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Summer [A] 2015 Dr. :\Ienachekanian 

Physics lC: Midterm 1 

There are 170 points on the exam, the exam is 10 pages long (including the cover and formula pages), and 
you have 100 minutes. The exam is closed book and closed notes. The use of any fonn of electronics is 
prohibited, except for a basic scientific calculator. To receive full credit, show all your work and reasoning. 
:'lio credit will be given for answers that simply "appear." If you need extra space, use the backside of the 
page with a note to help the grader see that the work is continued else\vhere. 

Signature: ¥~ L ~~ ) ~ 

Problem Your Score Max Score 

1 __ JQ __ 30 

2 2~ 30 -------- -
3 w 20 ---------

4 --~Cj ____ 50 

5 ___ J-:?_J_~ .fO 

Total ___ tL:J-~- Hi£)\ 170 
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Fundamental Constants 

Kinematics with Constant Acceleration (s = x or y) & Centripetal Acceleration 

1 2 
s (t) = so+ Vost + 2ast 

Vs (t) = Vos + ast 
v2 

ac =- = W2T' 
T' 

Electric and Magnetic Force 

FE =qE 

Fa= qv x B or Fa= 1 Idi x B 

Here, di is an infinitesimal displacement in the direction of the conventional current along the wire defined 
by curve c. 

Magnetic Torque 

Gauss's Law 

Biot-Savart Law 

Tdip = ~7 X fj with ji = I nAdi 

Uct;p = -~7 · B 

~ - - Qencl E·dA= --
. DV Eo 

1 B·r.lA=O 
fav 

B = JLo I l di x f 
47r . c r2 

Here. f is a unit vector pointing from dito the observation point (with T the distance between these points). 

Ampere-Maxwell Law 

:h -- d1- - £--B · df = J.lolencl + J.loEo-:;- E · dA with Iencl = J · dA 
DS <d S . S 

Faraday's Law and Motional EMF 

[ = E · dR = -- B · dA i - - dj- -
. as dt s 

Emot = .£ (u x 3) · di 
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1. In the figure below, an electron beam in a cathode-ray tube is accelerated through a potential difference 
6. v = v2- VI > 0. The beam then passes into a region--of width, w-where there is a perpendicular, 
constant magnetic field that deflects the electrons. It is found that the electrons are deflected by an 
angle, 8, upon reaching the edge of the space in which the field is defined. The mass of an electron is 
me and its charge magnitude is e. 

(a) \Vhy must we have V2 > V1'? [3) 

You. wv..~it h O..cce.lercJ..e e kcfru"'s fK)~- v, v7.. pa.s5n-.0 th~~3t-. 

& Stv>~ slr-6 , B';l ~ 0\kfhd v,_ "'' ove.. posl{lv~ (AI,.v( v, ~re '" 1G"~f\i€._ J 

tk E \..-'til l--a-ve. ctlvedibn &-, Ma lt',e-V\"lh~ i I c 0 f~ tv. 1£ ( "') 1 { , 

(b) What must be the direction of the magnetic field in order to cause the electron beam to deflect 
in the manner shown in the fit,'l.Jre above? Briefly explain. (3) 

AccoVrATY'~ to tN... vtjht ko-h.J r-~ tN ohr-Pctlb-n 
(j (1 , ~ ~ ~ 

pa:3e. ( ® ) . '<vv CO\h oU:SO 0° ~13 -:::~VYB 1 

of B ~v ~t J e. 
kvVt ~ IS h.O 3J/.1e . 

(c) Provide a detailed d('scription of why the magnetic field cannot change the speed of this electron 
Leam. [6) 

Acco vd ~fJ h tN. fov M~o- 1 rg ::- ~~X B 
1 

Fs \.vl II IJ\/tt.fllj ~ Lr P ( fJfn "{i Cttic,, 

to both\] 0\hJ g. 11tvs t4. · o.aeler--A7~ ..,._!!/ cJsv bo€ ~to v. :! ... thiS 

U.St\ ~au ~£?..V<:_ 1\0 tC1hjet-tt'rvJ ~Acal~ f dTOh I [1hJ -t~ CtC(e(e! rJ([ir\ '-'-~ II NJ 

ckC\t-.g~ tM o{rt-cc.~ foY f, f 5n"'c~ -ft-u ~ ij~ltv'k ~ o~ J Cr~ J,v,o/_ 

b-e Ch(i\~e_, $YE:J(.~ C6\V\ Y\o1 be. cf'C>-hje.o\ bJ B. 
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(d) In terms of the given quantities, determine the magnitude of the magnetic field. [18] 

-'" ___. 

fB:: ~vxB ~~(8 1\ ~!l~v8JI 

L C<2llltvlpr{uj_ fo~(Q_ 

-' v 

r vJ 

R 
/ R \ ,e/ 

w:: R sih& -/ R::. ~s 
~----
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2. An equilateral, triangular loop, of side-length a, carries a current , i, that is provided by its own power 
supply (not shown). The loop is placed a distance, d, away from a very long, straight wire that is 
carrying a current, I, as in the figure below. Determine the force on the loop. (30) 

)oy ~l se3tva-.Jc , fvvo pO\r"l\e.l ""\fe_ ----------.... 
_, I ...... -J ( - T 1\ 

F-B =. ) } o\~ X !3 ~\ - ~ G\ ~ ~ 

for q) s~g~d: 
1 

1f::: .M.oi 
u 2 7L t 

( sJ>, !l - A ) 
] - 2 

.A _pa_l_ 
S

{)l. - -

--------------------foY 5f. >ejlv'LJ- , -t~ ves(ft l4 v-lll ~e t~ SCI"'-.i 

• 

/) 

It-us, tkc h.<t fo>« 1 ':> ( 7:~1 (.h,(~H~) -..("(d) J -~a ~~J) g 
\ 
I 

\____ __ _ ---- l 
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3. Find the magnetic field (magnitude and direction) at the center, C, of the annular arc shown in the 
figure below, which is arched by an angle, B, has inner and outer radii, R 1 and R2 , respectively, and 
carries a current, I. [20] 

----- ~ 

faY ;} SQJ M.j: 

i~ Ji"£c~ Is oJ;: o{ i:~ y")~ ( 0) a(( 0 ro(n-j ~ r''jW: k. G' nc( ~~ 
fDI(a\v snv-.1\ow' tAI'jiA~ct/ph?~Jw e f~~-r- (!; se3~vu\k 

1\ B)\ ~ }Au}__ f cAI ::: _;Uol \ ?2 J\9 :::. )Aoi I~ o{ l9 = )J I G 
4-"7\.. J y}. 4-R) (h)1.. 4-K~~ 0 4 R 

7t ~ ---- ---
J1 v-;Q l~t ~ bQ ov1 ai t~ r-3~ (8) 

t ~ ( ~ - t:R~ I ~ ~ 3 ~~~ ( ~ L - ~ ) 
-

D :c_ ~ l(oJ5 ( j_ - ~ ) \ 
P 4-n_ R-t R, \ 

l__ --------------

I -
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4. A bar of length, L, is free to slide without friction on horizontal rails, as shown in the figure below. 
There is a uniform magnetic field, B, directed out of the plane of the fig11re. At one end of the rails 
there is a battery-with voltage, V -and a switch, S. The bar has mass, M, and resistance, R. Ignore 
the resistance of the rails and assume the battery is ideal (i.e., has no internal resistance). The switch 
is closed at time, t = 0, with the bar initially at rest. 

v 
~ 

0 0 

0 0 

0 0 

0 

0 

(a) In terms of the given quamities, use the magnetic force law, Faraday's Law, and Newton's 2nd 
Law to find a first-order differential equation for the speed of the bar as a function of the time, t . 
[24) 

1JQ b01v 'vv'lll 1-.6\v~ ~~ t d{).Q iu t~ be:--tler~ 

Also e""'+ d..w. -N P(\r01J~j 1S )ti.w 

r. ::. _ en~ _ _ J? A B 
L (AT"- Jf::_- LV 

Tot~ E'_!M-t ~ bo.v \5 z_:::. v- BLV i curn:f-t }S .I::: V-BLV 
__ F\ 

Fi) -:: L I_ oLt X B 
1\ hl\ ::c IL!3::: ( v-~LV )L B ( -+. ~ ttTl'ec-fnlh) 

-7 ~ ::: ( v~~v )l_J5 -=: V(/-BL) ( ~~) 

---

---7 ::: 

0 
r( ,_ )J~) ( ~~) Jt 

___...---

\'\ ( v) ::: [1 - B L) ( L Bt ) 
MR. 

" 

Y=-

,---

I t)::: 
\ 

----- ----
7 
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(b) Explicitly solve this first-order differential equation by separating variables to obtain an expression 
for the speed as a function of the time, t. Be sure to use the appropriate initial condition, as well 
as to express the result in terms of the given quantities. (12) 

\}-\J (L& \ 
a\{ ::.\1 ( I- BL) f-1P- J 

~ :_ ( 1- gl) ( ~) o\i; 

j ~ ~ rA V ~ f: ( \- BL) ( ~~ ) d t 

~"'(v):: ( 1-BL) L L~~) -tC 1 

( LBt ) 
V(t)-=- e_ ( I-BL) ~ + Cc 

Sil'CQ. v Co)::.. 0 

\ 
v(o)-::. Q

0 + C<

C z = -l 

(c) Qualitatively discuss how including each of the following ne lee ted effects would alter your results 
above. (Only comment on the alteration presented by e&h, and only e&h, effect.) 

i. The kinetic-friction force between the bar and the rails. (4) 
1/1'-t 

ki"-Q.{Ic._-fr~d:·nr)"\ forlQ 'ts cons'IPI~ for StP.c ~v-~e..-to..Q. ThiS ""il\ .... c,~e 1.~ ~-oJi fotc.c.. ----Q~\Aal to ( v~;v ) lB - ff ("' fu +:X chYE'c~) ' ~ ~ \AI\ I ~>t. ( v ~~" )Lr::,- f:t 

(}..\..cf -!:;~ vesiA\tlhJ y({) w\1\ ~~ J9.D·eose b) fA CO'>\stt~"- C ~ t. 

ii. The internal resistance of the battery. (4) 

r.Jv 1h.t~vt-JveS1~-IA'"'u.. Y, uJ:ptNtekt l-ecow..s 'C.: V-ly . ToiJ. 0.-Af j)\. biJ\Y 'K '!Nt'l1 
t.{ru-t ::. V- .'BL\f -ly. So!v\l"-J I 9'"~ ~ v-:l" -~ ;::.l --.:;, v-~lv ::: 1-t 2; :: 1 ( 1-t R) 
....:::; l-=- V-BL\1 . lhls 'Jecreo.s~ +kt fo\'Q b 4 t\ CiJh.5-la~ 0\I-.J i"-u-5 ck.oett5~ vLf.) b4 

R(l"\t) J ~ d 

rA C~s~~ {~<, i. · 
T/. cLo~S r.ot &.tye-ro\ QY) i. 

iii. The electrical resistance a:;sociat.ed with the rails. (6) 

~ { b lTh's 'tS t'\~ - .. ) l~\S ~.v1\l ru_p€nJ.. ~ in-.-..Q. ({) h/c CIS tt~ bm· "-'oves tv t~ 
v~3~'t 1 i.h_Q_ye_ w\\~ b€. \v\o~e_ li\~"J "-'ute ~'tl\1\s Th. ~ ciYCtAit. 5""j tlt. ClrctAit /.,.e~~ v(s~stt~h((. 

pe~"" \J\l,1{. le.t-j'th Y) t~h veststt\~ct n-, H,1ls ~.--.;i\\ he .::( y Iot V(t) ckt . 1kts ci.Rl~~ iN_ 

cu.~w\: b'j rA f\A"'-c'f'nM tl-..~~ ckp~ \lr- -f., sot~ ~estA(tlhJ v(t) v..11 ' bt 

diCr-Q6.5e.cA bj o. f v~c~ 1"J5 c&pe"'c{ Oh 1 ~ 

8 



<>. The figure below shows the electric field inside a cylinder of radius, R (possibly set up by a closely
spaced, parallel-plate-capacitor configuration with circular plates of the same radius). The field 
strength is changing with time, t, as, 

£ (t) = t (>..- 1tt) z, 

where J.L and).. are constant parameters, with)..> J.L > 0, and i is taken into the page. The electric field 
outside the cylinder is always zero, and the field inside the cylinder was zero for t < 0. Specifically, the 
picture shows the electric field profile very shortly ajte1· t = 0 (i.e., at t 2: 0). 

/-;(1)(-" 
lv: X R x ""\ 
{ x., y; J X X I 

t (l\ 1 
\x x x x1 

-;-~r-~1A -=-l 

'-.....)< )( / ---- t( L't ':Q 

(a) Using dimensional analysis, determine the SI units of the parameters J.L and >... (3) _ _;J1 

E h.0.s 1.1\V\It VI~ 1 tfr-.""s 1 (ll-JAt) }-_g..s !A~~-{5 V/~>~s .J)d 
S )\ I -J. \j ( I '-.4 \j '3 )1 

J I Y\C<.<, V\ V\ I L ~ fA h CA .fA "{}..) (;\I'll L M. s? 

v v 
(b) Accurately t,'Taph the_1lectric field, E, as" a function of time, t E ( -oo, oo). (7] '111 

f _) yosl-live.. l ( ~) 
~ l -,p{'4t}>-c 

(c) Using the outline of the cylinders for each respective part below, draw the mao·netic field lines 
(with appropriate arrowheads to show the field direction) inside and outside the cylinder. Explain 
the reasoning behind your dr-awings in the remaining space below each drawing. [10) 

i. At. a time very shortly after t = 0 (i.e., t 2: 0). I ii. At a time much, much later than t = 0 (i.e., t » 0). 

T4. n-.<~.~~{lc 1,eiJ._ o~Ats\k. 

~ 't~ ('(IL'~~ b~~ t~l c_u_VYQ~ ~ck_c}_ 
J 

~ t~ plov--\(). lk dlv· of l IS 

~""'\ of J01j~ · TN. B \".51h Is () 

c:-o-vs~ bj C.~o-rjl: i"- t . 1o h>c-.lo-r& t4.. 
d,C>_Ioo.jt ~ t I ~ 1-v.v 5l ~:.~ n-~ {N_ r'J-l 
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(d) In terms of the given quantities, find expressions for the magnetic field strength for r < R and 
r;::: R. (20) 

OK 
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