ME 274: Basic Mechanics 11 Tuesday, Feb. 7, 2023
Spring 2023 Last Name: 8:00pm-9:00pm

Problem 1 (20 points):
Given: A particle P is traveling in the zy-plane on a path given by:

Yy = cx® + b, (1)

where = and y are given in meters and ¢ and b are constants with units 1/ meters and meters, respectively,
and in such a way that

&=2m/s and i=—4m/s. (2)

Find: For the position of x = —0.5 m: assume ¢ > 0, b > 0. Note that your final answers should be in
terms of at most, the known variables ¢, b.

(a) Determine the Cartesian components of the velocity and acceleration of P.

(b) Make a sketch of the velocity and acceleration vectors found in (a), as well as the path unit vectors
é; and €, on the figure provided below.

(¢) Determine the rate of change of speed.

(d) Is the speed of P increasing, decreasing or constant? Provide an explanation for your response.

Solution:

(a) Determine the Cartesian components of the velocity and acceleration of P.
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(b) Make a sketch of the velocity and acceleration vectors found in (a), as well as the path unit vectors
é: and €, on the figure provided below.

Figure 1 -Please draw on this figure.

(¢) Determine the rate of change of speed.
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(d) Is the speed of P increasing, decreasing or constant? Provide an explanation for your response.
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ME 274: Basic Mechanics II Tuesday, Feb. 7, 2023
Spring 2023 Last Name: 8:00pm-9:00pm

Problem 2 (20 points)

Vi l

Given: Two links AB and BC are connected at j
B by a pin joint. Point A is a fixed point,
and Point C is free to move in the straight slot W
shown. A ‘\]"‘B

. . . . * )
Link AB is rotating at a counter clock wise constant rate at
wap rad/s.

The links are both of length L meters.

The slot is perpendicular to link AB at the in-
stant.

Find:

(a) the velocity and acceleration of point B,
(b) the angular velocity of bar BC,

(c) the velocity of point C,

(d) the angular acceleration of bar BC,

(e) the acceleration of point C.

Note that your final answers should be in terms of (at most) the known variables: L, 8, and wag.
Ezpress your answers as vectors in cartesian coordinates.

Salution:

(a) the velocity and acceleration of point B
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(b) the angular velocity o{_l;ar BC

From C% Py = Do+ 'Feac/ /9;&4, Ls 6
. {'L)HQ;L'S = '\JQ& -+ L%/lrv ~ ( LeosDi + Lsin j
v A | .
AL A 72((/'@-4 Lost wbg,ﬁ 2 Lo 2N ,y
° N Y —_— "
Yo O = — Loge b — Wpe = o ko V\ad[s%

ME 274 Exam 1 : Page 3 of 7




ME 274: Basic Mechanics II Tuesday, Feb. 7, 2023
Spring 2023 Last Name: 8:00pm-9:00pm

\(c) the velocity of point C 2 O o - S |
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(e) the acceleration of point C
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NOTE: You are NOT asked to provide justification for your answers here in Problem 8. A correct response
will recetve full credit. Any work provided will not be graded, only the final answer.

Problem 3A(8 points):

Given: A disk rolls without slipping to the left, with its center O having a constant speed of w,.
Circle the correct answer or each of the three questions that follow.

(1) 2 points - Let ¥4 be the velocity of point A, where A is
on the circumference of the disk:

(a) [0a] ~lto| | (See T€) o = Zeu

B
(b) |Ua] =|v0]
(©) |34l <[] Ve

(d) more information is needed to answer this.

(2) 3 points - Let dp and dc be the accelerations of points
B and C, respectively, where B and C are on the c1rcumfe@nce &P the disk. For the position shown:

(a) |as| >lac| a8 —-% =< Tieo— eV Vi o
a

(b) |as| —lac| . - oé;{x . — I Fase

(c) las| <ldcl
(d) more information is needed to answer this.

(3) 3 points - For the position shown:

(a) the velocity of point B has only a y-component.

(b) the velocity of point B has only an x-component.

(c) the velocity of point B has both non-zero x- and y-components. C§a, IC)

(d) the velocity of point B is zero.

(e) more information is needed to answer this.
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Problem 3B(6 points):

Given: For the position shown, point P is moving in the —lane with a velocity and an acceleration (in
polar coordinates) of: ¥ = (—30¢, — 40¢ég) in/s and @ = /s

Circle the correct answer for each of the two questions that follow.

(1) 3 points - Let p be the radius of curvature of the path of 2@ )

P. Then: 2,.

(a) p>r K 20 in

p @
_ : Fr =25~
(b) p=r 15in |
0
(c) p<r ' 0 X

(d) more information is needed to answer this.

(2) 3 points - For the position shown:

(a) #>0 3 4_0<
Oe.y- - =4
(b) #=0 \/ C lO—C..) (: J
(c) # <0 = & la?
z 2
(d) more information is needed to answer this. Ia = ——-\/"’ = So

§
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Problem 3C (6 points):

Given: The slider-crank mechanism shown below is made up of links OA and AB, with end O of OA
pinned to ground. Links OA andAB are pinned together at A. A slider pinned to AB at B moves along a
flat surface to the right with a speed of vg. The figure provided is drawn to scale.

Circle the correct answer for each of the two questions that follow.

(1) 3 points - Let v4 represent the speed of A for the position
shown. For this position:

(a) va > vp A < BC
(b) va = vp
(c) va <vp B

(d) more information is needed to answer this.

(2) 3 points - Let wp4 and wyp represent the angular speed
of OA and AB, respectively, for the position shown. For
this position:

(a) woa > waB

OA 7 A

(b) woa = waB

| (c) woa <waB

(d) more information is needed to answer this.
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