PHYS.1440 Exam 2 Spring 2016

Section instructor Section number

Last/First name /_:b ANY LOV”

Last 3 Digits of Student ID Number:

Show all work. Show all formulas used for each problem prior to substitution of
numbers.  Label diagrams and include appropriate units for your answers.
You may use an alphanumeric calculator during the exam as long as you do not program
any formulas into memory. By using an alphanumeric calculator you agree to allow us
to check its memory during the exam. Simple scientific calculators are always OK!
A Formula Sheet Is Attached To The Back Of This Examination
Be Prepared to Show your Student ID Card

Score on each problem:

1. (30)
2. (20)
3. (20)
4. (20
Total Score (out of 90 pts)
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PHYS.1440 Exam 2 Spring 2016

1. Conceptual Questions

(30 point) Put a circle around the letter that you think is the best

answer.
1.1. (6pts) Two particles of the same mass enter a ® ® ®
magnetic field with the same speed and follow ® F 75 ¥ B
the circular paths shown in the figure. W B q
Which particle has a positive/negative ® ®© © 'Lf xB/sdo wee,
charge? ® ®\ ® ® so
= —_—
A) qyis negative, and q; is negative s Tg ®/ ® ® fz P o}. Fz _ G’Onn.
@q 1 is negative, and q; is positive ::@ & & <O ‘F‘T" Y
: e . e ® / y ol
C) q.is positive, and q; is positive a P
D) q, is positive, and q; is negative 29 (?y@ ®@ @
E) they are not charged ®© ® ©® 6

1.2. (6pts) What is the time constant for the discharge of the capacitors shown in the
figure?

A) 4RC C l -

B) RC/4 F {
G ‘"’/e“ T = %‘};E

D) RC/2 2_ |

tzpéy' ef:/gc

1.3.  (6pts) A current-carrying wire is pulled away from a conducting loop in the
direction shown. As the wire is moving, what is a direction of the induced current in
the loop. (CW stands for a clockwise direction; CCW — counterclockwise) -~

Biud _
e ] o
® o ® @ @ Vet
B)cCW o 21, i
C) No current 1 _—
% D) None of the above @ vy ® Be 2
Bert
Y o Ty D Bt 118es, 2 Ty (W)
C=cowt
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PHYS.1440 Exam 2 Spring 2016

1.4. (6pts) What is a direction of the magnetic force in the following two situations?
™ %7 A) no force f:?@f . E)

@ C‘) L] 1]
B) to the left j /S luﬁaofue
C) to the ri hth-

® ® D) into the page o e <O | ble
] E) out of the page T:‘: —to tle Q“ tL;f’
— 2 (T T
' A) no force F'—’IC‘E ‘(3), 4 *a{'ye(’{‘g'éz
f C) to the right

D) into the page
E) out of the page

_x]

1.5. (6pts) What is the direction of the magnetic field at the position of the dot
equidistant to both currents?

A) up
B) down
C) right

E) into the page
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Problem 2. (20 pts)

a) What is the current in the wire to the right of the junction?
Does the current in this wire flow to the right or to the left? II

A eerrrect —//ou&d 7494.4 + o - + 4V _ —T’ (QSSUM)
So, T, - to the Ayt —WW
I - dowu 2Q %
ik T [*"S‘““‘L(:‘;E’f‘* et/ 50 15vlfzf
s low " -
ws fow: T,=23-24

@ (Couserv. 9/cumez-¥ af éanuuaq{‘oa?Qlfj 2T = 3 ouw
T, =TT, = 24 =T+ 3/ 72—’714

Weenns Hoot pssuwpton of T olivechon,
“Qo T=4A (+o He &ﬁ)n Wey :,420“?0 %‘Owd I‘D/’-éd-e &%'f(za)

b) What is AV across the unspecified circuit element?

Kire b bs4fs foor: rle T 12V
o ] ] 5 iy
J AV =0 _ Il \
-v'
12V +4T; -8V -6V=0 =, ]A «
(8% =2V] MWW
) | 8V "
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Problem 3. (20 pts)

A long straight cylindrical wire conductor of radius R carries a current I of uniform
current density in the conductor. Determine the magnetic field due to this current at:
a) Points outside the conductor (r > R),

b) Points inside the conductor (r <R),

(Show Amperian loops; at least for one of the cases (a or b) show how you handle a
linear integral)

atu/oene 's bow : ggg-sz wl,, /’f-'"‘\
d) r=K /

&E-d@*:/{fﬂ‘ﬁ//%ga(s,_?‘”) A

Qup. loo \
p- °P \ Auep.loop (|
~ || B=comt _ i /Mﬁ{d)
izt |- s - paredn Gl
G.LqP, leoP =2 ﬁwfone:. /ODF_[L’)
I =

1 = L (botal eusrrent), so 2T ey el ]
¢ bare—4oT <ABLr)=/%L | rap

6) <R

%‘M‘iﬂ( B&W: I‘

4

I\ :Tﬂ‘rlz(l T _ __C.i- SO
- R eurcet re* 77—( —I‘el ’

O(E,H fr“zy
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Problem 4. (20 pts)

A metal rod moves with constant velocity (v=20 m/s) along two parallel metal rails,
connected with a strip of metal at one end as shown in the figure. An induced current
appears in the direction shown (CCW) and equals to I;yq=0.1A. The rails are separated
by I=0.1m. The resistance of the loop is R=108. The whole structure is exposed to the
external uniform constant magnetic field perpendicular to the page.

a) What is the direction of the external magnetic field?

b) What is the strength of the external magnetic field? —>
) @%eﬁ (3,
o o~ 0| |
oy Qpti @ o [1®
@ !f'_nd__,.- '® !
]
® &
Q) /i/ ——
Bexy =conat ex-f/d = 22&! \M‘ Btwf
D= eonat

Feow e ofleoc S-Pofe T30 (Cfé’hf) —; Bma! [Gufﬁ(ﬂa-:»}aafa)
Thus, 2’&4 /s Uuto tee paye

'3, Lo l H ;{:Dﬁ j@ soJ/ (BM 4) // Bex+=&0nh‘”=

tntbodlce X

ZBmg{f} e I,__Bmgorz o

.rrom Hee obleer siole ( Ohw's /aw)
£=T-R,so

£ E e Be.uf ' Z J
8, ., =LR|_adiol O
evt = 7T
5 |~ Qlu- 204
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Formula Sheet: Potential Energy
Electricity and Magnetism ’ U=gqV
Coulomb’s law Two point charges
Q
e r
Electric Field Capacitors .
— 3 C = —
E = E AV
q Parallel-plate C = eog
Bield at's polnt chargeQ Capacitors connected in parallel
E=kr_2 Ceq=C1+C2+"-
Capacitors connected in series
Electric field inside a capacitor SN 1 4
— = —
K= 81 .-atg
0 .
; - Q
Principle of superposition Energy stored in a capacitor U = =
. N . Ohm’s law
Enet = E; V =IR
(=1 ; dQ
Electric flux =t
= - l
Gauss’s law
O z Iin = Z lout
d = fﬁ rdA =—
€0 Z AV; =0
Electric potential
U Power
y= i P=1v
f Resistors connected in series
= R,,=R;+R,+ Rz + -
AV=Vf—Vi=—fE-ds i
J Resistors connected in parallel
5 " Q 1 L % 1
For a point charge V(r) = — Re, = R, + R_2 + R, + -
For a paralle-plate capacitor
V =Es
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The potential difference across a
charging capacitor in RC circuit
V(t) =e(1—e /rc)

“Discharged” RC circuit

Q=Qoe~/51=RC

A magnetic field exerts a force
dF = Idi x B

F=IxB

F=qbxB

The Biot-Savart Law

HoqV X T

B = Amrr?
= Molds x 7
© 4mr?
The magnetic field of:
A straight line wire
Hol

B =—
2nr

A solenoid
B = pgnl
Magnetic flux

—y

¢B=f§-d,4

Inductance

Energy stored in an inductor
IZ
U=L—
%
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Faraday’s Law
€= f E-ds=—

Ampere’s Law
jg B-ds = ol

doy
dt

mv
Teye = —
cyc qB

Constants
Charge of an electron
e=160-10"2¢
Electron massm = 9.11-1073! kg
Permittivity of free space

gy =885 10712 02/Nm?
Permeability of free space

Uo = 4m-10"7 Tm/A

k= =899 -10° Nm?/C?

4me,
Kinematic eq-ns with const. Acc.:

V(1) = vp,tat
x(t) = xg+ vout +(1/2) at’
Vo= vl + 2a(x — xg)

Centripetal acceleration ap = v?/r

L=27R
A=nR’
V=(4/3)xR’
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