ME 274: Basic Mechanics Il — Spring 2024 SOLUTION
Exam 1 - February 14

Problem 1 (20 points)

Given: Particle P moves within a plane on a path given by: 7?sin8 = c,
where c is a constant, r is the radial distance from O to P, and 8 is P
measured clockwise from the negative x-axis. It is known that the
angle @ is increasing at a constant rate of 6.

Find: In this problem, you are asked to determine the acceleration of
point P. To this end, you need to respond to the following four parts
A-D of the question. Use the following parameter values in your
work: sin@ =4/5, cos§ =—3/5, c¢=(16/5)m? and 6 =
8rad/s.

Solution

Part A: On the axes to the right, draw P in the position specified by
the angle provided above in ”“Find”. Show the polar unit
vectors é, and ég for that position in the drawing.

Part B: Determine the polar components of the velocity and
acceleration vectors for P at the position indicated. Write the
velocity and acceleration of P as vectors using the polar unit
vectors.

- - _ c _ 16/5_2
r?sinf =c¢ = fsinﬂ_ 25 " m

d A
E(r2 sin@) = 2r7sind + r?0cosf =0 =
1rcosé . _ 1(2)(—3/5)
2sin 2 (4/5)

(8) = 6m/s

d . . . .
0= E(er”sina +120co0s8) = (272 + 2ri")sind + 4ri0cos — r26%sind + r?fcosd =

. [—27% +7262]sin6 — 4riBcosd  [-2(6)? + (2)%(8)2](4/5) — 4(2)(6)(8)(—3/5) _ 118 m /<2
"= - 2@ @/5) = O/ —

2rsing

Therefore:

U =76, + 1089 = (66, + 1689)M/s

a=(#—-16%)eé, + (rf +210)ée = [118 — (2)(8)2]é, + 2(6)(8)éy = (=108, + 9685)m/s? <
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Problem 1 (continued)
Part C: Show the velocity and acceleration vectors for P on the axes provided in Part A above.

Part D: Determine the rate of change of speed of P. Is the speed of P increasing, decreasing or
constant?

s . L U (—106, + 962,) <6ér+16é0)
V=deé, = de— = (—10é ég) o | ——=
‘ 19| Y %" \Vez ¥ 162
_ (=10)(6) + (96)(16)

= =86.4m/s?> 0 = INCREASING inspeed _
V292 °
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Problem 2 (20 points)

Given: A rigid link AB is connected to a wheel and a sliding block B with pin joints. The length of
the link is L, and the size of the sliding block B is negligible. Block B is sliding on a circular
track with a radius of curvature of p at a constant speed vg. The wheel has a center point
O and aradius of R, it is rolling without slipping on a horizontal surface. At this instant, the
wheel is contacting the horizontal surface at point C, B is at the top point of the circular
track, and A and B have the same vertical height (i.e., the link AB is in a horizontal position).

Please use the following values for calculations: vy =2m/s,R=1m,p =2m,and L =
4 m.

ICpg is at infinity

No slipping

Find: For this problem, please do the following:

(a) Find the instantaneous centers of rotation of the wheel (ICy) and of link AB (IC,p).
Please mark IC, and ICyp on the figure above.

(b) Find the angular velocity of the wheel, w,, and the angular velocity of the link AB, @ 5.
Express your answers in vector form using the xyz-coordinates in the figure above.

(c) Find the angular acceleration of the wheel, @,, and the angular acceleration of the link
AB, d,5. Express your answers in vector form using the given xyz-coordinates in the
figure above.

Part (a)

Draw perpendiculars to 7, and ©. These perpendiculars cross at the IC for AB at infinity. From

that, we conclude that @,z = 0. Since AB has zero angular velocity, all points on AB have the
same velocity. Therefore: v, = v = 2m/s.

Also, since C is a no-slip point on the wheel, Cis the IC for the wheel.

Part (b)
Since Cis the IC for the wheel, we can write v, = 2Rw,. From this, we have:
Wy = —(U—A)IE = —[L]l? = —1krad/s

° @O <
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Problem 2 (continued)

Part (c)

(_1)0 = C_ic + d)o X Fo/c - (1)5 ?O/C
aol = acj + (aok) x (R)) — w§ (R))
= —Rayl + (ac — Rwd)j

Therefore:

j: 0=ac,—Rw3 = ac=Rw}
dy = dc + dp X fo/c — wgTo/c
= acf + (agk) x (2R)) — w3 (2R))
= (=2Ray)i + (ac — 2Rw3)j = (—2Rap)i + (—Rw?)j

dy = dp + dap X Ta/p _AwleFA/B
= (—v3 / p)j + (aapk) x (LD)
= (—Laap —v§ / p)f

Equating the two expressions above for d, and balancing coefficients gives:

&t 0=—2Ra, = &,=0

&
<

~

Ji —Rwj = —Lays —vi/p =

1 ~ 1 ~ 1\ o
Gap = 7 [RwB = vh/pl = 1D - @/21k = = () krad /57

A
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Problem 3 (20 points)

Part A (2 points)

4

Given: To the right two coordinate systems are illustrated: a Cartesian J

Find:

coordinate system and a Path coordinate system. The Path
coordinate system is oriented at an angle 6 from the Cartesian
system, as indicated.

ét

To identify the unit normal vector in terms of the Cartesian unit vectors i and j, circle the
best answer from the options provided.

a) €, = — CoS 07 + sin 03
b) é, = —cosfi —sinf]
¢) é, = —sinfi — cos
d) é, = —sinfi+ cos; &y = —sinf i —cosb j

e) The correct answer is not given.
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Part B (3points)

Given: The mechanism consists of two links, AO and BD, with lengths L, and L, respectively, and
plate P. Link AO is attached to a fixed pivot at point O, and link BD is attached to a fixed
pivot at point D. The motion of the rectangular plate P is guided by these two links, which
are arranged to cross each other without making contact. At the specific moment
depicted, when the links are perpendicular to each other, the plate is moving with a
counterclockwise angular velocity, denoted by w.

Find: Please answer the following:

a) (1 points) On the figure above please draw and label the instantaneous center of rotation,

IC, of rectangular plate P.

b) (2 points) Let @, represent the angular velocity of link AO. Choose the correct response
below and provide an explanation for your response.

i. Wy is counterclockwise

ii. a_))AO ES 0

iii. W, is clockwise

Draw perpendiculars to the directions of motion for A and
B.

The intersection of the perpendiculars is the location of the
IC for AB (here, point C).

Since AB is rotating CCW around point C, then the velocity
of Ais to the left.

Since va is to the left and OA is rotating about O, then the
angular velocity of OA is CCW.
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Part C (4 points)

Given: The mechanism features a bent bar with
the dimensions L and d as shown and is
equipped with a small collar labeled A.
This collar moves relative to the bar at a
speed v with a constant change in speed
v. At the same time, the bar rotates
around a fixed pivot point B at a constant
counterclockwise angular velocity 6. An
observer and an xyz coordinate system are
affixed to the bent bar, as depicted.

The following equation is to be used to
calculate the acceleration of the collar A:

C_iA = JB —|— (JA/B)TGZ +0_2 X 'FA/B +2(Ij X (UA/B)Tel +(I5 X (C‘_j X FA/B)

Find: Calculate the following vector quantities using the xyz coordinate system incorporating the
parameters: L, d, v, v, and 6. Note that not all parameters may be needed for each
calculation. Answers should include the correct unit vectors.

a) @ = angular velocity of the observer = 0k
b) @ = angular acceleration of the observer = 6k = 0
) (ﬁA/B)rel = velocity of A as seen by observer = vj

d) (&A/B)rel = acceleration of A as seen by observer = vj
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Part D (8 points)

Given: A rectangular plate with dimensions 2L (length) and 2d (width) rotates about a fixed pivot
located at its center, point O. The plate's angular velocity w is in a counterclockwise
direction, while its angular acceleration « is in a clockwise direction, as illustrated in the

figure.
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Find: Calculate the following kinematic quantities. Write vector answers in terms of L, d, w, and
a. Not all parameters may be used in each answer.

a) 1_7)6 = —Lwl
b) 1_7)A = _d(l)j = ﬁC/A = 1_7)6 - 1_7)A = —Lwl + d(l)f
¢) dy =daj+dw?i

d) dc. = Lal — Lw?] = dc/jq=dc—dy = (La —dw?)i — (da + Lw?)j
J / J
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Part E (3 points)

Given: Consider the two systems described below, each featuring a cart labeled A and a block
labeled B. Cart A is equipped with a small pulley. In System |, a rope extends from block B,
wraps around the pulley on cart A, and is anchored to the wall at point O. In System Il, a
rope extends from block B, wraps around the pulley on cart A, then passes around another
pulley mounted on the wall at point O, and finally connects back to cart A. In both
scenarios, cart A moves to the left at a speed v,4. In both Systems | and Il, the pulleys' radii
are considered negligible.

Y
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s s
? O g O
Y Y
B B
System [ System II

Find: (3 points) Let |sg|; and [$g|;; be the magnitudes of the y component of velocity of B for
Systems | and Il, respectively. Choose the correct response below:

a) |sgl; > I18ln
b) |5'B|1 = |53|11
o) Isgl; < I$gln

L; = length of cable for System I = sg; + ’sj + h? + constant =
SaVa

1Sg/| = ——=
\S2 + h?

L;; = length of cable for System Il = sg;; + 2 ’sj + h? + constant =
SaVa
2

dL;/dt =0 = |[$py| =2 = 2|sp]



