ME 274: Basic Mechanics I1 Tuesdayv. March 7. 2023
Spring 2023 Last Name: €0 yTVON " 8:00pm-9:00pm

Problem 1 (20 points):

Given: A carnival ride features swinging chairs rotating about a vertical axis with a constant angular

velocity & such that each swing is inclined at a constant angle f as depicted.

Consider an individual sitting on a swing as a particle P. The cable length of the swing L (m). the combined
mass of the swing and person M (kg). and the angle 6 (°) are known.

Side View Top View

A W

Find: Note that your final answers should be in terms of, at most, the known variables L. 6. M. and the
gravity g.

(a) Draw the free body diagram of the person and swing as a single particle P, clearly indicating your
selection of coordinate system.

(b) Write Newton’s 2nd Law expressions along each direction of vour chosen coordinate systen.
(c) Determine the magnitude of the tension force 7' in the cable.
(d) Determine the linear speed v of the swing and rider.

(e) Determine the constant angular speed w of the ride.
Solution:

(a) Free body diagram including coordinate system.
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bY Write Newton's 2nd Law expressions

T 2F, - TemB = Man
*‘Z?b = Tw&e - H% = Mab

(¢) Determine the magnitude of the tension force T in the cable.

T=My N

LOND

(d) Determine the linear speed ¢ of the swing and rider.
. .
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(e) Determine the constant angular speed w of the ride.
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Problem 2 (20 points):

Given: A collar P of mass m (kg) is attached to a spring of stiffness k& (N/m). The spring is attached
to a pivot joint at O and has an an unstretched length of 0.5R (m). The collar is released from rest at
position 1 and slides along a smooth rod under the action of a constant force F' (N). The force always acts
tangent to the path of the collar as the collar moves from posotion 1 to position 4. The rod consists of a
quarter circle of radius R (m) centered at point O, and a constant horizontal section. At position 2, collar
P makes an angle 6 and at position 3 collar P is directly below point O. Finally, at position 4 collar P is
at a horizontal distance R (m) from position 3.

Dataym Tao

Draw gravitational
datum on this figure

Dot e Beho)

Find: Note that your final answers should be in terms of at most, the known variables R, k, m, F, 6 and
the gravity g.

(a) Draw a free body diagram of the collar at position 2.

(b) Indicate your gravitational datum on the figure and write the potential energy due to gravity (V) at
positions 1, 2, 3, and 4.

(c) Write the potential energy due to the spring (V) at positions 1, 2, 3, and 4.

(d) Write the work done by the force F' on the particle as it moves from positions 1 to 2, positions 1 to
3, and positions 1 to 4.

(e) Use the principle of work-energy to find the velocity of the collar at position 2.
Solution:

(a) Draw a free body diagram of the collar at position 2 on the figure below.
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b) Indicate your gravitational datum on the figure and write the potential energy due to gravity (V) at
g
positions 1,2, 3, and 4. Place your final answers in the table below.

Vyat 1 Vy at 2 Vyat 3 Vy at 4
w0 27, 2
) — g — A — 77
plC
bofo™ .

(c) Write the potential energy due to the spring (V) at positions 1, 2, 3, and 4. Place your final answers
in the table below.

Vip at 1 Vip at 2 Visp at 3 Vip at 4
Zl Az = 2 /z/cdpz
2 W )/l Y R*
r KA = 7% 4 4t - 48) 2
//5,( Vi O, 42k *

(d) Write the work done by the force F' on the particle at moves from positions 1 to 2, positions 1 to 3,
and positions 1 to 4. Place your final answers in the table below.

2 UG 2 U UG
FAr= FRO Fhs= R, +Fe_ =
Fu
% FR(1+T) =
2,57 F2_

(e) Use the principle of work-energy to find the speed of the collar at position 2.
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NOTE: You are asked to provide justification (written and/or through equations) for your answers here in
Problem 8. A correct response, alone, will receive only partial credit. Your work will be graded.

Problem 3A(8 points):

Given: Arm OA rotates about a fixed axis with a constant rate of {2. Semi-circular member AB rotates
with respect to OA with a constant rate of 8. It is desired to determine the acceleration of point B on AB
using the following moving reference frame kinematics equation:

—

dp =G+ (Apja)ret + & X Tpja + 20 X (Up/a)rel +w X (w X 7p/4)

Y

ixed rotation axis

Q

3R

For this equation, an observer is attached on AB, and the xyz-axes are also attached to AB. Provide the

AAA

17k components for the following four terms in the above kinematics equation for an arbitrary angle 6:

W

n e A . A Y
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Problem 3B(/ points):

Given: A block slides to the right with a constant speed vp. A slotted arm OC is pinned to the block at
O, with OC rotating in the counterclockwise direction with a constant rate of §. Particle P is able to slide
within the smooth slot in OC. At the instant of interest, P is sliding toward O with # < 0. All motion for
this system lies in a horizontal plane.

FBD of P

HORIZONTAL PLANE

Circle the correct answer below regarding the contact of P with the slot:

(a) P is in contact with side A of the slot.

(b) P is in contact with side B of the slot.
(c) P isin contact with neither side of the slot.

(d) More information is needed for answering this question.

Justification: It is suggested that you draw and use an FBD above of P alone.
LFe= M =mae=m(ré+zre

(> A/= 2 —= ALZLO f)ceq_.%c{-;fjslotnﬂ
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Problem 3C (4 points):

Given: Wedge-shaped block B is able to move along a smooth, horizontal surface. Block A is able to slide
on the smooth, inclined surface of B. The system is released from rest.

FBD of A+B FBD of B
7Ly
A
XN

n’lp:j N#s
\L j B ’ \l’ B

f T 1 t

Circle the correct TRUE /FALSE response for each of the two questions that follow regarding the subsequent
motion of the system:

(1) Mechanical energy is conserved for block B alone: TRUE of FALSE

Justification: It is suggested that you draw and use an FBD above of block B alone.

B. DR = ANgSNS F*0 = Ng does wok 91 )
—.:B%NOT'CDW-@.V‘S

(2) Mechanical energy is conserved for blocks A and B together: r FALSE
Justification: It is suggested that you draw and use an FBD above of blocks A and B together.
A+ JR =0 = 70 work done o ArsS
T = 2resny fo— At-iZ conserued
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Problem 3D (4 points):

Given: Cart B (having a mass of 3m) is able to move along a smooth, horizontal surface. This cart
carries a passenger A (having a mass of m). A force F acts to the right on the cart, as shown in the figure.
The passenger is held securely on the cart through a safety restraint, as shown in the figure. Let Fap be
the magnitude of the force on the passenger by the safety restraint.

FBD of A+B FBD of A

NN

Circle the correct response below regarding the Fap:

(a) F > Fup

(b) F=Fap
(C) F < Fup

(d) More information is needed to answer this.

Justification: It is suggested that you draw and use the FBDs above of A and B together and of A alone.
A+l S hR.= F"—‘érm—/—m)a = Fma

AL Z&:F;;-mog

<. F= 4 s
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