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3 problems, 100 points, and 901 minutes.

Please follow these directions to ease grading and to maximize your score.

a) No calculators, books or notes allowed. A blank page for tentative scrap work is provided at the back.
Ask for extra scrap paper if you need it. If you want to hand in extra sheets, put your name on each
sheet and refer to that sheet in the problem book for the relevant problems.

b) Full credit if

~N . .
¢ —free body diagrams«— are drawn whenever force, moment, linear momentum, or angular mo-

mentum balance is used;
correct vector notation is used, when appropriate;

®
T—  any dimensions, coordinates, variables and base vectors that you add are clearly defined;
+  all signs and directions are well defined with sketches and/or words;
—
[ 4

reasonable justification, enough to distinguish an informed answer from a guess, is given;
you clearly state any reasonable assumptions if a problem seems poorly defined,
work is 1. ) neat,

IL. ) clear, and
III.) well organized;

« your answers are TipiLy REDUCED (Don’t leave simplifiable algebraic expressions. );
0O your answers are |boxed| in; and

> Matlab code, if asked for, is clear and correct. To ease grading and save space, your Matlab code
can use shortcut notation like “4, = 18” instead of say, “theta7dot = 18”. You will be penalized,
but not heavily, for minor syntax errors.

c) Substantial partial credit if your answer is in terms of well defined variables and you have not substi-
tuted in the numerical values. Substantial partial credit if you reduce the problem to a clearly defined
set of equations to solve.

Problem 1: /25
Problem 2: /25
Problem 3: /50

TOTAL: /100




1) (25 pt) Statics. The sign is held up by 6 bars. Find the tension in bar EB.
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2) (25 pt) In terms of some or all of T4, ZTB.Ip,da, &5, D, k). ko, ki, ks,mma,mp,mp and ¢, find Fg. As-
surne the springs are relaxed when z4 — 2 — zp 0

8D ' Mhen g o al

- ()os;’h‘rn X
Kyxg < %s—ékaé%‘xﬁ
. F' Mg _
C.&@‘xﬁ{ = F k(X Xe)
mBgB %L

) -kyxg + K2 (Xo=Xg) + ky(xo~n)

o
B
W\
V]
™
\

= ‘C'QQB‘*H

IMB XB

[ . A
. { Xp +C, X -ox,f
XB .:.—L-8 ‘(k}_‘*‘ KZ“‘KL,I)XB + (Kl-‘—k%) D A

-l




3) (50 pt) Trajectory. A 0.02 kg projectile (a badminton birdie, say) is launched from the origin at a 60°
upwards angle at a speed of 50 m/s. The projectile stays near the earth so gravity ¢ 10m/s?
is well approximated as constant (and all lines towards the center of the earth are effectively
parallel). The air drag opposes motion and is proportional to speed with proportionality constant
of ¢ 0.1 N,(m/s).

a) (20 pt) Write Matlab code to plot the trajectory. with the same vertical and horizontal scale,
for 10 seconds (hints: FBD — LLMB — first order ODEs - numerical solution — plotting].

b) (20 pt) Find, analytically, the position £(t). [hints: same as above but use calculus instead of

Matlab. The calculation has several steps (4 calculus problems, in one way of counting).]

c) (10 pt) More difficult. As accurately and neatly as you can, plot the trajectory. Label the
units on the axis. The plot should go from when the projectile is launched until it hits the ground
again. Key quantities to show are the peak height and the distance the projectile goes (which
can be calculated very accurately). You can use the solution above or anvthing else you know
or think. This will be graded on its correctness, not its agreement (or not) with the solution (b)

above. But you should briefly rationalize your plot. r\m: 02 Kj

21 Nl s)

- 10N/ K9

=Vy _;\_ 0

= somfs(cos 601
+Sin 60"! )

4 (GV - 3 iven?

)

o

<
e n




b3 ceqntld A
wt'd ) @

Matlab  solation @)
};Lﬁu{m {:mjcdov _so’n./ assume consistent wnits
=05 4=0
\/ = SO % (05(60¥p /130) Voo = SO %Sin (60!-{7//4?0)
=LX 7. G, V7
‘tSth = I}h§P4(Q [O/ /0/ /dl];
[ﬁ 2]: odeas (/myréf'/ fS‘oaw/ 26))'
x= zC,05 7=203a);
of ( % 7) ; xfabel (X' )/ 7/456'/()’) /Heclévveé*'%'}/’
a\K“ (CZ‘A«/)

‘?uh(j“(oh def?-m;r‘u' (‘6 Z)
X=20); y=2@); Ux= z(z), Ve = 2(¢) ¢

STl mELean g=00]
?2— Vx;
! 7: \/7;




AnQLZ]L[C So/g-' <f7h0|0 3 contd) @
—E/m) t

[_—56‘? comments onpg. 913

®F Vi=V,e
< " about ODE .s;/w’HanS,]

AN Vx

V‘OJK
‘ 7t

— T

™/
t + Cin )t
B % x= xt (et =0+, e e
o 0
€ - ¢
= - e e-é/m)é/o = e (e é/»v))
w-—-—-/

X¢)
= @ mVier _ Lo2(s) 2564)
me x < N N/@/S)
o =Sm
M/C. \f e/(p(»r\‘ic //7-4ﬁo'bmt‘g/
5 w/ €ume
- ¢
> V,=(V, + LT )e ™" -k
@ 7 \<‘)Ii__ -C-—'—->~—---J LT?—HC. soln.  From
Y ;ns'o&ﬁdi‘!({fe”ﬁ"" ve/.)
V7 homojenewl .Soln./ CohJ‘f‘aH“’ F{Cﬁ(’ﬂ( }‘d SQ+: I-,(,
Vi, |
f\"‘/c Veern = tevminl vel-
-+ —y ¢ - -9 "'/C (JVGJ Ll/ah(r/
V€€VM [‘*\, = -’0"02/" (M/j} uje,jht}
= M

/
? ) t

-0+ g“era +3)e - o | ¢!



(EML(B) (anf/o() : ! 4/
{<im ) /
y = [ (vﬁ) +3_—) € ) B %%C ]o
am_ Ce/m)t o t
(yvyo_’;—\/yé :>;,S”0‘"/5 = 43 a)w/j =

NS i
NP ={Veerm|= 2™/

’—c/m=('/0?-75"‘/5 » < (0
m¥xo = 5 4, (xee@) — Ym




(Pm’b, 3, contld ) &

Lee 6%.&’%"5“*{ \{f\
C> Fd'{— ,4// we neeal fwm ana/ Jd/n. :}‘7@

(Va mf‘w(w ‘Qv Sdln, c&“é In 17@#»@*3« Sah’l)
T m.,w /,

almest 45 l /(\_’/ fva_\j(?('}w? ,a( no
T no QWV'W /7 3wwi47
?edi , NS
height At s'faw(- of thia'f
conething | ~ory o olNfy, /
lefg Ha" | Araj (;vce - / ) 1‘//
9,40 m } =5N
/ gvrav fe = mg /
=,0200N /
/ b/
t/,\ Xpnay = 2 P X
R hids jmuhol &) et X

at X=5h
(d_ccara“e 'fv abOQ‘)L 4—
part in €*%)




gal'ne Comhﬁeh‘f[S on CODE Jd/n{. v

Sal ve \'/X = ‘é‘/"‘") Vx

methed 1: guess Vi =et?

Plnj ih V‘g’(f ’("/M /6

c=-</m

5 g et
/E.AV'B . (dh)*' ),

wed 3 Ay ),

Pt‘ck ‘l‘o 54"" LC'

E()‘Wctwlf Q dt— -
Pnn Ic
o 2 AV efm )dX
Vx
S Vx o _( e/mdt
> (e - (e
-%/,,,)t +<)’
=) e e ._é/ }é C'
\/)(:Cl ( € )



ODEs (m,fu)

methd 35 T ntegratiog foc for
(Eclwwdg /
l.f)

Ron ng AV
AVx < =
Sl € PR + i V)( O
‘\‘S vy ‘ £t ¢l
\Mza ‘mvf;lvxa = € %(é"“ + e(Jtiné Vx =0
factor . (
= f JE
=) j(jé (Q \/X ) =0
= \/}( :Cﬁ ‘(‘/“t) 6
634;“)
Sole % 4+ ) =0
methd 1\  guest Xz e\‘f

:—=7 2 ,«AP A\
r‘g + v =0

> ¢
v(r+ &) =0 = = o, — </

= )(6&):: Cle"gﬁ«'b 4 Cze-at
A
=(, C + (Z.
t“ ( -cc'm( Mfl'ﬂjl(f.

Thig S X(:t) at Lound .



<ODEJ (an’t"d() w
glee \}y —t‘@/hq) \/y = "‘3

cmam——

method I-;'J) £ind Aamaj ‘ 5<>Ih.
\‘/«7/ +<</’k)(/7 - O,

This (s idewtical 4o prev, pwHem
which we sdved -+, ge

_ -élm)f
Vy, = C€
Lflhahaﬂ, _ftf,ho

b) Flh&l _@_@_{y{ /;odr"'l'e:&/dp “J.th, d{
Jy +(h ) =-7,

As -é?v 51@%[;«;3 - nass wa/em. Ed}i€5+
quess s« censtant. T this case
ah ¢ ain jé"f‘ ¢this Pby!/a//? by 'Hfrm/ce'hj
:-ﬁ -;;"lhj a‘f‘ -f(*vm('m./ Ve{lfi'\(yr

P (C’/"»*:} 2 =9
Cr: < 3M/C
Solution 43
_@/m)f
T Pick Jo match 1.C.



ObEs (Couf'/"(j @

methed Q¢ AV,
- / Al & < = -
(E 20 1:%) R

sepeceble apm. ) —




(005 contld ) 3

4+
/m el Tt
> {d (Vyf( = - Y9¢
m ) _gm '")'é
» epm )T
.____.9 \/y = -% + C(e
1\ /C_ Ff'&ﬁ “’054-{.[.(
Cabjd(ih )
- —




