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

Universily of Califernia at Berkeley Professor Oliver M. O’Reilly
January 20, 2018

Problem Assignments for Homework No. 1
Due by 1:00pm on Friday January 26 2018

Homework Policy

Solutions to the written homeworks should be submitted to the drop-off box located on the
1st floor of Etcheverry Hall by 1:00pm. The homework will be picked up by 1:00pm and late
homeworks will not be graded. You are also expected to complete the electronic homework
problems by 1:0pm on the same day that homework is due. We expect to return the corrected
homeworks to you promptly and the solutions will be posted on bcourses by 3:00pm on the
days the homework is due.

The E-problems can be accessed from your account at
P
%, .
Xy WileyPlus
4,

(Y

Z; %

Here are some key p@&ts to tﬁg}.into consideration when submitting your homework solutions:
‘d (o)

1. While I expect you%@ work/)v?iéh other students in the class on the homework, the final
submitted solution shé¥d be éy@rs alone. If we find violations of this policy, then the
homeworks in question (%b agt d ungraded, and the possibility of not grading the
student(s) homework for thé‘%nﬁg éb of the semester will be considered.

2. Where appropriate, your MATYA,,B‘ TREMATICA code should be submitted with your

homework solutions. The code shcf C ented and contain your name and SID.

3. Points total for each homework proble@)@r/e@’}rgﬁybelow. Most of the points will be assigned
for the method you use to solve the probl@t}%qr@w erely on getting the correct numerical
answer. {S‘@/ S &

4. No credit will be given for untidy and/or illeg%)%(ﬁome ark solutions.

5. All vectors should be underlined. 7 O,. 00/

Class Announcements . %
Of S,

The discussion sessions will start during the second week of the ’%mester.oAny changes in times
for these sessions, and additional sessions, will be announced on t@MElOtl website:

https://bcourses.berkeley.edu/



Homework 1
8 Questions
{40 + 100 Points)

1. Problem 2/9 ({0 problcm 10 Pounds)

For this problem. choose the origin so that v rE,. You are given v(0), v{(0), r(T), v(T) and
asked to calculate a.

2. Problem 2/14 (I problom 10 Points)

For this problem, choose the axes and origin so that v yE, with E,, pointing upwards. Note

that you are given r(0), v(0) and a and asked to solve [or the maximum height veached and
time of flight.

3. Problem 2/31 (1IJ problcm 10 Poinls)

This is a problem of interest to those designing the hyperloop. Note that the limiting acceleration
is not very large. If you have time, you might find it interesting to look at the related problem

2/56. %
‘Q
4. Problem 2/3é (1 ;ﬁ?&)&’r m 10 Points)
7 0.
For this problem, yg’ou'o giw,{j?tho path, the initial velocity, and the acceleration as a function
of velocity, Note the sl(fﬁ arity (%J\lih‘ problem to 2/49.
5. Problem 2/36 (10 ﬁ@_’._ts) D?!(@lb‘.‘iiﬂll Session Problem
2, . _ .
Here, you are told that v{0) =/'E5{;E::QO ohZtan pick the origin so that v{t) = rE, with r = 0 at
the instant of impact. ‘9@0 {‘9@ O%.
. T |
Note that the acceleration is a iunc*tu?ﬁg)l @g [@éw
% Ay
Q Qe
2, 0 Q
(7o) g
@/‘(,. @ OO
it is casy (o integrate and find v(r). The answcéggho 1 be within easy reach.
y lo integ ( sflony ey b

» using the identity

(1)

If you want to get more out of this problem, l'ormoft)mnl.rix“—%@;-tor cquation Ab = ¢ [rom the
two equations that help you to solve Ay and ks, by ill\?’fg?/lg tlu@@;}t rix yon can then solve for
the unknown b == [ky, k2)". You should look at the relatet /igubloméé’/[ljﬁ) and 2/40.

. . . . &
6. Problem 2/88 (MATLAB Requived) (30 Points) Discus 5055@0131’01)10111
To get any credit for the solution you submit to this problem yo@@ould use the 1 steps and
complete the Matlab assignment. No partial credit will be given.

On your way to the answer, you will find that

r(f) = vycos(30°)tE, + (v(. sin (30%) ¢ ‘gf"') E,. (2)

Letting the times of flight be T, you will find that there are two cases to consider. For both of
these cases, you will find that the range R = (T) is

[

R - cot {30°%) (h. + %T') (meters), (3)
where it = 0.1 meters and g = 9.81 meters per second per second. The answer to the problem
is

6.15 < vy <6.68 (meters per secomd). (1)

w2



You shouldl notice that the time of Hight T increases as vy icreases.

Vatlah: Show that the solution (1) is correet by providing graphs of
o{8), y(0) and y(r), for £ € [0,T].

For these graphs, you should pick 5 representative values for vy, For three of these values the
ball should reach the box and for the remaining values of #y the ball should fail to reach the
hox. Your three graphs (r(f), 4{1) and y{r)) should all be printed on the same page, the axes
must be labeled, the location of the hox explicitly shown, and the values of vy and T noted.

To get more oul of this problem, notice the similarities to 2/84, 2/87, 2/90. and 2/93, among
many others in this chapter of the textbook.

7. Problem 2/95 (MATLAB Needed) (30 Points)

To get any credit for the solution you submit to this problem you should use the 1 steps and
complete the Matlab assipnment. No partial credit will be given.

it’s convenient to cho@ye E, to point up the incline. With this choice, on your way to the
answer, you will find tll@dci)il'oroutinl equalions

4, & = . .
7% o, == —-gsin(aq), i -geos(a). (5)
% %

You can now solve fofade runf{((;) as a function of # given v{0) - be careful with the angle
# - . For a given value Mgy you ‘ﬁgi need to compute the value of ¢ which maximizes . We
denote the resulting value g and T® maximum value of R by #* and R*, respectively. Your
expression for 7* should be Styrisipgl @implo (and not have any singularities when o = 3},
and as a check on your answer [0Sy t"ﬁn\énaximnm range occurs when 0 = 45°.

. \ @ QYo . . . ‘
Matlab: For a range of values of « 1@«\5@0 Loud 907 provide a plot of the maximumn range
R*. You will find it convenient to plot l/f@( iﬁ@)ﬁb&lloss quantity. %r’l You should verily that
the solution is continuous at o - 5. For fu -‘0@/ > an intorprom't ion of the resulting plot:
in particular give an inl:m'prvl'aliuﬁ of your rvt(‘vﬁ)s - 1(‘{?% £ and plot r(t} for various values
of «. {9@/. Go('/ %
(0) 6}(',

8. Problem 2/96 (MArTLAB Required) (20 Poml..s? Or e
0)
To get any credit Tor the solution you submit to this pl@@\m ymfﬁglonl(l use the 4 steps and
complete the Matlab assignment. No partial credit will be Swen. 7 %
- - : ol <

On your way to {he answer, you will find the differential equat 16%, ”

F = —ki, i = kg —g. (6)
It is expeditions Lo solve for v, (£) = (t) first. Another integration then gives y(t). The solutious
for these two variables can then easily be transformed to these for #(t) and r(t).

Matlab: Provide graphs of r(#). y(#) and (). For these graphs, you should pick representative
vadues for vy and 0, and by increasing & from 0 in 5 inerements show how the drag influences
the path of the projectile. Your three graphs should all be printed on the same page. the axes
should be labeled and the values of 1w, ¢, and & that you chose should be noted.

Show that the solution for & = 0 cannot be found as a limiting case from the solution for the

case b # 0.
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