) 30.775675 e) 30.7757

2. The speed of surface waves on deep water might depend on the gravitational acceleration, g, density of water, p, and the
wavelength of the wave, .. Which one of the following could be how this speed depends on these parameters? (Hint: Use
dimensional analysis).

"”a;)v = /g4 b) y= 8% 0 v = pifgi d v = /pgi &) v=,gp

- p

3. A car travels around a curve of radius r at constant speed v. Its acceleration has a constant magnitude "a". If the car rounds
a different curve of radius 2r at a constant speed V2v what will its acceleration be?

a) 2a by 4a O a2 d a2 eia

4. A car travels from city A to city B. The car takes the first half of the total distance with speed 30 km/h and the next half
45 km/h. What is the average speed of the car for this journey?

a) 37.5 km/h b) 42 km/h c) :}'36 km/h d) 39 km/h e) The question can not be
- answered without the
total distance is given.

5. An object is speeding up as it goes around a circle. Which statement is necessarily true about the net force acting on the
object?

a)! None of the statements is b) The force on the object ¢) The force on the object d) The net force on the e) An object moving on a
true. acts directly away the acts directly toward the object acts in a direction circular trajectory cannot
center of the circle. center of the circle. tangent to the circle at speed up.
the position of the
object.

6. Two blocks made of different materials are placed on a horizontal plane. Gradually the plane is lifted at one end. Block A
begins sliding at a smaller slope of the plane than block B. Which of the following is true?

a) Block B is heavier than b) None of statementsin ~ ¢) The coefficient of d)\ The coefficient of static e) Block A is heavier than
block A. choices is true. Kinetic friction of block ~ friction of block A is less block B.
A is less than that of than that of block B.
block B.
7 . As Newton’s second law states;------------- is that property of an object that causes it to resist any change in its----------- ,
~. mass of the body, normal force, Ltension, gravity, mass of the body,
'3 velocity D) weight ©) acceleration 9 weight €) acceleration
8. An inertial referans frame is a frame, relative to which ------ for any object with -------- ?
a) v=0, a=0 (b) a=0, Fpee=0 ¢) v=0, F (=0 d) F#0, v=0 &) V#0, Fpe#0

9. Which of the following ls an invalid mathematical statement?
Y AX(BXC) Y Ux(Be0) 9 de(BXC) b Je(B-C) 9 (@A-BXC

10. What is the angle between the vector A= 2{ + 3} + IA{ and x-axis?
(Remember that, €I)=cos'1(cosCI)) = arccos(cosD))

) cos‘l( 7/3) b) cos"l( 7/2) ‘/é): COS_I(W) d) cosfl(\/g/?) &) Cosfl(l/ﬁ)




Questions.11-15
Time dependent position vector of a car that, travels on a circular
path of radius R, with a period of T=16 s, is given by
Pe= (f coszTJ—'t +§ sin%t). Speed of the train which is traveling in
the +x direction with a constant velocity is 30 m/s.
Answer the following questions between 11 and 15:

11, If R=160/n (m) then, what is the velocity of the car at t=8 s in units of (m/s)?

A
-

<

o

& 20i-20]

9 si

© —5(i+4})

[ @) —20] b) -10+/2] 9 10{-10] &) 20]

12. If R=20 () then, what is the average velocity of the car within 12s < t <20 s interval in units of (m/s)?
g 223 b) -107] o 10i+10] 4 10]

12
13. If R=160\2/x {m) then, what is the velocity of the car in (m/s) with respeet to the train at t=6 s?

. N P 7\ . A S
2) -52i+4]) b) -10+/2(i +2j) /9)-1051+27) d 54/2(1-2))
\_«

14. If R=160/% (m) then, what is the acceleration of the car in (m/sz), at =12 s?

i 104 167 » = -107 4 o 107
a) — b) — €} i+ d) ——— e)) —]
e e 2 P 7 4

15. If R=160/n (m) then, what is the average acceleation of the car in (m/’sz), within 4s < ¢ < 8s interval?

a) -5] by 53 ¢) 5i ) 5(i+j)

Question 16-20

An object of mass m =1,5 kg is making uniform circular motion with constant
speed of 10 m/s inside a metal cyiinder of radius R =5 m in vertical plane, as

shown in the figure. (Take g=10 /s and a=22/T) Answer the following
questions between 16 and 20.

16. What is the value of the centripetal acceleration?-
a) 15 m/s’ b) 5w/’ €}/ 20 mvs? 4 10 s’
17. What is the value of the normal force applied by the cylinder at point A?

(a) 45N b) 30N ©) 60N 4 35N

18. What is the value of the normal force applied by the cylinder at point C?

a) 15N b) 20N ¢ 22N d) 10N

19. What is the value of thg\centripetai force at point B?
a) 45N (by 30N ¢) 10N d) 50N
20. How many turns do the object make in a second?

a) 22/7 turns/second b) 11/7 turns/second ¢) 5/11 turns/second d) 7/11 turns/second

&) 25m/s’
& 15N

e) 25N
¢) 55N

4 g)ﬁ 7/22 turns/second

Questions 21-25

A 10kg object is hanged to the ceiling of an elevator by three ropes, where the
ropes have negligible masses, and rope ‘T,” makes angle 30° as shown in the
figure (Could be used g=10m/s’, 5in30°=0.5, sin60°=0.9, tan36°=0.6 and
tan60°=1.7 if needed). Amnswer the following questions:

21. Determine the tension, T, while the elevator moves downward with a constant velogity.

a) more than 100 N b) insufficient data ¢) lessthan 10 kg ig)' 100N

e) 10kg

22. Determine the approximate value of T; while the elevator moves downward with 2 constant velocity.

a) 87N (b} 50N €) 100N d) -87N

23. Determine the tension, T, while the elevator moves upward with the acceleration a= 2m/s%.
/) 120N b) 100N ¢) 145N d) 200N

24. Determine the tension, T, while the elevator moves downward with the acceleration a= 2m/s%.

a) 110N b)Y 75N ¢) 6N d) 95N

a) 120N b) 60N c) 108N dy 72N

e) None of them
e) 90N

o) 80N

- 25. Determine the approximate value of T, while the elevator moves downward with the acceleration a= 2m/s.

Te) 40N
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1. Which of following is not a unit of energy?

2) W.s b) dyn.cm o J d) N.m (o)) kgm’/s”

2. A stone of mass 0.5 kg was tightened to a one end of a rope of length 0.8 meters and rotated on a circular
path in vertical plane. What is the work done by the gravitational force exerted on the stone during its

motion from the bottom to the top? (g=10m/s%)
a) 4J b) 8J ¢) -157 dy -0.8J f?) -8J

3. Aforce of F = 30i — 40j (N) leads to a displacement A7 = —9i — 3f (m) on a car. What is the
work done on the car by the force F?

a) 150 b) 75 ¢) 50J d) -75] (&) )150]
4. A stationary mass is exploded into two pieces with masses m; and m,. If the kinetic energy of the m, is two
times the kinetic energy of m,, then what is the ratio of the masses, m,/m,?

a) 1/4 (b)) 172 0 2 d) 1 e 1/8

5. Which of the following is not correct?

a) If only the conservative” b) }Kinetic energy ofa ¢) Ifaforceis d) In uniform circular e) Total energy of a
forces do work, the ~— body can be perpendicular to a motion, kinetic body is equal to the
mechanic energy is negative. body's velocity then energy is conserved summation of
conserved. work is not done on but momentum is various energy

the body. not conserved. types.

Question 6-7

When an electric fan is turned off, it slows down with a uniformly decreasing angular velocity from 500
rev/min to 200 rev/min in 4 seconds.

6. Find the angular acceleration in rev/s’ in the 4 s interval.

a) -75 b) -7.5 ¢) -12.5 @1.25 e) -5
7. Find the number of revolutions made by the motor in the 4 s interval. ‘
a) 133 (0))23.3 ¢) 433 d) 10.0 e) 33.3

Question 8

A thin disk with a radius of R and mass M has moment of

inertia Iy, about an axis perpendicular to its plane through its
center. What will be the moment of inertia with respect to the
same axis when the disk is folded along its diameter as in figure b.

Find the result in terms of I;? (@) ()
a) 41, b) Ip/4 9 L2 Q21 (oo
Question 9-10

A frictionless pulley has the shape of a uniform solid disk of mass
M;=2.50 kg and radius 20.0 cm. A stone with a mass of Mg=1.5 kg
is attached to a very light wire that is wrapped around the rim

of the pulley, and the system is released from rest.

(I.=0.05 kg.m’ for disk)

9. How far must the stone fall so that the pulley gains kinetic energy of 10 J?
()22/15 b) 23/15 ¢) 25/14 d) 21/14 ¢) 27/14

10. When the pulley gains 10J energy what percent of the total kinetic energy does the pulley have?
) 0% b) 60.60% (o }45.45% d) 55.55% €) 30.30%




Questions 11-15 E.N

A force acting on the mass moving on the x-axis is shown in the } - ~
figure. The value of the potential energy at x=0 is zero. : 2 I
: - %111
-1 B ¥
11. Calculate the work done by this force for the displacement from I : :
point -0.5 m to +0.5 m in terms of J.
a) 0.5 b) 1 ¢) 025 d) 0.625 o
12. Which of the following is the potential energy function in the interval -1m <x <1m ?
() j b) -2x° 0 2% d) x*/2 &) -x°
13. Which of the following is the potential energy function in the interval -2m <x <-1m ?
a) -2x b) -2x-1 e) 2x+1 d) x e) -X
14. Which of the followmg is the potential energy function in the interval Im <x <3m ?
{ 56\12)(- b) -x ¢) x-3 d) 2x+3 e) -2x+1
15. Which of the following can be the interval of motion if the maximum potential energy is 4 J?
a) (-lm, Im) b) )(-2.5m, 2.5m) ¢) (-25m, 25m) d) (-4m, 4m) e) (-2m, 2m)
Question 16-20 v4
A thin rod of linear mass density A =p x (kg/m) and length L is located on
the x-axis as shown in the figure (B is a positive constant). e ;‘
16. What is the total mass of the rod? © L
B . | G 3 2 oz 1 .
= by — Sl d =p6L — fOL
()58 ) SAL 9 S AL ) 58 9 B
17. What is the x coordinate of the center of mass of this rod?
1 3 1 ”‘\2 3
—L by =L =k d —L
D3 ) 3 9% f’? 9 3
18. What is the moment of inertia of this rod about point O?
751 3 1 1 1
"a) )= ML? by =ML — ML 4 — ML’ ~ML?
)3 ) % 912 )3 92

19. If this rod starts rotation from rest about the point O with angular accelartion a = 2t? (rad/s?) where tis
in unit of second, what is the angular velocity after 3 seconds?

i a) 18 rad/sec b) 11 rad/sec ¢) 12rad/sec d) 10 rad/sec ¢) 9rad/sec

20. Using the information given in question 19, how many revaluations has this rod made in 3 seconds in

terms of ©?
8 29 27 29 SN2 T
- by —— — d)y —
- ) 2% 9 2% ) 2 rp

Questlons 21-25

A steel ball of mass m;=2 kg is moving with a speed Vm- 5§(m/s) cn a frictionless surface. It collides with
another steel ball of mass m,= 3 kg which is initially at rest. After the colhsnon, the velocity of the ball with a
mass m; is Vl-V +V,§ (m/s) and the velocity of the ball with mass m, is Vz 21-2§ (m/s)

*

21. Find the magnitude of velocity V; in units of m/s.

a) 35 13 o 75 & 37 ¢) V55

22. Find the angle between the x-axis and the velocity V,,

a) tan’'(-7/3) b) tan™(4/3) ) tan(-1/3) GT Jan™'(3/2) e) tan'(-7/2)
23. Find the change in kinetic energy (K-Ko) in the collision. -

a) 1007 ' b) 7571 “c) §AOJ dy -551] e) 10]
24.Find the velocity of center of mass of the objects before the collision in units of m/s.

a) 7t b) 100 (9) Pt d) 5t e) 3t

25.Find the velocity of center of mass of the o mLects after the collision in units of m/s.
a) 3t b) 8t ( 0 A d) s e) 11
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10.

. Given M, and M with a distance Rj5 between them, find the work done by an external force

. A cylinder of mass M and radius R rotates about a stationary horizontal axis. We

. A certain physical quantity, R, is calculated using the formula: R = 4a?(b— ¢) where a is a speed, b and c are distances. What

is the SI unit of R?
(a) m?/s? (b) em?/s (¢) m?/h  (d) m?/s (e) em/h

. A cannon directed straight upward launches a ball with an initial speed v. The ball reaches a maximum height A in a time

t. Then, the same cannon is used to launch a second ball straight upward at a speed 2v. In terms of h and ¢, what is the
maximum height the second ball reaches and how long does it take to reach that height?
(a) 4h, 2t (b) 2h,t (c) 2h, 4t (d) 2h, 2t (e) h,t

. A cylinder, a solid sphere, a hollow sphere, and a ring with the same mass and the same radius roll down without slipping from

the top of an inclined plane that has a height of A. Which one of the objects reaches the bottom first?

Lo (eylinder)=(1/2)MR?2, I¢ s (solid sphere)=(2/5)MR2, Icas (ring)=MR?2, Ios (hollow sphere)=(2/3)MR?2.

(a) The solid sphere  (b) The cylinder  (c) The ring  (d) They arrive at the bottom at the same time  (e) The
hollow sphere

. A particle moves along the x-axis under the force of F(z) = —k/a3 i (k is a constant). If U(z = 2C) = 0, which of the following

is U(x)?
(a) U(z) = —k/22* + k/8C? (b) U(zx) = k/22* + k/8C? (c) Ulx) = —k/22> — k/8C> (d) Ulz) = —k/22> + k/4C>
(e) U(x) = —k/22* + k/16C?

to bring a third mass M3 slowly with a constant velocity from infinity to a point close to the
other masses as shown in the figure.
(a) W = —G[(M3M,/Rsz) + (My Ms/Ri3)]
(b) W = —G[(M1M3/Ri2) — (M3M>/R33)]
(c) W =—=G[(M1Ms/Ri2) — (M3M>/R33) — (My M3/ Ry3)]
(d) W =—-G[(M1Mz/R12) + (M3M2/Rs2) + (M1 Ms/Rq3)]
(e) W = +G[(M1M2/R12) + (MgMg/Rgg) + (MlMg/R13)]

tie the free end of the massless cable to a block of mass M and release the ob-
ject without initial velocity at a distance h above the floor. As the block falls,
the cable unwinds without stretching or slipping but turning the cylinder. Which
of the following statements will be true at the moment the block reaches the floor?
Ioar=(1/2)MR2.

(a) The block has more kinetic energy than the cylinder.

(b) The cylinder’ s angular speed is w = /3gh/4R.
(¢) The speed of block is v = y/3h/4.
(d) The cylinder has more kinetic energy than the block.
(e) The block and the cylinder have same kinetic energy.

. A satellite moves in a circular orbit radius R around a star of mass m with period T'. If this satellite rotates around another
star of mass 3m, at the same radius of R, then what is the new period in terms of 77

(a) T/V3 () TV3 () T (d) 3T (e) T/3

. The gravitational acceleration on the surface of a planet is g. What will be the gravitational acceleration on the surface of the
planet if the mass of the planet is doubled while keeping the volume constant?

(a) 29 (b) Same (c) 49 (d) g/2 (e) 3g/4

. An ice skater is spinning with her arms held tightly to her body about her axis as shown in the figure. When
she extends her arms, which of the following statements is not true? (There is no friction.)
(a) Her moment of inertia remains constant. (b) She increases her moment of inertia. (c) She
decreases her angular speed.  (d) Her total angular momentum remains constant.  (e) Total torque acting
on her is zero.

A small block on a frictionless, horizontal surface has mass of M (kg). It is attached to a massless
cord passing through a hole in the surface. The block is originally revolving at a distance of
r;(m) from the hole with an angular speed of wy (rad/s). The cord is then pulled with carefully
from below, shortening the radius of the circle in which the block revolves to r;/2(m) at an
angular speed of wo(rad/s). Taking the block as a point particle what is the ratio of the block’s H
final and initial angular momenta (Ls/L;)? l

(a) 1 ()2 (¢)4 (d) 05 (e) V2



Questions 11-15

A reel of mass m, whose inner and outer radii are r and R, respectively, is tied by means of the string wound

on it, to a vertical wall as shown in the figure.
Coefficient of static friction between the wall and the reel is pg. (g=10 m/s?).

"

If the system is in equilibrium, then:

11.

12.

13.

14.

15.

IfR=10cm, r =4 cm, m = 3 kg, sinf = 0.6, cos = 0.8, us = 0.7, which of the followings is the
tension T', on the string?
(a) 256 N (b) 24N (¢) 21N (d) 18 N (e) 64 N

If R=10 cm, r =4 cm, m = 3 kg, sinf = 0.6, cosf = 0.8, ug = 0.7, which of the followings is the ”
frictional force between the wall and the reel? "'

(a) 10N (b) 225N  (c) 168N (d) 18N (e) 24N N

If R=10cm, r =4 cm, m = 3 kg, sinf = 0.6, cosf = 0.8, ug = 0.7, which of the followings is the horizontal force that, the

wall exerts onto the reel?
(a) 15N (b) 96 N (c) 18N (d) 24N (e) 72N

IfR=04m,r=0.1m, us = 0.5, m = 3 kg, the static frictional force between the wall and the reel is f, the tension on the
string is T then, which of the expressions is/are correct?

I) sinf > 1/2, IT) f =6 N, II) T <24 N

(a) I (b)II (¢)III (d) LILIII (e) IandII

For R =r and sinf = 1/2 , which of the followings is the minimum value of pg that can hold the reel in equilibrium?
(a) 2 (b) 0.5 (c) 0.25 (d) any positive real number (e) none of them

Questions 16-20

A solid bowling ball with mass M and radius R starts moving at t = 0 without any rotation
but with an initial linear velocity vy along a horizontal surface. The coefficient of kinetic

@ =0 W

friction between the surface and the ball is . It both slips and rolls and finally at t = T % v
rolling without slipping starts. Lo (ball)=(2/5)MR?2. 0

16.

17.

18.

19.

20.

What is the acceleration of the center of mass before rolling without slipping starts? =0 =T
(@) —pg  (b) —pgvo  (c) +mpg  (d) —mp () —mpug

2]

What is the linear speed (m/s) of the object at the instant rolling without slipping starts?
(a) v=v9g—pugT (b)) v=—vg—pugT (c) v=vo+pgT (d) v=—-pugT (&) v=1ogT

What is the angular acceleration o (rad/s?) of the object before rolling without slipping starts?
(a) a=5ug/2R (b) a=2ug/5R (c) a=5u/2 (d) a=5u/2R (e) a=2u/5R

What is the angular speed (rad/s) as a function of time before rolling without slipping starts, (t < T)7
(a) w=>5ugt/2R (b) w=>5¢gt/2R (c) w="5ut/2R (d) w=>5ug/2R (e) w=2ugt/5R

Find T, the time (s) at which rolling without slipping starts.
(a) 2v0/Tpg  (b) Tvo/2ug  (c) 2v0/7g  (d) vo/Tng (&) 2vo/pg

Questions 21-25

21.

22,

23.

24.

25.

Two stars with masses M7 and My are in circular orbits around their center of mass. The star with mass M; has an orbit of
radius R; and the star with mass M> has an orbit of radius Ry. Please consider, the stars and center of mass shall always be
kept on the same line.

What is the ratio of the orbital radii of the two stars, (R;/Rz)?
(a) Mo/M; (b) (Ma/M1)* (c) (Mp/My)M/ (d) (Ma/M1)*  (e) (Ma/My)t/¥

What is the relationship between the accelerations of the stars.
(a) ]\[1(71 = 7]\1262 (b) Mlﬁl = MQ&Q (C) M162 = Mgal (d) Mlaz = 7M26:1 (e) None of them

If their orbital velocities are such that V; = —3‘727 what is the ratio of their orbital radii, (R;/R2)?

(@) 3 () V3 () 1/3 (49 (e) V3/3

If their orbital velocities are such that V; = —3172, which of the following would give the period of the second star in terms of
its distance from the center of mass (Rz) and mass (Ms3)?

(a) T = 8mV3RY? )G, (b) T = 16mV3RY? /G (¢) T = 8xV3RY?)VGIM,  (d) T = 4n3R? /G,
(e) T =8mV/3RY?/\/2G;

Assuming the masses are the same (M; = My = M), what is the binding energy of the system? (R; = Rs = R)
(a) ~GM?/2R  (b) 2GM?*/R (c) —2GM?/R (d) GM?/2R (e) GM?/R





