Name (print) i WA I)T208 S ME 274: Basic Mechanics Il

PLEASE SCAN ALL PAGES

NOTE: You are NOT asked to provide justification for your answers here in Problem 1. A
correct response will receive full credit. Any work provided will not be graded, only the final
answer.

PROBLEM NO. 1- PART A
A crane moves along a flat, horizontal surface with a constant speed of v .. The cab of the crane
rotates about a fixed, vertical axis at a constant rate of €2 while the boom OP is being raised at

a constant rate of 0. The acceleration of point P at the end of the boom is to be written using the
following moving reference frame equation, where the observer for this equation is attached to

the boom:

d,=d.+|a +axr +ox|oxr
o H@rjo) Py bio) +OX(@xF, ]

Provide expressions for the following terms in the above equation. Write your answers in terms
of their xyz-components and leave the answers in terms of, at most: Q, 6, 6, d and L.

b +2a3><(17

— ~ A
1.A.1: 2p0ints— o= wJ —._Q—U ‘1‘82

.;[J +_a73(+ /z+9lz @@ux.za)
&SI+ B)xt = &_a(5n0% f-oassj')x&
= o2 (—cosS~ -fs”?%"j

1.4.2: 2 points — (FIP/O) = O
re

_—A0*T = (el +4°°"i]")

1.4.3: 2 points — a,=
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PROBLEM NO. 1 - PART B

System | System Il

In System I shown above, a homogeneous disk of mass m and outer radius R is able to roll without
slipping on an inclined surface. A cable is wrapped around the disk, with a constant force F being
applied to the free end of the cable at A. In System 11, an identical disk is moved up the same incline

. . . . I 11
with the same constant force F' now being applied at the center of the disk. Let UE_)>2 and U£—>)2 be the

work done by F is moving the disk center O up the incline the same distance d for Systems I and II,
respectively.

1.B.1: 2 points - Choose the correct response below regarding the size of these work terms:

a) Uﬂz > Ugi)z

b) Uﬂz - Ugi)z

c) Uﬂz < Ugi)z

d) More information is needed to answer this question.

Stnce C=TC =
VD::Rngo:Re }AA___ZGIO
Va=2rw => dg=220

-.. U(D = Fda =2Fdo

UL, = Fd
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PROBLEM NO. 1 - PART C

Particle A is traveling with a speed of v, in the direction of 6, =30°. Particle A impacts a
stationary Particle B, with the coefficient of restitution given by e=1. Let 6, be the rebound

angle for Particle A, as shown in the figure.

1.C.1: 2 points - Choose the correct response below:

a) 6,=-90°

b) -90°<6,<0

c 6,=0

d) 0<6,<90°
e) 6,=90°

f) Notrelevant since A stops after impact.

£ % ~
o O
A =
At J F, =0 = 74!/4,,;+;;4}é,a= ry{VAnz+o4V5nz (€D
coR. e= Vﬁ’—"_‘/‘l’_'l —& Vani = UAnz — Vanz
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Adlol @3 5@, \/An((l--e/):_z(/mz’——g Usnz =0
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PROBLEM NO. 1 - PART D

; c . smooth

The equation of motion for the system shown above is known to be: mX¥+cx+kx=0. Fora
particular set of parameters, the damping ratio for the system is known to be {=0.2
(underdamped).

1.D.1: 1 point — 1If the value of m is now doubled, with k and ¢ being held constant, then:

a) the value of { will increase. .

—_ — Y A <
b) the value of { will not change. 4 - 2 @ s __‘/__.

c) the value of { will decrease.

1.D.2: 1 point — If, instead, the value of k is now doubled, with m and ¢ being held constant,

then:
a) the value of { will increase.
b) the value of ¢ will not ch g = = L (=
e value of { will not change. = =
2 \ze)m V= (Ve
|c) the value of { will decrease. |
|’ 2
Wn = V5
= — _E__. — _ﬁ—.
2Swa= 3 = 5= =

2. meon 2 Vi=rry
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PROBLEM NO. 1 - PARTE

Coins A and B approach each other with speeds of v and 3v, respectively, as shown above. An
insect rides along on each coin (with no motion relative to the coin) as the coins move. Let the

combined insect+coin mass for A and B be 2m and m, respectively. Let ‘5 A’ and ‘EI’B‘ be the

magnitudes of the acceleration of insects A and B, respectively, during the time of impact of the

two coins.

smooth, horizontal plane

1.E.1: 2 points - Choose the correct answer below regarding the sizes of |d A| and ‘53‘ :

a) |a,|>|ag
b) |a,|=|dg
Q) |a,|<|dg

d) More information is needed in order to answer this question.

A Z-Fn= —F=2magy ﬁ[C?,q.[: =

2 A

B:

A
E R F

=

F=mag =>[as]|= 735
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PROBLEM NO. 1 - PART F

0

\

®p

The position of point P as it moves in its planar motion is described by the coordinates of » and
¢, where O is a fixed point. When P is at a position given by r=3m and ¢ =35°, it is known

that: F=8m/s, §=2rad /s, and i=¢=0.

1.F.1: 2 points - At this position (circle the correct response):

a) The speed of P is increasing.

b) The speed of P is constant.
c) The speed of P is decreasing.

d) More information is needed to answer this question.

V= rntrdls =(8E+6Ep) Z

- 2N A . < ” A
Z == rP)er+(rPp+27d)Eg = (—1ZEr + 322) R

V = l_%/a 86’+c°2¢> [IZCr-f-:Szeq;)
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PROBLEM NO. 1 - PART G

I

LErrA

’y

b

smooth

S

System 1 System 2 System 3

Consider systems 1, 2 and 3 shown above, where the disks in Systems 2 and 3 are homogeneous. Let

®,, O, and @ represent the undamped natural frequencies for Systems 1, 2 and 3, respectively.

nl’> “n
Choose the correct responses below regarding the sizes of these natural frequencies:

1.G.1: 2 points

a) w,>0

2

b) wnl = wnZ

0 0, ,<0,

1 2

d) More information is needed to answer this question.

1.G.2: 2 points

a) w.,>0

b) wnZ = a)n3

) O.,<w
n n

2 3

d) More information is needed to answer this question.

”3J

Rx L""j ¢

<—
c +
TU 'V,
D Fc= —kx = m3< 5 M =—(RDr = TS
L mic + kX< =0 C"(%mr“‘)%f--;-er:o
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PROBLEM NO. 2 (20 points)

Given: At the instant shown a rod B4 with mass m is constrained at B to slide along a semicircular
surface of radius R. BA is connected to slider of M at 4 that is acted on by a horizontal force F. The
slider and pin A4 are constrained to move in the x-direction. Both slider and rod B4 are initially at
rest.

V2L /2

Find: Show that the angular acceleration of rod BA4 at this instant equal zero and determine
the acceleration of the center of mass of the bar (point G) using the following steps.

a) Draw separate free body diagrams (FBDs) of the bar and slider. Indicate the coordinate system
y Yy
you will use for the FBDs.

(b) Write the appropriate kinetic equations needed to find the acceleration of the bar’s center of
mass and the angular acceleration of the bar.

(c) If you have more unknowns than kinetic equations, write down the additional kinematic
equations needed to find the unknowns in (b).

(d) Show that the angular acceleration of rod BA at this instant equal zero (Hint: this is not
because the system is at rest initially), and determine the acceleration of point G in Cartesian
vector form in terms of m, M, g, R, F, and L. Some terms may not be used.

10
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Jg= 0= ’fv/ZZ/¢ — 2 x=0

/)ﬁof// 4;:&’: 7 07/{}" —Z{fz_%
2= =%

Step 9! Soloe

F-tx=Man ) —= fao gl FX
e K = gy

dex=

miA

)"

12



Name (print)  SOCUT04S ME 274: Basic Mechanics Il

PLEASE SCAN ALL PAGES

PROBLEM NO. 3 (20 points)

Given: As shown in the figure below, in a vertical plane, two blocks B and C are connected to a
rigid bar BC with a length of 2r. The bar is connected to a fixed-point 4 with a smooth pin at the
center of the bar. A bullet P is striking block C at a velocity of v, and it sticks to the block after

impact.

The mass of block B is mg = 3m, the mass of block C is m = m, the mass of bullet P is m,, =
m and the mass the bar is mg, = 3m. Initially, the bar and blocks B and C are at rest.

vP —
p P - —_ | C,P
C All surfaces and joints are smooth :
r :
I
mg = 3m |
1
me=m _Aatvm
8 % 1T mp=m —
A mpgc =3m :
r :
y :
1
L. L] '
X —_— 1
1
B B . m 7'
<
Before impact After impact m 3

(1) If all blocks (B and C), the bullet P and the bar BC are treated as a system:

a) Isthe linear momentum in the x direction conserved during impact?

Please circle your answer: YES T A7

b) Is the angular momentum about A conserved during impact?
Please circle your answer: NO

c) Isthe linear momentum in the x direction conserved after impact? Sm
Please circle your answer: YES

d) Is the angular momentum about A conserved after impact?
Please circle your answer: YES

@ Ih#o lsmj
(&) ZMu=0

@ I h#o B

D = +a#o
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PROBLEM NO. 3 (continued)

Part (2) Find the velocity of block B and block C as well as the angular velocity of bar BC
immediately after impact, express your answer in terms of m, r, v, and g.

1 FPD: See o~ Pr—&czzdlg PAGE.

2. Kinedf?&>
wJ 3 ol ~
4 Hag, = m Yesq X VP; =m J)x(\/lp,@)_ —mf\jpk

Hp,z m r;-,,4>< sz +_rmM )’C,qx \/¢z + 5m)’é,4>< \/52+:Z',’4w
N —

@ m)@ r) < 6 L —

3. Kinm@bi;
vpz =VeoS =\ 2
\Ves = ruwJ o
. Solue
Haz= 2(m) (’:j) ><(—-mwu> +(%”DC——£7 V< (r) + Tawk.

:6mr +mr)w11 = mriwe
T—?_A,= Haz = —74/\/;9—- Q%foﬁ m:“é{?/&

a—, ~ v ~
\/5—_.‘ r'WJ.J:-.'——C;E,()

Fourt &),

(7 (%
T2+ V. + U%= %—{— —V:S
4

-

L 2
2= ZmvpL + 2L ¢ B, + F T R
—_ !
2 m(’““’) = m@ou)z-l- “{(Smx"ug)z+i%ﬂ/?)wz

=2 [1+1+ 3] = 3mra®
14

Vo = mar‘-;-m r'+3»:7(—w) = — g,
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PROBLEM NO. 4 (20 points)

Given:

A homogeneous disk of radius » and mass m is connected to the ground at point O. The disk is
in no-slip contact with a block of mass 2m that is connected to a grounded wall through a spring
of stiffness k. The block is further connected to a second spring of stiffness 3k and a massless
base subjected to a prescribed base displacement xgz(t) = b sin Qt. Let x(t) represent the
horizontal motion of the block, where the left spring is unstretched when x = 0. Let 8(t)
represent the angular motion of the disk.

0 2 6
xp(t)
M no slip |—>

3k

smooth
Find:
a) Derive the dynamical equation of motion (EOM) of the system in terms of 6(t).
b) Determine the undamped natural frequency of the system.

¢) Derive the forced response of the system 6,,(t). Show the complete derivation process.

d) If the forcing frequency is Q = /;—:l Under these conditions, would the system be in-phase,

or out-of-phase? Justify your answer.

1DFAD N
ber J/e,—F\‘icoc—ocﬁ)

W

Np

2) EOM
ZMO“ N-fe=to é 1)
DAY *-IZ;I. - 3k cx-xg) - fez2max —> anc +Abx T = 2kag )



Name (print) ME 274: Basic Mechanics Il

2) Kiramakics @
Ve = oL s e f(::Ioé/[L

+= 00 ()
Sob (2) 0 (3) W0 ()
W (OR)+4h(OD)+4 Igé = 3kXp (%)
2

MBL+ Lo & +4k(eN) = thpE ; Toz Ln
QL

MO L + _iw(xé + 4kl = sh xa¥)
%Mé + 426 = dhag ; Tl)= b 3InQe

b) Mzsm K= 4k F-3kb
L

A
: R

sMO +4k® = 3kb sinat
>~ Q R

Wh - *5?1
) Bp=hsinat +bcosat

Stadord. goem; O+ Wio= g%\% SNS2E

~Q* (A since+ Beosat)t 0> (Asin<ee + B cose) - %%S(nﬂ.ﬁ

bodonee. tems: B=0

Characten'stic eqoa}t‘om; (—_O_l + w,‘% ) A - 5_@ hb 17
M



W= 4R
oM
Name (print) ME 274: Basic Mechanics Il

PROBLEM NO. 4 Extra Pages for Work

PLEASE SCAN ALL PAGES

A= 5% — Azl (Tp) j A= kb s
R ; (- sNR Qb
)+ W, ‘(3; L_SE
W%
A=2b - GP: A-Sinse
4R
{- 0
W
=y -
d) ¢ <= \[; > W= -
Q < Wy
P
AZZJ& — A %5@ - A>=O0
L- 22/3m (- ©
$%/5m 24

n ~phase

18



