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Instructor(s): Field/Matcheva/Detweiler

PHYSICS DEPARTMENT
PHY 2048 Exam 2 March 25, 2015

Name (print, last first): Signature:

On my honor, I have neither given nor received unauthorized aid on this examination.

YOUR TEST NUMBER IS THE 5-DIGIT NUMBER AT THE TOP OF EACH PAGE.

(1) Code your test number on your answer sheet (use lines 76—80 on the answer sheet for the 5-digit number).
Code your name on your answer sheet. DARKEN CIRCLES COMPLETELY. Code your UFID number on your
answer sheet.

2) Print your name on this sheet and sign it also.

53; Do all scratch work anywhere on this exam that you like. Circle your answers on the test form. At the end of the

test, this exam printout is to be turned in. No credit will be given without both answer sheet and printout.

(4) Blacken the circle of your intended answer completely, using a #2 pencil or blue or black ink. Do not

make any stray marks or some answers may be counted as incorrect.

(5) The answers are rounded off. Choose the closest to exact. There is no penalty for guessing. If you
believe that no listed answer is correct, leave the form blank.

(6) Hand in the answer sheet separately.
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PHY2048 Exam 1 Formula Sheet
Vectors
G=aji+a,j+ak b=bi+bj+bk Magitdes: |d=[a’+d’+a* ‘5‘ = o207 7
Scalar Product: G-b = ab.+ab, +ab. Magnitude: a- b= |5”l;‘ cos @ (6= angle between G and b )

Vector Product: Gxb =(a,b, —ab,)i +(a.b,—ab.)j+(ab, —ab )k

X

Magnitude: ‘ﬁ X [;‘ = |ﬁ”[;‘sin € (0 = smallest angle between G and b )

Motion
Displacement: Ax = X(tz) - X(tl) (1 dimension) A¥ = F(fz) - I_’:(tl) (3 dimensions)

g _ x(t,) —x(t,) _A_F _ F(t) —r (%)

Average Velocity: v, = (1 dim) Vo= (3 dim)
At 1, —1, At 1, —1,
Average Speed: save = (total distance)/At
dx(t - dr(t
Instantaneous Velocity: V(f) = d( ) (1dim) V()= d( ) (3 dim)
t t

Relative Velocity: V,. =V, + Vg (3dim)
A 5()-7()

. Av _v(t,) —v(t,) ~
Average Acceleration: a,, =— =—="—— (1 dim) a,.
At L, —t At L, —1

2 2=
av(t) _ d xgt) Gamy G0 = av(t) _ d rgt)
dt dt dt dt

Equations of Motion (Constant Acceleration)
v()=v,+at v, (t)= Vi tat v.()=v,,+tat

(3 dim)

Instantaneous Acceleration: a(f) = (3 dim)

x()=x,+ v ot + %axt2 V() =y, + vt +%ayt2 z(t) =z, + vt +%azt2
Vi) =vi +2a,(x()—x))  vi(O)=vi,+2a,(y()-y,) V() =vi+2a.(z(t)-z,)

Newton’s Law and Weight

—

F ,=ma (m=mass) Weight (near the surface of the Earth) = W = mg (use g = 9.8 m/ )

n

Magnitude of the Frictional Force

(us = static coefficient of friction, i = kinetic coefficient of friction)
Static: (f,)mx = M4, Fy  Kinetic: f, = 24 F),,  (Fx is the magnitude of the normal force)

Uniform Circular Motion (Radius R, Tangential Speed v = R, Angular Velocity m)

2 2
v mv 27R  2r&
Centripetal Acceleration & Force: a = = =Rw’ F= =mR®*>  Period: T ="—="2"
1% w

Projectile Motion

(horizontal surface near Earth, vy = initial speed, 6y = initial angle with horizontal)

243 2 -2 .
Range: R = Yo SM~%0) sin(26,) Max Height: H = Yo S o % Time (of flight): 7, = 2v,$inby %
g 2g | g
Quadratic Formula
—b++b*—4ac

I ax’+bx+c=0 Then: x =

2a

T
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PHY2048 Exam 2 Formula Sheet

Work (W), Mechanical Energy (E), Kinetic Energy (KE), Potential Energy (U)

Kinetic Energy: KE = %mv2 Work: W = Iﬁ . dfﬁ)ﬁ' d Power: P = dd—W =F-9
J ons tan t

dU (x)

Work-Energy Theorem: KE, = KE,+W  Potential Energy: AU = —J‘F‘ -dr  F.(x)=- 7
’ < X

Work-Energy: W(external) = AKE + AU + AE(thermal) + AE(internal) Work: W = -AU
Gravity Near the Surface of the Earth (y-axis up): F|, =-mg U(y)=mgy

Spring Force: F (x)=—kx U(x)= % Joc?

Mechanical Energy: £ = KE +U TIsolated and Conservative System: AE = AKE + AU =0 E, =E

Linear Momentum, Angular Momentum, Torque

- - dp 2 _ - ir
Linear Momentum: p =mv F = 719 Kinetic Energy: KE = ;; Impulse: J = Ap = J.F (t)dt

t m y

i

N 1 N 1 N
Center of Mass (COM): M, = Zmi Yooy = —Zm,’_”; Veou = _Zﬁ,
i=1 Mmt i=1 Mtor i=l
- dP, B, 5 ; o
Net Force:  F,,, = ﬁ =M dcony Bl =M Veou = Zpi
i=1

N
Moment of Inertia: [ = Z:miri2 (discrete) [ = J. r*dm (uniform) Parallel Axis: [ = [ com + MKW
i-1

- 6
~ ~ ~ ~ _ _ d /
Angular Momentum: L =7 x p  Torque: 7T =r X F =— Work: W = ITd@
t 5
. : @ dp - L
Conservation of Linear Momentum: if F, = 7 =0 then p =constant and p r =D
’ .
Conservation of Angular Momentum: if 7, =—— =0 then L = constant and L r= ZI.

Rotational Varables

do(t) d*0(1)
dt dt*

Angular Position: () Angular Velocity: g(f) = @ Angular Acceleration: ¢(¢) =
t

2

Torque: 7, = la Angular Momentum: L =/  Kinetic Energy: E =1 Iow? = 57 Power: P = 1w

Arc Length: s = RO Tangential Speed: v=Rw Tangential Acceleration: a = Ra
Rolling Without Slipping: X, = RO vy, = Ro ag,,, = Ra KE = %MVéOM +%ICOMCO2
Rotational Equations of Motion (Constant Angular Acceleration o)
a(t) = w, + at
O(t) =0, + ot +Lat’
@’ (1) = @) +2a(0(t) - 6,)

T
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1. Near the surface of the Earth, a block with a mass M = 2 kg is placed against
a spring on a frictionless incline with angle § = 30° as shown in the figure.
The block is not connected to the spring. The spring has a spring constant of
k = 1960 N/m and initially compressed by 20 cm. The spring is then released.
How far (in m) along the incline from the release point will the block travel?

(1) 4 2) 6 (3) 8 (4) 2

2. Near the surface of the Earth, a block with a mass M = 2 kg is placed against
a spring on a frictionless incline with angle § = 30° as shown in the figure.
The block is not connected to the spring. The spring has a spring constant of
k = 2940 N/m and initially compressed by 20 cm. The spring is then released.
How far (in m) along the incline from the release point will the block travel?

(1) 6 (2) 4 (3)8 (4) 2

3. Near the surface of the Earth, a block with a mass M = 2 kg is placed against
a spring on a frictionless incline with angle § = 30° as shown in the figure.
The block is not connected to the spring. The spring has a spring constant of
k = 3920 N/m and initially compressed by 20 cm. The spring is then released.
How far (in m) along the incline from the release point will the block travel?

(1) 8 (2)4 (3)6 (4) 2

4. A 10-kg block slides along a horizontal frictionless surface with an initial speed AN
v =2 m/s. When the block reaches the point = 0, a variable horizontal force F(x)
with magnitude that depends on z according to the formula F(z) = bz, where — g
b =2 N/m, is applied to the block as shown in the figure. What is the speed } [} ¥ axis
of the block (in m/s) when it reaches the point © = d =5 m? x=0 x=d
(1) 3 2)7 (3)6 (4) 4 (5) 5

5. A 10-kg block slides along a horizontal frictionless surface with an initial speed N
v =2 m/s. When the block reaches the point = 0, a variable horizontal force F(x)
with magnitude that depends on z according to the formula F(z) = bz, where — g
b =2 N/m, is applied to the block as shown in the figure. What is the speed } [} ¥ axis
of the block (in m/s) when it reaches the point z = d = 15 m? x=0 x=d
(17 (2) 3 (3)6 (4) 4 (5) 5

6. A 10-kg block slides along a horizontal frictionless surface with an initial speed AN
v =4 m/s. When the block reaches the point = 0, a variable horizontal force F(x)
with magnitude that depends on z according to the formula F(z) = bz, where — g
b =2 N/m, is applied to the block as shown in the figure. What is the speed } [} ¥ axis
of the block (in m/s) when it reaches the point z = d = 10 m? x=0 x=d
(1) 6 (2) 3 ®3)7 (4) 4 (5) 5

7. A 4-kg particle moves along the x-axis under the influence of a conservative force. The potential energy is given by

U(z) = bz®, where b = 8.0 J/m3. What is the magnitude of the acceleration of the particle (in m/s?) when it is at the
point £ =2 m?

(1) 24 (2) 54 (3) 96 (4) 12 (5) 28
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8. A 4-kg particle moves along the x-axis under the influence of a conservative force. The potential energy is given by

U(z) = bz®, where b = 8.0 J/m3. What is the magnitude of the acceleration of the particle (in m/s?) when it is at the
point £ =3 m?

(1) 54 (2) 24 (3) 96 (4) 12 (5) 28

9. A 4-kg particle moves along the x-axis under the influence of a conservative force. The potential energy is given by

U(z) = bz®, where b= 8.0 J/m3. What is the magnitude of the acceleration of the particle (in m/s?) when it is at the
point £ =4 m?

(1) 96 (2) 24 (3) 54 (4) 12 (5) 28

10. Starting from rest near the surface of the Earth, a 25-kg bear slides 12 m down a vertical pine tree, and has a speed of
6 m/s just before hitting the ground. What was the magnitude of the average frictional force (in N) acting on the bear
during the slide?

(1) 2075 (2) 178.3 (3) 140.8 (4) 225.6 (5) 120.5

11. Starting from rest near the surface of the Earth, a 25-kg bear slides 12 m down a vertical pine tree, and has a speed of
8 m/s just before hitting the ground. What was the magnitude of the average frictional force (in N) acting on the bear
during the slide?

(1) 178.3 (2) 207.5 (3) 140.8 (4) 225.6 (5) 120.5

12. Starting from rest near the surface of the Earth, a 25-kg bear slides 12 m down a vertical pine tree, and has a speed of
10 m/s just before hitting the ground. What was the magnitude of the average frictional force (in N) acting on the bear
during the slide?

(1) 1408 (2) 207.5 (3) 178.3 (4) 225.6 (5) 120.5

13. Near the surface of the Earth, a uniform limp rope of mass M and length L A
hangs over a (frictionless) peg a height L above the ground, as shown in the ’
figure. If the rope is released from rest with 3/4 of its length on one side and
1/4 of its length on the other side, what is the speed of the rope when the first :
end hits the ground? P L

(1) \/39L/8 (2) 3V9L (3) 3V39L (4) 3v39L (5) 3v9L
14. Near the surface of the Earth, a uniform limp rope of mass M and length L A

hangs over a (frictionless) peg a height L above the ground, as shown in the

figure. If the rope is released from rest with 2/3 of its length on one side and

1/3 of its length on the other side, what is the speed of the rope when the first :
end hits the ground? i L

(1) 25 (2) \/39L/8 (3) 2439 (4) V39T (5) LVl
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15. Near the surface of the Earth, a uniform limp rope of mass M and length L A
hangs over a (frictionless) peg a height L above the ground, as shown in the ’
figure. If the rope is released from rest with 3/5 of its length on one side and
2/5 of its length on the other side, what is the speed of the rope when the first
end hits the ground? L
(1) 2V39T (2) \/39L/8 (3) 2V3L (4) 1V39T (5) LVoL
16. A 2-kg particle moves along the x axis under the influence of a conservative force. The potential energy function of the
particle is given by the formula U(z) = 10 + 522, where x is the coordinate (in m) as U is measured in Joules. What is
the farthest point in the positive z direction that the particle can reach (in m) if at = 2 m its kinetic energy is 50 J?
(1) 3.74 (2) 4.90 (3) 5.83 (4) 6.75 (5) 2.89
17. A 2-kg particle moves along the x axis under the influence of a conservative force. The potential energy function of the
particle is given by the formula U(z) = 10 + 522, where x is the coordinate (in m) as U is measured in Joules. What is
the farthest point in the positive x direction that the particle can reach (in m) if at 2 = 2 m its kinetic energy is 100 J?
(1) 4.90 (2) 3.74 (3) 5.83 (4) 6.75 (5) 2.89
18. A 2-kg particle moves along the x axis under the influence of a conservative force. The potential energy function of the
particle is given by the formula U(z) = 10 + 522, where x is the coordinate (in m) as U is measured in Joules. What is
the farthest point in the positive 2 direction that the particle can reach (in m) if at = 2 m its kinetic energy is 150 J?
(1) 5.83 (2) 3.74 (3) 4.90 (4) 6.75 (5) 2.89
19. Near the surface of the Earth, a ball of mass M hangs vertically on a string of Before After
length L as shown in the figure. A lump of mud with mass m and horizontal ]
speed v collides with the ball. The mud sticks to the ball causing it to swing 3 L
on its string. If m = M, what maximum vertical height H does the mud-ball L L
system reach after the collision? i
v i H 1
o> ‘
Ball
(1) 0.1250v%/¢ (2) 0.22202%/¢ (3) 0.056v2%/g (4) 0.502 /g (5) 0.333v2%/g
20. Near the surface of the Earth, a ball of mass M hangs vertically on a string of Before After
length L as shown in the figure. A lump of mud with mass m and horizontal 3
speed v collides with the ball. The mud sticks to the ball causing it to swing ; L
on its string. If m = 2M, what maximum vertical height H does the mud-ball L L
system reach after the collision? 3
v . H)|
*—> '
Ball

(1) 0.222v%/g (2) 0.1250%/g (3) 0.056v%/g (4) 0.502/g (5) 0.333v%/g
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21. Near the surface of the Earth, a ball of mass M hangs vertically on a string of

22.

23.

24.

25.

26.

27.

length L as shown in the figure. A lump of mud with mass m and horizontal
speed v collides with the ball. The mud sticks to the ball causing it to swing
on its string. If m = M /2, what maximum vertical height H does the mud-ball
system reach after the collision?

(1) 0.056v%/g (2) 0.1250% /¢ (3) 0.2220%/g

A 0.5-kg ball is dropped from rest a height H = 10 m above the surface of the
Earth, as shown in the figure. It strikes the sidewalk at ¢ = 0 and experiences
an upward force that depends on time according to the formula F(t) = bt,
where b is a constant. If b = 98 N/s and the ball is in contact with the sidewalk
for 0.45 seconds, what maximum height & (in m) is reached by the ball when
it rebounds from the sidewalk?

(1) 1.74 (2) 5.63 (3) 7.97 (4) 3.23

A 0.5-kg ball is dropped from rest a height H = 10 m above the surface of the
Earth, as shown in the figure. It strikes the sidewalk at ¢ = 0 and experiences
an upward force that depends on time according to the formula F(t) = bt,
where b is a constant. If b = 98 N/s and the ball is in contact with the sidewalk
for 0.50 seconds, what maximum height A (in m) is reached by the ball when
it rebounds from the sidewalk?

(1) 5.63 (2) 1.74 (3) 7.97 (4) 3.23

A 0.5-kg ball is dropped from rest a height H = 10 m above the surface of the
Earth, as shown in the figure. It strikes the sidewalk at ¢ = 0 and experiences
an upward force that depends on time according to the formula F,(t) = bt,
where b is a constant. If b = 98 N/s and the ball is in contact with the sidewalk
for 0.52 seconds, what maximum height & (in m) is reached by the ball when
it rebounds from the sidewalk?

(1) 7.97 (2) 1.74 (3) 5.63 (4) 3.23

(4) 0.5v2/g

Before After
P NUL
L L
\% H I
*—> :
Ball

(5) 0.333v%/g

y-axis

$ t
Drop | Rebound |

1 |
H [
|

——
(5) 8.75

y-axis

$ 4
Drop | Rebound |

I |
H [
I

—
(5) 8.75

y-axis

$ t
Drop | Rebound |

1 |
H [
|

——
(5) 8.75

T

A 2-kg block with speed v =5 m/s sliding along a horizontal frictionless surface collides with a second block at rest with
a mass of 3 kg. The two blocks stick together to form a single object with a mass of 5-kg and continue to slide. How
much kinetic energy (in J) is lost during the collision due to the heating up of the blocks?

(1) 15 (2) 60 (3) 135 (4) 30 (5) 175

A 2-kg block with speed v = 10 m/s sliding along a horizontal frictionless surface collides with a second block at rest
with a mass of 3 kg. The two blocks stick together to form a single object with a mass of 5-kg and continue to slide.
How much kinetic energy (in J) is lost during the collision due to the heating up of the blocks?

(1) 60 (2) 15 (3) 135 (4) 30 (5) 175

A 2-kg block with speed v = 15 m/s sliding along a horizontal frictionless surface collides with a second block at rest
with a mass of 3 kg. The two blocks stick together to form a single object with a mass of 5-kg and continue to slide.
How much kinetic energy (in J) is lost during the collision due to the heating up of the blocks?

(1) 135 (2) 15 (3) 60 (4) 30 (5) 175
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28.

29.

30.

31.

32.

33.

34.

Sand from a stationary hopper falls at a constant rate R = 3 kg/s on a moving Hopper

belt with mass M as shown in the figure. The belt is supported by frictionless

rollers and the belt and the sand that has fallen on the belt move with a \

constant speed V' due to a constant horizontal external force Fe,: applied to

the belt. If F.,; = 6 N, what is the constant speed V' (in m/s)? v
Sand Mass m  =p F,.
Belt Mass M

(1) 2 (2)3 (3) 4 (4)5 (5) 1

Sand from a stationary hopper falls at a constant rate R = 3 kg/s on a moving Hopper

belt with mass M as shown in the figure. The belt is supported by frictionless

rollers and the belt and the sand that has fallen on the belt move with a \

constant speed V' due to a constant horizontal external force Fe,: applied to

the belt. If F.,;y = 9 N, what is the constant speed V' (in m/s)? v
Sand Mass m  =p F,.
Belt Mass M

(1)3 (2) 2 (3) 4 (4)5 (5) 1

Sand from a stationary hopper falls at a constant rate R = 3 kg /s on a moving Hopper

belt with mass M as shown in the figure. The belt is supported by frictionless

rollers and the belt and the sand that has fallen on the belt move with a

constant speed V' due to a constant horizontal external force Fi,; applied to

the belt. If Fi;+ = 12 N, what is the constant speed V' (in m/s)? \ v

| SandMassm == F,,,

Belt Mass M

(1) 4 (2) 2 (3)3 (4)5 (5) 1

A race car accelerates uniformly from a speed of 40 m/s to a speed of 58 m/s in 6 seconds while traveling around a

circular track of radius 529 m. When the magnitude of the car’s total acceleration becomes 5 m/s?, what is its speed
(in m/s)?

(1) 46 (2) 50 (3) 54 (4) 42 (5) 56

A race car accelerates uniformly from a speed of 40 m/s to a speed of 58 m/s in 6 seconds while traveling around a

circular track of radius 625 m. When the magnitude of the car’s total acceleration becomes 5 m/s?, what is its speed
(in m/s)?

(1) 50 (2) 46 (3) 54 (4) 42 (5) 56

A race car accelerates uniformly from a speed of 40 m/s to a speed of 58 m/s in 6 seconds while traveling around a

circular track of radius 729 m. When the magnitude of the car’s total acceleration becomes 5 m/s?, what is its speed
(in m/s)?

(1) 54 (2) 46 (3) 50 (4) 42 (5) 56

A thin rod of length L and mass M is located on the x axis fromz =0tox = L A y-axis

as shown in the figure. It has a non-uniform linear mass density that varies : X-axis
with x according to the formula A(xz) = Aoz, where A is constant. What is = e >
the moment of inertia of the rod about the y-axis (x = 0)7 < I >

(1) gML? (2) sML? (3) sML? (4) 3ML? (5) s ML
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35. A thin rod of length L and mass M is located on the x axis fromz =0tox = L A y-axis
as shown in the figure. It has a non-uniform linear mass density that varies : x-axis
with z according to the formula \(z) = \oz?, where )\g is constant. What is = T
the moment of inertia of the rod about the y-axis (z = 0)? < I >
(1) %ML2 (2) sML? (3) %ML2 (4) %ML2 (5) HML?
36. A thin rod of length L and mass M is located on the x axis fromz =0tox = L A y-axis
as shown in the figure. It has a non-uniform linear mass density that varies : x-axis

37.

38.

39.

40.

41.

with z according to the formula A(x) = \oz3, where )\g is constant. What is = -
the moment of inertia of the rod about the y-axis (z = 0)? < I >

(5)

(1) 3ML? (2) $ML? (3) EML? (4) M L? 5 ML?

An astronaut is being tested in a centrifuge. The centrifuge has a radius R and, in starting from rest at ¢ = 0, rotates
with a constant angular acceleration «. If the magnitude of the tangential acceleration is equal to the magnitude of the
radial acceleration (i.e., centripetal acceleration) at ¢t = 2 s, what is the magnitude of the angular velocity (in rad/s) of
the centrifuge at t = 3 s?
(1) 0.75 (2) 1.0 (3) 1.5

(4) 0.5 (5) 2.0

An astronaut is being tested in a centrifuge. The centrifuge has a radius R and, in starting from rest at ¢ = 0, rotates
with a constant angular acceleration . If the magnitude of the tangential acceleration is equal to the magnitude of the
radial acceleration (i.e., centripetal acceleration) at ¢t = 2 s, what is the magnitude of the angular velocity (in rad/s) of
the centrifuge at t =4 s?

(1) 1.0 (2) 0.75 (3) 1.5

(4) 0.5 (5) 2.0

An astronaut is being tested in a centrifuge. The centrifuge has a radius R and, in starting from rest at ¢ = 0, rotates
with a constant angular acceleration . If the magnitude of the tangential acceleration is equal to the magnitude of the
radial acceleration (i.e., centripetal acceleration) at ¢ = 2 s, what is the magnitude of the angular velocity (in rad/s) of
the centrifuge at t = 6 s?

(1) 1.5 (2) 0.75 (3) 1.0 (4) 0.5 (5) 2.0

Near the surface of the Earth a solid object of mass M and radius R rolls .
smoothly along a horizontal surface with speed Vooayr = V and then up a

ramp that makes an angle of # with the horizontal surface as shown in the a 4 H
figure. If the object reaches a maximum height H = 3V?2/(4g) before rolling 0

back down the incline, what is its moment of inertia?

(1) MR?/2 (2) MR?/3 (3) M R? (4) 2M R?/3 (5) 3SMR?/5

Near the surface of the Earth a solid object of mass M and radius R rolls
smoothly along a horizontal surface with speed Voo = V and then up a
ramp that makes an angle of # with the horizontal surface as shown in the
figure. If the object reaches a maximum height H = 2V?2/(3g) before rolling
back down the incline, what is its moment of inertia?

®-r
0

(5) SMR2/5

(1) MR?/3 (2) MR?/2 (3) MR? (4) 2MR?/3
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42. Near the surface of the Earth a solid object of mass M and radius R rolls
smoothly along a horizontal surface with speed Voopyr = V and then up a
ramp that makes an angle of § with the horizontal surface as shown in the -V
figure. If the object reaches a maximum height H = V2 /g before rolling back 0

T

d

down the incline, what is its moment of inertia?

(1) MR? (2) MR2/2 (3) MR2/3 (4) 2M R?/3 (5) BMR2/5

43. A point particle with mass M and speed V is moving in the xy plane as shown

A y-axis
in the figure. At the moment it crosses the x-axis (y = 0) at = d, its velocity
vector points at an angle of 45° relative to the x-axis and the magnitude of P o
its angular momentum about the origin, (i.e., x = y = 0) is Lp. What is the v
magnitude of its angular momentum about point P located on the y-axis a yli
distanced y = 4d from the origin at this same moment? R
0] x-axis
(1) 5Lo (2) 3Lo (3) Lo (4) 2Lg (5) Lo/2
44. A point particle with mass M and speed V is moving in the xy plane as shown A y-axis
in the figure. At the moment it crosses the x-axis (y = 0) at = d, its velocity
vector points at an angle of 45° relative to the x-axis and the magnitude of P o
its angular momentum about the origin, (i.e., x = y = 0) is Lp. What is the Vv
magnitude of its angular momentum about point P located on the y-axis a vl
distanced y = 2d from the origin at this same moment? R
O<—>d X-axis
(1) 3Lo (2) 5Lo (3) Lo (4) 2Lg (5) Lo/2
45. A point particle with mass M and speed V is moving in the xy plane as shown A y-axis
in the figure. At the moment it crosses the x-axis (y = 0) at = d, its velocity
vector points at an angle of 45° relative to the x-axis and the magnitude of P o
its angular momentum about the origin, (i.e., x = y = 0) is Ly. What is the Vv
magnitude of its angular momentum about point P located on the y-axis a vl
distanced y = 3d from the origin at this same moment? R
O<—>d X-axis
(1) 4Lo (2) 5Lo (3) 3Lo (4) 2Lo (5) Lo/2

46. A thin horizontal 1-kg rod of length L rotates horizontally around its end with
an angular velocity wg as shown in the figure. A 0.5 kg mouse originally at
rest on the far end of the rod a distance L from the axis of rotation moves to
new resting position a distance x from the axis of rotation. If the new angular

Axis of
Rotation

velocity of the mouse-rod system is 1.25wq, what is the distance x7

(1) 0.816L (2) 0.535L (3) 0.272L (4) 0.167L (5) 0.915L

47. A thin horizontal 1-kg rod of length L rotates horizontally around its end with
an angular velocity wg as shown in the figure. A 0.5 kg mouse originally at
rest on the far end of the rod a distance L from the axis of rotation moves to
new resting position a distance x from the axis of rotation. If the new angular

Axis of
Rotation

velocity of the mouse-rod system is 1.75wq, what is the distance x7

(1) 0.535L (2) 0.816L (3) 0.272L (4) 0.167L (5) 0.915L
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48.

49.

50.

o1l.

52.

A thin horizontal 1-kg rod of length L rotates horizontally around its end with
an angular velocity wp as shown in the figure. A 0.5 kg mouse originally at
rest on the far end of the rod a distance L from the axis of rotation moves to
new resting position a distance x from the axis of rotation. If the new angular
velocity of the mouse-rod system is 2.25wy, what is the distance z?

(1) 0.272L (2) 0.816L (3) 0.535L (4) 0.167L

A horizontal uniform bar with length L and a weight of 200 N is held in place
by a hinge at one end and a wire at angle § = 30° at the other end as shown
in the figure. There is a block with weight W = 300 N on the bar a distance x
from the wall. If the maximum tension the wire can supply without breaking
is 400 N, what is the largest value of the distance z such that the wire will not
break?

(1) L/3 (2) L/2 (3) 2L/3 (4) L/4

A horizontal uniform bar with length L and a weight of 200 N is held in place
by a hinge at one end and a wire at angle § = 30° at the other end as shown
in the figure. There is a block with weight W = 300 N on the bar a distance x
from the wall. If the maximum tension the wire can supply without breaking

is 500 N, what is the largest value of the distance z such that the wire will not
break?

(1) L/2 2) L/3 (3) 2L/3 (4) L/4

A horizontal uniform bar with length L and a weight of 200 N is held in place
by a hinge at one end and a wire at angle § = 30° at the other end as shown
in the figure. There is a block with weight W = 300 N on the bar a distance x
from the wall. If the maximum tension the wire can supply without breaking
is 600 N, what is the largest value of the distance = such that the wire will not
break?

(1) 2L/3 (2) L/3 (3) L/2 (4) L/4

A man with a weight of 75 N is at rest on the ground and is using the pulley
system shown in the figure to lift a weight W off the ground. Assuming that
the pulleys rotate without friction and without the rope slipping, what is the
maximum weight W (in N) he can lift?

1) 300
2) 500

3) 600
4) 200
5

Axis of
Rotation

T

<X
l

com

Y

(5) 3L/4

Y

Y
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53. A man with a weight of 125 N is at rest on the ground and is using the pulley
system shown in the figure to lift a weight W off the ground. Assuming that
the pulleys rotate without friction and without the rope slipping, what is the
maximum weight W (in N) he can 1ift?

500
300
600
200
125

Ol W N~

54. A man with a weight of 150 N is at rest on the ground and is using the pulley
system shown in the figure to lift a weight W off the ground. Assuming that
the pulleys rotate without friction and without the rope slipping, what is the
maximum weight W (in N) he can 1ift?

Ol W N~
ot
o
e}

55. An extension ladder consists of two uniform planks of equal length. The top
plank has mass Mo, and the bottom plank has mass Mpottom. A window
washer attempts to lean this extension ladder against a frictionless vertical
wall as shown in the figure. He finds that the ladder slips on the ground when
it is placed at an angle, 8, less than 30° to the ground, but remains in place
when the angle is greater than 30°. If Myottom = 2Miop, What is the coefficient
of static friction between the ladder and the ground?

(1) 0.722 (2) 0.650 (3) 0.606 (4) 0.866

56. An extension ladder consists of two uniform planks of equal length. The top
plank has mass Mo, and the bottom plank has mass Mpottom. A window
washer attempts to lean this extension ladder against a frictionless vertical
wall as shown in the figure. He finds that the ladder slips on the ground when
it is placed at an angle, 8, less than 30° to the ground, but remains in place
when the angle is greater than 30°. If Myottom = 3Miop, What is the coefficient
of static friction between the ladder and the ground?

(1) 0.650 (2) 0.722 (3) 0.606 (4) 0.866

57. An extension ladder consists of two uniform planks of equal length. The top
plank has mass Mo, and the bottom plank has mass Mpottom. A window
washer attempts to lean this extension ladder against a frictionless vertical
wall as shown in the figure. He finds that the ladder slips on the ground when
it is placed at an angle, 6, less than 30° to the ground, but remains in place
when the angle is greater than 30°. If Myottom = 4Miop, What is the coefficient
of static friction between the ladder and the ground?

(1) 0.606 (2) 0.722 (3) 0.650 (4) 0.866

T

M bottom

o

(5) 0.495

M bottom

f

(5) 0.495

M bottom

f

(5) 0.495
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59.

60.

Near the surface of the Earth, a trapeze consists of a rod with length L and
negligible mass supported at its ends by vertical ropes of equal length as shown
in the figure. Each rope can withstand a maximum tension of Ti,.x before
breaking. When hanging at rest, a trapeze artist can hold on with each hand
a distance of L/4 from the ends of the rod, and neither rope breaks. However,
if she takes one hand off, and does not move the other hand, she finds that one
rope breaks causing her to fall. What is her minimum possible mass?

(1) 4Tmax/ (39) (2) 5Tmax/(49) (3) 3Tmax/(29) (4) Tmax/(29)

Near the surface of the Earth, a trapeze consists of a rod with length L and
negligible mass supported at its ends by vertical ropes of equal length as shown
in the figure. Each rope can withstand a maximum tension of Ti,.x before
breaking. When hanging at rest, a trapeze artist can hold on with each hand
a distance of L/5 from the ends of the rod, and neither rope breaks. However,
if she takes one hand off, and does not move the other hand, she finds that one
rope breaks causing her to fall. What is her minimum possible mass?

(1) 5Tmax/(49) (2) 4Tmax/(39) (3) 3Tmax/(29) (4) Timax/(29)

Near the surface of the Earth, a trapeze consists of a rod with length L and
negligible mass supported at its ends by vertical ropes of equal length as shown
in the figure. Each rope can withstand a maximum tension of Ti,.x before
breaking. When hanging at rest, a trapeze artist can hold on with each hand
a distance of L/3 from the ends of the rod, and neither rope breaks. However,
if she takes one hand off, and does not move the other hand, she finds that one
rope breaks causing her to fall. What is her minimum possible mass?

(1) 3Tmax/(29) (2) 4Tmax/(39) (3) 5Tmax/(49) (4) Timax/(29)

T

Trapeze

(5) 2Tmax/g

Trapeze

(5) 2TmaX/g

Trapeze

(5) 2TmaX/g

FOLLOWING GROUPS OF QUESTIONS WILL BE SELECTED AS ONE GROUP FROM EACH TYPE

TYPE 1

Q#S1
Q# S
Q7

—
2
S

o
ﬁiﬁztﬁziﬁz

e e
Gk wT oo

e
—SoNwao

N2 Eg N = LN = NN = LN = LN = N

3Rk IR IR IR QIH::H::H: Sk IR

HOLOHOLOHOLLOHOLOLO HOOOHOLLOHOLO

2
e
=



Tt T

Q# S 25
Q# S 26
Q# S 27
TYPE 10
Q# S 28
Q# S 29
Q# S 30
TYPE 11
Q# S 31
Q# S 32
Q# S 33
TYPE 12

Q# S 34

Q# S 36
TYPE 13

Q# S 37



