PUPC Grading Jcheme
Problen 1 - [35 poirts ofal

h

N 3 pows 1otal}

] point for normal force N,
Rl 1 point for normal force N,

L
s
N : »
b a 3 1 Pom-} for We“}?H mg
Deduct 5 from any of these if the
force 15 drawn actHing on The wrong

point  (e.g, ¥ mg 15 Orawn acting on
the ond of the ladder)

b. Students are Free fo Choose any point. “The mostsensible are

1 The cdrner of +re wall and e foor - s
q. The cenkr of hass ot te [adder
3 The end of the ladder resting on the £1oor

i

LY b

6"

Award EQ“ po‘m‘q\\ Lo labeling o pgiat  5ng UsiNg 18 ]
Consiskatly for the rest of the problen. |
C. |5 poinis totalj
S T

X direchon s M%g= :
\i éifQC“iﬂn 3 mch: Na——mg e i (\S Fo]n"!’g)
Note: i€ the Studert uses the oppositc S convention,
hat fails 4o note 1, deduct /3 poiat-
R oforonal motion: s vill depend on the choice made in b)

Method 21 - using Po‘lrﬁ 1 %
A1 three {orces drawnin Fig 3 contribute o the forque.

Students should introduce a variable such as © o dengte
te angle betheen {he 1adder and groun d{os in Fig- 1.




- JdL
T_.IN,+TN3+TMg e (1 point) .
TN, = 3N, L5in® into puge (1 point for magnrtude)
’CN} = Q\NQQCOSQ outof FQ% (1 FD'EMFU{ nngnﬂude) :
_[mg = mg Q[ose nto Page (1 Po?!’nL for ma3n3Wde) :
There are two Contributions 10 the anqular momestum:
=S . D .
@ Ll‘cri' = ICm e | = %m = Icme into Pﬂge,
WREre dein = -\JE_im(QQ)g: ‘Blmﬂa

(1 point)
Deduct § point i Fhe Studont Wies 75 ympting Short

—_

@ Lem = T;X Ecm

Where Ton= (¥, Yeu, O)
Pcm = M(i(mlgcm/ O)

(1 point)

= -(::m o ( XLm\‘/tmﬂ-Xcm m) .OUJf of Paj‘e
éL(:m J
—CE: =M (Xcm )’Cm =y Xchem)

A"' ‘HﬁS S"'age (+ € Q gwd Td@a +O reer'e xcm, ch
interms of 6 :

Xem= Leoso o ot e
Xem= -ﬂg‘lﬂe e :

Xem = ”Q[S’une'éwos@éa)

Yémf Q'?[ﬂ@ '
yem = {0506 (1 point)

o = 4 (cos06-51008")




putting this all together , (@ paim9)

i %mgaé + m Ra(cosg (cosg é—§|n9é3)+(siheé+coseéa)s'\h9>

1 sac ol = :
=-3ml8 + mU6 = Sl = Mufeoso -amfsing-myleoso
Deduct 1 point it the student uses t+he incorrect signs.

Method #3: using point d
~ The center of mass frame 16 non-inechial, but any fickitious
forces  ack at the centerof moss andtherelie do pet
Contibut o the Jorgue 5 neither does mg
Theretore, 1. 6 =] v, @ point)
Ty, =N L5108 into page (15 points for magnitude)
‘[N, = N1 Cos§ ou of page ASpoints for magmrude)

o
VIcm: Tém(aQ)a = émﬂa ; [8 POJﬂﬁ)
Deduct 1 point _?f fhe ctudent wrtes T, = Témfa

1The student should convey thod postiive & corresponds
Y0 Yorque Into tre poge. Thecefore

3m0°6 = N, Lsing - Ny Leose (3 pointd)
Deduct 4 point fur an incorrect sigh, |
Note = 1 Fhe Student usesthis method, he or she might

defer e caleulotion of Xom Yem o part @).
Io onycose, devote d points 10 4his.




Method 3. using point 3

-TH\S me+hod e @h-ﬁ(f!hg lfC@HS@ W“’O(C'M from N;

ih ks frame s O bel it 5 g non-lnectia | frame
and studens mugst thertfore proceed with cautipn .

;E T ng  : _CN, ", ‘[ﬂon-

inedial

= 1.6 (1 poind)
Deduct 3 point f Toowsn 15 notincluded.

Im5= mgﬂcosg _A__Ol_rl“o{ Page (1 poinJr)'
Ty = NgAsin® o Page (L point)

’[”Oﬂ“"’hl- Fa ?'Fidihuus - 1 Fig- 3
Ag Sten ’”'] ng a, ‘H‘]E Coaqubs af Poim : (Xcm, )'m)
T (&Xc"’f 0) Herefor ?ﬁcf-' -X,M  ©o =

X, 0)

Nondiy. = m(..)(m’ chfo) X(*a}m, O, O)
s am ‘X‘mycm out of Page (1 Po‘m’r)

Ustng the force  equay,

on i the difectiog this i elds
T -

NOn-ined, — aNJch - aNﬂ&‘an out of P&‘f}e

s

13 = l m + I argllp :
= m{ 3 % 3 b (1 paint Hor Tem)
v = (af) = mﬂ = m3 (1 poimt for pacallel s theorem)

Deduct 3 poiek f 4re stugdent wses y]amQa inSead.

Putting 465 allfogetlec, ang n oting 1hat forque info fhe page
CO((QqSPonds 4096 positive § E]Iy]elds: (a POWg

-mgflcosh +a N, 05in0-gn, Q%‘méf—hgﬁcos@ = %mﬂaﬁ




Deduct 1 point for using the incorrect  signs.

Devote o poiris f0 rewnting Y. oo Yem in termovt 6
either i this poct 5 part d.

* Conservation of ene'rg)( (this may be waten ih part {)

“Translatiopal kinetic energy: am(xm-t 7( 7 point)

- Rotthonal  Kinetic energy = 37,02 - Imp%F (1 poiet)

- Pofential energy. placing ke Zero of the enorgy o the floog
the |m’na\ potentral energy s U= —%‘ while at he;jl’r

Ych\ = mg\/cm [j( P0!n+)
Toetie, 302+ 52) 2 Snl?6® + mgy., =

L [65 Totalbords

T will Solve this part usmgﬁ’rhe 3 methoos givenin part @) .
as well as an alRmoH‘ive t*h approach. CgmmoMoere
approaches are the foligwiny observations -

_ohen the ladder leaves the wall, Xam=0=N, (1 foint)

~The gnergy Cquation Can be rewtenallinferms of § -
anl?0° + {m° 8 +mgRsind= ’296!-}’
S0, &° = %%1 (1}; -{5in9) (1 poind)
Plugging into %, = Q(smgg ~(0568) =0 yields.
SInBB + csO8” = 0= cind6 + «‘& (2 hsn0) 05D D)




So it remalns tosohe for B . Devote 3 points 4o #his-

Method #1:  Note that N, =0 s +he+orque_equaﬁ0n 5
a i 3
38 = AN Deosp-mgleosy @
= mygn+ mg =m (Lcos6s Kinod+g)

USIng ﬂ»e condition that %.,.=0 implies:
S 6 = -51n00 — 8° = —tonpo

S0, o (wsg (co05 + i) +g)
PRy <c,056 9 +g)
Therefore, @ becomes:
%8 = amfs 4 ‘mgllcosd
S Q= , "i% cosO,
Method #a = Nokhat N,=0, 5o the orque equation b
~N.Qcos® <« pluginformfor Nfeundabove

aml’e =
= ~ mgleoss - ml%8
=
O —L;%_cose
Method #3. Ty Yorque equation immegiadely yie

' :9 : _E)HL COS’@




Method #1: A clever way 4o avoid the need for the

Yorque equations entirely 15 to differentiaie the energy
equation: '

d (2 ]

S (B mPP8° +mglsing) = F (mgh/a)
Iml> 60 - mglcosee= 0
—> é = _%g cosSO

As ceen gbove, all 4 methods lead 4o the same
F:DHC\uSiDn"ThTS' expression for B con be plugged
o Pgd y‘le\d: ('l,.S po’m%&)

-3
TFE 510 cos ¥ 583 (% -f51n6) cosd =0

fﬂa‘me + h—4dQsine =0~ h=3sin0

the ycoordinake of the top of the ladder is - alsing
o when the  laddec leaves tre wall Hhis height ‘;5.




2 The hohmann Transfer | 40 poinﬁl

Total energy = Kinetic energy + potential energy
= Zmy° - G__._-"r%’“

(1 poiet)
\N\“’-‘e Mt is the mass of the Eaﬂ—h_
We wopt fo expess 115 in msof  alone.

For ocircylar orb, the cenfr]peJralForcc obeys:

i GMem
my - CMg _
T = Fﬂrwﬂ’y = - ra (1 Ponﬁ')
- gmy’ : —é GWl;m
— L3 Gmcm
E*{* = e (h Po'in’f) | Eq.1)

APPWMQ t0 this Pa(ﬁculqr Stucdion:
Trbally, v AR g5iE L2 ~GMen

' : 4R
“Final ofit: r=YR, s0 Ep o0 = -Gl

R
- _ Glem
T‘ﬂere&)l‘e, \ A E = 8 R ( d POI n’k &( {cqcl‘}ﬂ +his
| conclysion)

Note for grading

To amive ot e Functional €om of Eq.4,

Stdents moy alse jovoke  the Vidal Theyr
wh’ltT S*‘vés %LH* b

=t I '
To receive &y Cre'dgk for o dircular pdit

- ¥ ,H) S'+ = ;
ond Xl by happlil. e it




AS noted in the hint, HHS Problem 15 best approached
using the cOnservqﬂoq of angylar momentum . $ov3no methods below.

Method #1
The general equation for the energy efa safellite is .

P
Eoi = SWF S - Gl
. P ST e [Eg- 3]

Where 1 have used Hhe satellife mass m, in place

mM
OF Yhe re duced mass ool in the limit m< <M.

At the minimum ond mayimum distances, there iS no

rodi i o = =
odial  motion, > = 5&?3 GM"‘ (3 Jvom’rﬁ)r his
M ot To 2
lmh\i rm_m (/l Po-m“'l)
At FRE £ = __t:i _ GMm -
amrm;x ‘_n{h{- (1 PO‘! n’l’)
Cﬂntiervahon of ey ‘.mfl;egé .
— = GMm o ____L GMm
erm.m G o OmE i (8 pointy
= L
‘ &m (rmm rmm) Gmm ( (o "_—"‘)
3
_J_:_k P (‘)M ( e a ml ( mn,{
Oum Giaveer |\ o

mnf'qu

= O fe)




Therefoce, F\qm]ag o the expession for E ot (;,,,,,,';
‘E - CMM rqu @ﬂm

(\m‘m (rma\d i ns) Cmin
GMm  -GMp

rm‘»n'}rmm‘ = aq#

= ~ 5 \_—(qu):—

r,.\" A rmﬂl* rn

Awacd 4 points For araving ot ThiS conclusion- Deduct
T pgih‘} : final answer 1helgdes B o s ;,;}?Sho’rﬁ”fﬁmplfﬁeff.
Method %3 | ool
Ta _‘H’\ig ULFPYDQCL/ T aveid the uSe of Hle Formu-la fh

E(L' d, which wi ghtnot be famliar Yo tudents. -.
Tnckead, T will write the cnegy as in pact @)

This holds for all rofﬂ*? T The orbit
sy

: =
Ac fuc conservation of momentum, note that L=T xp.
At m1nimam and maximym OITSWHCPS; ?\ ‘L-ﬁ, 9

H—\ & \‘?\\?\ = mVr. (1 point for this id ea)
At Coin = L =M V; rm]n (';-L; Pofth‘f)_
At (max. L= nNa Caax ("i PoimL)

- Therctote, N = Vs max
‘ :

min

Plugging info the expressions for E yields:

\‘.\..é‘ﬂ_G‘m'm_\\/:’(r:1 M 1 3 Clhn >
AN T Tt e - = s ahbee (4 poirt)

mip ' mih




With some rearrangirg we fird :
amv = GMm (-——- .J.)( (min

= Gmm .rm'.n (a PC"}"@

rm; n-r rm ax rm_ aX

Therefoce, PNSJ Ing into the EXPression foc B>

o Chm ., CHS
CoiitTmax  max Moy

= -GMm Cidi _-GMm  -GiMm G sinis)
— At Ses i .apom)rS
rm a¥Y r 'ﬂ:‘ ax rm'm“'rmqg

Deduct 1 paint F 1he student £41ls 1 9'|rnplr'§v,',,e_ o
Jhe Fing\ esu® hcludes Fuy 00 Guay

e ]6 points Hotal l

Remqu the problem statement Informs Students thort Fhey
y definea a\tmensmnq\l( conet expression for th e
m?fgy of o sateliite n elliphical orbrr in the case that
H‘ey cqnng”{ Solve part b In that <456, e
fj?n@ml app oo ch Shou\JJSJ(E“ mitch ‘lhm‘ gven here.

LQ{T E, denote the ehergg of the Cicculaie prbit at .
@dius gr:  E, denole e ciergy of the semi-eliptical
_Ofbl* ot Sme»moUrJ( ] B aR+ YR _ _ 3R ; ond

£, denote the ener 9y of the circulor b‘dal" of radius R

- First Speed boost «

Jr
W GWIm 0 go%om mergy E, E to E,

= i) — Sl




dR

Where T have Useg the notation 'VI +o
that these are magn Hoades

| - 1=
R 5"’\\’;\

e mfhaﬂ ze

The change 10 Speed s ANI:,JT/;IfI'\/’jI_
So, \et’s solve for \%]_aiie IV

il - 1:63’::" N TEE
%) = Jelte i " - 1 (A poind)
Thecefore Arlwa = W (ﬁ D (1 Poer)

= SECOHd SPE'EO i)oo‘:'r +o g('} ‘Fﬂ)m 505@)’ E; 10 'E
Ea -—CMm i3

== W} J_ JZ:?;; (1'Pain’r)

L Note thort we could aiso areie od-Hy

s USing 1re relation

|V| = a’V ] {rom ConServation oFangular momem‘um]
-GM
Es’" Gg:( amlv P Gmﬂ!

\V | = G‘""”( J’— J_LTR (2 psint) -
There{%re/ A[v|3%q= J% <|~,F§; (1 point)

Nole: & commpn mistake may be 1o Gng 5\, V

- Which  40e5 o equal (V- \D | Award @ Moy 0{1 pomﬁ
1h this casSe.




d.

d poink Mql.

The key dbservation here 15 thort AEior = S 9
(6]

Tound 10 poit 5. I ndeed: ..

(E i) i E) B Qm’”
pdrgfacunu? G?fﬁ‘?}

ooyt boost

What ka’f Mo Hohmann Tronster ;s’fha’r T finimizes AV)
l’fi mqk'ﬂj Yhe velscity boust f‘wlk’!* the 0 itial veloci 1y,




Problem 3 (15 points total)

a) (5pt)
Criteria for complete solutions:
e Described the relation as PV « T or analogous (5pt)
e Suggested some other mathematical expression that works for the examples (5pt)
Cumulative partial credits for incomplete solutions:
e Showed equations/expressions that work for at least one case in the table (1pt)
e Showed equations/expressions that correlate 2 of the quantities correctly, but didn’t
summarize them into one expression (2pt)
b) (10pt)

Cumulative criteria for partial credit:

e Proposed a correct and feasible experiment to test the correlation between 2 quantities
(3pt per experiment)

e Explicitly said what hypothesis was being tested/the correlation between which
guantities (2pt per experiment)

Obs: the grader should be very lenient when judging experimental set up descriptions.
Measuring instruments do not need to be mentioned, but from the description it should be clear
what tool is maintaining P, V or T constant in the proposed experiment (e.g. rigid box, piston,
atmosphere). Also, at least two experiments are necessary to test the correlations between the
three variables.



Problem - Monerhm in E-M Fields  [1oFa! points: 19

4

a. t 3 Total points

= A % A‘ % /\.
E Fo’irﬂs indhe 2 diection, B me X dicection

Momertum dens Y (- EE x@)} Which pcints in the y

dire cHlon.
P s CUmM‘n‘t ﬂﬁl romersigh ? 15 Jus—} (P x volume -
EY? 2 EUIEHgI Ac\ 3’ 1 point for magn'n‘ude
| L point for direchio
Deduek i full 1 Po‘.mt‘nc the
| Srudent furgets o muliply by volunre.
L. 5 Tota) Paints

—? = S’lc@xg
Turrent Flows from the botiom plate 10 1he top plate,
sinCe "E on 'mal\\/ Po‘in\s i the TR ohre;‘ﬁon.
5o Td[xE= TIBlAY
Thic force & constant along the ength of Tre wice, d,

b o\g (1 point)

The impulse deivered 4o the system is therefore :
SIS Tat = 41814699 d+=~9l'§|aj‘ga@
Where Q 7S the clmrje on the bottom platt,

and @, 15 the' ‘intttal  chorge onhe plae.

_ i i3 .
kg = - TGS (2 point for magitude)
fort, ! (2 pont fordiection)




~ To prove ot s impulse equals the momentum aiginally
contained in the £ield nL suffices 0 express @,
in erms of [EL.
Students may state without proof that [F]= T2 Qo

o EOA'
or they may use Gauss’s law o derive his:

——E=0_ Q
, St WEE + (4 point)

0

Therefore Q, = & Algl whi ch imp lies - (1 Eom-hfor reaching

this conclusion)

_{f = g, ~d \@H?I ;l which indeed agreeswith part a)

€. [%7 Total Po]n'@
Consider a  rectangular loop of length &, it Ferpend,cuzq,-
0 the plates, oS Shown below:

i B .Po‘znisou’rloePage, 50 —B?AK

WE’;Q = \gl d A _(\A!lhere the direction of d A
gasadaaaian s ~ 1S delermined by the orientation of
the loo9 as Shown ot lef).
Th _ (2B 1R B)
erefore. ® 1R - (lBlQW) G ( ~diB I)

Students Moy also wiitethis os ““)-%B whee @y

15 the flux %rough the loop. @3 points)

| Now*ﬁ\ep ;«ga so the honzontal legs of +he loop are




According +o ﬁraolaY'S law of iﬂduCﬁOﬁ, this :

= .":;
equals B
q é ind | R 1@3
Eﬂdql‘ong legi qnd leg 3 cannofcon’rﬁbut | .

\ 3
10 H’\'I_S 'nrﬁegml sihce  this cpould require
ELI‘-F.(%(EIT"' magn'lmdas or directions of force on
ditferent  podsol 4he sume fqure‘

The only contribufions to  the Integral are fom logs

& and %, where E'Poih’rs n Oppos’\-%tglrechonsw’l equal
' ma gnitude - (inthe -7 dirtcnon of 10p, +Y dJiecticn on koHom)

= d}§,
IE;nal(aQ) = “Qd:ﬁ:

or ,E;no\' = “% %.gl @s points)

- : d dBly A
So the force on -HreJrop plate is GGO) (+3 T )3/
while the force onthe botom plade i (+Qo) (-% %‘%I)g
So the total force on the PlCHP.S 15: : @ oI
e dlﬁ' & = =y d_}—-, S
Sod b T < o MllE it uﬁgﬁnmﬁw |

| Thadore, —:?_-,- *%‘EOMIEI g %Bal
£, MIE] B
which ag reé‘: with a) and b),

]

(il point)




