ME 104: ENGINEERING MECHANICS 11 Spring Semester 2018
Department of Mechanical Engineering

University of California at Berkeley Professor Oliver M. O’Reilly
December 14, 2017

Assignments for Homework No. 7
Due by 1:00pm on Friday March 9, 2018

Class Announcements

(i) The first four problems in this week’s homework involve angular momentum Hp = r x mv
and the angular momentum theorem Hp =r x F.

(ii) The second set of problems are based on impact of a particle(s). To solve these problems,
I recommend that you use the formulae discussed on pages 98-103 of the primer. These
formulae relate the pre- and post-impact velocity vectors:
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These formulae state that the velocities in the tangential directions are unaffected by the
impact, while those in the normal direction are substantially affected. In most impact
problems the first thing to do is to determine expressions for n, t; and t.

Homework Policy

Solutions to the written homeworks should be submitted to tﬁ“’g(\drop—oﬂ box located on the
3rd floor of Etcheverry Hall by 1:00pm. The homework wig\%e picksd up at 1:00pm and late
homeworks will not be graded. You are also expected gaocom e the electronic homework
problems by 1:00pm on the same day that homework i clue. expect to return the corrected
homeworks to you promptly and the solutions will k& pos@&\ on bcourses by 3:00pm on the

days the homework is due. bo° @6\)(\6\
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Here are some key points to takeogﬁo@o%%&ieration when submitting your homework solutions:
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1. While I expect you to gzé‘}k wi.@i‘@other students in the class on the homework, the final
submitted solution %hg’uld e,%'rours alone. If we find violations of this policy, then the
homeworks in qu,gsﬁon will ‘be returned ungraded, and the possibility of not grading the
student(s) homework fge'the remainder of the semester will be considered.

2. Where appropriate, your MATLAB/ MATHEMATICA code should be submitted with your
homework solutions. The code should be commented and contain your name and SID.

3. Points total for each homework problem are given below. Most of the points will be
assigned for the method you use to solve the problem and not merely on getting the
correct numerical answer.

4. No credit will be given for untidy and/or illegible homework solutions.

5. All vectors should be underlined.



Homework 7
8 Questions
(50 + 70 Points)

1. Problem 3/217 (E-problem 10 Points)
This should be a straightforward problem using the definitions of T, Hp and G.
2. Problem 3/231 (E-problem 10 Points)

This is a very interesting problem: Ho of the system is conserved during the collision but G of
the system is not.

3. Problem 3/246 (E-problem 10 Points)

This problem involves relating the rebound height to the coefficient of restitution. A closely
related problem can be found on pages 104-106 of the Primer.

4. Problem 3/248 (E-problem 20 Points)

There are several approaches to this problem. One is to use the definition of e and conservation
of linear momentum during the collision. Equivalently, one can simply apply (1).

5. Problem 3/216 (10 Points)

This should be a straightforward problem using the definition of Hp and the angular momentum
theorem.

6. Problem 3/230 (20 Points) Four Steps Needed Here

QO
You need to use the four steps here. With this you can use F‘\@ ma to find an expression for
the position vector of the particle as a function of time: r(l%& utEQ\a— 39t°E,. The rest of the
problem involves calculating Ho. = 3

In this problem, you should notice that G - E, is con@@?ved gﬁﬁ Hy - E. is not conserved.
o
7. Problem 3/237 (20 Points) Four Steps l\gxa%e@‘}lée Discussion Session Problem

To avoid confusion let’s label r in the figure & Q@q’ @ angle & requested in the solution as .
This is a very interesting problem - tot éé%onserved and Hp - E; is conserved. You
need to prove these two statements (m@%eg,@@for full credit.

In Step I, use the representation r&z tsé zE Because the particle moves on the surface
z = f(r), z is not independent gbr B‘ﬁtaj’g the question that’s being asked you don’t need to
deal with the function f(r), S\Qg\)%u s:g@o'fy treat 7 and z as independent variables. In the initial
position, z is given and v 920'!)0&9 dhn the final position, z = 0 and v = r;erg + ZB,;. The
key to the problem is t%&e the\ﬁ‘orementloned conservations to solve for §; and Z;. Note that
Step 11 in this problem doesn’t yield any information that’s useful for solving the posed question.
You should note however the similarities between this problem and 3/234 and 3/238.

8. Problem 3/260 (20 Points) Discussion Session Problem

A closely related, indeed very closely related problem, is discussed on Pages 106-107 of the
Primer.



In this problem, you first need to determine the vectors n, t;, and t. One choice is

n = cos(30°)E; —sin(30°)E,, t; = cos(60°)E; +sin{60°)E,, t2=E,. (2)

I highly recommend not evaluating the sin and cosine functions in these expressions until the very
end of the problem. You will also find the identities sin(a) cos(3) - sin(3) cos(ar) = sin{a £ 3)
and cos{a) cos(3) F sin(a) sin{3) = cos(a £ ) to be helpful.

Using the equations (1) for v} and v} in terms of v; and v, you will find, in order for v} =
—v1Ey, an equation for é:

cos (6 — 30°) = i’ ; Z cos(60°). (3)
The solutions # to this equation are 82.33° and —22.33°. For full credit, illustrate the two
impact scenarios corresponding to the two angles.
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Homework 7

Prepared by Oliver M. O’Reilly
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N
‘@’b

7
/5@,
Y
%



35500

Peblem 3)216

MmKX78 3™ &dldon
Chven - E = FEy
r = aBx +bEy + CEa
= m
Vallr= Véx
Dekumine He o He
Solulfon ;
He = Cxmy = —~ mbVEz + MVCEx
_lio = _gxf = QF‘E:_% — l";"\,g\‘E_y
é\
22
.s\\@% O
S <
) & IS
‘Nobke: conk debwmia Ho by ﬁw&'—;bé\ Qﬁ(‘(&lch - MbVE® becase yau
&% @ &P
oredt bW dindly uhd Q b, T F =M you oo b Bk
O QQ@QQQQ)
a = -+ __E_ £y 000 \\}@ Q\J\’\’\\
m = RS
& o0
¥ @"b
» Q
oY or
@ @
& &
&




50 SHEETS

22-142 100 SHEETS
22-144 200 SHEEYS

22.141

Prooem 3!2«3q

T

Given: Te) = 0, Vo) = UEx
Dm‘“e.-. E‘D
S'u\d'\ﬂl;
T Winemdics : Ges XE_; 't'agy-r'&g_‘i
2 a= XEx + YEy + &Ez
10 Ffeboda
Q-"B Er
WM F=wmea
mx = O 2> xlt) = Xlke) + 2 (ke) (E-ko)
my =emy Yl =z gl v glkl(b-to) - Lg(t-to)
S
mE =0 =0 am@ 2ike) + alta)lt-bo)
O~‘® \\
I RAndasis: o)
% Yoz0, rw)=p9 ’ V(°l-g7§x \\Aé-
D L) = ubkEx =° ,@s@
eQ Q}\J‘~ N
= iy = QE&OQ'%@\QQY
o @ A
- HD... rxrn$ -t,og@‘tut&r -‘.',8*-' Ey)xlutx"&‘:sy)
\O e’@
%o\s\ o= -mgu.l: Eg + '1“3(: W Ea
‘QQ%Q \%\Q) 1.
3 .‘\&o‘} = _mMgut Eg
N 2

Proolem ZH4




35500

Odwrmine B Wive Gouem Pt oy mhly v il @0
Likan = «|SRow & =0

l-, = :mkel. mdm
§F= SHradl gusiie.
¥
€
Soluftu ;
25 Y= @+ zEx wive % shoulld be considied 0o a flarcks,
. q. €
Vz €+ (8@ + 2Eg
Tz Lmlc+ 8+ 29 S
N
. <
He. E% = h’\f}e §® QJ\\\\\
i \@fo OﬁQ*
> <
W = + Mgz &0 O‘\\Qe
A
o O [e)
Oé\ @0'0,?\0
T S &S
o7 07 @
O %@/ 9
o 06\\§%® ¥ Nae¥dk N, €0 =0
AN
o O o7 -
‘00 O.;%
) @
» Q
O or
6 = —
58 o\g
S
N Fzma doeont glve o cny tdimdi. Bk con be ditecly toed & Solve
problem
W |
Ev% covserood ; To 3ce His E:_m_.\_r = NV =0
,".‘_°'_E_% W caaseoad _l-f_o'g% = “‘P«'E)-Ea = C_E_a X,f)-f




Mo l'm"cua )

ol

1

Fom o

F

m

= R G 30°

= .RSn20° 4+ R+.15R

=0 r =0 Vo = Vo&o

= "-::mv:' + MgRGad0® |

€2 = MfaVo =  mvo ( 1-1S - Sina0)R

S0 . .

= ISR r=o0 Y= <2Ez + ro€e
= mRe = 19D m é‘_.;

= im(2F + (ISR)765)

Q \
fb .
mRVo (1:15 — Sin20) = mgt(+15) &5
& D
O = FNo O VIS-Sm3o
& TRE T (C18)"
@
S &
g
é\, \Q\\ é\O
. Q 1. L
V. + D -, 1-15 - Sin3o
Drapptohe’ s & (msey
NI 1%
N
«o% ‘0%%6
> 3
(.OO\ R %\Qq!ﬂ Vg = O-5S5Smiger
o @
/\‘0‘2’6 \i‘@ ' RE%
o
Zﬁgs - 32148 En (mlsc) > Eo
= Ip
52.87 % \
Vs




50 SHEETS

22-142 100 SHEETS
22-144 200 SHEETS

22-141

Problem 31260

Determine :

Soluﬁan i,

we firsk need = dd'u‘minc iga bc, bi-}

Nexk :

Secondly ;

Vi
V,
8 S Ev
e

Vi z Vi (-Gs30Ex - Sin30Ey) e .
Vi = Va{ Gs®Ex - SmBEy) , Va z Wy
m, = My
E =z 08

O swh bk V= -ViEy

N = Gs30Ex - SinJ0By

E1 =z GSEOEx + SinkOEy
@
Ex O
g €z = Ea
2 dQ‘ ~
S <
& AQ’
Lirecr Moamenke g bak, perticles %o%b\} ﬁ d.tru:kw consoswxd
x@ @\\ \0(\
Vi.k = \h EbQogék 6\‘9. (-Gos* 30 ws 80 ~ Sin 305ink0) = -V, s 3G
\OOQ@QQQ
!lob:. = X& *\\,’\g—L =]
,b@ S 63‘
Vo. by é\ v,é;@ = Vi ( Gs8Csbo - SinOSint0) = V, Cos(60 +8)
o ®+ :
Vi &1 -;@ Vaibr = ©
N\
Pircer mv&m gt System in the n diredin & conserved ,
VD 4 Vi TVn eV = - Vi@l ¥ Vi (Ga(ow30)

5
i3
!
<
13
H

e(Vi.n = ¥a.n)

= e (@0 +Go (2-30)




50 SHEETS

22-142 100 SHEETS
22-144 200 SHEETS

22-141

)
ANPAD

Seluing by Lok 2 eaudions Sor VI-0 cod V2D

Vi.n = Vi ‘. (1+e)in(e-30) — (|+c)Cnbo] Ey 2
siie iz ‘obEa

=

viin = _‘L-.[ (1-€)Co(e-30) - (1+€)Gubo | n

Vi = v.[ -Gs ok + _-_[(He)a.-..(a-ao) - (l-c')Cn60J _r_\]
5

Vi = v,[ C(60+0) & + %_[ (1we) Cn (8-30) -(H'e)Cn“] g]

 Now  ue wab }_J_: = -V,’gy o yfgx =
. -Gs3o b Ex + L1 (1+€)Cn(B-30) - (1-e)ombo] R.Ex =0
2 Gs (6-30) = d-¢  Gséo
| +€
&
Guen € ue o solue bhis coudfon & chbrmina 9.0}\ &
Hee @@= 08, Gsl60)= /a é@% &dq‘
2
$ N
2 Gos (8-30) = z—e- T2
\\
@ -
D e-20 = (@y@@n@ 30-8= Gs ()
- e?' o - 22.23
P 8 = 85@\3%@& 22:3

ll
T+ Rs Qule-30) = 3-€ a1 (eeto]) 3-e
242 Z242¢€
wecowlfid O fr oy @ bevieen Ood 1., |27 7 )
For wngbors {5 te wnpm\.' wele pun% plectic (e =0) thea o (= ]
the problem (souldin't howe . Soln,






