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Applying LIM to Impacts

& - . .
. - - ~ mv - linear momentum of the particle
LIM equation  muvs = mv +/ R dt 2> P _ _
1 fl Rdt - impulse from the net force acting on the particle

Impacts occur over a very short time interval

The impact force between particles is referred to as the impulsive force — large magnitude, short duration

We neglect the contributions of non-impulsive forces (for example, due to weight or springs during our
impact interval At)

Impulse on Baseball

Force (kN)

Time (ms)

https://www.ck12.org/physics/impulse-1501903747.79/lesson/Impulse-Physics-Intermediate/



Central impact of two particles

line of impact, “n”

Va1

plane of contact, “t”

(a) central impact (b) coordinate axes

Objective: relate the velocities of particles A and B immediately before (V,4, Ug,) and immediately after (¥V,5, Ug,) impact

Definitions:

Plane of contact: The plane tangent to the surfaces of A and B

Line of impact: The line perpendicular to the plane of contact for Aand B

Central impact: an impact in which the line of impact passes through the center of mass of each body

Note: in these problems you will be using the n — t coordinate axis



system A

Tangent direction:
ZFt =0
MyVptz = MaVse1r = Va2 = Vaer

Normal direction:
ZFTL = FAB * 0

Systems within a contact problem

system B

Tangent direction:
ZFt =0
MpVUgty = MpVgt1 = Vpt2 = U1

Normal direction:
ZFTL = _FAB#: 0

system AB

Tangent direction:
ZFt =0
My Vgt + MUty = MyVy1 + MpUpt

Normal direction:
ZFn =0
MyVpn2 + MpVUpny = MyVgpg + MpUppq

Coefficient of restitution (COR):
Upn2 — Van2

e =—
UBn1 — Vani



Central impact problems - Discussion

Va2
(1)  vap =vau . X
Va2

B
(2)  vBi2 =vBn e
‘ . s . \ . A
(3)  MmAvAR2 + MBUBR2 = MAVAR1 + MBVUBA1 L N
) o — 7 ¢ n
(4) B e UBn2 UAn2 / Vs
UBn1 — VAnl Vay

* Equations 1-4 can be used in cases where the impact force is the only impulse force between A and B
* The COR equation is only valid in the normal direction.
* Mechanical energy in system AB is not conserved during impact - you should never use work-energy in impact analysis

What is the coefficient of restitution?

The COR is a measure of the elasticity of a collision

« COR =1 - perfectly elastic collision - energy is conserved (non-physical)
« COR = 0 - perfectly inelastic collision - particles stick together

B UBn2 — UVAn2
UBnl1 — VAnl

e —




Demo: Calculating the coefficient of restitution (COR) of two balls

We drop a tennis and ping-pong ball from the same height and measure their max height after bouncing. How do we
determine the COR?

Weight tennis ball: - 0.125 Ibf

Weight ping-pong ball: - 0.006 Ibf

Drop height, h; = 3’
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Example 4.C.10

Given: Blocks A and B (having masses of m4 and mp, respectively) are initially moving to the
right and left, respectively, on a smooth horizontal surface with speeds of v41 and vp1, respectively.
At some instant in time, A strikes B. The coefficient of restitution of this impact is e¢. As a result
of the impact, block B becomes stationary.

Find: Determine the initial speed vr1 of block B.

Use the following parameters in your analysis: ma = 2 kg, mp = 3 kg, va1 = 1.5 m/s and ¢ = 0.4.

Val VBI
% %

A B

smooth

Y




Example 4.C.12

Given: Cue ball A strikes a stationary object ball B, with a speed v 41 as shown in the figure below.
The coefficient of restitution for this impact is e. After impact, A moves along a line defined by
the angle 6o, and B moves directly to the side pocket.

Find: Determine the numerical value of the rebound angle 5 of A, assuming the masses of A and
B are the same.

Use the following parameters in your analysis: #1 = 45° and ¢ = 0.9. \h

VB2
B VA2
P L 92
A ﬁ
VAI ‘\__’I
91



Example 4.C.13
Given: A “Newton’s Cradle” is made up of N identical pendulums. The particle for pendulum 1
has a horizontal velocity of vg when it strikes the particle for pendulum 2 (all pendulums except 1

are at rest prior to this impact). The coefficient of restitution for the impacts of all particles is e.
Find: Determine:

(a) The speed of particle N immediately after the final impact; and

(b) The maximum height & reached by partice N. 7P
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Consider a particle P of mass m constrained to rotate about a fixed point O with a velocity of v.

~ -
—_————

Remember from LIM:
2

N 1
If R = 0, mv, = mv; — Linear momentum is conserved

In this scenario, the speed v of the particle is constant but the direction
is changing.
— a net force R must be acting on the partic_Le. t__f e
— Linear momentum is not conserved. My, 2 mv,
— LIM does not simplify the problem.

naLd o— Yot X on g\)e,c,.‘ﬁ(, (‘,uv\odﬂ)si&
maod |

Remember from ME 270 that changes in rotational motion are caused by moments (the
effect of a force about a point). have , \] z constent  — _Z—N\ =0

— How do we adapt this knowledge to find a rotational analog of the LIM equation?



Deriving the Angular Impulse Momentum Equation

Starting with Newton’s 29 Law:

2 TF= wo - n vV dP/r)
D P OU_

The moment of the force R about point O is found as:

—_ RN =
() P/D
Substitutingin  Newton’s 2" Law:
—
Ma = VA X ( m — d,v
P/0 ot
Recall the time derivative of the cross product of two vectors is:
w(a xB) = —Xb +"3*’°9'-L=} a,xdb (@xb)— —xb
S_l{bstltutlng into our moment equation:
= d
Mo aT ?/ xwy 1 ol / X VV\-\7 Hs
(& = -
_ T Y _ = — d\ -
=3 L‘(‘P/ XM\/j /ﬁ &T['}m )(M\Jj = Zt_"!_o
'.,

Integrating with respect to time:
1M L - RN
S o - jdHo = H’bz.' i
\
~—~

Amsu\o»r- \MP\LLIL M DWMSATY M

(fixed point)

path

- ﬁois the angular momentum about
point O,_{-Ilz Tp/o X MUp.

7—> Note ﬁo is a vector. For 2D rotation, it
will always be pointed in or out of the
page (k).

— AIM is the rotational equivalent of LIM.
— AIM relates the time integral of the

moment to the change in angular
momentum of a particle rotation about a

point.

Key Takeaways

LIM. Yelehes Ay = At Fen

ATM:

R ledey AR 4+ At MY



Calculating the Angular Momentum of a Particle

For our particle P rotating about the fixed point O, angular momentum
is calculated as H, = Tpjo X MUp. <— ) fo,m ol

Coord . o&«scripha«\s
To calculate in the cartesian description:

HO = Fp/o X m‘l})p

¢ \
M [y (N, T N, §Y ]

A
= M(XPVM = YpVou D K

To calculate in the polar description:
HO == FP/O X mﬁp

=m ey (v, »vee )]

. s
= wvto k

HO &LW&Aa,D NN
foc 2N

A
'd

Note: the polar description is
frequently the most useful form for
angular momentum.



CHALLENGE QUESTION: The radial component of velocity, vp,, for a particle P cannot
make a contribution to the angular momentum of the particle about point O. Why is that?

Key Takeaways

— Angular momentum only gives info about the
rotational component r8 of velocity v = 1é, +
T'eég.

— if the total velocity is needed, you will need to
also use WE to find 7.




Central Force Problems and Conservation of Angular Momentum

2

A “central force” problem is a special case where our resultant force R is

0 aligned with our &, direction — R point directly towards/away from the
fixed point O.

The moment of this central force will always be zero!
< > —

= k A =
Mos rP/OX R e Rer ©
0 / ' From our angular impulse-momentum equation:
. a /Qﬁ_jorﬁ= /Qlfgo=gogﬁ01
This means the angular momentum of the particle is constant!
1 - T\-:
\. < - -—
S | M OOk’ 0 HOL 0\
Key Takeaways — -
7 7 &Al' H 0o = 4\-{\ Y
— In central force problems Hp, = Hpq L

— Angular momentum is conserved!




Olympic gold medalist Alyssa Liu enters a spin rotating slowly. As the spin progresses her rate of rotation

increases. How does Alyssa speed up during her spin?

(A5
rLl >rpz N Pﬂ > ‘(;L = W.\ W,

By using conservation of angular momentum!

(and years of flexibility and balance training...but mostly
angular momentum.)

Ho = 7pjo X mv

In polar form:

—

—
H, - (FB)v
When angular momentum is conserved:
Hoz = Ho1

m(® Y = m(r: )

6,65
(‘L

Key Takeaways

— Angular velocity @ must decrease (or increase)
as the radial distance r increases (or decreases)
when angular momentum is conserved.

fw]  v{w!



Example 4.D.1

Given: Particle P (weighing 2 1b) is able to slide on a smooth, lightweight horizontal arm that is
rotating about a vertical axis. Initially. P is stationary relative to the arm when the arm is rotating
at a rate of wy = 20 rad/s and P is R = 3 in from the rotation axis of the arm.

Find: Determine the angular speed of the arm when the P has moved outward to a position of
R = 24 in from the axis of the shaft.

s .
-
/ p
Z—"‘)\o’:r D }7 R —=
T .l_j HORIZONAL PLANE
(1) -H,), O
- - A A \M . A
Hop = ixmv = e X 5 ‘(\\Q('\r\w\@e\
= N 9 N
y TAK ~ e e,
— LN - _ N N é\ = ] (Z
HO‘L - r,LXV"\\J,L = ‘(\ZQ\( % ’3’ (rLC(Av\le é>/ lk)z T\,, '
v
= % (Z L’DL_L :zé,;'tllo = 031"00‘/5



Example 4.D.3

Given: Disk P having a mass of 0.2 kg is able to slide on a smooth, horizontal surface. A rubber
band (having a stiffness of &k = 10 N/m and unstretched length of 0.6 m) attaches B to a fixed peg

at O. Disk P is set into motion with a speed of vp; = 15 m/s in the direction shown with R = 0.4
m.

Find: Determine the polar coordinates of the velocity of P when P is a distance 1.5 m from O.

FBD

L%

LinafTCS |

—

S0 = B, - H,

4 ' e
F{) = )f)’V‘A‘\-/i = rléV X VV\(\/FlCOg@er-vplg"ﬂ@ 9)
7] - |

A
= VV|\(“ \)P‘&W\Q“-
_— A A

::—? >cvv\</_\ o x\M(\IC *\/Q>
Hop 2 1 = Vae v 60

A

MY, Vo K

- Y,
OA/‘SU‘\W COMFOW.‘ W\‘(\’szme = My, Vg — \/LD _ffz— \/F"g,ng



To Cund rockiad COMW-\ \ WE |

— - N -
Ve Vo WD =TV,
(
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Solve Lo Var
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e A
Overview: Angular Impulse Momentyp ?"‘”/\‘j/\ //z)//tu/r\

. 2 = — — — N - — N N — o N A
AIM equation: fl My, = Hpy, — Hpq, My =7p/0 xﬂ, Ho =7pjo X mvp or Hy = m(rze)k

* The AIM equation is the rotational analog to the LIM equation. It relates a change in angular velocity to a moment
applied over time.

* Angular momentum, ﬁo is a vector. For 2D motion, it will always be pointed in or out of the page@.

* The AIM equation ives info about the rotational component 6 of velocity ¥ = 78, + r8é,. If you also need the
radial component, use WE.

* In central force problems, R points directly towards/away from 0. The net
moment in these problems = 0.

* When )M, = 0, angular momentum is conserved! = Hp, = Hpq

« Angular velocity @ must decrease (or increase) as the radial distance r
increases (or decreases) when angular momentum is conserved.
rTtwolor ri,wl)

(fixed point)



AIM for a system of multiple particles

Note: these equations will be useful in our next chapter on angular momentum g
of rlgld bodies. di Screde Suum VS - ,V]'Leﬁj(\u}\“ (arbitrary point)

ith particle

For a system of particles, we sum the contribution of the angular momentum of
each point. (fixed point)

path

Here we use an arbitrary reference point A (can be a moving point) to make
these equations more general - later we will see how our selection of this point

can simplify our solution process.
r A r m .\V\ C—M
— e O U g\]d-uN\

L)
IS oty §—
Hms\cur\m)

Wy

svstem of N particles

vcart



AIM for a system of multiple particles

If we have a system of N particles, looking at the particle i
Kinematics:

"F 0 S c)'(“‘3\V\

Newton’s 2N |aw: S
= — —= _ oy
Ri = ZF, =M & = Mig

The moment of }_?)i about our reference point A:

Tijo = Tajo T Tija » Vi =Va t Vj/a

—_— _.l —
1> Cax Q/A

—

- = > 0_9’_;
M/\L = Tip Ki = Cn’ M2

20

._'s.
A

N o /= .= ) dy
R0, - i)

. N AV sa m
:Cr\u‘l M 0L aU ( MLV.'/A> "'0(/' . ¥ (ML i/A

R R BN
:<‘Q/A”Mcai) 5 (T M V)

NV =
) Hi/A )

v, . 8 db o db
Remember from last lecture: 7 (ix5) = xb+ax 5 = ax

d dt Ez_

A4
(arbitrary point)

( [a" aivt/*)]

( fixed point)

path

svstem of N particles

ith particle



AIM for a system of multiple particles

Now looking at the total for all N particles (i.e.fori =1,2,3,...N) g
Remember the definition of the center of mass for multiple particles: {atbieary: poind)

N N
-)l‘vf—lEmF m—Em
¢ = i, = i
m
i=1 ¥ =

We sum the angular momentum equation of all particles:

RN — - - Jpu el
MAL‘:(rSMx'i\"‘”"A\‘%(ﬁMx‘Mgv.'./A e for 1 pehc

ith particle

(fixed point) path

)
=4 LY PW)

/AN ¥og o2 ~
% ﬁ L %G"RV.'/A X Gy '*?_ an (r¢,A’“MaV-V/A\
T L=
¥ - W d N N
C T ki * 2 A (M)
tored L=l
)

svstem of N particles



Example 4.D.5

Given: Particles A and B (each having a mass of M) are attached to rigid bar OA (this bar has
negligible mass). Bar OA is pinned to ground at end O. This system is at rest when A is struck by
a bullet P (having a mass of m) with the bullet traveling in the direction shown with a speed of
vp1. Immediately upon impact, the bullet becomes embedded in particle A.

Find: Determine the angular velocity of bar OA immediately after the collision is completed.

reumbs  For A'L\"\ Wk WQM oD bbb 22 7)0§s:bUL
O\{ L—-)ok

Z_MD: O - Cu/\oj Mo. (Cors,

—_

’ l% Ho' - Hoz
‘_L .
00 N\ Ho, —> a9 Mo, ab polle b—%"“’— »W'?“U"
-\ N
(M*“‘%) = X mr Vr! R
= éL\lil X m&.\/,n%i‘(\o L +\/P' QOS@Z)\ 3 - wh L\/P'“Y\e o
—\
ot
Ho = C,l ™o 0’6 pullet | A+ B offer 1wp>
-_> A
2 AT S Al TS

VN A
Ew, L
x(w\-lM)(L_wlt.)"L-i/S X M T

= (Y“\‘M) L-zl‘-)LTL ML- wLTL
M

\/Pv“'(\@;a (V“\ M)LI«) )

)

n

W, Kk

>

=
4

36.87°

o solve For Wy,

~>



Example 4.D.6

Given: Particles A and B, of masses 4m and 2m, respectively, are attached to the ends a stationary
rigid rod of negligible mass. The rod is pinned to ground at O. A third particle C, of mass m,
strikes particle B with a speed of v1. On impact, C sticks to B. The system lies in the horizontal

plane,

Find: Determine the angular speed of the bar immediately after the impact occurs. j
° L, Ox 3 L
(47
s N —_
ZM=0 — H,,H, ., 2L,

T_\" = ‘.)st pollet+ vMoV'-V\j
o! . N

r’\o/ :Z?UKM;V;' - LZ ) M(-V\)\ :-MV'LL

: ’-}m(—ZLU,_j)

A LT x 3w\(l-w¢)) * (’U’Qx

Hol

AN
% o X™MiViz ~

= L_m AL + ) o, L 2‘
Amwy &

z Y
—mV, L = [mw, b — Wyt ——

)19

L

N
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HW 25 (the one released Friday before Spring Break) DUE
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* Review sessions:

* PiTau Sigma: Tuesday, March 31, 6:30-7:30 PM, WTHR 104
* Wednesday, April 1, 7:00 PM over Zoom

* Recordings of both sessions will be posted
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Kinetics: Four-Step Problem Solving Method

1) FBD
* Draw appropriate FBD (note- you may have to draw more than 1)
* Choose coordinate system (cartesian, path, polar)
2) Kinetics
* Choose appropriate method to solve the problem - practice determining when to use each!
 Newton/Euler
 Work/Energy
* Linear impulse/Momentum
* Angular impulse/Momentum
3) Kinematics
* Perform a kinematic analysis of the system using techniques we have developed in the previous chapters.
* Use your kinetics equations from step 2 to determine what additional information you need to solve the
problem
4) Solve
* Count the number of equations and unknowns. Do they match?
* If not:
* Draw more FBDs
* Do additional kinematic analysis



Newton’s 2"d Law Work-Energy

When to use: relating forces to accelerations When to use: relating change in speed to a change in position
Fundamental equations: Fundamental equations:
YF =ma T+ Vi +UNS, =T, + V,

Kinetic energy: T = %mv2
Potential energy: gravity - V = mgh
spring -V = %k(AL)2

Remember:
Break into scalar equations by component!

2 . NC 2,2 A
v : y : Non- conservative work: U, = [(R - é,)ds
d=¥l+y]=vé +—é,= (¥ —1r02)é, + (ro + 219)é 1
Y it ( Jer +( )2 Remember:
« If UNS, = 0, mechanical energy is conserved!
* Only force components tangential to the path contribute to U{V_fz
Linear Impulse Momentum Angular Impulse Momentum
When to use: relating change in velocity to a change in time When to use: relating change in angular velocity to a change in time
Fundamental equations: Fundamental equations:
tz tZ
j Rdt = mﬁz - mﬁl ZMO dt = HOZ — H01
t1 t1
Remember: Angular momentum: Hy = mtp o X Up
. Ifft";2 R dt = 0, linear momentum is conserved! Remember:

* In multiparticle problems, make the system as large as possible . Iffttl2 Zﬁo dt = 0, linear momentum is conserved! (central force

so internal forces cancel. problems)



“Rapid fire” questions from Chapter 4 — Kinetics of Particles
ME 274 - Spring 2025
cmk

Attached is a set of problems from past exams in this course that are related to the material
on particle kinetics found in Chapter 4. | would like for us to use these problems to sharpen
our skills ontwo issues: 1) deciding which method(s) to use in solving the problem (Newton’s
2" law, the work/energy equation, the linear impulse momentum equations and/or the
angular impulse momentum equations), and 2) drawing the appropriate free body
diagram(s) for solving the problems. | am calling these “rapid fire” questions in that these are
two issues that you with which you need to be extremely comfortable, and that you can
handle in a relatively short time at the beginning of the problem solution. Also attached here
is page 352 of the course lecture book which can be helpful in guiding you on your choice of
method(s) to use in solving.

With this, | challenge you to do these two steps on the following problems. You may continue
on with the solution beyond these two steps of course; however, focus on developing skills
in answering these two steps first before solving.



Kinetics Table

Method Body model Fundamental equations
particle N F=mi
Newton-Euler
(relating forces to B
accelerations) rigid body 2 F =mag
(G=cm.and A=
int on bod!
any point on body) ZMA—IAa+er/A><aA
T1+V1+Uffg:T2+V2
Work-energy particle where T = 1 mv?
(relating change in
speed to change in ( )
osition .. ne) _
position) rigid body L+V+U =T, +V,
(G=cm.and A= 1 5, 1 9
any point on body) where T = Eva +51Aw + m\7A-((T)>< FG/A)
)
Linear particle |3 Fdt = mv, - my,
impulse- 4
momentum
(relating change in 6
velocity to change riaid bod - - -
in time) (Gg= c.m.) y szdt =MVgy —MVg)
ul
)
Anaul particle szo di=Hg,,—Hp,
Angular (O = fixed point) 4 -
impulse- where H, =mrp XV,
momentum 5

(relating change in
angular velocity to
change in time)

rigid body
(A = fixed point or
c.m.)




ME 274 — Summer 2009 Name
Examination No. 2
PROBLEM NO. 1

Given: Pellet P having a mass of m is pulled through a barrel (having negligible mass)
by means of radial force F = 60R , where F is in Newtons and R is in meters.
The barrel is constrained to move in a HORIZONTAL plane by rotating about

shaft passing through point O. The system is released with R = R, R= R, and
9 = 91 .
Find:  For the instant when R=R,:

a) determine the rotation rate of the barrel, 6, .

b) determine the value of R, .

Use the following parameters in your analysis: m=20kg, R;=1.5 meters,

R =4 m/sec, 6, =8 rad/sec(CCW) and R, = 3 meters .
A
o &,

using our 4 step problem solving method:

Step 1. FBD & coord sys

From our kinematics section, we should be able
to see that the radial positioning of the particle
along the slot & the angle theta indicate POLAR
cords

smooth

We will make our system
the combined slot & particle

8D

¥ HORIZONTAL PLANE

From this FBD, we can see that
O this is a Central Force problem
with no net moment.

A
O+ T M- O




Step 2: Kinetics
To decide what solution method(s) we should use, lets look at the
information we are given as well as what we're asked to solve for
in part (a) we are asked to find a change in angular velocity. Also, from
our FBD, we know this is a central force problem. This is an indication
that we should use AIM.
(Note: AIM generally is used to find a change in angular momentum over
a change in time; however, if our net moment = 0, we can use AIM

without an explicitly given time frame)

Remember that AIM only gives the velocity in the transverse &
direction, so we know We will have to use Work-Energy to solve for
Rin part (b).

et o

T . <
ATM’ ZN -0 — Ho; Hoy

ol e (RE~RBESD = m (R ED (R R,6.8,)

M E*zzezk = N R\ 6, L

> é‘L ) C%DLG \




part b

In part b we apply WE
' " N  _ _ 7 ‘N olewr
T -+ \ u 1> - T’P + . \/ [)

T,sig_wxv,?’—\‘/ (& *(E\\e))

e XF dR. = S{; LoRdR = 0 (R - R

AN S em(RE A (R26.)) Y
o™
| it
Lm(r (ROY) ~39(RY-R,) = hm(”, - (2,6,))

Solve for IZL\



ME 274 — Summer 2009 Name

Examination No. 2
PROBLEM NO. 3

Given: Blocks A and B are connected by the cable-pulley shown. The system is
released from rest. Consider all surfaces to be smooth and that the masses of
the pulleys are small compared to the masses of A and B.

Find:  Upon release,
a) determine the acceleration of block B. Write your answer as a vector.
b) determine the tension in the cable.

Use the following parameters in your analysis: m =5kg, M =20kg and 6 = 36.87°.

For pully problems like this be careful

)\

_

In defining your axis. You want
your axis to be continuous along l

The length of the cable, so it should
' N
"bend" around the pulley W

o
N T
So if for block A, your X ? R\N\\\\K\\K\\“\\\

R

7

@
i

7
oy
_

.,

X

%
_

-

;j/

%

o "
)

NR‘R\R

Z
Z

A

7%
S
i

Z
Z
Z
Z

W%W
.
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ME 274 — Summer 2009 Name
Examination No. 2
PROBLEM NO. 4

Given: Block B, having a mass of m, is pressed against a spring (of stiffness k) that is
attached to cart A. Cart A (having a mass of M) rests on a horizontal surface.
The system is released from rest with the spring compressed by an amount of
A. After release, block B impacts A, with this impact having a coefficient of
restitution of e. Assume all surfaces to be smooth. (Note that since B is simply
pressed against the spring, the spring can push but not pull on B.)

Find:  For this problem,
a) determine the velocities of A and B immediately BEFORE impact.
b) determine the velocities of A and B immediately AFTER impact

Write your answers as vectors.

Use the following parameters in your analysis: m =20kg, M =40kg, k=3000 N /m ,
A=0.2meters and e=0.5.
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ME 274 — Summer 2009 Name
Final Examination
PROBLEM NO. 1

Given: A small object of mass m is placed on the inner surface of a conical dish that is
rotating at a constant rate of ®. The coefficients of static and kinetic friction
between the object and the dish are known to be u, and y; , respectively.

Find: Determine the maximum rotation rate ® for which the object does not slip on the g
dish. ™ p |0S i F oo INUewss  rofzoson YU |por WO
| oVt MW dSI'L.
Use the following parameters in );tur analysis: m =5kg, r =092 meters, u, =04,
U, =0.1 and 6=36.87°.
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ME 274 — Summer 2009 Name
Final Examination
PROBLEM NO. 3

Given: Particle B, having a mass of m, is pressed against a spring (of stiffness k) that
is attached to cart A. Cart A (having a mass of M) rests on a horizontal surface.
The system is released from rest when B is at Position 1 with the spring
compressed by an amount of A. After release, B travels within a slot cut into
cart A, with the slot having straight horizontal and circular sections (the
circular section has a radius of r and center at O). A position 2, B has reached
the upper horizontal slot but has not yet impacted the cart at the right end of
this slot.

Find:  Determine the velocities of A and B when B is at Position 2. Write your
answers as vectors.

Note that since B is simply pressed against the spring, the spring can push but not pull on
B. Assume all surfaces to be smooth.

Use the following parameters in your analysis: m =30kg, M =60kg, k=3000 N/ m,
A =0.5meters and r =0.2 meters .
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PLEASE START YOUR WORK ON THE NEXT PAGE.
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ME 274 — Summer 2010 Name
Examination No. 2
PROBLEM NO. 4d (4 points max)

Given: Particle A (of mass m) is traveling with a speed of v, in the direction shown

below when it strikes a stationary particle B (of mass 2m). The coefficient of
restitution for the impact of A with B is known to be e = 0.5.

Find:  If 6, = 25°, what is the direction of travel of particle A AFTER impacting B?

Provide a mathematical justification for your answer.
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ME 274 — Summer 2011 Name
Examination No. 2
PROBLEM NO. 2

Given: Particle A (of mass m) slides upon a smooth HORIZONTAL surface. A
flexible, inextensible cord is connected to A at one end and has a constant force
F acting to the left on the other end. Initially, when A is at a radial distance of
R = R, from O, the cord is in contact with a small, smooth peg at O. At this
instant, A is moving perpendicular of line OA with a speed of v, , as shown in
the figure.

Find:  When A is at a radial distance of R = R, from O, determine the speeds of ends
A and B of the cord. Use the following parameter values in your work:
m = 10kg, Rl = 2 meters, R, = 3 meters, |1"| = 280 N and

v, =15m/ sec
Al n/sec.

Please clearly indicate the four steps in a neat and orderly presentation of your work.
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ME 274 — Summer 2011 Name
Examination No. 2
PROBLEM NO. 3

Given: Particle A (of mass 2m) is attached to a rigid bar of negligible mass. Particle A
is also connected to a cable that is wrapped around two pulleys and connected
to particle B on its other end. The system is released from rest with OA being
horizontal and with section AC of the cable being vertical. Assume that the
radii of the pulleys to negligible.

Find:  Determine the angular velocity of the bar at Position 2 where it has rotated 90°
CW to a vertical orientation. (At Position 2, section AC of the cable is
horizontal.) Use the following parameter values in your work: m = 10kg and

L = 4meters.

Please clearly indicate the four steps in a neat and orderly presentation of your work.
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PLEASE START YOUR ANALYSIS ON THE NEXT PAGE.
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ME 274 — Summer 2012 Name
Examination No. 2
PROBLEM NO. 3

Given: A box having a mass of M is constrained to move along a smooth, horizontal
surface. Block A (having a mass of m) is able to slide along smooth, horizontal
surface inside the box, as shown in the figure below. Block A is pressed
against a spring having a stiffness of k. Initially, the system is at rest and the

spring is compressed by an amount A, . The coefficient of restitution between
A and the box atend B is e.

Find:  After the spring is released:

a) Determine the speed of the box and the speed of block A immediately
BEFORE A impacts the box at B. Write your answers as vectors.

b) Determine the speed of the box and the speed of block A immediately
AFTER A impacts the box at B. Write your answers as vectors.

Use the following: m=3kg, M =5kg, k=12,000N /m, e=0.5 ;A =03m and
L=2m.

Please clearly indicate the four steps in a neat and orderly presentation of your work.
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ME 274 — Summer 2015 Name

Examination No. 2
PROBLEM NO. 2 - 20 points

Given: Blocks A and B (having masses of m and 2m, respectively) are connected by
rigid bar AB, with bar AB having negligible mass. Block A is constrained to
move along a smooth, vertical wall, whereas block B moves along a s_r&(lth
horizontal surface. The system is released from rest with 6 =53.13°.

Find:  Determine the speeds of blocks A and B at the position where 6 =0 .

Use the following parameter values: L=2mand m=10kg .
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