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Physics 1051 Winter 2009

Term Test 2 March 20, 2009
INSTRUCTIONS:

1. Do all questions. Marks are indicated in the left margin. Budget time accordingly.

2. Write your name and student number on each page.

3. You may use a calculator. All other aids are prohibited.

4. Write answers neatly in space provided. If necessary, continue onto the back of the page.
5. Do not erase or use “whiteout” to correct answers. Draw a line neatly through material to

be replaced and continue with correction.
6. Assume all information given is accurate to 3 significant figures.

7. Don’t panic. If something isn’t clear, ASK!

SEE LAST PAGE FOR SOME POTENTIALLY USEFUL
FORMULAE AND CONSTANTS
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[10] 1. The graph below shows equipotential lines around three point charges; A, B, C, and D.
The lines are drawn in steps of 20 V for all voltages between -60 V and +60 V. The
electric potential is taken to be 0 at infinity.

Yy (@m)

(a) What is the sign of charge A? Which other charge has the same sign?
Sign 0F A1 NEGATIVE
CHARGE ¢ ALSo WEGATIVE

(b) Carefully draw the electric field line that starts on one charge, passes
through point Kk, and ends on another charge. Be sure that the direction of
the field line and the charges on which it starts and ends are clearly shown.
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() Is the magnitude of the electric field larger at point e or at point f? Briefly
explain your choice.
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(d) Using the scale on the x-axis and the equipotentials, estimate the
magnitude of the electric field at point e.
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(e) How much work is done by the electric field as an electron is moved from
point h to point g? (hint: be careful with the sign)
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[10] 2. (a) A cavity within an uncharged conducting object contains a point charge
q=-5.0x10"" C as shown.

(i) What is the total flux through a spherical closed surface a that
is embedded entirely within the conducting material?
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(it) What is the magnitude of the total flux through a spherical closed surface b

that entirely encloses the conducting object? W, 2
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(iii) What is the total charge on the outside surface of the conductor?
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(b) The figure to the right shows a portion of an infinite, uniform sheet
of charge (positive). A cylindrical Gaussian surface with a cross-

sectional area 4 =0.03 m? is drawn on the sheet. The electric flux
through the top surface of the cylinder is 15.0N-m*/C.

(i) What is the magnitude of the electric field at a point 2.0 cm above the surface

of the sheet?
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(ii) What is the total flux through the closed cylindrical Gaussian surface drawn
on the figure? ( ; L
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(iii) What is the charge per unit area, o, on the sheet?
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[10] 3. A uniform magnetic field of 13 T is directed into the page as shown. Two oppositely

charged plates, @ and b, are separated by 2.5 mm and located so that the uniform electric
field between them is perpendicular to the magnetic field. While it is between the

charged plates, an ion with a charge of +e (1.6 x 10™"° C), amass of 1.6x10™ kg and a
speed of 3.0 x10* m/s travels in a straight line without being deflected.

(a) What is the electric field in the region between the plates? Give your answer in unit
vector notation.

(b) What is the potential difference, V, -V, y
between the charged plates? X x  x f x x x
(c) Beyond point € on the ion’s path, there is no X X
electric field and its motion is only affected by the —— ;
uniform magnetic field. What is the magnitude of T % x x x & x
. . . . 25mm @&— -.----Ces _ X

the centripetal force on the ion after it passes point _1_. y=3.010" m/s .

. . . P X X
c? Is its path clockwise or counterclockwise? )

X X X x x X

(d) What is the radius of the ion’s path once it is
beyond point € and affected only by the uniform x x x x x X
magnetic field?
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[10] 4. A uniformly charged ring of radius a is located with its centre at the origin such that
the plane of the ring is perpendicular to the x-axis.

(a) If the total charge on the ring is 9, how much charge, dg, is found on the very
small ring segment of length ds, as shown?

(b) What is the contribution to the electric potential at point P from the charge in
segment ds? Assume V =0 at infinity.

(c) Starting from V =k, I 9q , find an expression for the electric potential at point P
r

due to the entire ring.

(d) What is the electric potential at the origin due to the entire
ring?
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(€) Assume that the radius of the ring is @ =2.5cm and that
the total charge on the ring is 0 =6.0x107"? C. How
much work is done by the electric field if a particle with a
charge of g =-3.2x107" C is moved from the origin to
point Pat L=9.0cm?
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Some Potentially Useful Formulae and Constants:
F;2 = ke qlgz ;12 q q
4 U12 = ke 2
M2
E=k, L
r B .
AU =~q [E-ds
- q A
E=k, ) 27 -
s AV =V, ~V,=-[E-ds
A
= dq .
E=k \—F =
. frz AU = gAV
®, = [E-di E=] 9,4V 5, AV p
dx dy dz
qinsi e
o : AV
&, R=21
I
v=k1
’ F,=qvxB
V= kezi? v?
i N a,=—
V =k, 9
r Vsphere 3 wr
Cie =2nr  (circumference) "
Asphere 4ﬂ'r

A. . =mxr’

circle

Physical constants:

b=l _809x10°N-m’/C2 e=1.602x107"" C
° 4me,
£, =8.85x10"" C*/N-m’ m, =9.11x10™ kg

Mathematical formulae:

dr 1 J‘ dx _ x
o @) ey
J‘.fd_x_zlnx J‘ xdx __ 1
x (x2 + yz)j/2 \/x2 +y?

dx
J.?\/T—yz- = ln[x+w/x2 +y? ]

A-B=ABcos@=A,B,+A4B,+A4B,

AxB=(4,B,- 4,B,)i +(4,B, - 4,B,)] +(4,B, - 4B,k




