Physics 126 Spring 2009 Exam 2 Name:
Time Allowed: 2 hours '
Total points: 100

Some Physics Constants:  electronic charge e=1.6x10""C
Coulomb constant - k= 9.0x10° Nm*/C?
Permittivity of free space g0 = 8.85x10™ C¥/Nm?
Mass of electron me=9.11x10"" kg
Mass of proton m, = 1.67 x10% kg

A Yes/No questions (Total points=10. Points per question=2)

1. Electric field lines lie on equipotential surfaces.

2. When a negative point charge moves from a position of low electric potential to one of high potential,
the work done by the electric field is positive.

No

3. The electric potential is nowhere equal to zero for an electric dipole except at infinity.

4. When a dielectric material is withdrawn between the charged plates of a parallel plate capacitor with the
plates isolated from each other, the potential difference is reduced. N
= ]
= CV

Yes Q@

5. The electrical resistance of a 100W light bulb is smaller than that of a 60W light bulb.

A e e

B Multiple Choice Questions (Total points =68 points. Peints per question = 5}




6. Calculate the electric field between the surfaces and draw a number of field lines on the diagram.

(a) 2000 N/C = lovl 2y 0-~lov
paove  EIS G = 50 A = 00 L

(d) 7500 N/C

7. If a bare nucleus of (B is released at rest from the left plane, what is its kinetic energy when it arrives

at the right plane?

aKk = W
(@750 v o ( )
(b) 1000 eV ~K . = V, ~V
(c) 1500eV F * ; e
(d) 2000 eV Ke=o  ¢2= Se Vey = aSTo e = 150V

- /<3Lg fex v J = 150 ¢V

8. What is the velocity of the boron nucleus at that time?

(a) 1.7x10° m/s w@ U= \/ e
bD1.2x10° m/s m
(c) 8.5x10% m/s 3 in~t? -
. =~ x50 x [-6Xlp - 5

() 6.3x10* m/s ~Tox 47a0 T [+ 210 /5

9. Inaregion where there is electric field, a negative charge of 5nC is found to experience an increase of
kinetic energy of 20nJ in going from point A to point B under the influence of the electric field alone. If
the electric potential at A is 10V, what is its value at B?

@}gz Ak = 90y~ vg)
g gg 2046 = ~S"x:o"?(‘\/,‘wg)




10. Three point charges g,q,—2gq are situated at the vertices of an equilateral triangle as shown. Identify on
the diagram (if exists) a point where the electric potential is zero and give reason for the choice.

(=2
q.é vu'—"h”l'&)*““h%} 'f~'{1%::o
% O
d
./ 4\.
-2q q

11. The life-time of a battery is 2800 A-hr (ampere-hour). The emf of the battery is 6.0V. Assuming it is an
ideal battery, what is the total energy it can deliver in its life time?

(a) 70 MJ (otold d«w\é)\ Q = 2860x 3600 =Joxi0’ C

60 MJ

;

) 50 MJ E ol gl = [.Ox0 x {
(d) 40 MJ "t &e )
2 bxlo! T

12. Three identical resistances R are connected to form a triangle. What is the resistance between any two

vertices?
(a) R/3 " . 2R [/
2R/3 u 2
F S D PR N COL I
(d) 3R e 2Rt

13. The resistance of a certain light bulb is 200 Q. If it is used by connecting to a wall outlet of 120V, and if
the cost of electricity is $0.05 per kWh, what is the total cost if it is lit up continuously for a week?

* %
(a) $1.60 Pourty  Com e P*%" 120 a/2wW = 7?_“0.3%

200
(b) $1.20 NS.) (
(c) $0.80 Tofell am Com =
(@) $0.60 gy Comoumed = RO (J2410 )5 (7604)
= |21

C/M a$0-05~x [2'! = 3 0.60




14. Two resistors A and B are connected in parallel. The resistances, voltages, and currents in each are
denoted by R,,R,,V,,V;,1,,1,.Giventhat R, > R, which of the following statement is correct?

fA
@V, >V, 1,<lI,
by V,>Vy, I,>1; -"'l , —
@VAZVB I, <1y llrg

DV,=v, I,>1,
15. Which of the following statements concerning the emf of a battery is incorrect?

(a) Tt cannot be less than the terminal voltage when connected to a load resistance.
@I‘[ is a quantity occurring in Ohm’s law.
¢) It can be measured directly with a voltmeter.
(d) It is equal to the energy delivered when one Coulomb of charge flows through it.

16. The diagram below shows the cross-section of a railroad track with dimensions in cm. The cross-section

is updown and left-right symmetric. It is made from steel for which the resistivity is 9.7x10°Q-m
How long must be the track so that its electrical resistance is 10 Q?

5.0 , Ceoer~ Lo o antsn A=dxS5=l + 3x3
D — . TR
3 T = Qo =1%x0 " m
W\{*
<10+ 30 50 Feow R=p L
Ly l f)A 4
~ RA . 10X 19%0 e
SR e T B0
(a) 100 km :
((®) 200 km ¥ )50
(©) 300 km
(d) 400 km

17. The emf of a battery is 2.4V . When it is connected to a load resistance of 8.0 Q, the terminal voltage is
only 1.6 V. Find the current in the load and the internal resistance of the battery.

(a) 044 2.0Q IT=Yo L6 _4an
(b) 0.44 4.00 R &
() 0.24 2.0Q E=T(R+r)
@) 024 4.00Q g ag
Rar = I = "o = | r=l2a~R = F0




C Multi-step problems (Total points=30)

18. The figure below shows an electric dipole of point charges —5#C and + 51C, located at the points (0,-2)
and (0,6) respectively, where the coordinates are in meters. The point P has coordinates (6,6).

Gran b
_0.6) P 6.6
+5nC 7 | (6.6)

V=0~ ~ -1 —_——t— -

SV

— & EE—
(a) Determine the electric potentials at the point P and at the origin. ( 5 points)

o i
Vr: \/T-I-VB = QXquxii(_é'_,Q__ + C}X(Oq;‘__szl%i_ - 15 ~45 = 30V

= 9 sxio™ ~rxig 8
Vo = Fxip'x X10 + C)A/o?x ~$xio [ 7 0~22.8 =~ 15y
2.

(b) If an electron is moved by an external force from the origin to P in such a way that its velocity
remains small, what is the work done by this force? ( 3 points)

~1G ~if
Wt = —We = = 2\~ W)= lbxip x(~15-3)=-29x0 T

(¢) Sketch on the figure a line where the electric potential is zero. ( 2 points) a(,&djq,,( Lol

(d) If an additional point charge ¢ is placed at the origin so that the potential at P is reduced to zero,
what is the magnitude and sign of ¢ ? (5 points)
o pom ()

?Moqx—L+3 =0

i\

2=~ L‘gﬁmoﬂc = —dJEine=-2.8nC




19. In the circuit below, the values of the resistances are given by R, =10Q R, =6Q R, =3Q and the
emf of the ideal battery is 36V.

I AN

v —— 30
o0
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(1) (5 points) Find the current going through R;.

£+3
1~ _ 3¢ _ -1
Ray = 3A = H

(2) (5 points) Find the voltage across R; and the power dissipated in it .

Vi= TR = 3X(0 = 30V

V LS 6 L
h= = =W
(3) (5 points) If the battery is switched over to the other side as shown, does the current through R; change? If
so, what is its new value?

" V, = 34V
R, R; 1
I 1 1V4 “-_3"42
= 10 36A

Ri

V\ =36\/




