Intermediate Exam I: Problem #1 (Spring '05) hﬁiﬁh'

The electric field E generated by the two point charges, 3nC and g; (unknown), has the direction shown.

(a) Find the magnitude of E.
(b) Find the value of g;.
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Intermediate Exam I: Problem #1 (Spring '05) hﬁiﬁh'

The electric field E generated by the two point charges, 3nC and g; (unknown), has the direction shown.

(a) Find the magnitude of E.

y
(b) Find the value of g;.
E
Solution: o
45
X
(a) B, =k 22— 675N/C 4m 9
v =K mp =6 . o 1
E.=E, =

E=,/E2+E2=955N/C.
o () 3nC
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Intermediate Exam I: Problem #1 (Spring '05) M

The electric field E generated by the two point charges, 3nC and g; (unknown), has the direction shown.

(a) Find the magnitude of E.

y
(b) Find the value of g;.
E
Solution: o
45
X
(a) B, =k 22— 675N/C 4m 9
v =K mp =6 . o 1
E.=E, =

E=,/E2+E2=955N/C.
C )y () 3nC
_ =N
(b) Ex = k(4m)2,
_ (6.75N/C)(16m?)
| = — N/ emT)
k

= —12nC.
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Intermediate Exam I: Problem #2 (Spring '05)

Consider a point charge Q = 5nC fixed at position x = 0.

(@) Find the electric potential V7 at position x; = 3m
and the electric potiential V, at position x, = 6m.

(b) If a charged particle (g = 4nC, m = 1.5ng) is released from rest at x1,
what are its kinetic energy K, and its velocity v, when it reaches position x;,?

Q =5nC
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Intermediate Exam I: Problem #2 (Spring '05)

Consider a point charge Q = 5nC fixed at position x = 0.

(@) Find the electric potential V7 at position x; = 3m
and the electric potiential V, at position x, = 6m.

(b) If a charged particle (g = 4nC, m = 1.5ng) is released from rest at x1,
what are its kinetic energy K, and its velocity v, when it reaches position x;,?

Q =5nC

x=0 X;=3m
Solution:

(@) vy = kg =15V, Vo= k9 =7.5V.
X1 X2
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Intermediate Exam I: Problem #2 (Spring '05)

Consider a point charge Q = 5nC fixed at position x = 0.

(@) Find the electric potential V7 at position x; = 3m
and the electric potiential V, at position x, = 6m.

(b) If a charged particle (g = 4nC, m = 1.5ng) is released from rest at x1,
what are its kinetic energy K, and its velocity v, when it reaches position x;,?

Q =5nC
® : \

x=0 X;=3m Xy=6m

Solution:

Q
X2
(b) AU = ¢(V, — V1) = (4nC)(~7.5V) = —30n] = AK = —AU = 30n].

AK =K, = %mv% = vy = ,/Zmﬁ =200m/s.

(@ vy = kxg =15V, V,=k= =75V.
1
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Intermediate Exam I: Problem #3 (Spring '05) hﬁiﬁh'

Consider two plane surfaces with area vectors A; (pointing in positive x-direction) and A, (pointing in positive
z-direction). The region is filled with a uniform electric field E = (21 + 7] — 3k)N/C.

z
(a) Find the electric flux d)f;) through area A;. 2m

(b) Find the electric flux ¢'1(52> through area A,.

3m
A ‘/

Ay

X J/ ;Sm

4dm
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Intermediate Exam I: Problem #3 (Spring '05) hﬁiﬁh'

Consider two plane surfaces with area vectors A; (pointing in positive x-direction) and A, (pointing in positive
z-direction). The region is filled with a uniform electric field E = (21 + 7] — 3k)N/C.

z
(a) Find the electric flux d)f;) through area A;. 2m
(b) Find the electric flux ¢'1(52> through area A,. 3m
)
Al
. A
Solution: 2
y

(a) Al 6 Il’l , x 3

o) = E. 4, = (2N/C)(6m?) = 12Nm?/C. 5 m

E 4m
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Intermediate Exam I: Problem #3 (Spring '05)

Consider two plane surfaces with area vectors A; (pointing in positive x-direction) and A, (pointing in positive
z-direction). The region is filled with a uniform electric field E = (21 + 7] — 3k)N/C.

(a) Find the electric flux d)f;) through area A;.

V4
2m
Find the electric flux @~ through area A,.
(b) Find the electric flux @7 through area A 3
/ m
A
A1

Solution: Ay
(a) 741 = 6?m2,

1 _

P A= (ZN/C)(ﬁmz) _ 12Nm2/C. X ﬂm
(b) A, = 12km?
el

4dm

51333



Intermediate Exam I: Problem #4 (Spring '05) !mﬁm.'

Consider two concentric conducting spherical shells. The total electric charge on the inner shell is 4C and the
total electric charge on the outer shell is —3C. Find the electric charges g1, 42,43, 94 on each surface of both
shells as identified in the figure.

—_
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Consider two concentric conducting spherical shells. The total electric charge on the inner shell is 4C and the
total electric charge on the outer shell is —3C. Find the electric charges g1, 42,43, 94 on each surface of both
shells as identified in the figure.

Solution:

Start with the innermost surface.

Note that any excess charge is located A4 2
at the surface of a conductor.

Note also that the electric field inside a

conductor at equilibrium vanishes.

—_

-+ Gauss's law predicts g4 = 0.
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Consider two concentric conducting spherical shells. The total electric charge on the inner shell is 4C and the
total electric charge on the outer shell is —3C. Find the electric charges g1, 42,43, 94 on each surface of both
shells as identified in the figure.

Solution:

Start with the innermost surface.

Note that any excess charge is located A4 2
at the surface of a conductor.

Note also that the electric field inside a

conductor at equilibrium vanishes.

—_

-+ Gauss's law predicts g4 = 0.
+ Charge conservation then predicts g3 + g4 = 4C. Hence g3 = 4C.
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Consider two concentric conducting spherical shells. The total electric charge on the inner shell is 4C and the
total electric charge on the outer shell is —3C. Find the electric charges g1, 42,43, 94 on each surface of both
shells as identified in the figure.

Solution:

Start with the innermost surface.

Note that any excess charge is located A4 2
at the surface of a conductor.

Note also that the electric field inside a

conductor at equilibrium vanishes.

—_

-+ Gauss's law predicts g4 = 0.
+ Charge conservation then predicts g3 + g4 = 4C. Hence g3 = 4C.
+ Gauss's law predicts qo = — (g3 + qa) = —4C.
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Consider two concentric conducting spherical shells. The total electric charge on the inner shell is 4C and the
total electric charge on the outer shell is —3C. Find the electric charges g1, 42,43, 94 on each surface of both
shells as identified in the figure.

Solution:

Start with the innermost surface.

Note that any excess charge is located A4 2
at the surface of a conductor.

Note also that the electric field inside a

conductor at equilibrium vanishes.

—_

-+ Gauss's law predicts g4 = 0.

+ Charge conservation then predicts g3 + g4 = 4C. Hence g3 = 4C.

+ Gauss's law predicts qo = — (g3 + qa) = —4C.

+ Charge conservation then predicts g1 + 42 = —3C. Hence g; = +1C.



Intermediate Exam I: Problem #1 (Spring '06)

Consider a point charge g4 = +-8nC at position x = 4m, y = 0 as shown.

(a) Find the electric field components E, and E, at point P;.

(b) Find the electric field components E, and E, at point P;.

(c) Find the electric potential V at point Ps. y

(d) Find the electric potential V at point P,. 4m
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Intermediate Exam I: Problem #1 (Spring '06)
Consider a point charge g4 = +-8nC at position x = 4m, y = 0 as shown.

(a) Find the electric field components E, and E, at point P;.
(b) Find the electric field components E, and E, at point P;.

(c) Find the electric potential V at point Ps. y
(d) Find the electric potential V at point P,. P+
2
Solution:
8nC
(@) Ex=0, E, = k(3m)2 =7.99N/C.
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Intermediate Exam I: Problem #1 (Spring '06)

Consider a point charge g4 = +-8nC at position x = 4m, y = 0 as shown.

(a) Find the electric field components E, and E, at point P;.
(b) Find the electric field components E, and E, at point P;.
(c) Find the electric potential V at point Ps.
(d) Find the electric potential V at point P,.

)
Solution:
8nC
(@) Ey =0, Ey = kW =799N/C.
8nC 4
(b) Ex = —kw cosf = —2.88N/C x 5= —2.30N/C. P3

8nC . 3
E, = kw sinf = 2.88N/C x 5= 1.73N/C.
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Intermediate Exam I: Problem #1 (Spring '06)
Consider a point charge g4 = +-8nC at position x = 4m, y = 0 as shown.

(a) Find the electric field components E, and E, at point P;.
(b) Find the electric field components E, and E, at point P;.

(c) Find the electric potential V at point Ps. y
(d) Find the electric potential V at point P,. P o
Solution:
(@) Ex=0, E, = k% =7.99N/C.
(b) E, = —k% cosf = —2.88N/C x % = —2.30N/C. P3
E, = k% sinf = 2.88N/C x g =1.73N/C.

(o) v= k% = 17.98V.
4dm
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Intermediate Exam I: Problem #1 (Spring '06)
Consider a point charge g4 = +-8nC at position x = 4m, y = 0 as shown.

(a) Find the electric field components E, and E, at point P;.
(b) Find the electric field components E, and E, at point P;.

(c) Find the electric potential V at point Ps. y
(d) Find the electric potential V at point P,. P+
2
Solution:
8nC
(@) Ex=0, E, = kW =7.99N/C.
8nC 4
(b) E, = —kW cosf = —2.88N/C x 5= —2.30N/C. P3
8nC . 3
E, = kw sinf = 2.88N/C x 5= 1.73N/C.
(o) v= (5C _ 17.98V.
4m
8nC

(d) V=k—— =14.38V.
5m
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Intermediate Exam I: Problem #2 (Spring '06) ey

Consider a conducting sphere of radius ; = 1m and a conducting spherical shell of inner radius r, = 3m and
outer radius r3 = 5m. The charge on the inner sphere is Q; = —0.6uC. The net charge on the shell is zero.

(a) Find the charge Q, on the inner surface and the charge Qs on the outer surface of the shell.
(b) Find magnitude and direction of the electric field at point A between the sphere and the shell.
(c) Find magnitude and direction of the electric field at point B inside the shell.

(d) Find magnitude and direction of the electric field at point C outside the shell.
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Intermediate Exam I: Problem #2 (Spring '06) m

Consider a conducting sphere of radius ; = 1m and a conducting spherical shell of inner radius r, = 3m and
outer radius r3 = 5m. The charge on the inner sphere is Q; = —0.6uC. The net charge on the shell is zero.

(a) Find the charge Q, on the inner surface and the charge Qs on the outer surface of the shell.
(b) Find magnitude and direction of the electric field at point A between the sphere and the shell.
(c) Find magnitude and direction of the electric field at point B inside the shell.

(d) Find magnitude and direction of the electric field at point C outside the shell.

Solution:

(a) Gauss's law implies that Q; = —Q; = +0.6uC.
Given that Q; + Q3 = 0 we infer Q3 = —0.6uC.
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Intermediate Exam I: Problem #2 (Spring '06) m

Consider a conducting sphere of radius ; = 1m and a conducting spherical shell of inner radius r, = 3m and
outer radius r3 = 5m. The charge on the inner sphere is Q; = —0.6uC. The net charge on the shell is zero.

(a) Find the charge Q, on the inner surface and the charge Qs on the outer surface of the shell.
(b) Find magnitude and direction of the electric field at point A between the sphere and the shell.
(c) Find magnitude and direction of the electric field at point B inside the shell.

(d) Find magnitude and direction of the electric field at point C outside the shell.

Solution:
(a) Gauss's law implies that Q; = —Q; = +0.6uC.
Given that Q; + Q3 = 0 we infer Q3 = —0.6uC.

(()ZZ)CZ = 1349N/C (inward).

(b) Ex =k
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Intermediate Exam I: Problem #2 (Spring '06) m

Consider a conducting sphere of radius ; = 1m and a conducting spherical shell of inner radius r, = 3m and
outer radius r3 = 5m. The charge on the inner sphere is Q; = —0.6uC. The net charge on the shell is zero.

(a) Find the charge Q, on the inner surface and the charge Qs on the outer surface of the shell.
(b) Find magnitude and direction of the electric field at point A between the sphere and the shell.
(c) Find magnitude and direction of the electric field at point B inside the shell.

(d) Find magnitude and direction of the electric field at point C outside the shell.

Solution:
(a) Gauss's law implies that Q; = —Q; = +0.6uC.
Given that Q; + Q3 = 0 we infer Q3 = —0.6uC.
0.6uC .
2m) = 1349N/C (inward).
(c) Eg = 0inside conductor.

(b) Ex =k
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Consider a conducting sphere of radius ; = 1m and a conducting spherical shell of inner radius r, = 3m and
outer radius r3 = 5m. The charge on the inner sphere is Q; = —0.6uC. The net charge on the shell is zero.

(a) Find the charge Q, on the inner surface and the charge Qs on the outer surface of the shell.
(b) Find magnitude and direction of the electric field at point A between the sphere and the shell.
(c) Find magnitude and direction of the electric field at point B inside the shell.

(d) Find magnitude and direction of the electric field at point C outside the shell.

Solution:
(a) Gauss's law implies that Q; = —Q; = +0.6uC.
Given that Q; + Q3 = 0 we infer Q3 = —0.6uC.

(()ZZ)CZ = 1349N/C (inward).

(c) Eg = 0 inside conductor.

0.6uC .
(6m? — 150N /C (inward).

(b) Ex =k

(d) Ec =k




Intermediate Exam I: Problem #3 (Spring '06) ey

Consider a region of uniform electric field as shown. A charged particle is projected at time t = 0 with initial
velocity as shown. Ignore gravity.

(a) Find the components a, and ay of the acceleration at time t = 0.
(b) Find the components v, and v, of the velocity at time t = 0.
(c) Find the components v, and v, of the velocity at time ¢ = 1.2s.

(d) Find the components x and y of the position at time t = 1.2s.

E =5N/C

Vo= 2m/s
m =3g
q=6mC X
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Intermediate Exam I: Problem #3 (Spring '06) ey

Consider a region of uniform electric field as shown. A charged particle is projected at time t = 0 with initial
velocity as shown. Ignore gravity.

(a) Find the components a, and ay of the acceleration at time t = 0.
(b) Find the components v, and v, of the velocity at time t = 0.
(c) Find the components v, and v, of the velocity at time ¢ = 1.2s.

(d) Find the components x and y of the position at time t = 1.2s.

Solution: E=35N/C

_ 6x107°C

q 2 v, =2m/s
—1F=_-"-"" = = =0. 0
(@) ay mE 3% 10 7kg (5N/C) =10m/s®, a, =0 m =3¢

q=6mC X
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Intermediate Exam I: Problem #3 (Spring '06) ey

Consider a region of uniform electric field as shown. A charged particle is projected at time t = 0 with initial
velocity as shown. Ignore gravity.

(a) Find the components a, and ay of the acceleration at time t = 0.
(b) Find the components v, and v, of the velocity at time t = 0.
(c) Find the components v, and v, of the velocity at time ¢ = 1.2s.

(d) Find the components x and y of the position at time t = 1.2s.

Solution: E =5N/C
_ 6x107C
- 3x10%kg m=3g

(b) vx =0, v, =09 =2m/s. q=6mC X

Vo= 2m/s

(@) ay = LE (5N/C) = 10m/s?, a, =0.

ki
m
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Intermediate Exam I: Problem #3 (Spring '06) ey

Consider a region of uniform electric field as shown. A charged particle is projected at time t = 0 with initial
velocity as shown. Ignore gravity.

(a) Find the components a, and ay of the acceleration at time t = 0.
(b) Find the components v, and v, of the velocity at time t = 0.
(c) Find the components v, and v, of the velocity at time ¢ = 1.2s.

(d) Find the components x and y of the position at time t = 1.2s.

y
Solution: E =5N/C
L
q 6x1073C ) v = 2m/s
—dpg_22"" > _ —0 0
(@) ay mE 3% 10 7kg (5N/C) =10m/s®, a, =0 m =3¢
(b) vx=0, v, =v0=2m/s. q=6mC X

(c) vy = ayt = (10m/s?)(1.25) = 12m/s, v, = vy = 2m/s.
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Intermediate Exam I: Problem #3 (Spring '06) ey

Consider a region of uniform electric field as shown. A charged particle is projected at time t = 0 with initial
velocity as shown. Ignore gravity.

(a) Find the components a, and ay of the acceleration at time t = 0.
(b) Find the components v, and v, of the velocity at time t = 0.
(c) Find the components v, and v, of the velocity at time ¢ = 1.2s.

(d) Find the components x and y of the position at time t = 1.2s.

y
Solution: E =5N/C
L
q 6x1073C ) v = 2m/s
—dpg_22"" > _ —0 0
(@) ay mE 3% 10 7kg (5N/C) =10m/s®, a, =0 m =3¢
(b) vx=0, v, =v0=2m/s. q=6mC X

(c) vy = ayt = (10m/s?)(1.25) = 12m/s, v, = vy = 2m/s.

(d) x= %uxt2 =05(10m/s?)(1.25)> = 72m, y= vyt = (2m/s)(1.2s) = 2.4m.
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Unit Exam I: Problem #1 (Spring '07)

Consider the configuration of two point charges as shown.

(a) Find magnitude and direction of the force Fy; exerted by g, on g;.
(b) Find magnitude and direction of the electric field E4 at point P,.
(c) Find magnitude and direction of the electric field Ez at point Pp.

(d) Find the electric potential V4 at point Pa.

(e) Find the electric potential V3 at point Pg.

q,= +3nC

tsl359




Unit Exam I: Problem #1 (Spring '07)

Consider the configuration of two point charges as shown.

(a) Find magnitude and direction of the force Fy; exerted by g, on g;.
(b) Find magnitude and direction of the electric field E4 at point P,.
(c) Find magnitude and direction of the electric field Ez at point Pp.

(d) Find the electric potential V4 at point Pa.

(e) Find the electric potential V3 at point Pg.

Solution:

2 4 4 4
‘érrf)‘z =127nN  (directed right). m m m

(@) Fi =k
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Unit Exam I: Problem #1 (Spring '07)

Consider the configuration of two point charges as shown.

(a) Find magnitude and direction of the force Fy; exerted by g, on g;.
(b) Find magnitude and direction of the electric field E4 at point P,.
(c) Find magnitude and direction of the electric field Ez at point Pp.

(d) Find the electric potential V4 at point Pa.

(e) Find the electric potential V3 at point Pg.

2 2
Solution:
B S i S
2 4 4 4
(@) Fio =k ‘érrf)‘z =127nN  (directed right). m m m
(b) Ex = 2k"CL _ 338N/ (directed right).

(dm)? —
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Unit Exam I: Problem #1 (Spring '07)

Consider the configuration of two point charges as shown.

(a) Find magnitude and direction of the force Fy; exerted by g, on g;.
(b) Find magnitude and direction of the electric field E4 at point P,.

(c) Find magnitude and direction of the electric field Ez at point Pp.

(d) Find the electric potential V4 at point Pa.

(e) Find the electric potential V3 at point Pg.

q,=+3nC q,=-3nC
Solution: ?\ fB
(@) Fio =k \(?mC)\ =127nN  (directed right). 4m 4m 4m
(b) Ey = zk(|3“C)| —338N/C  (directed right).
(c) Eg=k [3nC] [3nC = —150N/C (directed left).

(12m)2 " (4m)?
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Unit Exam I: Problem #1 (Spring '07)

Consider the configuration of two point charges as shown.

(a) Find magnitude and direction of the force Fy; exerted by g, on g;.
(b) Find magnitude and direction of the electric field E4 at point P,.

(c) Find magnitude and direction of the electric field Ez at point Pp.

(d) Find the electric potential V4 at point Pa.

(e) Find the electric potential V3 at point Pg.

=+3nC =-3nC
q B, q 7,

Solution: °

B S i S
4 4 4
(@) Fio =k \(?mC)\ =127nN  (directed right). m m m
(b) Ey = zk(|3“C)| —338N/C  (directed right).
(c) E k(|3nc)|2 52%' —150N/C  (directed left).
(d) Vy _k(+3nC) Jrk(f?mC) Py
4m 4im
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Unit Exam I: Problem #1 (Spring '07)

Consider the configuration of two point charges as shown.

(a) Find magnitude and direction of the force Fy; exerted by g, on g;.
(b) Find magnitude and direction of the electric field E4 at point P,.

(c) Find magnitude and direction of the electric field Ez at point Pp.

(d) Find the electric potential V4 at point Pa.

(e) Find the electric potential V3 at point Pg.

q,=+3nC P, q,=-3nC Py
Solution: ° °
(@) Fio =k \(?mC)\ =127nN  (directed right). 4m 4m 4m
(b) Ey = zk(|3“C)| —338N/C  (directed right).
(c) Ep =k (|3nC)|2 52%' —1.50N/C  (directed left).
(d) Va= k(+3;C) +k% -0,
(© Vg = £ TC) 4 (5300) _ sov,

12m 4m
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Unit Exam I: Problem #2 (Spring '07) hﬁhﬁ'

A point charge Q, is positioned at the center of a conducting spherical shell of inner radius r, = 3.00m and
outer radius r3 = 5.00m. The total charge on the shell Q; = +7.00nC. The electric field at point A has strength
E4 = 6.75N/C and is pointing radially inward.

(a) Find the value of Q, (point charge).

(b) Find the charge Q;,; on the inner surface of the shell.
(c) Find the charge Q.. on the outer surface of the shell.
(d) Find the electric field at point B.
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Unit Exam I: Problem #2 (Spring '07) hﬁhﬁ'

A point charge Q, is positioned at the center of a conducting spherical shell of inner radius r, = 3.00m and
outer radius r3 = 5.00m. The total charge on the shell Q; = +7.00nC. The electric field at point A has strength
E4 = 6.75N/C and is pointing radially inward.

(a) Find the value of Q, (point charge).

(b) Find the charge Q;,; on the inner surface of the shell.
(c) Find the charge Q.. on the outer surface of the shell.
(d) Find the electric field at point B.

Solution:

Q

(a) Gauss's law implies that —E4 (4773) = -
0
= Qp = —3.00nC.
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Unit Exam I: Problem #2 (Spring '07) hﬁhﬁ'

A point charge Q, is positioned at the center of a conducting spherical shell of inner radius r, = 3.00m and
outer radius r3 = 5.00m. The total charge on the shell Q; = +7.00nC. The electric field at point A has strength
E4 = 6.75N/C and is pointing radially inward.

(a) Find the value of Q, (point charge).

(b) Find the charge Q;,; on the inner surface of the shell.
(c) Find the charge Q.. on the outer surface of the shell.
(d) Find the electric field at point B.

Solution:

Q

(a) Gauss's law implies that —E4 (4773) = -
0

= Qp = —3.00nC.
(b) Gauss’s law implies that Q;y = —Q, = +3.00nC.
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Unit Exam I: Problem #2 (Spring '07)

tsl360

A point charge Q, is positioned at the center of a conducting spherical shell of inner radius r, = 3.00m and
outer radius r3 = 5.00m. The total charge on the shell Q; = +7.00nC. The electric field at point A has strength

E4 = 6.75N/C and is pointing radially inward.

(a) Find the value of Q, (point charge).

(b) Find the charge Q;,; on the inner surface of the shell.
(c) Find the charge Q.. on the outer surface of the shell.
(d) Find the electric field at point B.

Solution:

(a) Gauss's law implies that —E4 (4773) = %

0
= Qp = —3.00nC.
(b) Gauss’s law implies that Q;y = —Q, = +3.00nC.

(c) Charge conservation, Q;,; + Qext = Qs = 7.00nC,
then implies that Qe = +4.00nC.




Unit Exam I: Problem #2 (Spring '07)

A point charge Q, is positioned at the center of a conducting spherical shell of inner radius r, = 3.00m and
outer radius r3 = 5.00m. The total charge on the shell Q; = +7.00nC. The electric field at point A has strength

E4 = 6.75N/C and is pointing radially inward.

(a) Find the value of Q, (point charge).

(b) Find the charge Q;,; on the inner surface of the shell.
(c) Find the charge Q.. on the outer surface of the shell.
(d) Find the electric field at point B.

Solution:

(a) Gauss's law implies that —E4 (4773) = %

0
= Qp = —3.00nC.
(b) Gauss’s law implies that Q;y = —Q, = +3.00nC.

(c) Charge conservation, Q;,; + Qext = Qs = 7.00nC,
then implies that Qe = +4.00nC.

(d) Eg = 0inside conductor.
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Unit Exam I: Problem #3 (Spring '07) !mﬁm.'

Consider two regions of uniform electric field as shown. Charged particles of mass m = 2kg and charge g = 1C
are projected at time t = 0 with initial velocities as shown. Both particles will hit the screen eventually. Ignore
gravity.

(a) At what time t; does the particle in region (1) hit the screen?

(b) At what height y; does the particle in region (1) hit the screen?

(c) At what time t, does the particle in region (2) hit the screen?

(d) At what height y, does the particle in region (2) hit the screen?

(1) (2)
(o]
< | E=sNC S g
1} =] =
[\
g
B S 3

8m 8m
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Unit Exam I: Problem #3 (Spring '07) !mﬁm.'

Consider two regions of uniform electric field as shown. Charged particles of mass m = 2kg and charge g = 1C
are projected at time t = 0 with initial velocities as shown. Both particles will hit the screen eventually. Ignore
gravity.

(a) At what time t; does the particle in region (1) hit the screen?
(b) At what height y; does the particle in region (1) hit the screen?

(c) At what time t, does the particle in region (2) hit the screen?
(d) At what height y, does the particle in region (2) hit the screen?

Solution: M y )
1 q y w t 7]
@ x = Eat% with a= %E =25m/s?, = E =5N/C § %
x1=8m = t; =2.53s. I s =
g
B S 3

8m 8m
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Unit Exam I: Problem #3 (Spring '07) !mﬁm.'

Consider two regions of uniform electric field as shown. Charged particles of mass m = 2kg and charge g = 1C
are projected at time t = 0 with initial velocities as shown. Both particles will hit the screen eventually. Ignore
gravity.

(a) At what time t; does the particle in region (1) hit the screen?
(b) At what height y; does the particle in region (1) hit the screen?

(c) At what time t, does the particle in region (2) hit the screen?
(d) At what height y, does the particle in region (2) hit the screen?

Solution: ) @
1 y . y - .
@ x = Eat% with a= %E =25m/s?, < E =5N/C 5 (Qb
X =8m = # = 253. 1 — |8 g
(b) y1 = vot; = 5.06m. i

8m 8m
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Unit Exam I: Problem #3 (Spring '07) !mﬁm.'

Consider two regions of uniform electric field as shown. Charged particles of mass m = 2kg and charge g = 1C
are projected at time t = 0 with initial velocities as shown. Both particles will hit the screen eventually. Ignore
gravity.

(a) At what time t; does the particle in region (1) hit the screen?
(b) At what height y; does the particle in region (1) hit the screen?

(c) At what time t, does the particle in region (2) hit the screen?
(d) At what height y, does the particle in region (2) hit the screen?

Solution: @ @
y y -
1 w w
@ x = Eat% with a= %E =25m/s?, < E =5N/C 5 (%
x=8m = t =253. T e N g
)
(b) Y1 = 0ot = 5.06m. i
(C) Xy = Zi()tz = th = 871‘1'1 = 4s. X X
Zm/s —————— R
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Unit Exam I: Problem #3 (Spring '07) !mﬁm.'

Consider two regions of uniform electric field as shown. Charged particles of mass m = 2kg and charge g = 1C
are projected at time t = 0 with initial velocities as shown. Both particles will hit the screen eventually. Ignore
gravity.

(a) At what time t; does the particle in region (1) hit the screen?
(b) At what height y; does the particle in region (1) hit the screen?

(c) At what time t, does the particle in region (2) hit the screen?
(d) At what height y, does the particle in region (2) hit the screen?

Solution: @ @
y y -
1 7 17
@ x = Eat% with a= %E =25m/s?, < E =5N/C 5 (%
x=8m = t =253. T e N g
)
(b) y1 = vot; = 5.06m. i
(C) Xy =0gty = ) = 871‘1'1 = 4s. X X
2m/s - - >
8m 8m

(d) yo = %ut% = 20m.
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Unit Exam I: Problem #1 (Spring '08)

Consider two point charges positioned in the xy-plane as shown.

(a) Find the magnitude F of the force between the two charges.

(b) Find the components E, and E, of the electric field at point O.

(c) Find the electric potential V at point O.

(d) Find the potential energy U of charge g, in the presence of charge g;.

y

d a,= -4nC

=
™

q,= +8nC

4m
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Unit Exam I: Problem #1 (Spring '08)

Consider two point charges positioned in the xy-plane as shown.

(a) Find the magnitude F of the force between the two charges.

(b) Find the components E, and E, of the electric field at point O.

(c) Find the electric potential V at point O.

(d) Find the potential energy U of charge g, in the presence of charge g;.

q,= +8nC

Solution: y
q,=-4nC
(a) F= k(‘gﬁl — 1.15 x 1078N. d !
£
™
O D

4m
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Unit Exam I: Problem #1 (Spring '08)

Consider two point charges positioned in the xy-plane as shown.

(a) Find the magnitude F of the force between the two charges.
(b) Find the components E, and E, of the electric field at point O.

(c) Find the electric potential V at point O.

(d) Find the potential energy U of charge g, in the presence of charge g;.

Solution:
(@) F= k(‘ggﬁl — 1.15 x 1078N.
(b) Ex = 7k(z‘1121|)2 = —45N/C,
E, = +k (3‘11])2 — +40N/C.

tsl374
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Unit Exam I: Problem #1 (Spring '08)

Consider two point charges positioned in the xy-plane as shown.

(a) Find the magnitude F of the force between the two charges.

(b) Find the components E, and E, of the electric field at point O.

(c) Find the electric potential V at point O.

(d) Find the potential energy U of charge g, in the presence of charge g;.

q,= +8nC

Solution: y
d q,=-4nC
(@) F=k (‘gxﬁl — 1.15 x 1078N. !
_ el
(b) Ex = k(4m)2 = —45N/C, c
_ |q1] _ ™
E, = +k )7~ 140N/C.
() v:kf—2 +k3Ll — 18V — 12V = 6V.
m m O D

4m
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Unit Exam I: Problem #1 (Spring '08)

Consider two point charges positioned in the xy-plane as shown.

(a) Find the magnitude F of the force between the two charges.

(b) Find the components E, and E, of the electric field at point O.

(c) Find the electric potential V at point O.

(d) Find the potential energy U of charge g, in the presence of charge g;.

q,= +8nC

Solution: y
d q,=-4nC
(@) F=k (‘gxﬁl — 1.15 x 1078N. !
_ el
(b) Ex = k(4m)2 = —45N/C, c
_ |q1] _ ™
E, = +k )7~ 140N/C.
() v:kf—2 +k3Ll — 18V — 12V = 6V.
m m O D

(d) U= k% — _57.6n]. 4m

tsl374




Unit Exam I: Problem #2 (Spring '08)

Consider a region of uniform electric field E, = —5N/C. A charged particle (charge Q = 2C, mass m = 3kg) is

launched from initial position x = 0 with velocity vy = 10m/s in the positive x-direction.

(a) Find the (negative) acceleration a, experienced by the particle.

(b) Find the time t, it takes the particle to come to a stop.

(c) Find the position x; of the particle at time t;.

(d) Find the work W done by the electric field to bring the particle to a stop.
E, = -5N/C
R S

m =3kg

~ o
Q= ZCO Vo = 10m/s
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Unit Exam I: Problem #2 (Spring '08)

Consider a region of uniform electric field E, = —5N/C. A charged particle (charge Q = 2C, mass m = 3kg) is

launched from initial position x = 0 with velocity vy = 10m/s in the positive x-direction.

(a) Find the (negative) acceleration a, experienced by the particle.

(b) Find the time t, it takes the particle to come to a stop.
(c) Find the position x; of the particle at time t;.
(d) Find the work W done by the electric field to bring the particle to a stop.
Solution: EX =-5N/C
—~—
@) ax = %(—51\1/0 — —333m/s. m =3kg

~ o
Q= ZCO Vo = 10m/s
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Unit Exam I: Problem #2 (Spring '08)

Consider a region of uniform electric field E, = —5N/C. A charged particle (charge Q = 2C, mass m = 3kg) is

launched from initial position x = 0 with velocity vy = 10m/s in the positive x-direction.

(a) Find the (negative) acceleration a, experienced by the particle.

(b) Find the time t, it takes the particle to come to a stop.
(c) Find the position x; of the particle at time t;.
(d) Find the work W done by the electric field to bring the particle to a stop.
Solution: EX =-5N/C
R S
(8) a = 25 (-5N/C) = ~3.33m/s2, m =3kg
g . O—
(b) £ = =2 —3.00s. Q=2C Vp = 10m/s

Jax |
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Unit Exam I: Problem #2 (Spring '08)

Consider a region of uniform electric field E, = —5N/C. A charged particle (charge Q = 2C, mass m = 3kg) is

launched from initial position x = 0 with velocity vy = 10m/s in the positive x-direction.

(a) Find the (negative) acceleration a, experienced by the particle.

(b) Find the time t, it takes the particle to come to a stop.
(c) Find the position x; of the particle at time t;.
(d) Find the work W done by the electric field to bring the particle to a stop.
Solution: EX =-5N/C
R S
(@) v = 25 (5N/C) = —3.33m/s2. m =3kg
sk L O— X
Jax | o
_ % _
() xs = o] 15.0m.
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Unit Exam I: Problem #2 (Spring '08)

Consider a region of uniform electric field E, = —5N/C. A charged particle (charge Q = 2C, mass m = 3kg) is

launched from initial position x = 0 with velocity vy = 10m/s in the positive x-direction.

(a) Find the (negative) acceleration a, experienced by the particle.

(b) Find the time t, it takes the particle to come to a stop.
(c) Find the position x; of the particle at time t;.
(d) Find the work W done by the electric field to bring the particle to a stop.
Solution: EX =-5N/C
R S
(@) v = 25 (5N/C) = —3.33m/s2. m =3kg
sk L O— X
Jax | o
_ % _
() xs = o] 15.0m.

(d) W=AK = -%mvg = —150].
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Unit Exam I: Problem #3 (Spring '08) iy

Consider a conducting spherical shell of inner radius r;,;; = 3m and outer radius .,y = 5m. The net charge on
the shell is Qg = 7uC.

(a) Find the charge Q;,; on the inner surface and the charge Q. on the outer surface of the shell.
(b) Find the direction (left/right/none) of the electric field at points A, B, C.

Now place a point charge Qpoint = —3pC into the center of the shell (r = 0m).

(c) Find the charge Q,,; on the inner surface and the charge Q.. on the outer surface of the shell.
(d) Find the direction (left/right/none) of the electric field at points A, B, C.
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Unit Exam I: Problem #3 (Spring '08) iy

Consider a conducting spherical shell of inner radius r;,;; = 3m and outer radius .,y = 5m. The net charge on
the shell is Qg = 7uC.

(a) Find the charge Q;,; on the inner surface and the charge Q. on the outer surface of the shell.
(b) Find the direction (left/right/none) of the electric field at points A, B, C.

Now place a point charge Qpoint = —3pC into the center of the shell (r = 0m).

(c) Find the charge Q,,; on the inner surface and the charge Q.. on the outer surface of the shell.
(d) Find the direction (left/right/none) of the electric field at points A, B, C.

Solution:

(a) Qint = 0/ Qext = 7‘HC
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Unit Exam I: Problem #3 (Spring '08) iy

Consider a conducting spherical shell of inner radius r;,;; = 3m and outer radius .,y = 5m. The net charge on
the shell is Qg = 7uC.

(a) Find the charge Q;,; on the inner surface and the charge Q. on the outer surface of the shell.
(b) Find the direction (left/right/none) of the electric field at points A, B, C.

Now place a point charge Qpoint = —3pC into the center of the shell (r = 0m).

(c) Find the charge Q,,; on the inner surface and the charge Q.. on the outer surface of the shell.
(d) Find the direction (left/right/none) of the electric field at points A, B, C.

Solution:

(a) Qint =0, Qext = 7,HC
(b) A: none, B: none, C: right.
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Unit Exam I: Problem #3 (Spring '08) iy

Consider a conducting spherical shell of inner radius r;,;; = 3m and outer radius .,y = 5m. The net charge on
the shell is Qg = 7uC.

(a) Find the charge Q;,; on the inner surface and the charge Q. on the outer surface of the shell.
(b) Find the direction (left/right/none) of the electric field at points A, B, C.

Now place a point charge Qpoint = —3pC into the center of the shell (r = 0m).

(c) Find the charge Q,,; on the inner surface and the charge Q.. on the outer surface of the shell.
(d) Find the direction (left/right/none) of the electric field at points A, B, C.

Solution:

(a) Qint =0, Qext = 7,HC
(b) A: none, B: none, C: right.

(c) Qint = 3uC,  Qext = 4uC.
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Unit Exam I: Problem #3 (Spring '08) iy

Consider a conducting spherical shell of inner radius r;,;; = 3m and outer radius .,y = 5m. The net charge on
the shell is Qg = 7uC.

(a) Find the charge Q;,; on the inner surface and the charge Q. on the outer surface of the shell.
(b) Find the direction (left/right/none) of the electric field at points A, B, C.

Now place a point charge Qpoint = —3pC into the center of the shell (r = 0m).

(c) Find the charge Q,,; on the inner surface and the charge Q.. on the outer surface of the shell.
(d) Find the direction (left/right/none) of the electric field at points A, B, C.

Solution:

(a) Qint =0, Qext = 7,HC

(b) A: none, B: none, C: right.
(c) Qint = 3uC,  Qext = 4uC.

(d) A: left, B: none, C: right.
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Unit Exam I: Problem #1 (Spring '09) !;Tmh'

Consider two point charges positioned on the x-axis as shown.

(a) Find magnitude and direction of the electric field at point P.

(b) Find the electric potential at point P.

(c) Find the electric potential energy of an electron (mass m = 9.1 x 10~3kg, charge 4 = —1.6 x 1071°C)
when placed at point P.

(d) Find magnitude and direction of the acceleration the electron experiences when released at point P.

+8nC —-8nC P

I o x
QZmUZm

tsl389



Unit Exam I: Problem #1 (Spring '09) !;Tmh'

Consider two point charges positioned on the x-axis as shown.

(a) Find magnitude and direction of the electric field at point P.

(b) Find the electric potential at point P.

(c) Find the electric potential energy of an electron (mass m = 9.1 x 10~3kg, charge 4 = —1.6 x 1071°C)
when placed at point P.

(d) Find magnitude and direction of the acceleration the electron experiences when released at point P.

+8nC —-8nC P
OO »
dm 2
Solution: m m
@ Ey = +k.0C | 8C) N/ 18N/C = —135N/C (directed left).

@m)? " 2m)?
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Unit Exam I: Problem #1 (Spring '09) !;Tmh'

Consider two point charges positioned on the x-axis as shown.

(a) Find magnitude and direction of the electric field at point P.

(b) Find the electric potential at point P.

(c) Find the electric potential energy of an electron (mass m = 9.1 x 10~3kg, charge 4 = —1.6 x 1071°C)
when placed at point P.

(d) Find magnitude and direction of the acceleration the electron experiences when released at point P.

+8nC —-8nC P
OGO
dm 2
Solution: m m
@) Ex= +k% +k% =45N/C—18N/C = —135N/C (directed left).
) V= k€ (80 ey aev— _1sv.
4m 2m
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Unit Exam I: Problem #1 (Spring '09) !;Tmh'

Consider two point charges positioned on the x-axis as shown.

(a) Find magnitude and direction of the electric field at point P.

(b) Find the electric potential at point P.

(c) Find the electric potential energy of an electron (mass m = 9.1 x 10~3kg, charge 4 = —1.6 x 1071°C)
when placed at point P.

(d) Find magnitude and direction of the acceleration the electron experiences when released at point P.

+8nC —-8nC P
OGO
dm 2
Solution: m m
@) Ex= +k% +k% =45N/C—18N/C = —135N/C (directed left).
) V= k€ (80 ey aev— _1sv.
4m 2m

(c) U=qV = (-18V)(~1.6 x 10°°C) = 2.9 x 10718].
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Unit Exam I: Problem #1 (Spring '09) !;Tmh'

Consider two point charges positioned on the x-axis as shown.

(a) Find magnitude and direction of the electric field at point P.

(b) Find the electric potential at point P.

(c) Find the electric potential energy of an electron (mass m = 9.1 x 10~3kg, charge 4 = —1.6 x 1071°C)
when placed at point P.

(d) Find magnitude and direction of the acceleration the electron experiences when released at point P.

+8nC —-8nC P
OGO
dm 2
Solution: m m
@) Ex= +k% +k% =45N/C—18N/C = —135N/C (directed left).
) V= k€ (80 ey aev— _1sv.
4m 2m

(c) U=qV = (-18V)(~1.6 x 10°°C) = 2.9 x 10718].

_ gEx _ (=16 x10""C)(-135N/C) _ 1. o . .
(d) ay = el 5.1 % 10-Tkg =24 x10"%ms (directed right).
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Unit Exam I: Problem #2 (Spring '09) !mim.'

Consider two very large uniformly charged parallel sheets as shown.
The charge densities are 04 = +7 x 1072Cm~2 and 3 = —4 x 10712Cm™2, respectively.

Find magnitude and direction (left/right) of the electric fields E;, E», and E.
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Unit Exam I: Problem #2 (Spring '09) !;Tmh'

Consider two very large uniformly charged parallel sheets as shown.
The charge densities are 04 = +7 x 1072Cm~2 and 3 = —4 x 10712Cm™2, respectively.

Find magnitude and direction (left/right) of the electric fields E;, E», and E.

Solution: E; E, E;

_ loal

E
A e

= 0.40N/C (directed away from sheet A).
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Unit Exam I: Problem #2 (Spring '09) !;Tmh'

Consider two very large uniformly charged parallel sheets as shown.
The charge densities are 04 = +7 x 1072Cm~2 and 3 = —4 x 10712Cm™2, respectively.

Find magnitude and direction (left/right) of the electric fields E;, E», and E.

Solution: E; E, E;

A= g = 0.40N/C (directed away from sheet A).
0

Ez = g = 0.23N/C (directed toward sheet B).
0
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Unit Exam I: Problem #2 (Spring '09) !;Tmh'

Consider two very large uniformly charged parallel sheets as shown.
The charge densities are 04 = +7 x 1072Cm~2 and 3 = —4 x 10712Cm™2, respectively.

Find magnitude and direction (left/right) of the electric fields E;, E», and E.

Solution: E; E, E;

A= g = 0.40N/C (directed away from sheet A).
0

Ez = g = 0.23N/C (directed toward sheet B).
0

Ei =E4 —Eg =0.17N/C (directed left).
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Consider two very large uniformly charged parallel sheets as shown.
The charge densities are 04 = +7 x 1072Cm~2 and 3 = —4 x 10712Cm™2, respectively.

Find magnitude and direction (left/right) of the electric fields E;, E», and E.

Solution: E; E, E;

A= g = 0.40N/C (directed away from sheet A).
0

Ez = g = 0.23N/C (directed toward sheet B).
0

Ei =E4 —Eg =0.17N/C (directed left).
E» =E4 +Eg =0.63N/C (directed right).
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Unit Exam I: Problem #2 (Spring '09) !;Tmh'

Consider two very large uniformly charged parallel sheets as shown.
The charge densities are 04 = +7 x 1072Cm~2 and 3 = —4 x 10712Cm™2, respectively.

Find magnitude and direction (left/right) of the electric fields E;, E», and E.

Solution: E; E, E;

4= g = 0.40N/C (directed away from sheet A).
0
Ez = g = 0.23N/C (directed toward sheet B).
0

Ei =E4 —Eg =0.17N/C (directed left).
E» =E4 +Eg =0.63N/C (directed right).
E» =E4 — Eg =0.17N/C (directed right).
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Unit Exam I: Problem #3 (Spring '09)

ts1391

(a) Consider a conducting box with no net charge on it. Inside the box are two small charged conducting
cubes. For the given charges on the surface of one cube and on the inside surface of the box find the

charges Q; on the surface of the other cube and Q, on the outside surface of the box.

(b) Consider a conducting box with two compartments and no net charge on it. Inside one compartment is a
small charged conducting cube. For the given charge on the surface of the cube find the charges Q3, Q4,

and Qs on the three surfaces of the box.

o, v/

o,

/9%

(a)

(b)



Unit Exam I: Problem #3 (Spring '09)

ts1391

(a) Consider a conducting box with no net charge on it. Inside the box are two small charged conducting
cubes. For the given charges on the surface of one cube and on the inside surface of the box find the

charges Q; on the surface of the other cube and Q, on the outside surface of the box.

(b) Consider a conducting box with two compartments and no net charge on it. Inside one compartment is a
small charged conducting cube. For the given charge on the surface of the cube find the charges Q3, Q4,

and Qs on the three surfaces of the box.

Q Q34/

o,

/9%

Solution: @

(a) Gauss's law implies Q; +3C+ (—5C) =0 = Q; = +2C.
Net charge on the box: Q; + (-5C) =0 = Qy = +5C.

(b)



Unit Exam I: Problem #3 (Spring '09)

(a) Consider a conducting box with no net charge on it. Inside the box are two small charged conducting
cubes. For the given charges on the surface of one cube and on the inside surface of the box find the

charges Q; on the surface of the other cube and Q, on the outside surface of the box.

(b) Consider a conducting box with two compartments and no net charge on it. Inside one compartment is a
small charged conducting cube. For the given charge on the surface of the cube find the charges Q3, Q4,

and Qs on the three surfaces of the box.

Q Q34/

o,

/9%

Solution: @

(a) Gauss's law implies Q; +3C+ (—5C) =0 = Q; = +2C.

Net charge on the box: Q; + (-5C) =0 = Qy = +5C.
(b) Gauss's law implies Q3 + (—6C) =0 = Qs = +6C.

Gauss's law implies Q4 = 0.

Net charge on box: Q3 + Qs+ Q5 =0 = Qs = —6C.

tsl391
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Unit Exam I: Problem #1 (Fall "10) hmh'

Consider two point charges positioned as shown.

+7nC

(a) Find the magnitude of the electric field at point A.

(b) Find the electric potential at point A. 5m

(c) Find the magnitude of the electric field at point B.

(d) Find the electric potential at point B. 6m A Sm
B 8m

—-7nC
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Unit Exam I: Problem #1 (Fall "10) hmh'

Consider two point charges positioned as shown.

+7nC
(a) Find the magnitude of the electric field at point A.
(b) Find the electric potential at point A. 5m
(c) Find the magnitude of the electric field at point B.
(d) Find the electric potential at point B. 6m A 5
m
Solution:
Be 8
m
(a) Ex = 2721 — 5(2.50v/m) = 5.04v/m. -7nC

(5m)?
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Unit Exam I: Problem #1 (Fall "10) hmh'

Consider two point charges positioned as shown.

+7nC
(a) Find the magnitude of the electric field at point A.
(b) Find the electric potential at point A. 5m
(c) Find the magnitude of the electric field at point B.
(d) Find the electric potential at point B. 6m A 5
m
Solution:
Be 8
m
(a) Ex = 2721 — 5(2.50v/m) = 5.04v/m. -7nC
(5m)2
(b) vy =k EC) +k% — 126V — 126V = 0.

5m
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Unit Exam I: Problem #1 (Fall '10)

Consider two point charges positioned as shown.

(a) Find the magnitude of the electric field at point A.

(b) Find the electric potential at point A.

(c) Find the magnitude of the electric field at point B.

(d) Find the electric potential at point B.

Solution:
@) Ey = Zk(lg?nC)L =2(2.52V/m) = 5.04V/m.
) vy =k F7C) G ETC) o ey —126v =0,
5m 5m

+7nC
Sm
6m Al Sm
Be
8m

2 2
(c) Ep = \/<k [7n€ ) + (k |7n€| > = Ep = /(175V/m)2 + (0.98V/m)? = 2.01V/m.

(6m)? (8m)?

tsl398
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Unit Exam I: Problem #1 (Fall '10)

Consider two point charges positioned as shown.

(a) Find the magnitude of the electric field at point A.
(b) Find the electric potential at point A.
(c) Find the magnitude of the electric field at point B.
(d) Find the electric potential at point B.

Solution:
@) Ey = Zk(lg?nC)L =2(2.52V/m) = 5.04V/m.
) vy =k F7C) G ETC) o ey —126v =0,
5m 5m

+7nC
Sm
6m Al Sm
Be
8m

2 2
(c) Ep = \/<k [7n€ ) + (k |7n€| > = Ep = /(175V/m)2 + (0.98V/m)? = 2.01V/m.

(6m)? (8m)?
(+7nC) Tk (=7nC)

(d) Vi =k 6m 8m

=105V -79V =2.6V.

tsl398
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Unit Exam I: Problem #2 (Fall '10) hmh'

A point charge Q, is positioned at the center of a conducting spherical shell of inner radius r;,; = 3m and
outer radius 7.;; = 5m. The charge on the inner surface of the shell is Q;,;; = —4nC and the charge on the
outer surface is Q¢ = +3nC.

(a
(b
(c
(d

Find the value of the point charge Q,.

Find direction (up/down/none) and magnitude of the electric field at point A.
Find direction (up/down/none) and magnitude of the electric field at point B.
Find direction (up/down/none) and magnitude of the electric field at point C.

Lo
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Unit Exam I: Problem #2 (Fall '10) hmh'

A point charge Q, is positioned at the center of a conducting spherical shell of inner radius r;,; = 3m and
outer radius 7.;; = 5m. The charge on the inner surface of the shell is Q;,;; = —4nC and the charge on the
outer surface is Q¢ = +3nC.

(a
(b
(c
(d

Find the value of the point charge Q,.

Find direction (up/down/none) and magnitude of the electric field at point A.
Find direction (up/down/none) and magnitude of the electric field at point B.
Find direction (up/down/none) and magnitude of the electric field at point C.

Lo

Solution:

(@) Q= —Qiu = +4nC.
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Unit Exam I: Problem #2 (Fall '10) hmh'

A point charge Q, is positioned at the center of a conducting spherical shell of inner radius r;,; = 3m and
outer radius 7.;; = 5m. The charge on the inner surface of the shell is Q;,;; = —4nC and the charge on the
outer surface is Q¢ = +3nC.

(a
(b
(c
(d

Find the value of the point charge Q,.

Find direction (up/down/none) and magnitude of the electric field at point A.
Find direction (up/down/none) and magnitude of the electric field at point B.
Find direction (up/down/none) and magnitude of the electric field at point C.

Lo

Solution:

(@) Qp = —Qim = +4nC.
(b) E4 =0 inside conductor (no direction).
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Unit Exam I: Problem #2 (Fall '10) hmh'

A point charge Q, is positioned at the center of a conducting spherical shell of inner radius r;,; = 3m and
outer radius 7.;; = 5m. The charge on the inner surface of the shell is Q;,;; = —4nC and the charge on the
outer surface is Q¢ = +3nC.

(a
(b
(c
(d

Find the value of the point charge Q,.

Find direction (up/down/none) and magnitude of the electric field at point A.
Find direction (up/down/none) and magnitude of the electric field at point B.
Find direction (up/down/none) and magnitude of the electric field at point C.

Lo

Solution:

(@) Qp = —Qim = +4nC.
(b) E4 =0 inside conductor (no direction).
(C) E [47‘((611’1)2] _ Qp + Qint + Qext
B e
3nC

6m)? =0.75N/C (down).

= EB:k
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Unit Exam I: Problem #2 (Fall '10) hmh'

A point charge Q, is positioned at the center of a conducting spherical shell of inner radius r;,; = 3m and
outer radius 7.;; = 5m. The charge on the inner surface of the shell is Q;,;; = —4nC and the charge on the
outer surface is Q¢ = +3nC.

(a
(b
(c
(d

Find the value of the point charge Q,.

Find direction (up/down/none) and magnitude of the electric field at point A.
Find direction (up/down/none) and magnitude of the electric field at point B.
Find direction (up/down/none) and magnitude of the electric field at point C.

Lo

Solution:

(@) Qp = —Qim = +4nC.
(b) E4 =0 inside conductor (no direction).
(C) EB [47‘((611’1)2] _ Qp + Qint + Qext

€0
3nC2 =0.75N/C (down).

(6m)
(d) Ec[4m(2m)?] = g—: = Ec = k% =9N/C (down).

= EB:k

tsl399



Unit Exam I: Problem #3 (Fall '10)

tslsoo

An electron (m = 9.11 x 1073kg, g = —1.60 x 101°C) and a proton (m = 1.67 x 10~27kg, 4 = +1.60 x 107°C)

are released from rest midway between oppositely charged parallel plates. The plates are at the electric

potentials shown.

(a) Find the magnitude of the electric field between the plates.

(b) What direction (left/right) does the electric field have?

(c) Which particle (electron/proton/both) is accelerated to the left?
(d) Why does the electron reach the plate before the proton?

(e) Find the kinetic energy of the proton when it reaches the plate.

6V

0.2m

[\
=+ + + F + +112




Unit Exam I: Problem #3 (Fall '10)

An electron (m = 9.11 x 1073kg, g = —1.60 x 101°C) and a proton (m = 1.67 x 10~27kg, 4 = +1.60 x 107°C)

are released from rest midway between oppositely charged parallel plates. The plates are at the electric

potentials shown.

(a) Find the magnitude of the electric field between the plates.

(b) What direction (left/right) does the electric field have?

(c) Which particle (electron/proton/both) is accelerated to the left?
(d) Why does the electron reach the plate before the proton?

(e) Find the kinetic energy of the proton when it reaches the plate.

Solution:

(@) E=6V/0.2m =30V/m.
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Unit Exam I: Problem #3 (Fall '10)

An electron (m = 9.11 x 1073kg, g = —1.60 x 101°C) and a proton (m = 1.67 x 10~27kg, 4 = +1.60 x 107°C)

are released from rest midway between oppositely charged parallel plates. The plates are at the electric

potentials shown.

(a) Find the magnitude of the electric field between the plates.

(b) What direction (left/right) does the electric field have?

(c) Which particle (electron/proton/both) is accelerated to the left?
(d) Why does the electron reach the plate before the proton?

(e) Find the kinetic energy of the proton when it reaches the plate.

Solution:

(@) E=6V/0.2m =30V/m.
(b) left

tslsoo
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Unit Exam I: Problem #3 (Fall '10)

An electron (m = 9.11 x 1073kg, g = —1.60 x 101°C) and a proton (m = 1.67 x 10~27kg, 4 = +1.60 x 107°C)

are released from rest midway between oppositely charged parallel plates. The plates are at the electric

potentials shown.

(a) Find the magnitude of the electric field between the plates.

(b) What direction (left/right) does the electric field have?

(c) Which particle (electron/proton/both) is accelerated to the left?
(d) Why does the electron reach the plate before the proton?

(e) Find the kinetic energy of the proton when it reaches the plate.

Solution:

(a) E=6V/0.2m = 30V/m.
(b) left
(c) proton (positive charge)
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Unit Exam I: Problem #3 (Fall '10)

An electron (m = 9.11 x 1073kg, g = —1.60 x 101°C) and a proton (m = 1.67 x 10~27kg, 4 = +1.60 x 107°C)

are released from rest midway between oppositely charged parallel plates. The plates are at the electric

potentials shown.

(a) Find the magnitude of the electric field between the plates.

(b) What direction (left/right) does the electric field have?

(c) Which particle (electron/proton/both) is accelerated to the left?
(d) Why does the electron reach the plate before the proton?

(e) Find the kinetic energy of the proton when it reaches the plate.

Solution:

(@) E=6V/0.2m = 30V/m.

(b) left

(c) proton (positive charge)

(d) smaller m, equal |q| = larger |g|E/m

tslsoo
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Unit Exam I: Problem #3 (Fall '10)

tslsoo

An electron (m = 9.11 x 1073kg, g = —1.60 x 101°C) and a proton (m = 1.67 x 10~27kg, 4 = +1.60 x 107°C)

are released from rest midway between oppositely charged parallel plates. The plates are at the electric

potentials shown.

(a) Find the magnitude of the electric field between the plates.

(b) What direction (left/right) does the electric field have?

(c) Which particle (electron/proton/both) is accelerated to the left?
(d) Why does the electron reach the plate before the proton?

(e) Find the kinetic energy of the proton when it reaches the plate.

Solution:

(@) E=6V/0.2m = 30V/m.

(b) left

(c) proton (positive charge)

(d) smaller m, equal |q| = larger |g|E/m

(e) K= |gAV| = (1.6 x 1071°C)(3V) = 4.8 x 10717].

6V

0.2m

[\
=+ + + F + +112




Unit Exam I: Problem #1 (Spring "11) !mﬁm.'

Tuuu g v Es
The point charge Q has a fixed position as shown.

(a) Find the components E, and E; of the electric field at point A.

(b) Find the electric potential V at point A.

Now place a proton (m = 1.67 x 10~?’kg, q = 1.60 x 1071°C) at point A.

(c) Find the the electric force F (magnitude only) experienced by the proton.

(d) Find the electric potential energy U of the proton.
Q="7nC

3m

4m A
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Unit Exam I: Problem #1 (Spring "11) !mﬁm.'

The point charge Q has a fixed position as shown.

(a) Find the components E, and E; of the electric field at point A.

(b) Find the electric potential V at point A.

Now place a proton (m = 1.67 x 10~?’kg, q = 1.60 x 1071°C) at point A.

(c) Find the the electric force F (magnitude only) experienced by the proton.

(d) Find the electric potential energy U of the proton.

y
Solution: Q=7nC
(@) E=k (ZES‘Z — 25N/C,
4 3
Ex= zE=202N/C, E,=—ZE=—15IN/C 3m
4m A
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Unit Exam I: Problem #1 (Spring "11) !mﬁm.'

The point charge Q has a fixed position as shown.

(a) Find the components E, and E; of the electric field at point A.

(b) Find the electric potential V at point A.

Now place a proton (m = 1.67 x 10~?’kg, q = 1.60 x 1071°C) at point A.

(c) Find the the electric force F (magnitude only) experienced by the proton.

(d) Find the electric potential energy U of the proton.

y
Solution: Q=7nC
(@) E=k (ZES‘Z — 25N/C,
E,= SE=200N/C, E,=2FE=—15IN/C
5 v 5 3m
() V=kT —126v.
4m A
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Unit Exam I: Problem #1 (Spring "11) !mﬁm.'

The point charge Q has a fixed position as shown.

(a) Find the components E, and E; of the electric field at point A.

(b) Find the electric potential V at point A.

Now place a proton (m = 1.67 x 10~?’kg, q = 1.60 x 1071°C) at point A.

(c) Find the the electric force F (magnitude only) experienced by the proton.

(d) Find the electric potential energy U of the proton.

y
Solution: Q=7nC
(@) E=k (ZES‘Z — 25N/C,
E,= SE=20N/C, E,=—E=—15IN/C
5 v 5 3m
() V=kT —126v.
(c) F=qE =403 x 107 N. 4m A
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Unit Exam I: Problem #1 (Spring "11) !mﬁm.'

The point charge Q has a fixed position as shown.

(a) Find the components E, and E; of the electric field at point A.

(b) Find the electric potential V at point A.

Now place a proton (m = 1.67 x 10~?’kg, q = 1.60 x 1071°C) at point A.

(c) Find the the electric force F (magnitude only) experienced by the proton.

(d) Find the electric potential energy U of the proton.

y
Solution: Q=7nC
(@) E=k (ZES‘Z — 25N/C,
E,= SE=20N/C, E,=—E=—15IN/C
5 v 5 3m
() V=kT —126v.
(c) F=qE =403 x 107 N. 4m A

(d) U=qV=202x10"8.

tslso1
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Unit Exam I: Problem #2 (Spring '11) iy

The charged conducting spherical shell has a 2m inner radius and a 4m outer radius. The charge on the outer
surface is Qext = 8nC. There is a point charge Q, = 3nC at the center.

(a) Find the charge Qi on the inner surface of the shell.

(b) Find the surface charge density oex; 0n the outer surface of the shell.
(c) Find the electric flux ®¢ through a Gaussian sphere of radius r = 5m.
(d) Find the magnitude of the electric field E at radius r = 3m.

Qexe

Sm

tsls02
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Unit Exam I: Problem #2 (Spring '11) iy

The charged conducting spherical shell has a 2m inner radius and a 4m outer radius. The charge on the outer
surface is Qext = 8nC. There is a point charge Q, = 3nC at the center.

(a) Find the charge Qi on the inner surface of the shell.

(b) Find the surface charge density oex; 0n the outer surface of the shell.
(c) Find the electric flux ®¢ through a Gaussian sphere of radius r = 5m.
(d) Find the magnitude of the electric field E at radius r = 3m.

Qexe

Solution:

(@) Qint = —Qp = —3nC. o r
Sm

tsls02
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Unit Exam I: Problem #2 (Spring '11) iy

The charged conducting spherical shell has a 2m inner radius and a 4m outer radius. The charge on the outer
surface is Qext = 8nC. There is a point charge Q, = 3nC at the center.

(a) Find the charge Qi on the inner surface of the shell.

(b) Find the surface charge density oex; 0n the outer surface of the shell.
(c) Find the electric flux ®¢ through a Gaussian sphere of radius r = 5m.
(d) Find the magnitude of the electric field E at radius r = 3m.

Qext
Solution:
(@ Qint = —Qp = —3nC. o r
(b) Gt = oo 5 =398 x1071"C/m’. om

477(4m)
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Unit Exam I: Problem #2 (Spring '11)

The charged conducting spherical shell has a 2m inner radius and a 4m outer radius. The charge on the outer
surface is Qext = 8nC. There is a point charge Q, = 3nC at the center.

(a) Find the charge Qi on the inner surface of the shell.

(b) Find the surface charge density oex; 0n the outer surface of the shell.
(c) Find the electric flux ®¢ through a Gaussian sphere of radius r = 5m.
(d) Find the magnitude of the electric field E at radius r = 3m.

Qext
Solution:
(@) Qint = —Qp = —3nC. 5 ;
_ 5m
(b) Gext = 47T?4ext) =398 x 10711C/m?
(c) @ Qe“ = 904Nm?/C.
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Unit Exam I: Problem #2 (Spring '11)

The charged conducting spherical shell has a 2m inner radius and a 4m outer radius. The charge on the outer
surface is Qext = 8nC. There is a point charge Q, = 3nC at the center.

(a) Find the charge Qi on the inner surface of the shell.

(b) Find the surface charge density oex; 0n the outer surface of the shell.
(c) Find the electric flux ®¢ through a Gaussian sphere of radius r = 5m.
(d) Find the magnitude of the electric field E at radius r = 3m.

Qext
Solution:
(@) Qint = —Qp = —3nC. 5 ;
_ 5m
(b) Gext = 47T?4ext) =398 x 10711C/m?
(c) @ Qe“ = 904Nm?/C.

(d E=0 |n5|de conductor.
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Unit Exam I: Problem #3 (Spring '11) !mﬁm.'

Ei 00 | 5868
Consider a region of space with a uniform electric field E = 0.5V/mi. Ignore gravity.

(a) If the electric potential vanishes at point 0, what are the electric potentials at points 1 and 2?

(b) If an electron (m = 9.11 x 10731kg, g = —1.60 x 1071°C) is released from rest at point 0, toward which
point will it start moving?

(c) What will be the speed of the electron when it gets there?

tsls03



Unit Exam I: Problem #3 (Spring '11) !mﬁm.'

Ei 00 | 5868
Consider a region of space with a uniform electric field E = 0.5V/mi. Ignore gravity.

(a) If the electric potential vanishes at point 0, what are the electric potentials at points 1 and 2?

(b) If an electron (m = 9.11 x 10731kg, g = —1.60 x 1071°C) is released from rest at point 0, toward which
point will it start moving?

(c) What will be the speed of the electron when it gets there?

Solution:

(@) Vi = —(0.5V/m)(2m) = -1V, V, =0.
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Unit Exam I: Problem #3 (Spring '11) !mﬁm.'

Ei 00 | 5868
Consider a region of space with a uniform electric field E = 0.5V/mi. Ignore gravity.

(a) If the electric potential vanishes at point 0, what are the electric potentials at points 1 and 2?

(b) If an electron (m = 9.11 x 10731kg, g = —1.60 x 1071°C) is released from rest at point 0, toward which
point will it start moving?

(c) What will be the speed of the electron when it gets there?

Solution:

@ Vi =—(05V/m)(2m) = -1V, V, =0.
(b) F=gE = —|gE|i (toward point 3).
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Unit Exam I: Problem #3 (Spring '11) !mﬁm.'

Ei 00 | 5868
Consider a region of space with a uniform electric field E = 0.5V/mi. Ignore gravity.

(a) If the electric potential vanishes at point 0, what are the electric potentials at points 1 and 2?

(b) If an electron (m = 9.11 x 10731kg, g = —1.60 x 1071°C) is released from rest at point 0, toward which
point will it start moving?

(c) What will be the speed of the electron when it gets there?

Solution:

(@) Vi = —(05V/m)(2m) = -1V, V, =0.

(b) F=gE = —|gE|i (toward point 3).

() AV =(V3-Vy) =1V, AU=gAV = —1.60 x 1071],
K=-AU=160x10""], v= E =593 x 10°m/s.
Alternatively:

F=gE=800x10"%N, a= =878 10"m/s?,
|Ax| =2m, ©v= \/2a]Ax] =5.93 x 10°m/s.

F
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Unit Exam I: Problem #1 (Spring "12) !mﬁm.'

Consider two point charges at the positions shown.

(a) Find the magnitude E of the electric field at point P;.

(b) Find the components E, and E, of the electric field at point P,.

(c) Draw the direction of the electric field at points P and P, in the diagram.

(d) Calculate the potential difference AV = V, — V; between point P, and P;.

! 8
cm
-2nC&r-------—--------- o P,
PECSU -
SR

tsla22



Unit Exam I: Problem #1 (Spring "12) !mﬁm.'

Consider two point charges at the positions shown.

(a) Find the magnitude E of the electric field at point P;.

(b) Find the components E, and E, of the electric field at point P,.

(c) Draw the direction of the electric field at points P and P, in the diagram.

(d) Calculate the potential difference AV = V, — V; between point P, and P;.

y
fon. 8cm
Solution: —2nC R - p2
(@) E= 2k£ =144 x 10*N/C. I
(5cm)? . - ‘
RS
SR
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Unit Exam I: Problem #1 (Spring "12) !mﬁm.'

Consider two point charges at the positions shown.

(a) Find the magnitude E of the electric field at point P;.

(b) Find the components E, and E, of the electric field at point P,.

(c) Draw the direction of the electric field at points P and P, in the diagram.

(d) Calculate the potential difference AV = V, — V; between point P, and P;.

y
Solution: O 8CH} 777777 P
(a) E:Zk% = 1.44 x 10*°N/C. |
e
(b) Ex = _k% — 281 x 10°N/C. el ' 8
2nC 3 R N
E, =k = 5.00 x 10°N/C. e o

(6cm)2 . \@7 «
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Unit Exam I: Problem #1 (Spring "12) !mﬁm.'

Consider two point charges at the positions shown.

(a) Find the magnitude E of the electric field at point P;.

(b) Find the components E, and E, of the electric field at point P,.

(c) Draw the direction of the electric field at points P and P, in the diagram.

(d) Calculate the potential difference AV = V, — V; between point P, and P;.

y
ion: 8cm
Solution: T el S P
(@) E= %2 qaax 10*N/C. I
(5cm)? . - ‘
2nC . L ey
(b) Ey = —k——— = —2.81 x 10°N/C. e =
(8cm)? TP |
2nC . | N |
E, = k—— =5.00 x 10°N/C. s N

(6cm) 7 \@7 X

(c) E; up and left toward negative charge; E; more up and less left
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Unit Exam I: Problem #1 (Spring "12) !mﬁm.'

Consider two point charges at the positions shown.

(a) Find the magnitude E of the electric field at point P;.

(b) Find the components E, and E, of the electric field at point P,.

(c) Draw the direction of the electric field at points P and P, in the diagram.

(d) Calculate the potential difference AV = V, — V; between point P, and P;.

y
ion: 8cm
Solution: T el S P
(@) E= %2 qaax 10*N/C. I
(5cm)? . - ‘
2nC . L ey
(b) Ey = —k——— = —2.81 x 10°N/C. e =
(8cm)? TP |
2nC . | N |
E, = k—— =5.00 x 10°N/C. s N

(6cm) 7 \@7 X

(c) E; up and left toward negative charge; E; more up and less left

_ +2nC
(d) AV = vy —0 = k2 1 =2C _ 300y — 205v = 75V,
6cm 8cm

tsla22



Unit Exam I: Problem #2 (Spring '12) !mﬁm.'

Two very large, thin, uniformly charged, parallel sheets are positioned as shown.

Find the values of the charge densities, 04 and op, if you know the electric fields Eq, E;, and Es.
Consider two situations.

(a) E; =2N/C (directed left), E; = 0, E3 = 2N/C (directed right).

(b) E; =0, E; = 2N/C (directed right), E3 = 0.
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Unit Exam I: Problem #2 (Spring '12) !mﬁm.'

Two very large, thin, uniformly charged, parallel sheets are positioned as shown.

Find the values of the charge densities, 04 and op, if you know the electric fields Eq, E;, and Es.
Consider two situations.

(a) E; =2N/C (directed left), E; = 0, E3 = 2N/C (directed right).

(b) E; =0, E; = 2N/C (directed right), E3 = 0.

Solution:

(a) The two sheets are equally charged:
04 = 0 = 260(IN/C) = 1.77 x 10~ 11C/m?.
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Unit Exam I: Problem #2 (Spring '12) !mﬁm.'

Two very large, thin, uniformly charged, parallel sheets are positioned as shown.

Find the values of the charge densities, 04 and op, if you know the electric fields Eq, E;, and Es.
Consider two situations.

(a) E; =2N/C (directed left), E; = 0, E3 = 2N/C (directed right).

(b) E; =0, E; = 2N/C (directed right), E3 = 0.

Solution:

(a) The two sheets are equally charged:
04 = 0 = 260(IN/C) = 1.77 x 10~ 11C/m?.

(b) The two sheets are oppositely charged:
04 = —0p = 260(IN/C) = 1.77 x 10~ 11C/m?.

tsla23



Unit Exam I: Problem #3 (Spring "12) M

Consider a region of uniform electric field E; = +7N/C. A charged particle (charge Q = —3C, mass m = 5kg) is
launched at time ¢t = 0 from initial position x = 0 with velocity vy = 10m/s in the positive x-direction. Ignore

gravity.

(a) Find the force F, acting on the particle at time t = 0.

(b) Find the force F, acting on the particle at time t = 3s.

(c) Find the kinetic energy of the particle at time ¢ = 0. E; =+IN/C

(d) Find the kinetic energy of the particle at time t = 3s. m = kg <
(e) Find the work done on the particle between t = 0 and ¢ = 3s. Q=-3C  V,= 10m/s
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Unit Exam I: Problem #3 (Spring "12) M

Consider a region of uniform electric field E; = +7N/C. A charged particle (charge Q = —3C, mass m = 5kg) is
launched at time ¢t = 0 from initial position x = 0 with velocity vy = 10m/s in the positive x-direction. Ignore

gravity.

(a) Find the force F, acting on the particle at time t = 0.

(b) Find the force F, acting on the particle at time t = 3s.

(c) Find the kinetic energy of the particle at time ¢ = 0. E; =+IN/C

(d) Find the kinetic energy of the particle at time t = 3s. m = kg <
(e) Find the work done on the particle between t = 0 and ¢ = 3s. Q=-3C  V,= 10m/s

Solution:

(@) Fx = QE; = (—3C)(7N/C) = —21IN.

tsla2s



Unit Exam I: Problem #3 (Spring "12) M

Consider a region of uniform electric field E; = +7N/C. A charged particle (charge Q = —3C, mass m = 5kg) is
launched at time ¢t = 0 from initial position x = 0 with velocity vy = 10m/s in the positive x-direction. Ignore

gravity.

(a) Find the force F, acting on the particle at time t = 0.

(b) Find the force F, acting on the particle at time t = 3s.

(c) Find the kinetic energy of the particle at time ¢ = 0. E; =+IN/C

(d) Find the kinetic energy of the particle at time t = 3s. m = kg <
(e) Find the work done on the particle between t = 0 and ¢ = 3s. Q=-3C  V,= 10m/s

Solution:

(@) Fx = QE; = (—3C)(7N/C) = —21IN.
(b) no change from (a).

tsla2s



Unit Exam I: Problem #3 (Spring "12) M

Consider a region of uniform electric field E; = +7N/C. A charged particle (charge Q = —3C, mass m = 5kg) is
launched at time ¢t = 0 from initial position x = 0 with velocity vy = 10m/s in the positive x-direction. Ignore

gravity.

(a) Find the force F, acting on the particle at time t = 0.

(b) Find the force F, acting on the particle at time t = 3s.

(c) Find the kinetic energy of the particle at time ¢ = 0. E; =+IN/C

(d) Find the kinetic energy of the particle at time t = 3s. m = kg <
(e) Find the work done on the particle between t = 0 and ¢ = 3s. Q=-3C  V,= 10m/s

Solution:

(@) Fx = QE; = (—3C)(7N/C) = —21IN.
(b) no change from (a).

() K= %(Skg)(lOm/S)z = 250].

tsla2s



Unit Exam I: Problem #3 (Spring '12)

tsla2s

Consider a region of uniform electric field E; = +7N/C. A charged particle (charge Q = —3C, mass m = 5kg) is
launched at time ¢t = 0 from initial position x = 0 with velocity vy = 10m/s in the positive x-direction. Ignore

gravity.

(a) Find the force F, acting on the particle at time t = 0.

(b) Find the force F, acting on the particle at time t = 3s.

(c) Find the kinetic energy of the particle at time t = 0.

(d) Find the kinetic energy of the particle at time t = 3s. m = kg
(e) Find the work done on the particle between t = 0 and ¢ = 3s. Q=-3C

E, = +IN/C

Vo= 10m/s

Solution:
(@) Fy = QEy = (~3C)(7N/C) = —21IN.
(b) no change from (a).
() K= %(5kg)(10m/s)2 = 250].
(d) vy = vy +ayt = v + (Fx/m)t = 10m/s + (—21N/5kg)(3s) = —2.6m/s.
K= %(5kg)(—2.6m/s)2 =16.9J.



Unit Exam I: Problem #3 (Spring '12)

tsla2s

Consider a region of uniform electric field E; = +7N/C. A charged particle (charge Q = —3C, mass m = 5kg) is
launched at time ¢t = 0 from initial position x = 0 with velocity vy = 10m/s in the positive x-direction. Ignore

gravity.

a) Find the force F, acting on the particle at time t = 0.

b) Find the force F, acting on the particle at time t = 3s.

(
(
(
(
(

c) Find the kinetic energy of the particle at time t = 0.
d) Find the kinetic energy of the particle at time t = 3s. m = kg
e) Find the work done on the particle between t = 0 and t = 3s. Q=-3C

E, = +IN/C

Vo= 10m/s

Solution:
(@) Fx = QE; = (—3C)(7N/C) = —21IN.
(b) no change from (a).
() K= %(5kg)(10m/s)2 = 250].
(d) vy = vy +ayt = v + (Fx/m)t = 10m/s + (—21N/5kg)(3s) = —2.6m/s.
K= %(5kg)(—2.6m/s)2 =16.9J.
(e) W = AK = 16.9] — 250] = —233].



Unit Exam I: Problem #1 (Spring "13) !mﬁm.'

Consider two point charges positioned on the x-axis as shown.

(a) Find magnitude and direction of the electric field at points A and B.
(b) Find the electric potential at points A and B.

(c) Find the electric potential energy of a proton (mass m = 1.67 x 10-%’kg, charge g = 1.60 x 107'°C) when
placed at point A or point B.

(d) Find magnitude and direction of the acceleration the proton experiences when released at point A or
point B.

+4nC =TnC
é M () ]3 X
N /

2m 3m 3m

tslas8



Unit Exam I: Problem #1 (Spring "13) !mim.'

Solution:
_ 4nC (=7nC) _
(@) Ex = —k am? K me = 9.00N/C +2.52N/C = —6.48N/C.
4nC (—=7nC)
Ex=k k =1 -7 = —6. ,
« =k ey T Gm)2 00N/C —7.00N/C = —6.00N/C

tslas8



Unit Exam I: Problem #1 (Spring "13)

Solution:
(@) Ee= k¢ U7C) g 00n/C + 2.50N/C = —6.48N/C.
(Zén) ( (5m %
4n 7nC
E, =k k -1 7. -
x = kemz + 5 )2 00N/C — 7.00N/C = —6.00N/C.
(b) V= +k% +k( mc) =18.0V — 12.6V = 5.4V.
V= +k% w1579 _ g ov— 210V = —150V.
6m 3m

tslas8




Unit Exam I: Problem #1 (Spring "13)

Solution:
(@) Ee= k¢ U7C) g 00n/C + 2.50N/C = —6.48N/C.
(Zén) ( (5m %
4n 7nC
E, =k k -1 7. -
x = kemz + 5 )2 00N/C — 7.00N/C = —6.00N/C.
(b) V= +k% +k( mc) =18.0V — 12.6V = 5.4V.
V= +k% w1579 _ g ov— 210V = —150V.
6m 3m

(c) U=qV = (54V)(1.6 x 107°C) = 8.64 x 1071°].
U=qV=(-150V)(1.6 x 1071°C) = —2.40 x 10718,

tslas8




Unit Exam I: Problem #1 (Spring "13)

Solution:
4nC —7nC
(@) Ex = ’k(znm)z fk(( “) ) 9.00N/C +252N/C = —648N/C.
4nC (=7nC)
Er—k k -1 _
=Ko *E Gy 00N /C — 7.00N/C = —6.00N/C.
4nC
(b) V= +ki k= mc) — 18.0V — 12.6V = 5.4V.
e
V= 1 2C L EC) oy — 210V = —150V.
6m 3m

(c) U=qV = (54V)(1.6 x 107°C) = 8.64 x 1071°].
U=qV=(-150V)(1.6 x 1071°C) = —2.40 x 10718,

_ gEx _ (1.6 x107°C)(-648N/C) s o
(d) ax === = 167 % 10 Zkg = —6.21 x 10°ms
-19 _
h— gEx _ (16 x 10 C)(=6.00N/C) _ o 105

1.67 x 10-7kg

tslas8




Unit Exam I: Problem #2 (Spring '13) O

Consider three plane surfaces (one circle and two rectangles) with area vectors A, (pointing in positive
x-direction), A, (pointing in negative z-direction), and A5 (pointing in negative y-direction) as shown. The
region is filled with a uniform electric field E = (=31 +9j — 4k)N/C or E = (21 — 6] + 5k)N/C.

(a) Find the electric flux d)f;) through surface 1.

4
(b) Find the electric flux ¢'1(52> through surface 2.
. . (3)
(c) Find the electric flux @3 through surface 3. 3m
4m
A, A
y
3m 4m

tslasg



Unit Exam I: Problem #2 (Spring '13) !mim.'

Solution:

(@) A = n(15m)% = 7.07m%, @) = E- A, = (—=3N/C)(7.07m?) = —21.2Nm?/C.
Ay = n(15m)% = 7.07m%, @ = E. 4y = (2N/C)(7.07m?) = 14.1Nm?/C.

tslasg



Unit Exam I: Problem #2 (Spring '13) oy

Solution:

-A; = (=3N/C)(7.07m?) = —21.2Nm?/C.
-A; = (2N/C)(7.07m?) = 14.1Nm?/C.

)= E. A = (—4N/C)(—12m?) = 48Nm?/C.
E-A; = (5N/C)(—12m?) = —60Nm? /C.

tslasg



Unit Exam I: Problem #2 (Spring '13) O

Solution:

A :( 3N/C)(7.07m?) = —21.2Nm?/C.
= (2N/C)(7.07m?) = 14.1Nm?/C.

)= E. A = (—4N/C)(—12m?) = 48Nm?/C.
Ay = (3m)(4m)(—k) = —12m?%k, @ E-A; = (5N/C)(—12m?) = —60Nm? /C.

= (9N/C)(—12m?) = —108Nm?/C.
Az = (—6N/C)(—12m?) = 72Nm?/C.

tslasg




Unit Exam I: Problem #3 (Spring '13)

tslas0

An electron (m, = 9.11 x 1073'kg, g,

—1.60 x 1071°C) and a proton (m, = 1.67 x 10~?kg,

gp = +1.60 x 1071C) are released from rest midway between oppositely charged parallel plates. The electric
field between the plates is uniform and has strength E = 40V/m. Ignore gravity.

(a) Which plate is positively (negatively) charged?

(b) Find the electric forces F, acting on the proton and F, acting on the electron (magnitude and direction).

(c) Find the accelerations 4, of the proton and 7, of the electron (magnitude and direction).

(d) If plate 1 is at potential V; = 1V at what potential V, is plate 2?
If plate 2 is at potential V, = 2V at what potential V; is plate 1?

plate 1

1

0.4m

vy

plate 2



Unit Exam I: Problem #3 (Spring '13)

tsla50

Solution:

(a) plate 1

(plate 2)




Unit Exam I: Problem #3 (Spring '13)

Solution:

(a) plate1 (plate 2)

(b) Fy = |gp|E = 6.40 x 10" ®N. (directed right).

Fe = |qe|E = 6.40 x 107 38N. (directed left).

tsla50




Unit Exam I: Problem #3 (Spring '13)

Solution:

(a) plate1 (plate 2)

(b) Fy = |gp|E = 6.40 x 10" ®N. (directed right).
Fe = |qe|E = 6.40 x 107 38N. (directed left).

(c) ap = Fp/m, =3.83 x 10°m/s.  (directed right).

ae = F,/me = 7.03 x 10m/s?. (directed left).

tsla50




Unit Exam I: Problem #3 (Spring '13)

Solution:

(a) plate1 (plate 2)

(b) Fy = |gp|E = 6.40 x 10" ®N. (directed right).
Fe = |qe|E = 6.40 x 107 38N. (directed left).

(c) ap = Fp/m, =3.83 x 10°m/s.  (directed right).

ae = F,/me = 7.03 x 10m/s?. (directed left).

(d) V, =1V — (40V/m)(0.4m) = —15V.
Vi =2V + (40V/m)(0.4m) = 18V.

tslas0




Unit Exam I: Problem #1 (Spring "14) !mﬁm.'

Consider two point charges positioned as shown.

+5nC 8m
- Find the magnitude of the electric field at point A. 3Im ¢ D
- Find the electric potential at point B. > 3m
+ Find the magnitude of the electric field at point C. 6m 6m
 Find the electric potential at point D. C N4m

B*®

8m -9nC

tslab9



Unit Exam I: Problem #1 (Spring "14) !mﬁm.'

Consider two point charges positioned as shown.

+5nC 8m D
- Find the magnitude of the electric field at point A. 3Im ?
- Find the electric potential at point B. 3

m

+ Find the magnitude of the electric field at point C. 6m A 6m
 Find the electric potential at point D. C N4m

B*®

8m —9nC
Solution:

By = k20l =90 5 60y /m 4 165V /m = 6.65V /m.

R

tslab9



Unit Exam I: Problem #1 (Spring "14) !mﬁm.'

Consider two point charges positioned as shown.

+5nC 8m D
- Find the magnitude of the electric field at point A. 3Im ?
- Find the electric potential at point B. 3

m

+ Find the magnitude of the electric field at point C. 6m A 6m
 Find the electric potential at point D. C N4m

B*®

8m —9nC
Solution:
k(‘Snc)‘ ke v )f‘ — 5.00V/m + 1.65V/m = 6.65V /m.

* V= k(+657rrrl1C) + k( 89 nC) =7.50V —10.13V = —2.63V.

tslab9



Unit Exam I: Problem #1 (Spring "14) !mﬁm.'

Consider two point charges positioned as shown.

+5nC 8m D
- Find the magnitude of the electric field at point A. 3Im ?
- Find the electric potential at point B. 3
m
+ Find the magnitude of the electric field at point C. 6m A 6m
 Find the electric potential at point D. C N4m
B*®
8m —9nC
Solution:
k(‘Snc)‘ ke v )f‘ — 5.00V/m + 1.65V/m = 6.65V /m.
« Vg = k@ + k( —9nC) =7.50V —10.13V = —2.63V.
6m 8m
Ee = k13 1 =9C1 ) 5y /m 4+ 5.06V/m = 6.31V/m.

(6m)> * " (4m)>

tslab9



Unit Exam I: Problem #1 (Spring "14) !mﬁm.'

Consider two point charges positioned as shown.

+5nC 8m D
- Find the magnitude of the electric field at point A. 3Im ?
- Find the electric potential at point B. 3
m
+ Find the magnitude of the electric field at point C. 6m A 6m
 Find the electric potential at point D. C N4m
B*®
8m —9nC
Solution:
k(‘Snc)‘ ke v )f‘ — 5.00V/m + 1.65V/m = 6.65V /m.
« Vg = k@ + k( —9nC) =7.50V —10.13V = —2.63V.
6m 8m
_, |5nC| | —9nC|
Ec—k(ém)2 (am)? =1.25V/m +5.06V/m = 6.31V/m.
V= kO CEMC) 5y 135v = 787V

8m 6m

tslab9



Unit Exam I: Problem #2 (Spring '14) !mﬁm.'

Consider a conducting sphere of radius ry = 2cm and a conducting spherical shell of inner radius r, = 6cm
and outer radius 3 = 10cm. The charges on the two surfaces of the shell are Q; = Q3 = 1.3nC [3.1nC].

(a) Find the charge Q on the surface of the conducting sphere.
(b) Find the magnitude of the electric field at points A and B.

(c) Find the surface charge density o3 on the outermost surface.

tsla70



Unit Exam I: Problem #2 (Spring '14) !mﬁm.'

Consider a conducting sphere of radius ry = 2cm and a conducting spherical shell of inner radius r, = 6cm
and outer radius 3 = 10cm. The charges on the two surfaces of the shell are Q; = Q3 = 1.3nC [3.1nC].

(a) Find the charge Q on the surface of the conducting sphere.
(b) Find the magnitude of the electric field at points A and B.

(c) Find the surface charge density o3 on the outermost surface.

Solution:

(@) Gauss’ law implies that
Q) = —Q; = —1.3nC  [-3.1nC].

tsla70



Unit Exam I: Problem #2 (Spring '14) !mﬁm.'

Consider a conducting sphere of radius ry = 2cm and a conducting spherical shell of inner radius r, = 6cm
and outer radius 3 = 10cm. The charges on the two surfaces of the shell are Q; = Q3 = 1.3nC [3.1nC].

(a) Find the charge Q on the surface of the conducting sphere.
(b) Find the magnitude of the electric field at points A and B.

(c) Find the surface charge density o3 on the outermost surface.

Solution:

(@) Gauss’ law implies that
Q) = —Q; = —1.3nC  [-3.1nC].

(b) E4 = k% — 731 x 10°N/C
% =174 x 10*°N/C]|.

Eg = 0 inside conductor.

tsla70



Unit Exam I: Problem #2 (Spring '14) !mﬁm.'

Consider a conducting sphere of radius ry = 2cm and a conducting spherical shell of inner radius r, = 6cm
and outer radius 3 = 10cm. The charges on the two surfaces of the shell are Q; = Q3 = 1.3nC [3.1nC].

(a) Find the charge Q on the surface of the conducting sphere.
(b) Find the magnitude of the electric field at points A and B.

(c) Find the surface charge density o3 on the outermost surface.

Solution:

(@) Gauss’ law implies that
Q) = —Q; = —1.3nC  [-3.1nC].

(b) E4 = k% — 731 x 10°N/C
% =174 % 104N/C].

Eg = 0 inside conductor.
Q3 1.3nC

= e 10-8 2
(©) o5 47rr§ 1257cm? 03 x 107°C/m {

3.1InC

Tsrend = 247 x 1078C/m?

tsla70



Unit Exam I: Problem #3 (Spring "14) M
Consider a point charge Q = 6nC fixed at position x = 0.

(a) Find the electric potential energy Uy of a charged particle with mass m = 1mg and charge g = 2uC placed
at position x = 4cm.

(b) Find the electric potential energy Us of a charged particle with mass m = 2mg and charge g = —1uC placed
at position x = 8cm.

(c) Find the kinetic energy Kg of that particle, released from rest at x = 4cm, when it has reached position
x = 8cm.

(d) Find the kinetic energy K, of that particle, released from rest at x = 8cm, when it has reached position
x =4cm.

(e) Find the velocity vg of that particle at x = 8cm.

(f) Find the velocity vy of that particle at x = 4cm.

tsla71



Unit Exam I: Problem #3 (Spring "14)

tsla71

Solution:

@) U, = k% — 2.7m).




Unit Exam I: Problem #3 (Spring "14)

Solution:
(@) Uy = k% —27m).
(c) Kg = (2.7 — 1.35)m]J = 1.35m].

tsla71




Unit Exam I: Problem #3 (Spring "14)

Solution:
(@) Uy = k% —27m).
(c) Kg = (2.7 — 1.35)m]J = 1.35m].

(e) vg =4/ 26 _ 52.0m/s.
m

tsla71



Unit Exam I: Problem #3 (Spring "14)

Solution:
(@) Uy = k% —27m).
(c) Kg = (2.7 — 1.35)m]J = 1.35m].

(e) vg =4/ 26 _ 52.0m/s.
m

tsla71

(b) Us =k

9Q

A% — _0.675m)].

8cm




Unit Exam I: Problem #3 (Spring "14)

Solution:
19 — 19
(@) uy = k4cm = 2.7m]. (b) Us = kﬁ = —0.675m].
(c) Ks = (2.7 —1.35)m] = 1.35m]. (d) Ky = (1.35 - 0.675)m] = 0.675m].

(e) vg =4/ 26 _ 52.0m/s.
m

tsla71




Unit Exam I: Problem #3 (Spring "14)

Solution:
(@) Uy = k% —27m).
(c) Kg = (2.7 — 1.35)m]J = 1.35m].

(e) vg =4/ 2K =52.0m/s.
m

tsla71

(b) Us = k19 — _0.675m.
8cm

(d) K4 = (1.35 — 0.675)m] = 0.675m)].

(f) vy =/ 2K = 26.0m/s.
m




Unit Exam I: Problem #1 (Fall 14)

tsla79

Two point charges are placed in the xy-plane as shown.

(a) Find the components E, and E, of the electric field at point O.
(b) Draw an arrow indicating the direction of E at point O.

(c) Find the electric potential V at point O.

(d) Find the magnitude F of the electric force between the two charges.

4m

wg

O +5nC

+6nC




Unit Exam I: Problem #1 (Fall 14)

tsla79

Two point charges are placed in the xy-plane as shown.

(a) Find the components E, and E, of the electric field at point O.

(b) Draw an arrow indicating the direction of E at point O.

(c) Find the electric potential V at point O.

(d) Find the magnitude F of the electric force between the two charges.

Solution:
__, léenC]
@) Ex = —k (dm)?
5]
By =4k omy

= —3.38N/C

=11.25N/C.

4m

wg

O +5nC

+6nC




Unit Exam I: Problem #1 (Fall 14)

tsla79

Two point charges are placed in the xy-plane as shown.

(a) Find the components E, and E, of the electric field at point O.

(b) Draw an arrow indicating the direction of E at point O.

(c) Find the electric potential V at point O.

(d) Find the magnitude F of the electric force between the two charges.

Solution:
__, léenC]
@) Ex = —k (dm)?
5]
By =4k omy

(b) Up and left.

= —3.38N/C

=11.25N/C.

4m

wg

O +5nC

+6nC




Unit Exam I: Problem #1 (Fall 14)

Two point charges are placed in the xy-plane as shown.

(a) Find the components E, and E, of the electric field at point O.

(b) Draw an arrow indicating the direction of E at point O.

(c) Find the electric potential V at point O.

(d) Find the magnitude F of the electric force between the two charges.

Solution:
_ |enC| _
(@) Ex =~k g5y = ~338N/C
_ . I5nC]
Ey = +k gz = 1125N/C.
(b) Up and left.

6nC 5nC

() V=k—+k=—— =13.5V +22.5V = 36V.
4m 2m

tsla79

4m

wg

O +5nC

+6nC




Unit Exam I: Problem #1 (Fall 14)

Two point charges are placed in the xy-plane as shown.

(a) Find the components E, and E, of the electric field at point O.

(b) Draw an arrow indicating the direction of E at point O.

(c) Find the electric potential V at point O.

(d) Find the magnitude F of the electric force between the two charges.

Solution:
_ |enC| _
(@) Ex =~k g5y = ~338N/C
_ . I5nC]
Ey = +k gz = 1125N/C.
(b) Up and left.
(c) V= k% + k% = 13.5V 4+ 225V = 36V.
4m 2m
O LS IS BTN

20m?2

tsla79

4m

wg

O +5nC

+6nC
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Unit Exam I: Problem #2 (Fall '14) iy

The conducting spherical shell shown in cross section has a 4cm inner radius and an 8cm outer radius. A point
charge Q, is placed at the center. The charges on the inner and outer surfaces of the shell are Qi,; = 5nC and
Qext = 7nC, respectively.

(a) Find the charge Q.

(b) Find the magnitude of the electric field E at radius r = 10cm.

(c) Find the surface charge density o on the inner surface of the shell.
(d) Find the electric flux ® through a Gaussian sphere of radius r = 6¢cm.

Qext

10cm

tsla8o
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Unit Exam I: Problem #2 (Fall '14) iy

The conducting spherical shell shown in cross section has a 4cm inner radius and an 8cm outer radius. A point

charge Q, is placed at the center. The charges on the inner and outer surfaces of the shell are Qi,; = 5nC and
Qext = 7nC, respectively.

(a) Find the charge Q.

(b) Find the magnitude of the electric field E at radius r = 10cm.

(c) Find the surface charge density o on the inner surface of the shell.
(d) Find the electric flux ® through a Gaussian sphere of radius r = 6¢cm.

Qexe
Solution:

(a) Qp = —Qint = —5nC.

10cm

tsla8o
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Unit Exam I: Problem #2 (Fall '14) iy

The conducting spherical shell shown in cross section has a 4cm inner radius and an 8cm outer radius. A point
charge Q, is placed at the center. The charges on the inner and outer surfaces of the shell are Qi,; = 5nC and

Qext = 7nC, respectively.

(a) Find the charge Q.

(b) Find the magnitude of the electric field E at radius r = 10cm.

(c) Find the surface charge density o on the inner surface of the shell.
(d) Find the electric flux ® through a Gaussian sphere of radius r = 6¢cm.

Qexe
Solution:
(@) Qp = —Qint = —5nC.

(6) Eldr(100m)?] = o Em Lt Qo ] r

= E =6300N/C. 10cm

tsla8o
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Unit Exam I: Problem #2 (Fall '14) iy

The conducting spherical shell shown in cross section has a 4cm inner radius and an 8cm outer radius. A point
charge Q, is placed at the center. The charges on the inner and outer surfaces of the shell are Qi,; = 5nC and

Qext = 7nC, respectively.

(a) Find the charge Q.

(b) Find the magnitude of the electric field E at radius r = 10cm.

(c) Find the surface charge density o on the inner surface of the shell.
(d) Find the electric flux ® through a Gaussian sphere of radius r = 6¢cm.

Qext
Solution:
(a) Qp = 7Qint = —5nC.
21 Qp“’Qint"FQext _ %
(b) E[47t(10cm)?] = a0 T e 5 .
= E =6300N/C. 10cm

Qint

() 7ini = 47t(4cm)?

=249 x 1077C/m>.

tsla80
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Unit Exam I: Problem #2 (Fall '14) iy

The conducting spherical shell shown in cross section has a 4cm inner radius and an 8cm outer radius. A point
charge Q, is placed at the center. The charges on the inner and outer surfaces of the shell are Qi,; = 5nC and

Qext = 7nC, respectively.

(a) Find the charge Q.

(b) Find the magnitude of the electric field E at radius r = 10cm.

(c) Find the surface charge density o on the inner surface of the shell.
(d) Find the electric flux ® through a Gaussian sphere of radius r = 6¢cm.

Solution: Qext

(@ Qp = —Qint = —5nC.

(b) E[47r(10cm)?] = %{:*Qt _ QeTt ] r
= E = 6300N/C. —

() oine = 471(%%)2 =249 % 1077C/m?.

(d) ® =0 inside conducting material.

tsla80



Unit Exam I: Problem #3 (Fall '14) hmh'

Consider a region of uniform electric field as shown. A charged particle is projected at time t = 0 with initial
velocity as shown.

(a) Find the components a, and ay of the acceleration at time t = 0.
(b) Find the components v, and v, of the velocity at time t = 2s.

(c) Find the kinetic energy at time t = 2s. y
(d) Sketch the path of the particle as it moves from the initial position. E = 2N/C
m =7g VO= 4m/s
> X

q=3mC

tsl481



Unit Exam I: Problem #3 (Fall '14) hmh'

Consider a region of uniform electric field as shown. A charged particle is projected at time t = 0 with initial
velocity as shown.

(a) Find the components a, and ay of the acceleration at time t = 0.
(b) Find the components v, and v, of the velocity at time t = 2s.

(c) Find the kinetic energy at time t = 2s. y
(d) Sketch the path of the particle as it moves from the initial position. E = 2N/C
m =7g VO= 4m/s
- X
q=3mC
Solution:
_ 3x1073C

(@ ax=0, ay=—"E (2N/C) = 0.857m/s?.

p_ 2> %
m~~ 7x10"3kg

tsl481



Unit Exam I: Problem #3 (Fall '14) hmh'

Consider a region of uniform electric field as shown. A charged particle is projected at time t = 0 with initial
velocity as shown.

(a) Find the components a, and ay of the acceleration at time t = 0.
(b) Find the components v, and v, of the velocity at time t = 2s.

(c) Find the kinetic energy at time t = 2s. y
(d) Sketch the path of the particle as it moves from the initial position. E = 2N/C
m =7g VO= 4m/s
- X
q=3mC
Solution:
_ 3x1073C

(@ ax=0, ay=—"E (2N/C) = 0.857m/s?.

q ox U
m~~ 7x10"3kg
(b) vy =vy =4m/s, vy =ayt= (0.857m/s?)(2s) = 1.71m/s.

tsl481



Unit Exam I: Problem #3 (Fall '14) hmh'

Consider a region of uniform electric field as shown. A charged particle is projected at time t = 0 with initial
velocity as shown.

(a) Find the components a, and ay of the acceleration at time t = 0.
(b) Find the components v, and v, of the velocity at time t = 2s.

(c) Find the kinetic energy at time t = 2s. y
(d) Sketch the path of the particle as it moves from the initial position. E = 2N/C
m =7g VO= 4m/s
- X
q=3mC
Solution:
_ 3x1073C

(@ ax=0, ay=—"E (2N/C) = 0.857m/s?.

q ox U
m~~ 7x10"3kg
(b) vy =vy =4m/s, vy =ayt= (0.857m/s?)(2s) = 1.71m/s.

() E= %(7 x 107%kg)[(4m/s)? + (1.71m/s)?] = 6.62 x 1072].

tsl481



Unit Exam I: Problem #3 (Fall '14) hmh'

Consider a region of uniform electric field as shown. A charged particle is projected at time t = 0 with initial
velocity as shown.

(a) Find the components a, and ay of the acceleration at time t = 0.
(b) Find the components v, and v, of the velocity at time t = 2s.

(c) Find the kinetic energy at time t = 2s. y
(d) Sketch the path of the particle as it moves from the initial position. E = 2N/C
m =7g VO= 4m/s
- X
q=3mC
Solution:
_ 3x1073C

(@ ax=0, ay=—"E (2N/C) = 0.857m/s?.

Jp_2>x9 %
m 7 x 10~3kg
(b) vy =vy =4m/s, vy =ayt= (0.857m/s?)(2s) = 1.71m/s.
() E= %(7 x 107%kg)[(4m/s)? + (1.71m/s)?] = 6.62 x 1072].
(d) Upright parabolic path.

tsl481



Unit Exam I: Problem #1 (Spring "15)

Consider two point charges positioned as shown.

(a) Find the magnitude of the electric force acting between the two charges.
(b) Find the electric potential at point B.
(c) Find the magnitude and direction of the electric field at point A.

+9nC
Sm
6
m A Sm
Be
8m

+13nC

tsl488




Unit Exam I: Problem #1 (Spring "15) !mﬁm.'

Consider two point charges positioned as shown.

(a) Find the magnitude of the electric force acting between the two charges.
(b) Find the electric potential at point B.
(c) Find the magnitude and direction of the electric field at point A.

+9nC
Sm
Solution: 6m A sm
(@) F= k\(9ncu)](713;q) =10.53nN.
(10m) Be
8m

+13nC

tsl488



Unit Exam I: Problem #1 (Spring "15) !mﬁm.'

Consider two point charges positioned as shown.

(a) Find the magnitude of the electric force acting between the two charges.
(b) Find the electric potential at point B.
(c) Find the magnitude and direction of the electric field at point A.

+9nC
Sm
Solution: 6m A .
(@) F= kw = 10.53nN.
(10m)? B¢
8
() Vs = kNS (130C) _ 5oy 146V = 281V, m +13nC

6m 8m

tsl488



Unit Exam I: Problem #1 (Spring "15) !mﬁm.'

Consider two point charges positioned as shown.

(a) Find the magnitude of the electric force acting between the two charges.
(b) Find the electric potential at point B.
(c) Find the magnitude and direction of the electric field at point A.

+9nC
Sm
Solution: 6
o A Sm
(@) F = ¢/ OnC)13nC)) _ 400 N
(10m)? B¢
() V= k22C) L I30C) ooy a6y — 281V 8m +13nC
6m 8m
(©) Eg = [k 22C _k 1B0C | 304N/C — 4.68N/C| = 1.44N/C.

(5m)2 " (5m)?|
Direction along hypotenuse toward upper left.

tsl488



Unit Exam I: Problem #2 (Spring '15) !mﬁm.'

The conducting spherical shell shown in cross section has a 4cm inner radius and an 8cm outer radius. The
excess charges on its inner and outer surfaces are Qi = +7nC and Qext = +11nC, respectively. There is a
point charge Q, at the center of the cavity.

(a) Find the point charge Qp.
(b) Find the surface charge density oi,; on the inner surface of the shell.
(c) Find the magnitude E of the electric field at radius r = 10cm.

Q ext

€ T [cm]

tsls89



Unit Exam I: Problem #2 (Spring '15) !mﬁm.'

The conducting spherical shell shown in cross section has a 4cm inner radius and an 8cm outer radius. The
excess charges on its inner and outer surfaces are Qi = +7nC and Qext = +11nC, respectively. There is a
point charge Q, at the center of the cavity.

(a) Find the point charge Qp.
(b) Find the surface charge density oi,; on the inner surface of the shell.
(c) Find the magnitude E of the electric field at radius r = 10cm.

Q ext

0O I [cm]
Solution: 10

(@) Qp = —Qint = —7nC.
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Unit Exam I: Problem #2 (Spring '15) !mﬁm.'

The conducting spherical shell shown in cross section has a 4cm inner radius and an 8cm outer radius. The
excess charges on its inner and outer surfaces are Qi = +7nC and Qext = +11nC, respectively. There is a
point charge Q, at the center of the cavity.

(a) Find the point charge Qp.
(b) Find the surface charge density oi,; on the inner surface of the shell.
(c) Find the magnitude E of the electric field at radius r = 10cm.

Q ext

0O I [cm]
Solution: 10

(@) Qp = —Qint = —7nC.

o Qe —7 2
(b) oyt = Tr(dem)? — 3.48 x 107'C/m".

tsls89



Unit Exam I: Problem #2 (Spring '15) !mﬁm.'

The conducting spherical shell shown in cross section has a 4cm inner radius and an 8cm outer radius. The
excess charges on its inner and outer surfaces are Qi = +7nC and Qext = +11nC, respectively. There is a
point charge Q, at the center of the cavity.

(a) Find the point charge Qp.
(b) Find the surface charge density oi,; on the inner surface of the shell.
(c) Find the magnitude E of the electric field at radius r = 10cm.

Q ext

0O I [cm]
Solution: 10

(@) Qp = —Qint = —7nC.

o Qe —7 2
(b) oyt = Tr(dem)? — 3.48 x 107'C/m".
(© E = FC) _ go00n/C.

(10cm)2

tsla89



Unit Exam I: Problem #3 (Spring '15) !mﬁm.'

Consider a region of uniform electric field E = —7iN/C. At time t = 0 a charged particle (charge 4 = —5nC,
mass m = 4 x 107°kg) is released from rest at the origin of the coordinate system as shown.

(a) Find the acceleration, the velocity, and the position of the particle t = 0.
(b) Find the acceleration, the velocity, and the position of the particle at t = 3s.
(c) Find the work W done by the electric field on the particle between t = 0 and t = 3s.

tslago



Unit Exam I: Problem #3 (Spring '15) !mﬁm.'

Consider a region of uniform electric field E = —7iN/C. At time t = 0 a charged particle (charge 4 = —5nC,
mass m = 4 x 107°kg) is released from rest at the origin of the coordinate system as shown.

(a) Find the acceleration, the velocity, and the position of the particle t = 0.

(b) Find the acceleration, the velocity, and the position of the particle at t = 3s.

(c) Find the work W done by the electric field on the particle between t = 0 and t = 3s.

Solution:

_ _(=5nC) _ 3,2 m L4
(@) ax = I 10‘6kg( 7N/C) = 8.75 x 10 3m/s?, X

vy =0, x=0.

tslago



Unit Exam I: Problem #3 (Spring '15) !mﬁm.'

Consider a region of uniform electric field E = —7iN/C. At time t = 0 a charged particle (charge 4 = —5nC,
mass m = 4 x 107°kg) is released from rest at the origin of the coordinate system as shown.

(a) Find the acceleration, the velocity, and the position of the particle t = 0.
(b) Find the acceleration, the velocity, and the position of the particle at t = 3s.
(c) Find the work W done by the electric field on the particle between t = 0 and t = 3s.

Solution:

_ _(=5nC) _ 3,2 m L4
(@) ax = I 10‘6kg( 7N/C) = 8.75 x 10 3m/s?, X

vy =0, x=0.

(b) ay =875 x 1073m/s?,
vy = axt = (8.75 x 1073m/s?)(3s) = 2.63 x 1072m/s,

x= %axtz = (0.5)(8.75 x 10~3m/s?)(3s)? = 3.94 x 10~ 2m.

tslago



Unit Exam I: Problem #3 (Spring '15) !mﬁm.'

Consider a region of uniform electric field E = —7iN/C. At time t = 0 a charged particle (charge 4 = —5nC,
mass m = 4 x 107°kg) is released from rest at the origin of the coordinate system as shown.

(a) Find the acceleration, the velocity, and the position of the particle t = 0.
(b) Find the acceleration, the velocity, and the position of the particle at t = 3s.
(c) Find the work W done by the electric field on the particle between t = 0 and t = 3s.

Solution:

_ _(=5nC) _ 3,2 m L4
(@) ax = I 10‘6kg( 7N/C) = 8.75 x 10 3m/s?, X

vy =0, x=0.

(b) ay =875 x 1073m/s?,
vy = axt = (8.75 x 1073m/s?)(3s) = 2.63 x 1072m/s,

x= %axtz = (0.5)(8.75 x 10~3m/s?)(3s)? = 3.94 x 10~ 2m.

() W = FAx = (—5nC)(—7N/C)(3.94 x 10 2m) = 1.38n].

1
W=AK= 5(4 x 107 %kg)(2.63 x 1072m/s)? = 1.38n].

tslago



Unit Exam I: Problem #1 (Fall '15)

tsl512

Consider two point charges positioned on the x-axis as shown.

(1a) Find magnitude and direction of the electric field at point C.

(1b) Find the electric potential at point B.

(2a) Find magnitude and direction of the electric field at point B.

(2b) Find the electric potential at point A.

A -11nC B

O e O

3m

2m

3m

+17nC

2m




Unit Exam I: Problem #1 (Fall '15) M

Consider two point charges positioned on the x-axis as shown.
(1a) Find magnitude and direction of the electric field at point C.
(1b) Find the electric potential at point B.

(2a) Find magnitude and direction of the electric field at point B.

(2b) Find the electric potential at point A.

A -lInC g +17nC
—o—Q—o—Q—o— X
3m 2m  3m 2m
Solution:
(1) E, = —k! ;S‘zc‘ +k ‘(12712)%' = —2.02N/C +38.25N/C = +36.23N/C.

tsl512



Unit Exam I: Problem #1 (Fall '15) M

Consider two point charges positioned on the x-axis as shown.
(1a) Find magnitude and direction of the electric field at point C.
(1b) Find the electric potential at point B.

(2a) Find magnitude and direction of the electric field at point B.

(2b) Find the electric potential at point A.

A -lInlC g +17nC
49—0—9—0—97 X
3m 2m 3m 2m
Solution:
() Ey = —k! ;i;‘zc‘ ‘(12712)%' — ~2.02N/C +3825N/C = +36.23N/C.
(1b) V= k(_;?c) +k(1;21C) — 495V +51.0V = 1.5V.

tsl512



Unit Exam I: Problem #1 (Fall '15) O
Consider two point charges positioned on the x-axis as shown.
(1a) Find magnitude and direction of the electric field at point C.
(1b) Find the electric potential at point B.
(2a) Find magnitude and direction of the electric field at point B.

(2b) Find the electric potential at point A.

A -lInC g +17C ¢
S ol s
3m 2m 3m 2m
Solution:
() Ey = —k! ;i;‘zc‘ ‘(12712)%' — ~2.02N/C +3825N/C = +36.23N/C.
(1b) v = k(_lgc) +k(1721C) — 495V +51.0V = 1.5V.
(2a) Ey = —k| = 10CL €Ly eN/C — 17.00N/C = —41.75N/C.

@mp2 " (@mp

tsl512



Unit Exam I: Problem #1 (Fall '15) O
Consider two point charges positioned on the x-axis as shown.
(1a) Find magnitude and direction of the electric field at point C.
(1b) Find the electric potential at point B.
(2a) Find magnitude and direction of the electric field at point B.

(2b) Find the electric potential at point A.

A -lInC g +17C ¢
OO s
3m 2m 3m 2m

Solution:
(1) By — —kl =Gl 7nCE ) 6oN/C 4 38.25N/C = +3623N/C.

(7m)? (2m)?
(b) v = ZH0C) | (A7C) g5y 4 510V = 15V,
(28) Ey — k1= ~1inC| k‘m‘cl ~24.75N/C — 17.00N/C = —41.75N/C.

(2m)? (3m)?2
(2b) V = k@ k@ — _33.0V+19.1V = —13.9V.

tsl512




Unit Exam I: Problem #2 (Fall '15) M

tsl513

Consider two plane surfaces (of rectangular and a circular shape) with area vectors A; pointing in positive
z-direction) and A, pointing in positive x-direction.

The region is filled with a uniform electric field
(1) E = (414 5] — 7k)N/C,
(2) E = (—6i + 4 + 5k)N/C.

(a) Find the electric flux <I>g) through area A;. 4m

(b) Find the electric flux <I>éz) through area A,.

A,
A
L y
ANz
4m



Unit Exam I: Problem #2 (Fall 15) hmh'

tsl513

Consider two plane surfaces (of rectangular and a circular shape) with area vectors A; pointing in positive
z-direction) and A, pointing in positive x-direction.

The region is filled with a uniform electric field
(1) E = (414 5] — 7k)N/C,
(2) E = (61 44 +5k)N/C.

(a) Find the electric flux <I>g) through area A;.

7 4m
(b) Find the electric flux <I>éz) through area A,.
Ar
Solution: A,
L y
(1a) V) = E-A; = (—7N/C)(12.0m?) = —84.0Nm2/C.
L
4m



Unit Exam I: Problem #2 (Fall 15) hmh'

tsl513

Consider two plane surfaces (of rectangular and a circular shape) with area vectors A; pointing in positive
z-direction) and A, pointing in positive x-direction.

The region is filled with a uniform electric field
(1) E = (414 5] — 7k)N/C,
(2) E = (61 44 +5k)N/C.

(a) Find the electric flux <I>g) through area A;.

; L Am

(b) Find the electric flux <I>éz) through area A,.
Ar
Solution: A,
y
(1a) V) = E-A; = (—7N/C)(12.0m?) = —84.0Nm2/C. E
(1b) @2 = E. A, = (4N/C)(12.6m?) = 504Nm?/C. X n 3m
m



Unit Exam I: Problem #2 (Fall '15) M

tsl513

Consider two plane surfaces (of rectangular and a circular shape) with area vectors A; pointing in positive
z-direction) and A, pointing in positive x-direction.

The region is filled with a uniform electric field
(1) E = (414 5] — 7k)N/C,
(2) E = (—6i + 4 + 5k)N/C.

(a) Find the electric flux <I>g) through area A;. 4m

(b) Find the electric flux <I>éz) through area A,.

Ar
Solution: A, y
(1a) V) = E-A; = (—7N/C)(12.0m?) = —84.0Nm2/C.
(1b) @ = E. 4, = (4N/C)(12.6m?) = 50.4Nm?/C. X gm
(2a) ") = E- 4y = (5N/C)(12.0m%) = 60.0Nm?/C.



Unit Exam I: Problem #2 (Fall '15) M

tsl513

Consider two plane surfaces (of rectangular and a circular shape) with area vectors A; pointing in positive
z-direction) and A, pointing in positive x-direction.

The region is filled with a uniform electric field
(1) E = (414 5] — 7k)N/C,
(2) E = (—6i + 4 + 5k)N/C.

(a) Find the electric flux <I>g) through area A;. 4m

(b) Find the electric flux <I>éz) through area A,.

Solution: A,




Unit Exam I: Problem #3 (Fall 15) hmh'

Consider a region of space with a uniform electric field
(1) E=12V/mj, (2)E=0.6V/mi. Ignore gravity.

(a) If the electric potential vanishes at point 0, what are the electric potentials at points 1, 2, 3, 4?

(b) If a proton (m = 1.67 x 10-%kg, g = 1.60 x 10~1°C) is released from rest at point 0, toward which point will
it start moving?

(c) What will be the kinetic energy of the proton when it gets there? Y

10m
6m

2m

tsls1s



Unit Exam I: Problem #3 (Fall 15) hmh'

Consider a region of space with a uniform electric field
(1) E=12V/mj, (2)E=0.6V/mi. Ignore gravity.

(a) If the electric potential vanishes at point 0, what are the electric potentials at points 1, 2, 3, 4?

(b) If a proton (m = 1.67 x 10-%kg, g = 1.60 x 10~1°C) is released from rest at point 0, toward which point will
it start moving?

(c) What will be the kinetic energy of the proton when it gets there? Y

Solution: 10m
(1a) Vi =0, Vo = —48V, V3 =0, V4 = +4.8V. om
2m

tsls1s



Unit Exam I: Problem #3 (Fall 15) _m%r-'..._..
Consider a region of space with a uniform electric field
(1) E=12V/mj, (2)E=0.6V/mi. Ignore gravity.
(a) If the electric potential vanishes at point 0, what are the electric potentials at points 1, 2, 3, 4?

(b) If a proton (m = 1.67 x 10-%kg, g = 1.60 x 10~1°C) is released from rest at point 0, toward which point will
it start moving?

(c) What will be the kinetic energy of the proton when it gets there? Y

Solution: 10m
(1a) Vi =0, Vo = —4.8V, V3 =0, Vy — +4.8V. om
(1b) F=gE (toward point 2).

2m
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Unit Exam I: Problem #3 (Fall 15) _m%r-'..._..
Consider a region of space with a uniform electric field
(1) E=12V/mj, (2)E=0.6V/mi. Ignore gravity.
(a) If the electric potential vanishes at point 0, what are the electric potentials at points 1, 2, 3, 4?

(b) If a proton (m = 1.67 x 10-%kg, g = 1.60 x 10~1°C) is released from rest at point 0, toward which point will
it start moving?

(c) What will be the kinetic energy of the proton when it gets there? Y

Solution: 10m
(1a) Vi =0, Vo = —4.8V, V3 =0, Vy — +4.8V. om
(1b) F=gE (toward point 2).

(1) AV = (V5 — Vo) = —4.8V, .

AU = gAV = —7.68 x 1071,
K=—AU=+7.68 x 10719,

tsl514



Unit Exam I: Problem #3 (Fall 15) _m%r-'..._..
Consider a region of space with a uniform electric field
(1) E=12V/mj, (2)E=0.6V/mi. Ignore gravity.
(a) If the electric potential vanishes at point 0, what are the electric potentials at points 1, 2, 3, 4?

(b) If a proton (m = 1.67 x 10-%kg, g = 1.60 x 10~1°C) is released from rest at point 0, toward which point will
it start moving?

(c) What will be the kinetic energy of the proton when it gets there? Y

Solution: 10m
(1a) Vi =0, Vo = —4.8V, V3 =0, Vy — +4.8V. om
(1b) F=gE (toward point 2).

(1) AV = (V5 — Vo) = —4.8V, .

AU = gAV = —7.68 x 1071,
K=—AU=+7.68 x 10719,

(2a) Vi =24V, Vo, =0, V3 = —24V, V4 = 0.

tsl514



Unit Exam I: Problem #3 (Fall 15) _m%r-'..._..
Consider a region of space with a uniform electric field
(1) E=12V/mj, (2)E=0.6V/mi. Ignore gravity.
(a) If the electric potential vanishes at point 0, what are the electric potentials at points 1, 2, 3, 4?

(b) If a proton (m = 1.67 x 10-%kg, g = 1.60 x 10~1°C) is released from rest at point 0, toward which point will
it start moving?

(c) What will be the kinetic energy of the proton when it gets there? Y

Solution: 10m
(1a) Vi =0, Vo = —4.8V, V3 =0, Vy — +4.8V. om
(1b) F=gE (toward point 2).

(1) AV = (V5 — Vo) = —4.8V, .

AU = gAV = —7.68 x 1071,
K=—AU=+7.68 x 10719,

(2a) V4 =24V, V, =0, V3 = —24V, V4 =0.
(2b) F=4E (toward point 3).

tsls1s



Unit Exam I: Problem #3 (Fall 15) _m%r-'..._..
Consider a region of space with a uniform electric field
(1) E=12V/mj, (2)E=0.6V/mi. Ignore gravity.
(a) If the electric potential vanishes at point 0, what are the electric potentials at points 1, 2, 3, 4?

(b) If a proton (m = 1.67 x 10-%kg, g = 1.60 x 10~1°C) is released from rest at point 0, toward which point will
it start moving?

(c) What will be the kinetic energy of the proton when it gets there? Y

Solution: 10m
(1a) Vi =0, Vo = —4.8V, V3 =0, Vy — +4.8V. om
(1b) F=gE (toward point 2).

(1) AV = (V5 — Vo) = —4.8V, .

AU = gAV = —7.68 x 1071,
K=—AU=+7.68 x 10719,

(2a) V3 =24V, V, =0, V3 = —24V, V, = 0.
(2b) F=g4E (toward point 3).
(2¢) AV = (V3 — Vo) = —-24V,
AU =gAV = —3.84 x 107,
st K=—AU=+3.84 x 107"].



Unit Exam I: Problem #1 (Spring '16) hmh'

Consider a pair of point charges in two different configurations. Find the electric potential V and the
components E; and E, of the electric field at point A and at point B.

+6nC

wog

tsl526



Unit Exam I: Problem #1 (Spring '16) hmh'

Consider a pair of point charges in two different configurations. Find the electric potential V and the
components E; and E, of the electric field at point A and at point B.

y y
+6nC

|98}
(e}
g

=5nC +6nC +5nC

o 4cm : 3cm @ x ® 4cm «

Solution:
.y g onC + k@ = 1800V — 1125V = 675V.

=k 3cm 4cm
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Unit Exam I: Problem #1 (Spring '16)

Consider a pair of point charges in two different configurations. Find the electric potential V and the
components E; and E, of the electric field at point A and at point B.

y y
+6nC
g
=5nC +6nC +5nC
o 4cm : 3cm @ x ® 4cm «
Solution:
.yl — o€ + k@ = 1800V — 1125V = 675V.
3cm 4cm
CEW = oGl IO ggosvym, EW — o

T 7 7 (3cm)? (4cm)2
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Unit Exam I: Problem #1 (Spring '16) hmh'

Consider a pair of point charges in two different configurations. Find the electric potential V and the
components E; and E, of the electric field at point A and at point B.

y y
+6nC
g
—5nC +6nC +5nC
o 4cm : 3cm @ x ® 4cm «
Solution:
v = k% k(*Snc) 1800V — 1125V = 675V.
Toncl “Tsnc
on ! A)
CEW = - —8812 EN —o.
5 Gem)? Tm)? 88125V /m, W =0
viB) — o€ +kE = 1800V + 1125V = 2925V.

3cm
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Unit Exam I: Problem #1 (Spring '16) hmh'

Consider a pair of point charges in two different configurations. Find the electric potential V and the
components E; and E, of the electric field at point A and at point B.

y y
+6nC
g
=5nC +6nC +5nC
o 4cm : 3cm @ x ® 4cm «
Solution:
v = k% k(*Snc) 1800V — 1125V = 675V.
Toncl “Tsnc
on ! A)
CEW = - —8812 EN —o.
5 Gem)? Tm)? 88125V /m, v =0
viB) — o€ +kE = 1800V + 1125V = 2925V.
3cm
EP =k L g 1o5v/m,  E® =k 1CL _ 60000 /m.
(4em)? (3em)?
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Unit Exam I: Problem #2 (Spring '16) IO

A charged conducting spherical shell has a 4m inner radius and an 8m outer radius. The charge on the outer
surface is Qext = —7nC.

(@) Find the charge Qi on the inner surface of the shell.

(b) Find the surface charge density oex: 0N the outer surface of the shell.
(c) Find the magnitude of the electric field E at radius r = 6m.

(d) Find the electric flux ®f through a Gaussian sphere of radius r = 10m.
(e) Find the magnitude of the electric field E at radius r = 10m.

Q ext

T
2m / 6m | 10m

tsls527
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Unit Exam I: Problem #2 (Spring '16) IO

A charged conducting spherical shell has a 4m inner radius and an 8m outer radius. The charge on the outer
surface is Qext = —7nC.

(@) Find the charge Qi on the inner surface of the shell.

(b) Find the surface charge density oex: 0N the outer surface of the shell.
(c) Find the magnitude of the electric field E at radius r = 6m.

(d) Find the electric flux ®f through a Gaussian sphere of radius r = 10m.
(e) Find the magnitude of the electric field E at radius r = 10m.

Solution:

(@) Qint =0 (inferred from Gauss’ law.)

T
10m

tsl527



}

Unit Exam I: Problem #2 (Spring '16) IO

A charged conducting spherical shell has a 4m inner radius and an 8m outer radius. The charge on the outer
surface is Qext = —7nC.

(@) Find the charge Qi on the inner surface of the shell.

(b) Find the surface charge density oex: 0N the outer surface of the shell.
(c) Find the magnitude of the electric field E at radius r = 6m.

(d) Find the electric flux ®f through a Gaussian sphere of radius r = 10m.
(e) Find the magnitude of the electric field E at radius r = 10m.

Solution:

(@) Qint =0 (inferred from Gauss’ law.)

_ _—mCc _ -12 2
(b) Text = Tn(Em)E = 870X 1077C/m,

T
10m
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Unit Exam I: Problem #2 (Spring '16) IO

A charged conducting spherical shell has a 4m inner radius and an 8m outer radius. The charge on the outer
surface is Qext = —7nC.

(@) Find the charge Qi on the inner surface of the shell.

(b) Find the surface charge density oex: 0N the outer surface of the shell.
(c) Find the magnitude of the electric field E at radius r = 6m.

(d) Find the electric flux ®f through a Gaussian sphere of radius r = 10m.
(e) Find the magnitude of the electric field E at radius r = 10m.

Solution:

(@) Qint =0 (inferred from Gauss’ law.)

_ _—mCc _ -12 2
(b) Text = Tn(Em)E = 870X 1077C/m,

(c) E=0 (inside conducting material.)

T
10m
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Unit Exam I: Problem #2 (Spring '16) IO

A charged conducting spherical shell has a 4m inner radius and an 8m outer radius. The charge on the outer
surface is Qext = —7nC.

(@) Find the charge Qi on the inner surface of the shell.

(b) Find the surface charge density oex: 0N the outer surface of the shell.
(c) Find the magnitude of the electric field E at radius r = 6m.

(d) Find the electric flux ®f through a Gaussian sphere of radius r = 10m.
(e) Find the magnitude of the electric field E at radius r = 10m.

Solution:

(@) Qint =0 (inferred from Gauss’ law.)

__—mC _ ~12 2
(b) Text = Tn(Em)E = 870X 1077C/m,
(c) E=0 (inside conducting material.) — T
(d) ¢ = ir‘c = —791Nm?/C. 10m
0
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Unit Exam I: Problem #2 (Spring '16) IO

A charged conducting spherical shell has a 4m inner radius and an 8m outer radius. The charge on the outer
surface is Qext = —7nC.

(@) Find the charge Qi on the inner surface of the shell.

(b) Find the surface charge density oex: 0N the outer surface of the shell.
(c) Find the magnitude of the electric field E at radius r = 6m.

(d) Find the electric flux ®f through a Gaussian sphere of radius r = 10m.
(e) Find the magnitude of the electric field E at radius r = 10m.

Solution:

(@) Qint =0 (inferred from Gauss’ law.)

_ _—mCc _ -12 2
(b) Text = Tn(Em)E = 870X 1077C/m,

(c) E=0 (inside conducting material.)

T
(d) op = - € _ 10m
€0

= —791Nm?/C.

© E =k =7 _ 4 63v/m.

(1om)2 —
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Unit Exam I: Problem #3 (Spring '15) !mﬁm.'

Consider a region of uniform electric field as shown. A charged particle is released from rest at time t = 0 at
the origin of the coordinate system.

(a) Find the acceleration a, of the particle at time t = 3s.
(b) Find the velocity v, of the particle at time t = 3s.
(c) Find the position x of the particle at time t = 3s.

(d) In what time At does the particle move from x = 10m to x = 20m?
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Unit Exam I: Problem #3 (Spring '15) !mﬁm.'

Consider a region of uniform electric field as shown. A charged particle is released from rest at time t = 0 at
the origin of the coordinate system.

(a) Find the acceleration a, of the particle at time t = 3s.
(b) Find the velocity v, of the particle at time t = 3s.
(c) Find the position x of the particle at time t = 3s.

(d) In what time At does the particle move from x = 10m to x = 20m?

Solution: E = 6N/C

g, —4x1073C _ ) m =5g -
@) ay = mE = 5 X 109ke 10-7kg (—6N/C) = 4.8m/s".
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Unit Exam I: Problem #3 (Spring '15) !mﬁm.'

Consider a region of uniform electric field as shown. A charged particle is released from rest at time t = 0 at
the origin of the coordinate system.

(a) Find the acceleration a, of the particle at time t = 3s.
(b) Find the velocity v, of the particle at time t = 3s.
(c) Find the position x of the particle at time t = 3s.

(d) In what time At does the particle move from x = 10m to x = 20m?

Solution: E = 6N/C
g, —4x1073C _ ) m =5g -
@) ay = mE = 5 X 109ke 10-7kg (—6N/C) = 4.8m/s".

- X
(b) vy = ayt = (4.8m/s?)(3s) = 14.4m/s. q=—-4mC \(
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Unit Exam I: Problem #3 (Spring '15) !mﬁm.'

Consider a region of uniform electric field as shown. A charged particle is released from rest at time t = 0 at
the origin of the coordinate system.

(a) Find the acceleration a, of the particle at time t = 3s.
(b) Find the velocity v, of the particle at time t = 3s.
(c) Find the position x of the particle at time t = 3s.

(d) In what time At does the particle move from x = 10m to x = 20m?

y
Solution: E = 6N/C
g, —4x1073C _ ) m =5g -
@) ay = E= = 0 10-kg (—6N/C) = 4.8m/s>. | )
(b) vy = ayt = (4.8m/s?)(3s) = 14.4m/s. q=—4mC \(

(c) x= %axtz = 0.5(4.8m/s?)(3s)? = 21.6m.
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Unit Exam I: Problem #3 (Spring '15) !mﬁm.'

Consider a region of uniform electric field as shown. A charged particle is released from rest at time t = 0 at
the origin of the coordinate system.

(a) Find the acceleration a, of the particle at time t = 3s.
(b) Find the velocity v, of the particle at time t = 3s.
(c) Find the position x of the particle at time t = 3s.

(d) In what time At does the particle move from x = 10m to x = 20m?

y
Solution: E = 6N/C
g, —4x1073C _ ) m =5g -
@) ay = E= = 0 10-kg (—6N/C) = 4.8m/s>. | )
(b) vy = ayt = (4.8m/s?)(3s) = 14.4m/s. q=—4mC \(

(c) x= %axtz = 0.5(4.8m/s?)(3s)? = 21.6m.

[ 2(20m) 2(10m) _
(d) At = \/4.8m/52 \/4.8m/52 = 2.895 — 2.04s = 0.855.

tsl528



Unit Exam I: Problem #1 (Fall '16)

tsl535

Consider two point charges positioned as shown.

(a) Find the magnitude of the electric field at point C [D].
(b) Draw the field direction at point C [D] by an arrow.
(c) Find the electric potential at point A [B].

8m

+7nC

+9nC

8m




Unit Exam I: Problem #1 (Fall '16)

Consider two point charges positioned as shown.

(a) Find the magnitude of the electric field at point C [D].
+9nC

(b) Draw the field direction at point C [D] by an arrow.

(c) Find the electric potential at point A [B].

8m 8m

) +7nC > B
Solution:
InC 7nC
Ee =K gmpr ~ Komyz = 206V/m = 175V/m = 331V /m.
Ep = k-0 k2% 7 00V/m — 165V /m = 535V /m].

(3m)2 " (7m)2
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Unit Exam I: Problem #1 (Fall "16) M

Consider two point charges positioned as shown.

(a) Find the magnitude of the electric field at point C [D].
+9nC

(b) Draw the field direction at point C [D] by an arrow.

(c) Find the electric potential at point A [B].

8m 8m

) +7nC > B
Solution:
InC 7nC
Ee =K gmpr ~ Komyz = 206V/m = 175V/m = 331V /m.
Ep = k-0 k2% 7 00V/m — 165V /m = 535V /m].

(3m)z " (7m)z
« Down/left along diagonal [Up/right along diagonal].
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Unit Exam I: Problem #1 (Fall "16) M

Consider two point charges positioned as shown.

(a) Find the magnitude of the electric field at point C [D].
+9nC

(b) Draw the field direction at point C [D] by an arrow.

(c) Find the electric potential at point A [B].

8m 8m

) +7nC > B
Solution:
InC 7nC
Ee =K gmpr ~ Komyz = 206V/m = 175V/m = 331V /m.
Ep = k-0 k2% 7 00V/m — 165V /m = 535V /m].

(3m)z " (7m)z
« Down/left along diagonal [Up/right along diagonal].
s Vy= k% + kE = 13.50V 4 7.88V = 21.4V.
Se e
[V = ko~ 4 k% — 101V + 10.5V = 20.6V].
8m 6m

tsl535



Unit Exam I: Problem #2 (Fall '16) hmh'

Consider a conducting sphere and a conducting spherical shell as shown in cross section. The charges on the
two surfaces of the shell are
Q, = —5nCand Q3 = +2nC [Q, = +4nC and Q3 = —3nC].

(a) Find the charge Q; on the surface of the conducting sphere.
(b) Find magnitude and direction of the electric field at point A.

(c) Find magnitude and direction of the electric field at point B.

]

— L I [em]
02 46 81012
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Unit Exam I: Problem #2 (Fall '16) hmh'

Consider a conducting sphere and a conducting spherical shell as shown in cross section. The charges on the
two surfaces of the shell are
Q, = —5nCand Q3 = +2nC [Q, = +4nC and Q3 = —3nC].

(a) Find the charge Q; on the surface of the conducting sphere.
(b) Find magnitude and direction of the electric field at point A.

(c) Find magnitude and direction of the electric field at point B.

Solution:

(a) Gauss’ law implies that
Q1 =—Q2 = +5nC[Qs = —Q» = —4nC].

]

— L I [em]
02 46 81012
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Unit Exam I: Problem #2 (Fall '16) hmh'

Consider a conducting sphere and a conducting spherical shell as shown in cross section. The charges on the
two surfaces of the shell are
Q, = —5nCand Q3 = +2nC [Q, = +4nC and Q3 = —3nC].

(a) Find the charge Q; on the surface of the conducting sphere.
(b) Find magnitude and direction of the electric field at point A.

(c) Find magnitude and direction of the electric field at point B.

Solution:

(a) Gauss’ law implies that
Q1 =—Q2 = +5nC[Qs = —Q» = —4nC].

]

(b) Ep = k&‘TC)Z =281 x10°N/C (right)
[Ea =k =205 < 1°N/C  (left)] IDZAnn
( Cm) "—’—’—’—'—’—’—‘ - — I [cm]

02 46 81012
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Unit Exam I: Problem #2 (Fall '16) hmh'

Consider a conducting sphere and a conducting spherical shell as shown in cross section. The charges on the
two surfaces of the shell are

Q, = —5nCand Q3 = +2nC [Q, = +4nC and Q3 = —3nC].

(a) Find the charge Q; on the surface of the conducting sphere.

(b) Find magnitude and direction of the electric field at point A.

(c) Find magnitude and direction of the electric field at point B.

Solution:

(a) Gauss’ law implies that

Q= fQSz c +5nC[Q; = —Q, = —4nCl.
n .
(b) Eq = 1<(4C7m)2 =28.1x10°N/C (right)

[Ea= k% =225x10°N/C  (left)]. L
2nC . , [ e e e e
2emp = 1B X 10 N/C (right) 02 46 81012

_, onC 5
tsl536 [Es = k(lzcm)z 1.88 x 10°N/C  (left)].

]

(C) EB =k



Unit Exam I: Problem #3 (Fall 16) M

Consider a region of uniform electric field E. A particle with charge g and mass m is projected at time t = 0
with initial velocity vy. The specifications are m = 3g, g = 2mC, vy = 4m/s, E = 5N/C. [m = 2g, g = 3mC,
vo = 5m/s, E = 4N/C]. Ignore gravity.

(a) Find the components F, and F, of the electric force acting on the particle at time ¢ = 1.5s.

.

(b) Find the components v, and v, of the velocity at time t = 1.5s.

(c) Find the kinetic energy at time t = 1.5s.
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Unit Exam I: Problem #3 (Fall 16) M

Consider a region of uniform electric field E. A particle with charge g and mass m is projected at time t = 0
with initial velocity vy. The specifications are m = 3g, g = 2mC, vy = 4m/s, E = 5N/C. [m = 2g, g = 3mC,
vo = 5m/s, E = 4N/C]. Ignore gravity.

(a) Find the components F, and F, of the electric force acting on the particle at time ¢ = 1.5s.
(b) Find the components v, and v, of the velocity at time t = 1.5s.

(c) Find the kinetic energy at time t = 1.5s.

y
Solution:
(@) Fx =0, F,=4qE=10mN E
[F, =0, F,=gE=12mN]. Yo
q A X
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Unit Exam I: Problem #3 (Fall 16) M

Consider a region of uniform electric field E. A particle with charge g and mass m is projected at time t = 0
with initial velocity vy. The specifications are m = 3g, g = 2mC, vy = 4m/s, E = 5N/C. [m = 2g, g = 3mC,
vo = 5m/s, E = 4N/C]. Ignore gravity.

(a) Find the components F, and F, of the electric force acting on the particle at time ¢ = 1.5s.
(b) Find the components v, and v, of the velocity at time t = 1.5s.

(c) Find the kinetic energy at time t = 1.5s.

y
Solution:
(@) Fx =0, F,=4qE=10mN E
[F, =0, F,=gE=12mN]. Yo
q A X

F
(b) vy =vy =4m/s, v, = -Lt=5m/s m
V" m

F
[vx =vg =5m/s, vy = Eyt =9m/s].
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Unit Exam I: Problem #3 (Fall 16) ﬂu:"‘f"'ﬁ

Consider a region of uniform electric field E. A particle with charge g and mass m is projected at time t = 0
with initial velocity vy. The specifications are m = 3g, g = 2mC, vy = 4m/s, E = 5N/C. [m = 2g, g = 3mC,
vo = 5m/s, E = 4N/C]. Ignore gravity.

(a) Find the components F, and F, of the electric force acting on the particle at time ¢ = 1.5s.
(b) Find the components v, and v, of the velocity at time t = 1.5s.

(c) Find the kinetic energy at time t = 1.5s.

y
Solution:
(@) Fx =0, F,=4qE=10mN E
[F, =0, F,=gE=12mN]. Yo
F 4 = X
(b) vy = vy =4m/s, Uy:—yt:Sm/s m
m

F
[vx =vg =5m/s, vy = ﬁyt =9m/s].

_

(0 K=5(3x 10~%kg)[(4m/s)? + (5m/s)?] = 61.5m]

K= %(2 x 107%kg)[(5m/s)? + (9m/s)?] = 106m]].
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Unit Exam I: Problem #1 (Spring "17)

Point charges g1 = +1nC, g2 = +2nC, g3 = —3nC [q; = —1nC, g2 = +2nC, g3 = +3nC] are positioned as shown.
(a) Find the components E; and E,, of the electric field at point O.
(b) Find the electric potential V at point O.

(c) Find the direction (1, 7, —,\, |, //, +,\) of the resultant Coulomb force on charge g,.
y

4m

O=
Qe
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Unit Exam I: Problem #1 (Spring "17) hmh'

Point charges g1 = +1nC, g2 = +2nC, g3 = —3nC [q; = —1nC, g2 = +2nC, g3 = +3nC] are positioned as shown.
(a) Find the components E; and E,, of the electric field at point O.

(b) Find the electric potential V at point O.

(c) Find the direction (1, 7, —,\, |, //, +,\) of the resultant Coulomb force on charge g,.

y
Solution: q
_ . lml lgsl
@) Ex =~k sy +kgys = ~092N/C
_ |g2| lgsl
{Ex = Ky K gmyz = S0SN/C E
|q1]
E, = —k = —0.
v = Ky = 06N/C 0 0,
P
R R— OO
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Unit Exam I: Problem #1 (Spring "17)

Point charges g1 = +1nC, g2 = +2nC, g3 = —3nC [q; = —1nC, g2 = +2nC, g3 = +3nC] are positioned as shown.
(a) Find the components E; and E,, of the electric field at point O.

(b) Find the electric potential V at point O.

(c) Find the direction (1, 7, —,\, |, //, +,\) of the resultant Coulomb force on charge g,.

y
Solution: q
1
_ . lml lgsl
(@) B = —k gl +hg iy = —092N/C
_ el el
{Ex =~k am)s Ky = ~30N/C E
E, = —k (4@)2 = —056N/C . a
2 3
|11 ‘ O

e 92 9 M 92 1
() v =k k2K =285y [V e 9.15V]
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Unit Exam I: Problem #1 (Spring "17) hmh'

Point charges g1 = +1nC, g2 = +2nC, g3 = —3nC [q; = —1nC, g2 = +2nC, g3 = +3nC] are positioned as shown.
(a) Find the components E; and E,, of the electric field at point O.

(b) Find the electric potential V at point O.

(c) Find the direction (1, 7, —,\, |, //, +,\) of the resultant Coulomb force on charge g,.

y
Solution: q
_ . lml lgsl
@) Ex =~k sy +kgys = ~092N/C
_ |g2| lgsl
{Ex = Ky K gmyz = S0SN/C E
|q1]
E, = —k = —0.
v = Ky = 06N/C 0 0,
P
R R— OO

e 92 9 e 92 93
() v =k k2K =285y [V_k4m+k3m+k5m _9.15v]
N [N]

tsl545



Unit Exam I: Problem #2 (Spring '17) O

Consider a Gaussian surface in the form of a cube with edges of length 3m placed into a region of uniform
electric field E = (51 — 4] + 6k)N/C [E = (8 4 7] — 9k)N/C].

(a) Find the electric flux d)fgl) through face 1 (in xy plane).

(b) Find the electric flux @& through face 2 (in xz plane).
E z
(c) Find the electric flux & through face 3 (in yz plane).
E y 3m
(d) Find the electric flux cpg"” through all six faces added up. 3m e
5 3.
1
3m y
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Unit Exam I: Problem #2 (Spring '17) O

Consider a Gaussian surface in the form of a cube with edges of length 3m placed into a region of uniform
electric field E = (51 — 4] + 6k)N/C [E = (8 4 7] — 9k)N/C].

(a) Find the electric flux d)fgl) through face 1 (in xy plane).
(b) Find the electric flux <1>(2) through face 2 (in xz plane). z

(c) Find the electric flux <I> 3 through face 3 (in yz plane). 3m

(d) Find the electric flux <I>(t‘”) through all six faces added up. 3m ,

Solution: )
@ oW Ay = (6N/C)k - (—9m?)k = —54Nm?/C .
(o) A; = (-9N/CQ)k - (=9m?)k = 81Nm? /(] |

E.
=E-
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Unit Exam I: Problem #2 (Spring '17)

tsl546

Consider a Gaussian surface in the form of a cube with edges of length 3m placed into a region of uniform

electric field E = (51 — 4] + 6k)N/C [E = (8 4 7] — 9k)N/C].
(a) Find the electric flux d)fgl) through face 1 (in xy plane).
(b) Find the electric flux <1>(2) through face 2 (in xz plane).

(c) Find the electric flux <I> % through face 3 (in yz plane).
Yy

(d) Find the electric flux <I>(t‘”) through all six faces added up.

Solution:

@ o =E-4; = (6N/C)k- (—9m?)k = —54Nm?/C
(@) = E.4) = (—9N/Q)k- (—~9m?)k = 81Nm? /C]

(b) @2 = E- A, = (—4N/C)j - (—9m?)j = +36Nm?/C
@2 = E. 4, = (7N/C)j - (—9m?)j = —63Nm?2/C]

X




Unit Exam I: Problem #2 (Spring '17) !mﬁm.'

Consider a Gaussian surface in the form of a cube with edges of length 3m placed into a region of uniform
electric field E = (51 — 4] + 6k)N/C [E = (8 4 7] — 9k)N/C].

(a) Find the electric flux d)fgl) through face 1 (in xy plane).

(b) Find the electric flux <1>(2) through face 2 (in xz plane).

z

(c) Find the electric flux <I> 3 through face 3 (in yz plane). 3m

(d) Find the electric flux <I>(t‘”) through all six faces added up. 3m e

Solution: 2 3 E

@ o =E-4; = (6N/C)k- (—9m?)k = —54Nm?/C 3m . y
[cp —E-A; = (“9N/C)k - (—9m?)k = 81Nm?/C] 1

(b) @2 = E- A, = (—4N/C)j - (—9m?)j = +36Nm?/C
@)~ F. A, = (7N/C)f - (~9m?)j = —e3Nm2/C] X

(© @) =E-4; = (5N/C)i{ —9m?)i = —45Nm?/C
(@ = E.4; = (8N/C)i( — 9m?)i = ~72Nm?/C]

tsl546



Unit Exam I: Problem #2 (Spring '17) !mﬁm.'

Consider a Gaussian surface in the form of a cube with edges of length 3m placed into a region of uniform
electric field E = (51 — 4] + 6k)N/C [E = (8 4 7] — 9k)N/C].

(a) Find the electric flux d)fgl) through face 1 (in xy plane).

(b) Find the electric flux <1>(2) through face 2 (in xz plane).

z
(c) Find the electric flux <I> 3 through face 3 (in yz plane). 3m
(d) Find the electric flux <I>(t‘”) through all six faces added up. 3m e
Solution: 5 3 E
Lo 3
(@) @) = E. 4, = (6N/C)k- (—9m?)k = —54Nm?/C m . y
(@) = E.4) = (—9N/Q)k- (—~9m?)k = 81Nm? /C] 1
(b) @2 = E- A, = (—4N/C)j - (—9m?)j = +36Nm?/C
@2 = E. 4, = (7N/C)j - (—9m?)j = —63Nm?2/C] X
(© @) =E-4; = (5N/C)i{ —9m?)i = —45Nm?/C
(@ = E.4; = (8N/C)i( — 9m?)i = ~72Nm?/C]

(d o == —o |ol = % =0
0

tsl546



Unit Exam I: Problem #3 (Spring '17)

tsls47

Consider a region of uniform electric field E = —2N/Ci [E = —3N/Cil. A charged particle
(m = 0.04kg, g = 6mC) [(m = 0.05kg, ¢ = 7mC)] is projected at time ¢ = 0 with initial velocity vg = 8m/si
[vo = 9m/si] from the origin of the coordinate system as shown.

(a) Find the the acceleration a, of the particle at time t = 2.5s.
(b) Find its velocity vy at time t = 2.5s. y

(c) Find its position x at time t = 2.5s.




Unit Exam I: Problem #3 (Spring '17) !mﬁm.'

Consider a region of uniform electric field E = —2N/Ci [E = —3N/Cil. A charged particle
(m = 0.04kg, g = 6mC) [(m = 0.05kg, ¢ = 7mC)] is projected at time ¢ = 0 with initial velocity vg = 8m/si
[vo = 9m/si] from the origin of the coordinate system as shown.

(a) Find the the acceleration a, of the particle at time t = 2.5s.

(b) Find its velocity vy at time t = 2.5s. y
(c) Find its position x at time t = 2.5s. E
B —
Solution:
_ g4, 6x10°C o ) m > X
(@) ay = B T 1072kg(2N/C) = —03m/s q v,
_ _4p_ 7x10°C _ 2
ay = mE =~&x 10 7kg (3N/C) = —0.42m/s
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Unit Exam I: Problem #3 (Spring '17) !mﬁm.'

Consider a region of uniform electric field E = —2N/Ci [E = —3N/Cil. A charged particle
(m = 0.04kg, g = 6mC) [(m = 0.05kg, ¢ = 7mC)] is projected at time ¢ = 0 with initial velocity vg = 8m/si
[vo = 9m/si] from the origin of the coordinate system as shown.

(a) Find the the acceleration a, of the particle at time t = 2.5s.

(b) Find its velocity vy, at time t = 2.5s. y
(c) Find its position x at time t = 2.5s.
<
Solution:
@ a=-1p= —%(mm) — _03m/s mq Vo: X
ay = g 7x107%C (3N/C) = —0.42m/s?

m~~  5x10-2kg
(b) vy = vy + axt = 8m/s — (0.3m/s?)(2.5s) = 7.25m/s
[0y = vy 4 axt = 9m/s — (0.42m/s?)(2.5s) = 7.95m /5]

tsls47



Unit Exam I: Problem #3 (Spring '17)
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Consider a region of uniform electric field E = —2N/Ci [E = —3N/Cil. A charged particle
(m = 0.04kg, g = 6mC) [(m = 0.05kg, ¢ = 7mC)] is projected at time ¢ = 0 with initial velocity vg = 8m/si
[vo = 9m/si] from the origin of the coordinate system as shown.

(a) Find the the acceleration a, of the particle at time t = 2.5s.

(b) Find its velocity vy, at time t = 2.5s. y
(c) Find its position x at time t = 2.5s. E
B —
Solution:
_ g4, 6x10°C o ) m > X
(@) ay = B T 1072kg(2N/C) = —03m/s q v,

_ _4p_ 7x10°C _ 2
{axf mEf 5><1Ong(SN/C)f 0.42m/s

(b) vy = vy + axt = 8m/s — (0.3m/s?)(2.5s) = 7.25m/s
[0y = vy 4 axt = 9m/s — (0.42m/s?)(2.5s) = 7.95m /5]

(€) x = vt + %axtz = (8m/s)(2.5s) — 0.5(0.3m/s%)(2.55)2 = 19.1m

{x = oot + %axtz = (9m/s)(2.55) — 0.5(0.42m/s?)(2.55)? = 21.2m]




Unit Exam I: Problem #1 (Fall '17) hmh'

Consider point charges positioned in two coordinate systems as shown.

- Find the electric field E4 at point A.
+ Find the electric field Eg at point B.
+ Find the electric potential V4 at point A.
+ Find the electric potential V3 at point B.

tslssa



Unit Exam I: Problem #1 (Fall '17) hmh'

Consider point charges positioned in two coordinate systems as shown.

- Find the electric field E4 at point A.
+ Find the electric field Eg at point B.
+ Find the electric potential V4 at point A.
+ Find the electric potential V3 at point B.

Solution:

[2nC| -

_ —_ 4 K
By = 2k(6cm)2 i=1.00x 10*N/Ci
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Unit Exam I: Problem #1 (Fall '17) hmh'

Consider point charges positioned in two coordinate systems as shown.

- Find the electric field E4 at point A.
+ Find the electric field Eg at point B.
+ Find the electric potential V4 at point A.
+ Find the electric potential V3 at point B.

Solution:
Ey = 2k-—_ [20C| 1=1.00x10*N/Ci
(6cm)?
By — —2k 22 5 50 x 100 N/C

(6cm)2

tslssa



Unit Exam I: Problem #1 (Fall '17) hmh'

Consider point charges positioned in two coordinate systems as shown.

- Find the electric field E4 at point A.
+ Find the electric field Eg at point B.
+ Find the electric potential V4 at point A.
+ Find the electric potential V3 at point B.

Solution:
E, = Zk(‘irrf)‘z 1=1.00x10*N/Ci
Fp=— (Li‘;f)‘z j=—-250x10*N/Cj

Va= 2%3"C _ 900 x 102V
6cm

tslssa



Unit Exam I: Problem #1 (Fall '17) hmh'

Consider point charges positioned in two coordinate systems as shown.

- Find the electric field E4 at point A.
+ Find the electric field Eg at point B.
+ Find the electric potential V4 at point A.
+ Find the electric potential V3 at point B.

Solution:
_ [2nC| - _ 4 2
Ejy = 2k(6cm)2 1=1.00x10*N/Ci
|5nC| - 4 2
Ep = — = -2 1
5 (6em)?) 50 x 10*N/Cj
Va= 2%3"C _ 900 x 102V
6cm
v =229 o102y

6cm

tsls54



Unit Exam I: Problem #2 (Fall '17) hmh'

Consider a long charged rod with charge per unit length A = 3uC/m [A = 2uC/m]. A Gaussian cylinder of
radius R = 4cm [R = 5cm] and length L = 12cm [L = 15cm] is placed with its axis along the rod as shown.

(a) Find the area A of the Gaussian cylinder.
(b) Find the electric charge Q;, inside the cylinder.
(c) Find the electric flux ®f through the Gaussian cylinder.

2R \ A

tsl555



Unit Exam I: Problem #2 (Fall '17) hmh'

Consider a long charged rod with charge per unit length A = 3uC/m [A = 2uC/m]. A Gaussian cylinder of
radius R = 4cm [R = 5cm] and length L = 12cm [L = 15cm] is placed with its axis along the rod as shown.

(a) Find the area A of the Gaussian cylinder.
(b) Find the electric charge Q;, inside the cylinder.
(c) Find the electric flux ®f through the Gaussian cylinder.

2R \ A

Solution: L

(@) A =2 x m(4cm)? 4 277(4cm)(12cm) = 4.03 x 10~2m?
A =2 x (5cm)? 4 271(5cm) (15cm = 6.28 x 10~2m?

tsl555



Unit Exam I: Problem #2 (Fall '17) hmh'

Consider a long charged rod with charge per unit length A = 3uC/m [A = 2uC/m]. A Gaussian cylinder of
radius R = 4cm [R = 5cm] and length L = 12cm [L = 15cm] is placed with its axis along the rod as shown.

(a) Find the area A of the Gaussian cylinder.
(b) Find the electric charge Q;, inside the cylinder.
(c) Find the electric flux ®f through the Gaussian cylinder.

2R \ A

Solution: L

(@) A =2 x m(4cm)? 4 277(4cm)(12cm) = 4.03 x 10~2m?
{A =2 x 77(5em)? + 277(5em) (15cm = 6.28 x 10*2m2}
(b) Qi = AL = (3uC/m)(12em) = 0.364C  [Qiy = AL = (2uC/m)(15cm) = 0.30uC]

tsl555



Unit Exam I: Problem #2 (Fall '17) hmh'

Consider a long charged rod with charge per unit length A = 3uC/m [A = 2uC/m]. A Gaussian cylinder of
radius R = 4cm [R = 5cm] and length L = 12cm [L = 15cm] is placed with its axis along the rod as shown.

(a) Find the area A of the Gaussian cylinder.
(b) Find the electric charge Q;, inside the cylinder.
(c) Find the electric flux ®f through the Gaussian cylinder.

2R \ A

Solution: L

(@) A =2 x m(4cm)? 4 277(4cm)(12cm) = 4.03 x 10~2m?

{A =2 x 77(5em)? + 277(5em) (15cm = 6.28 x 10*2m2]
(b) Qi = AL = (3uC/m)(12em) = 0.364C  [Qiy = AL = (2uC/m)(15cm) = 0.30uC]
Q

407 x 10°Nm?/C [ = % — 339 x 10*'Nm?/C]
0 0

(c) @ =

tsl555



Unit Exam I: Problem #3 (Fall '17) hmh'

In a region of uniform electric field E = 9N/Ci+7N/Cj, a charged particle (m = 0.02kg, g = 4mC) is
projected at time t = 0 with initial speed vy = 6m/s in the direction shown. If we write a = axi-i-ayffor the
acceleration and v(t) = v, (t) 1+ vy (t) ] for the velocity of the particle ...

(a) find a, and ay, Y
(b) find v,(0) and v, (0), Vo
(c) find vy(6s) and vy (6s).

35

tsl556



Unit Exam I: Problem #3 (Fall '17) M

In a region of uniform electric field E = 9N/Ci+7N/Cj, a charged particle (m = 0.02kg, g = 4mC) is
projected at time t = 0 with initial speed vy = 6m/s in the direction shown. If we write a = axi+ayffor the
acceleration and v(t) = v, (t) 1+ vy (t) ] for the velocity of the particle ...

y

(a) find a, and ay,
(b) find v,(0) and v, (0), Vo
(c) find vy(6s) and vy (6s).

35

Solution: m X

4x1073C ) q
m@N/C) = 1.80m/s".

Lo 4x 10~3C
Y7 2x102kg

(@) ay =

(7N/C) = 1.40m/s>.
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Unit Exam I: Problem #3 (Fall '17) M

In a region of uniform electric field E = 9N/Ci+7N/Cj, a charged particle (m = 0.02kg, g = 4mC) is
projected at time t = 0 with initial speed vy = 6m/s in the direction shown. If we write a = axi+ayffor the
acceleration and v(t) = v, (t) 1+ vy (t) ] for the velocity of the particle ...

y

(a) find a, and ay,
(b) find v,(0) and v, (0), Vo
(c) find vy(6s) and vy (6s).

35

Solution: m X

4x1073C 4
m@N/C) = 1.80m/s2.
. 4 x1073C
Y7 2x102kg
(b) vx(0) = vy cos35° = (6m/s)(0.819) = 4.91m/s.
vy(0) = vgsin35° = (6m/s)(0.574) = 3.44m/s.

(@) ay =

(7N/C) = 1.40m/s>.

tsl556



Unit Exam I: Problem #3 (Fall '17) hmh'

In a region of uniform electric field E = 9N/Ci+7N/Cj, a charged particle (m = 0.02kg, g = 4mC) is
projected at time t = 0 with initial speed vy = 6m/s in the direction shown. If we write a = axi+ayffor the
acceleration and v(t) = v, (t) 1+ vy (t) ] for the velocity of the particle ...

y

(a) find a, and ay,
(b) find v,(0) and v, (0), Vo
(c) find vy(6s) and vy (6s).

(6]
35
Solution: m X
_ 4x10C B ) !

(@ ay = m@N/C) = 1.80m/s*.
4x1073C )
ay = m(m/C) =1.40m/s".

b) v4(0) = v cos35° = (6m/s)(0.819) = 4.91m/s.

vy(0) = vgsin35° = (6m/s)(0.574) = 3.44m/s.

(c) vy(65) = 4.91m/s + (1.80m/s?)(6s) = 15.7m/s.

vy(6s) = 3.44m/s + (1.40m/s?)(6s) = 11.8m/s.

tsl556



Unit Exam I: Problem #1 (Spring "18) hmh'

Consider the three point charges surrounding point A or point B.
Find the electric field E4 at point A and Ep at point B.
Find the electric potential V4 at point A and Vp at point B.

Find the magnitude Fp3 between the two positive charges on the left and F35 between the two positive charges
on the right.

y

tsl563



Unit Exam I: Problem #1 (Spring "18) hmh'

Consider the three point charges surrounding point A or point B.
Find the electric field E4 at point A and Ep at point B.
Find the electric potential V4 at point A and Vp at point B.

Find the magnitude Fp3 between the two positive charges on the left and F35 between the two positive charges

on the right. y
B
. +2nC —4nC +3nC —6nC
Solution:
By =k 2RCL gy AnCl e ‘3“C)‘ j =844 x 10°N/Ci—422 x 1°N/Cj

(8cm)? (8cm)2 (8
[3nC| K |6nC| B [5nC]|

Bs =K (gem)? '+ ¥ (em)? ¥ {em)

5] =127 x10°N/Ci—7.03 x 10°N/Cj
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Unit Exam I: Problem #1 (Spring "18) hmh'

Consider the three point charges surrounding point A or point B.
Find the electric field E4 at point A and Ep at point B.
Find the electric potential V4 at point A and Vp at point B.

Find the magnitude Fp3 between the two positive charges on the left and F35 between the two positive charges

on the right. y
B
. +2nC —4nC +3nC —6nC
Solution:
[2nC| [4nC| . [3nC| - 3 3
* Ba=k k —k =844 x 10°N/Ci—422 x 10°N/Cj
A (8cm)? 1+ (8crn)2 (8cm)? ] X /Ci X /Cj
[3nC| |6nC| [5nC| 3 3
k —k =127x1 —7. 1
k(s m)? i+ (sem)? s )21 x 10°N/Ci-7.03 x 10°N/Cj
k%+k%7kﬁfll3v VBfk%+k%,k%7225V

8cm 8cm 8cm
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Unit Exam I: Problem #1 (Spring "18) hmh'

Consider the three point charges surrounding point A or point B.
Find the electric field E4 at point A and Ep at point B.
Find the electric potential V4 at point A and Vp at point B.

Find the magnitude Fp3 between the two positive charges on the left and F35 between the two positive charges

on the right. y
B
. +2nC —4nC +3nC —6nC
Solution:
[2nC| [4nC| . [3nC| - 3 3
*Ea=k k —k =844 x 10°N/Ci-422 x 10°N/Cj
A (8cm)? 1+ (8crn)2 (8cm)? ] X /Ci X /Cj
[3nC| |6nC| [5nC| 3 3
k —k =127x1 —7. 1
k(s m)? i+ (sem)? s )21 x 10°N/Ci-7.03 x 10°N/Cj
k%Jrk%fkﬁfllSV ngkﬁmﬁ,k%fmw
8cm 8cm 8cm 8cm 38Cén sl
. Fpy = k1O (BnO)| = 422x10°°N, Fis =k |(3nC) (5n )\ 105 x 106N

tsls63 (8cm)? + (8cm) (8cm)? + (8cm)?



Unit Exam I: Problem #2 (Spring '18) IO

tsl564

}

The conducting spherical shell with no net charge on it has a 2m inner radius and a 4m outer radius. There is a

point charge Qp, = —4nC [Qp = 5nC] at the center.

(a) Find the charges Qjn; and Qex: 0N the two surfaces of the shell. Q
ext

(b) Find the electric flux @ through a Gaussian sphere of r = 1m.

(c) Find magnitude and direction of the electric field at r = 5m.

0,
-

Sm



Unit Exam I: Problem #2 (Spring '18) IO
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}

The conducting spherical shell with no net charge on it has a 2m inner radius and a 4m outer radius. There is a
point charge Qp, = —4nC [Qp = 5nC] at the center.

(a) Find the charges Qjn; and Qex: 0N the two surfaces of the shell. Q
ext
(b) Find the electric flux @ through a Gaussian sphere of r = 1m.

(c) Find magnitude and direction of the electric field at r = 5m.

0,
-

Solution: .
m

(@) Qint = +4nC, Qext = —4nC,
[Qint = —5nC,  Qext = +5nC].



Unit Exam I: Problem #2 (Spring '18) IO
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}

The conducting spherical shell with no net charge on it has a 2m inner radius and a 4m outer radius. There is a
point charge Qp, = —4nC [Qp = 5nC] at the center.

(a) Find the charges Qjn; and Qex: 0N the two surfaces of the shell. Q
ext
(b) Find the electric flux @ through a Gaussian sphere of r = 1m.

(c) Find magnitude and direction of the electric field at r = 5m.

0,
-

Solution: .
m

(@) Qint = +4nC, Qext = —4nC,
[Qint = —5nC,  Qext = +5nC].
(b) @ = % = —452Nm?/C,
0
Df = % = 4+565Nm?/C]|.
0



Unit Exam I: Problem #2 (Spring '18) hmh'

The conducting spherical shell with no net charge on it has a 2m inner radius and a 4m outer radius. There is a
point charge Qp, = —4nC [Qp = 5nC] at the center.

(a) Find the charges Qjn; and Qex: 0N the two surfaces of the shell. Q
ext
(b) Find the electric flux @ through a Gaussian sphere of r = 1m.

(c) Find magnitude and direction of the electric field at r = 5m.

Solution: .
m

(@) Qint = +4nC, Qext = —4nC,
[Qint = —5nC,  Qext = +5nC].
(b) @ = % = —452Nm?/C,
0
|:¢’E % +565Nm?/C|.

€0
(Qp + Qinf + Qext) <

(c) 471(5m)’E = 0 = E=—-144N/C (inward),

€0
(Qp + Qint + Qext)

c >0 = E=+180N/C (outward)|.
0

{471(5711)2]5 =

tsl564



Unit Exam I: Problem #3 (Spring '18) M

In a region of uniform electric field, E = 5N/Ci + 4N/Cj, a charged particle (m = 0.03kg, 4 = 2mC)
[(m = 0.02kg, g = 3mC)] is released from rest at time ¢ = 0 at the origin of the coordinate system.

(a) Find the electric force F = Fyi+ F, j acting on the particle.

y

(c) Draw the shape of the path into the diagram. E

(b) Find the position r = xi+ yj of the particle at time t = 7s.

2 3

tsl565



Unit Exam I: Problem #3 (Spring '18) M

In a region of uniform electric field, E = 5N/Ci + 4N/Cj, a charged particle (m = 0.03kg, 4 = 2mC)
[(m = 0.02kg, g = 3mC)] is released from rest at time ¢ = 0 at the origin of the coordinate system.

(a) Find the electric force F = Fy i+ F, j acting on the particle.

(b) Find the position r = x1-+yj of the particle at time t = 7s. y
(c) Draw the shape of the path into the diagram. E

m

q X
Solution:

(@) Fx = (2x1073C)(5N/C) =10 x 10°N, F, = (2x 107°C)(4N/C) = 8 x 107°N.
{FX = (3x1073C)(5N/C) =15 x 10N, F, = (3 x 1073C)(4N/C) = 12 x 10*3N.]
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Unit Exam I: Problem #3 (Spring '18) M

In a region of uniform electric field, E = 5N/Ci + 4N/Cj, a charged particle (m = 0.03kg, 4 = 2mC)
[(m = 0.02kg, g = 3mC)] is released from rest at time ¢ = 0 at the origin of the coordinate system.
(a) Find the electric force F = Fyi+ F, j acting on the particle.

y

(c) Draw the shape of the path into the diagram. E

(b) Find the position r = xi+ yj of the particle at time t = 7s.

m
q
Solution:

(@) Fx = (2x1073C)(5N/C) =10 x 10°N, F, = (2x 107°C)(4N/C) = 8 x 107°N.
{FX = (3x1073C)(5N/C) =15 x 10N, F, = (3 x 1073C)(4N/C) = 12 x 10*3N.]

1 /10x10°N ) 1/8x1073N )
(b) x= <3 NETE 2kg) (7s)* =8.17m, y= 3 <m> (7s)* = 6.53m.

15x107°NY ) 1/12x10°N\ .. .
{ <2 < 10— 2kg> (7s)° =184m, y= 5 (m> (7s)" = 14.7m}

tsl565
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In a region of uniform electric field, E = 5N/Ci + 4N/Cj, a charged particle (m = 0.03kg, 4 = 2mC)
[(m = 0.02kg, g = 3mC)] is released from rest at time ¢ = 0 at the origin of the coordinate system.

(a) Find the electric force F = Fyi+ F, j acting on the particle.

y

(c) Draw the shape of the path into the diagram. E

(b) Find the position r = xi+ yj of the particle at time t = 7s.

m
q

Solution:

(@) Fx = (2x1073C)(5N/C) =10 x 10°N, F, = (2x 107°C)(4N/C) = 8 x 107°N.

{FX = (3x1073C)(5N/C) =15 x 10N, F, = (3 x 1073C)(4N/C) = 12 x 10*3N.]

1 /10x 103N ) 1/8x1073N )
(b) x= 3 (m) (7s)* =8.17m, y= 3 <m> (7s)* = 6.53m.

1 /12x 103N )
5 (W) (75)* = 14.7m}

Lo L (15x 103N
T2\ 2x10"2kg

(c) Straight line through origin parallel to direction of electric field.

) (75)> = 18.4m, y=



Unit Exam I: Problem #1 (Fall '18) M

Consider two point charges positioned on a circle as shown left and right.
(a) Find the horizontal component E, of the electric field at points A and B.
(b) Find the vertical component E, of the electric field at points A and B.

(c) Find the electric potential V at points A and B.
y y

+7nC +6nC

£
[}
wel o d fon] m e

A B

2m

tsl573



Unit Exam I: Problem #1 (Fall '18) M

Consider two point charges positioned on a circle as shown left and right.
(a) Find the horizontal component E, of the electric field at points A and B.
(b) Find the vertical component E, of the electric field at points A and B.
(c) Find the electric potential V at points A and B.

y y

+7nC +6nC

£
[}
wel o d fon] m e

A B

2m

Solution:

(@) E, — 8nC k 7nC

2m)? 2m)? cos40° =59N/C
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Unit Exam I: Problem #1 (Fall '18) M

Consider two point charges positioned on a circle as shown left and right.
(a) Find the horizontal component E, of the electric field at points A and B.
(b) Find the vertical component E, of the electric field at points A and B.
(c) Find the electric potential V at points A and B.

y y

+7nC +6nC

£
[}
wel o d fon] m e

A B

2m

Solution:

(@) E, — 8nC k 7nC

2m)? 2m)? cos40° =59N/C

(b) E, = —k 7nC

(2m)? sin40° = —10.1N/C

tsl573



Unit Exam I: Problem #1 (Fall '18) M

Consider two point charges positioned on a circle as shown left and right.
(a) Find the horizontal component E, of the electric field at points A and B.
(b) Find the vertical component E, of the electric field at points A and B.
(c) Find the electric potential V at points A and B.

y y

+7nC +6nC

£
[}
wel o d fon] m e

A B

2m

Solution:
8nC 7nC -
@) Ex = 2m) — k(Zm)Z cos40° = 59N/C
7nC | -
(b) E, = _kW sin40° = —10.1IN/C

7
(© v=k3C  nC _ sy,
2m 2m

tsl573



Unit Exam I: Problem #1 (Fall '18) I'm;::%m":g
Consider two point charges positioned on a circle as shown left and right.
(a) Find the horizontal component E, of the electric field at points A and B.
(b) Find the vertical component E, of the electric field at points A and B.

(c) Find the electric potential V at points A and B.

y y
- +7nC +6nC .
[} [}
0 D~ PR

A B

Solution:

8nC 7nC 6nC 5nC
E. = — ° —5. = ° = —
(a) Ex 2m)? k(Zm)Z cos 40 59N/C E, k(Zm)Z cos 50 k(2m)2 2.57N/C
7nC
b) E, = —k-—— sin40° = —10.
(b) E, k(Zm)Z sin 40 10.1N/C

7
(© v=k3C  nC _ sy,
2m 2m
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Unit Exam I: Problem #1 (Fall '18) I'm;::%m":g
Consider two point charges positioned on a circle as shown left and right.
(a) Find the horizontal component E, of the electric field at points A and B.
(b) Find the vertical component E, of the electric field at points A and B.

(c) Find the electric potential V at points A and B.

y y
- +7nC +6nC c
[} [}
0 D~ PR

A B

Solution:
8nC 7nC 5 6nC 5 5nC
(@) Ex = 2m)? — k(Zm)Z cos40° =59N/C Ey = kW cos 50 7k(2m)2 = —2.57N/C
nC .

(b) E, = _k(znT)Z sin40° = —10.1N/C E, = _k(gerSz sin50° = —10.4N/C

7
(© v=k3C  nC _ sy,
2m 2m
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Unit Exam I: Problem #1 (Fall '18) M

Consider two point charges positioned on a circle as shown left and right.
(a) Find the horizontal component E, of the electric field at points A and B.
(b) Find the vertical component E, of the electric field at points A and B.

(c) Find the electric potential V at points A and B.

y y
- +7nC +6nC .
N N
Y 7 I - P
A B

Solution:
. 8nC 7nC - _, 6nC 5 5nC
(@) Ex = 2m)? k(Zm)Z cos40° =59N/C Ey = kW cos 50 7k(2m)2 = —2.57N/C
nC .
(b) E, = _k(znT)Z sin40° = —10.1N/C E, = —k(gLnSz sin50° = —10.4N/C
8nC 7nC 6nC 5nC

V=kS= 4 ko= = 67.5V. = OnC o€
(© T om V= ko= kD = 495V.
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Unit Exam I: Problem #2 (Fall '18) hmh'

Two oppositely charged plates positioned as shown produce between them a uniform electric field E = 1.4N/C
[E = 2.3N/C] in the direction shown. A proton (m = 1.67 x 10~%kg, 4 = 1.60 x 1071°C) is launched at x = 0
with initial velocity vy = 3.5 x 10*m/s [vy = 4.2 x 10*m/s] as shown. The proton enters and exits the region of
electric field through holes in the plates.

(a) At what time after launch does the proton reach the first plate?
(b) What is the acceleration of the proton between the plates?

(c) What is the potential difference between the plates?

(d) Does the proton gain or lose kinetic energy as it travels between the plates? [
(e) What is the amount AK of gain or loss? £
Vo L L
®_>,,,,,,,,,,: 777777777777 S>>
E
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Unit Exam I: Problem #2 (Fall '18) hmh'

Two oppositely charged plates positioned as shown produce between them a uniform electric field E = 1.4N/C
[E = 2.3N/C] in the direction shown. A proton (m = 1.67 x 10~%kg, 4 = 1.60 x 1071°C) is launched at x = 0
with initial velocity vy = 3.5 x 10*m/s [vy = 4.2 x 10*m/s] as shown. The proton enters and exits the region of
electric field through holes in the plates.

(a) At what time after launch does the proton reach the first plate?
(b) What is the acceleration of the proton between the plates?

(c) What is the potential difference between the plates?

(d) Does the proton gain or lose kinetic energy as it travels between the plates? [
(e) What is the amount AK of gain or loss? £
. Y U U
Solution: @_0>7 777777777777 S
2
(@ t= 2 5711075 [4.76 x 10-5s].
% £
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Unit Exam I: Problem #2 (Fall '18) hmh'

Two oppositely charged plates positioned as shown produce between them a uniform electric field E = 1.4N/C
[E = 2.3N/C] in the direction shown. A proton (m = 1.67 x 10~%kg, 4 = 1.60 x 1071°C) is launched at x = 0
with initial velocity vy = 3.5 x 10*m/s [vy = 4.2 x 10*m/s] as shown. The proton enters and exits the region of
electric field through holes in the plates.

(a) At what time after launch does the proton reach the first plate?
(b) What is the acceleration of the proton between the plates?

(c) What is the potential difference between the plates?

(d) Does the proton gain or lose kinetic energy as it travels between the plates? [
(e) What is the amount AK of gain or loss? £
Solution: &»: 777777777777 o
() t= (ZU—T) =571x10"% [4.76 x 1075s]. B

(b) a = f% = —134x10%m/s?> [-2.20 x 108m/s?].
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Unit Exam I: Problem #2 (Fall '18) hmh'

Two oppositely charged plates positioned as shown produce between them a uniform electric field E = 1.4N/C
[E = 2.3N/C] in the direction shown. A proton (m = 1.67 x 10~%kg, 4 = 1.60 x 1071°C) is launched at x = 0
with initial velocity vy = 3.5 x 10*m/s [vy = 4.2 x 10*m/s] as shown. The proton enters and exits the region of
electric field through holes in the plates.

(a) At what time after launch does the proton reach the first plate?
(b) What is the acceleration of the proton between the plates?

(c) What is the potential difference between the plates?

(d) Does the proton gain or lose kinetic energy as it travels between the plates? [
(e) What is the amount AK of gain or loss? £
Solution: &»: 777777777777 o
() t= @m) _ 571 x 1075 [4.76 x 1075s].
Vo <E_
) a=—"TE = 134 x108m/s [-2.20 x 10%m/s?].
() |AV] :mE(l.Sm) =21V [345V]. \ R X
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Unit Exam I: Problem #2 (Fall '18) hmh'

Two oppositely charged plates positioned as shown produce between them a uniform electric field E = 1.4N/C
[E = 2.3N/C] in the direction shown. A proton (m = 1.67 x 10~%kg, 4 = 1.60 x 1071°C) is launched at x = 0
with initial velocity vy = 3.5 x 10*m/s [vy = 4.2 x 10*m/s] as shown. The proton enters and exits the region of
electric field through holes in the plates.

(a) At what time after launch does the proton reach the first plate?
(b) What is the acceleration of the proton between the plates?

(c) What is the potential difference between the plates?

(d) Does the proton gain or lose kinetic energy as it travels between the plates? [
(e) What is the amount AK of gain or loss? £
Solution: &»: 777777777777 o
2
(@ t= 2 5711075 [4.76 x 10-5s].
(%) E
E
(b) a= f% = 134 x10%m/s? [-2.20 x 10°m/s?].
(c) |AV| = E(1.5m) = 2.1V [3.45V]. w w w X
0 2m 3.5m

(d) loss
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Unit Exam I: Problem #2 (Fall '18) hmh'

Two oppositely charged plates positioned as shown produce between them a uniform electric field E = 1.4N/C
[E = 2.3N/C] in the direction shown. A proton (m = 1.67 x 10~%kg, 4 = 1.60 x 1071°C) is launched at x = 0
with initial velocity vy = 3.5 x 10*m/s [vy = 4.2 x 10*m/s] as shown. The proton enters and exits the region of
electric field through holes in the plates.

(a) At what time after launch does the proton reach the first plate?
(b) What is the acceleration of the proton between the plates?

(c) What is the potential difference between the plates?

(d) Does the proton gain or lose kinetic energy as it travels between the plates? [
(e) What is the amount AK of gain or loss? £
Solution: &»: 777777777777 o
2
(@ t= 2 5711075 [4.76 x 10-5s].
(%) E
E
(b) a= f% = 134 x10%m/s? [-2.20 x 10°m/s?].
(c) |AV| = E(15m) =21V [3.45V]. \ \ \ X
0 2m 3.5m
(d) loss

(e) AK = —g|AV| = —3.36 x 1071%] [-5.52 x 107"]].

tsls74



Unit Exam I: Problem #3 (Fall '18) hﬁiﬁh‘

A point charge Qp = 7nC [Q, = 8nCl is surrounded by a conducting spherical shell with a 2m inner radius and
a 4m outer radius. There is zero net charge on the shell.

(a) What is the magnitude of the electric field E at radius » = 1m?

b) What is the charge Qi on the inner surface of the shell?

(
(c) What is the magnitude of the electric field E at radius r = 3m?
(d) What is the charge Qex: on the outer surface of the shell?

(

e) What is the electric flux @ through a Gaussian sphere of radius r = 5m.
QCX[
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Unit Exam I: Problem #3 (Fall '18) |z||!|l|=tlllu
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}

A point charge Qp = 7nC [Q, = 8nCl is surrounded by a conducting spherical shell with a 2m inner radius and
a 4m outer radius. There is zero net charge on the shell.

(a) What is the magnitude of the electric field E at radius » = 1m?
(b) What is the charge Qi on the inner surface of the shell?

(c) What is the magnitude of the electric field E at radius r = 3m?
(d) What is the charge Qex: on the outer surface of the shell?
(

e) What is the electric flux @ through a Gaussian sphere of radius r = 5m.
QCXI

Solution:
kQp

@ E= Gy =

63N/C  [72N/C. om



Unit Exam I: Problem #3 (Fall '18) |z||!|l|=tlllu
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A point charge Qp = 7nC [Q, = 8nCl is surrounded by a conducting spherical shell with a 2m inner radius and
a 4m outer radius. There is zero net charge on the shell.

(a) What is the magnitude of the electric field E at radius » = 1m?
(b) What is the charge Qi on the inner surface of the shell?

(c) What is the magnitude of the electric field E at radius r = 3m?
(d) What is the charge Qex: on the outer surface of the shell?
(

e) What is the electric flux @ through a Gaussian sphere of radius r = 5m.

QCXI
Solution:
kQ ° sm
_ P _ m
(@) E= T2 =63N/C [72N/C).
(b) Qint = —Qp = —7nC  [—8nC].



Unit Exam I: Problem #3 (Fall 18)

tsls75

A point charge Qp = 7nC [Q, = 8nCl is surrounded by a conducting spherical shell with a 2m inner radius and
a 4m outer radius. There is zero net charge on the shell.

(a) What is the magnitude of the electric field E at radius » = 1m?

(b) What is the charge Qi on the inner surface of the shell?

(c) What is the magnitude of the electric field E at radius r = 3m?
(d) What is the charge Qex: on the outer surface of the shell?

(e

) What is the electric flux @ through a Gaussian sphere of radius r = 5m.

Qexl
Solution: .
(@) E= (kQ‘; = 63N/C [72N/C]. Sm
(b) Qint = —Qp = —7nC  [-8nC].
(c) E=0.



Unit Exam I: Problem #3 (Fall '18) hﬁiﬁh‘

A point charge Qp = 7nC [Q, = 8nCl is surrounded by a conducting spherical shell with a 2m inner radius and
a 4m outer radius. There is zero net charge on the shell.

(a) What is the magnitude of the electric field E at radius » = 1m?
(b) What is the charge Qi on the inner surface of the shell?

(c) What is the magnitude of the electric field E at radius r = 3m?
(d) What is the charge Qex: on the outer surface of the shell?
(e

) What is the electric flux @ through a Gaussian sphere of radius r = 5m.

Qexl
Solution: .
@) E= (kQ'; —63N/C [72N/C]. om
(b) Qint = —Qp = —7nC  [-8nC].
(c) E=0.

(d) Qext = _Qint - +71’1C ["FSHC].
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A point charge Qp = 7nC [Q, = 8nCl is surrounded by a conducting spherical shell with a 2m inner radius and

a 4m outer radius. There is zero net charge on the shell.

(a) What is the magnitude of the electric field E at radius » = 1m?

(
(
(
(

Solution:

(@) E= (Tm)? =63N/C [72N/C].

(b) Qint = —Qp = —7nC  [—8nC].
(c) E=0.
(d) Qext = _Qint - +71’1C ["FSHC].

(e) ¥ = % =791Nm?/C  [904Nm?/C].
0

b) What is the charge Qi on the inner surface of the shell?
c) What is the magnitude of the electric field E at radius r = 3m?
d) What is the charge Qex: 0N the outer surface of the shell?

e) What is the electric flux @ through a Gaussian sphere of radius r = 5m.



Unit Exam I: Problem #1 (Spring "19)

tsl582

Consider two point charges positioned as shown. Use k = 9 x 10° Nm?/C2.
(a) Find the electric field E = Exi+ Eyf at point O.

(b) Find the electric potential V at point O. y
4m

o

(c) Find the magnitude F of the force between the two charges.

3m

+2nC

—4nC
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Consider two point charges positioned as shown. Use k = 9 x 10° Nm?/C2.

(a) Find the electric field E = Exi+ Eyf at point O.

(b) Find the electric potential V at point O. y
. . ‘ 4m
(c) Find the magnitude I of the force between the two charges. o O—x
—4nC

g
o

Solution: +2nC

(a) By =kl 201 _ —N/C —225N/C, By =kl _onye,

(4m)? (8m)?




Unit Exam I: Problem #1 (Spring "19)

tsl582

Consider two point charges positioned as shown. Use k = 9 x 10° Nm?/C2.

(a) Find the electric field E = Exi+ Eyf at point O.

(b) Find the electric potential V at point O. y
. . | 4m
(c) Find the magnitude I of the force between the two charges. o O—x
—4nC

g
o

Solution: +2nC

(a) Ex =kl —40< 2N/c —225N/C, By =kl _onye,

(4m)? (8m)?
(— 4nC) 2nC

(b) V=k k— = -9V +6V = -3V.




Unit Exam I: Problem #1 (Spring "19)

Consider two point charges positioned as shown. Use k = 9 x 10° Nm?/C2.

(a) Find the electric field E = Exi+ Eyf at point O.

(b) Find the electric potential V at point O. y
4m
(c) Find the magnitude F of the force between the two charges. (@) | O—x
—4nC
g
o
Solution: +2nC
(@) Ex = k% 2N/c =225N/C, E, = k(|2“C)| —2N/C.
) v=r" 4;C) k% = 9V 46V = —3V.
(c) F= kw 72 nN = 2.88nN

(5m)2 25
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Unit Exam I: Problem #2 (Spring '19) !mﬁm.'

Consider three plane surfaces (two squares, one odd shape) with area vectors A; (in positive x-direction), A,
(in negative z-direction), and Aj (in positive y-direction). The region is filled with a uniform electric field
E = (2i + 3j + 4k)N/C. The electric flux through surface 3 is d>,<53) =21Nm?/C.

(a) Find the electric flux <I>g) through surface 1.

(b) Find the electric flux @éz) through surface 2. 3m

3m
A
Aj A,

(c) Find the area vector Az of surface 3.
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Unit Exam I: Problem #2 (Spring '19) !mﬁm.'

Consider three plane surfaces (two squares, one odd shape) with area vectors A; (in positive x-direction), A,
(in negative z-direction), and Aj (in positive y-direction). The region is filled with a uniform electric field
E = (2i + 3j + 4k)N/C. The electric flux through surface 3 is d>,<53) =21Nm?/C.

(a) Find the electric flux <I>g) through surface 1.

(b) Find the electric flux @éz) through surface 2.

3m
(c) Find the area vector Az of surface 3.
3m
#
BX3 Al
3m y
X 3m
AZ

Solution:

@ A; =9m?i, @) =E-A; = (2N/C)(9m?) = 18Nm?/C.
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Unit Exam I: Problem #2 (Spring '19) !mﬁm.'

Consider three plane surfaces (two squares, one odd shape) with area vectors A; (in positive x-direction), A,
(in negative z-direction), and Aj (in positive y-direction). The region is filled with a uniform electric field
E = (2i + 3j + 4k)N/C. The electric flux through surface 3 is d>,<53) =21Nm?/C.

(a) Find the electric flux <I>g) through surface 1.

(b) Find the electric flux @éz) through surface 2.

3m
(c) Find the area vector Az of surface 3.
3m
#
BX3 Al
3m y
X 3m
AZ

Solution:
@ A; =9m?i, @) =E-A; = (2N/C)(9m?) = 18Nm?/C.
(b) Ay = —9m?k, @) =E-A; = —(4N/C)(9m?) = —36Nm?/C.
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Unit Exam I: Problem #2 (Spring '19) !mﬁm.'

Consider three plane surfaces (two squares, one odd shape) with area vectors A; (in positive x-direction), A,
(in negative z-direction), and Aj (in positive y-direction). The region is filled with a uniform electric field
E = (2i + 3j + 4k)N/C. The electric flux through surface 3 is d>,<53) =21Nm?/C.

(a) Find the electric flux <I>g) through surface 1.

(b) Find the electric flux @éz) through surface 2.

3m
(c) Find the area vector Az of surface 3.
3m
#
BX3 Al
3m y
X 3m
AZ

Solution:

@ A; =9m?i, @) =E-A; = (2N/C)(9m?) = 18Nm?/C.

(b) Ay = —9m?k, @) =E-A; = —(4N/C)(9m?) = —36Nm?/C.
(©) As=Asj, @ =A;(3N/C) =2INm2/C = Az = 7m>.
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Unit Exam I: Problem #3 (Spring '19) ﬂ-:"‘i"'ﬁ

tsl584

Consider a region of uniform electric field E = 3N/C1i. A charged particle (m = 2kg, q = 4C) is projected at
time t = 0 with initial velocity vg = 5m/sj from the position shown.

(a) Find the acceleration a = a, 1 +a, j of the particle at time t = 3s.
)
(b) Find its velocity v = vy i+ v, j at time t = 3s.

(c) Find its position r = xi+yj at time t = 3s.

y
\'
0 E
U X
_—=



Unit Exam I: Problem #3 (Spring '19) !mﬁm.'

Consider a region of uniform electric field E = 3N/C1i. A charged particle (m = 2kg, q = 4C) is projected at
time t = 0 with initial velocity vg = 5m/sj from the position shown.

(a) Find the acceleration a = a, 1 +a, j of the particle at time t = 3s.
)
(b) Find its velocity v = vy i+ v, j at time t = 3s.

(c) Find its position r = xi+yj at time t = 3s.

y
Vo
E
A
) X
_—
2m
Solution:
_dp_ 4C _ 2 _
(@) a, = mE = 21(g(é’wN/C) =6m/s’>, a,=0.
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Unit Exam I: Problem #3 (Spring '19) !mﬁm.'

Consider a region of uniform electric field E = 3N/C1i. A charged particle (m = 2kg, q = 4C) is projected at
time t = 0 with initial velocity vg = 5m/sj from the position shown.

(a) Find the acceleration a = a, 1 +a, j of the particle at time t = 3s.
)
(b) Find its velocity v = vy i+ v, j at time t = 3s.

(c) Find its position r = xi+yj at time t = 3s.

y
Vo
E
A
) X
_—
2m
Solution:
_dp_ 4C _ 2 _
(@) a, = mE = 21(g(é’wN/C) =6m/s’>, a,=0.

(b) vy = ayt = (6m/s?)(3s) = 18m/s, vy = vy = 5m/s.
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Consider a region of uniform electric field E = 3N/C1i. A charged particle (m = 2kg, q = 4C) is projected at

time t = 0 with initial velocity vg = 5m/sj from the position shown.
(a) Find the acceleration a = a1+ a, j of the particle at time t = 3s.
(b) Find its velocity v = vy i+ v, j at time t = 3s.

(c) Find its position r = xi+yj at time t = 3s.

y
Vo
A
N
_—
2m
Solution:
_dp_ 4C _ 2 _
(@) a, = mE = 21(g(é’wN/C) =6m/s’>, a,=0.

(b) vy = ayt = (6m/s?)(3s) = 18m/s, vy = vy = 5m/s.

(c) x=1x+ %axtz =2m+0.5(6m/s?)(3s)> = 29m, y = vt = (5m/s)(3s) = 15m.



Unit Exam I: Problem #1 (Fall "19) O
Consider two point charges positioned on the x-axis as shown. Use k = 9 x 10°Nm2C~2.
(a) Find the electric potentialat x =0 and x = 1m.

(b) Find magnitude and direction of the electric field at x =0 and x = 1m.

(c) Find magnitude and direction of the electric forces F,; acting on charge g; and Fq, acting on charge gs.
ql =-8nC q2 =+4nC

T 9T 19— xml
-2-1 0 1 2 3

tsl591



Unit Exam I: Problem #1 (Fall "19) O
Consider two point charges positioned on the x-axis as shown. Use k = 9 x 10°Nm2C~2.
(a) Find the electric potentialat x =0 and x = 1m.

(b) Find magnitude and direction of the electric field at x =0 and x = 1m.

(c) Find magnitude and direction of the electric forces F,; acting on charge g; and Fq, acting on charge gs.

q,=-8nC 0, = +4nC

T 9T 19— xml

-2-1 0 1 2 3

Solution:

(—8nC) +k(4nC) ~ 5y, Vi = k(—8nC)

Vo=k
(@) Vo Im 2m 2m Im
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Unit Exam I: Problem #1 (Fall "19) O
Consider two point charges positioned on the x-axis as shown. Use k = 9 x 10°Nm2C~2.
(a) Find the electric potentialat x =0 and x = 1m.

(b) Find magnitude and direction of the electric field at x =0 and x = 1m.

(c) Find magnitude and direction of the electric forces F,; acting on charge g; and Fq, acting on charge gs.

ql =-8nC q2 =+4nC

T 9T 19— xml

-2-1 0 1 2 3

Solution:
@) Vo :k(—18nC) LS v, _p(58n0) L (4n0)
m 2m 2m Im
| —8nC]|, \4nC\ | —8nC]|; |4nC|
(b) Eg = —k = —8IN/Ci, —k (2m)? i— (1m)2 = —54N/Ci.

(m)2 '~ "(2m)?"
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Unit Exam I: Problem #1 (Fall "19) O
Consider two point charges positioned on the x-axis as shown. Use k = 9 x 10°Nm2C~2.
(a) Find the electric potentialat x =0 and x = 1m.

(b) Find magnitude and direction of the electric field at x =0 and x = 1m.

(c) Find magnitude and direction of the electric forces F,; acting on charge g; and Fq, acting on charge gs.

q,=-8nC 0, = +4nC

T 9T 19— xml

-2-1 0 1 2 3

Solution:
@) Vo :k(—18nC) L dnC) _ s, v _p(58n0) L (4n0)
m 2m 2m Im
_ | =8nC[: \4nC\ B | —8nC]|; |4nC| B
(b) Eg = —k (m)? i (2m)2 81IN/Cj, —k (2m)? i— (1m)2 54N /Ci.
(c) Fpy = kM =32nNi,  Fyp = —F» = —32nNi.

(3m)?

tsl591




Unit Exam I: Problem #2 (Fall '19)
Consider plane, rectangular surfaces with area vectors A; (in positive z-direction), A, (in negative
y-direction), and Az (in positive x-direction) as shown.
The region is filled with a uniform electric field, E = (=51 + 6] + 7k)N/C [E = (6i +7j —?R)N/C].

(a) State the area vectors Aj, Ay, As.
(b) Find the electric flux <1>g), d),(gz), d>§) through each surface.

A,

tsl592




Unit Exam I: Problem #2 (Fall '19) hmh'

Consider plane, rectangular surfaces with area vectors A; (in positive z-direction), A, (in negative
y-direction), and Az (in positive x-direction) as shown.

The region is filled with a uniform electric field, E = (=51 + 6] + 7k)N/C [E = (6i +7j —?R)N/C].

(a) State the area vectors Aj, Ay, As.
(b) Find the electric flux <1>g), d),(gz), d>§) through each surface.

Solution:

(@) Ay =12m’k, A; = —15m?%j, Az =9m’i
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Unit Exam I: Problem #2 (Fall '19)

Consider plane, rectangular surfaces with area vectors A; (in positive z-direction), A, (in negative
y-direction), and Az (in positive x-direction) as shown.

The region is filled with a uniform electric field, E = (=51 + 6] + 7k)N/C [E = (6i +7j —?R)N/C].

(a) State the area vectors Aj, Ay, As.
(b) Find the electric flux <1>g), d),(gz), d>§) through each surface.

A,

Solution:

(@) Ay =12m’k, A; = —15m?%j, Az =9m’i

(b) @) —E-A; = (7N/C)(12m%) = 84Nm?/C  [®{") = E- A; = (—8N/C)(12m?) = —96Nm?/C].
®? —E-Ay = (6N/C)(~15m2) = —90Nm?/C  [®) = E-A, = (7N/C)(—15m?) = —105Nm2/C].
o) —E-A; = (-5N/C)(9m?) = —45Nm?/C  [®¥) = E- A3 = (6N/C)(9m?) = 54Nm?/C].
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Unit Exam I: Problem #3 (Fall "19) hmh'

The point charge Q =10nC is fixed at x = 0. It generates an electric field and an electric potential
everywhere. A charged particle (not shown) with mass m = 5kg and charge g = 2nC is released from rest at
x=2m [x =3m]. Use k=9 x 10°Nm2C~2.

(a) Find the potential energy U, [Uz] of the particle at x =2m [x = 3m].
(b) Find the acceleration a, [a3] of the particle at x =2m [x = 3m].
(c) Find the kinetic energy Ky of the particle when it has arrived at x = 6m.
Q=+10nC
G
0

[
1 2 3 4 5 6
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Unit Exam I: Problem #3 (Fall "19) hmh'

The point charge Q =10nC is fixed at x = 0. It generates an electric field and an electric potential
everywhere. A charged particle (not shown) with mass m = 5kg and charge g = 2nC is released from rest at
x=2m [x =3m]. Use k=9 x 10°Nm2C~2.

(a) Find the potential energy U, [Uz] of the particle at x =2m [x = 3m].
(b) Find the acceleration a, [a3] of the particle at x =2m [x = 3m].

(c) Find the kinetic energy Ky of the particle when it has arrived at x = 6m.

Q=+10nC
C———T 71T 7 xm
0 1 2 3 4 5 6
Solution:
(a) u, = kw =90n] Uz = kw =60n]| .

2m 3m
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Unit Exam I: Problem #3 (Fall "19) hmh'

The point charge Q =10nC is fixed at x = 0. It generates an electric field and an electric potential
everywhere. A charged particle (not shown) with mass m = 5kg and charge g = 2nC is released from rest at
x=2m [x =3m]. Use k=9 x 10°Nm2C~2.

(a) Find the potential energy U, [Uz] of the particle at x =2m [x = 3m].
(b) Find the acceleration a, [a3] of the particle at x =2m [x = 3m].

(c) Find the kinetic energy Ky of the particle when it has arrived at x = 6m.

Q=+10nC
C—T—T 71771 xIm
0 1 2 3 4 5 6
Solution:
(a) u, = kw =90n] {us — kw =60n]| .
2 3m
_F, (10nC)(2nC) __F3 _ (10nC)(2nC)
(b) az—a—km—%lm/sz |:113—E— W—‘h\m/s2 .
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Unit Exam I: Problem #3 (Fall "19) hmh'

The point charge Q =10nC is fixed at x = 0. It generates an electric field and an electric potential
everywhere. A charged particle (not shown) with mass m = 5kg and charge g = 2nC is released from rest at
x=2m [x =3m]. Use k=9 x 10°Nm2C~2.

(a) Find the potential energy U, [Uz] of the particle at x =2m [x = 3m].
(b) Find the acceleration a, [a3] of the particle at x =2m [x = 3m].

(c) Find the kinetic energy Ky of the particle when it has arrived at x = 6m.

Q=+10nC
G177 71717 xIm
0 1 2 3 4 5 6

Solution:

(a) u, = kw =90n] {us — kw = 60n]} .

2m 3m
_F, (10nC)(2nC) 2 _ F3 _,(10nC)(2nC) 5
(b) ap = = k (@m?) (5kg) =9nm/s [ag == 7(9m2)(5kg) =4nm/s*| .
(€) Kg = Uy — k(lOniir(IZnC) — 90n] — 30n] = 60n] {Kf, —U; — k(wniw — 60nJ — 30n] = 30n]|.
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Unit Exam I: Problem #1 (Spring '20) M

Points A and B are each surrounded by three point charges as shown.

(a) Find the electric field E4 = E, 1+ E, ] at point A. y y

(b) Find the electric field Eg = E;i+ E,j at point B. +4nC —4nC

(c) Find the electric potential V4 at point A. E g

(d) Find the electric potential V; at point B. 2m 2m X 2m 2m X

B
+4nC —4nC —4nC —4nC
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Unit Exam I: Problem #1 (Spring '20)

tsl6oo

Points A and B are each surrounded by three point charges as shown.

(a) Find the electric field E4 = E, 1+ E, ] at point A. y

(b) Find the electric field Eg = E;i+ E,j at point B. +4nC
(c) Find the electric potential V4 at point A. E

(d) Find the electric potential Vg at point B. X
+4nC —4nC

Solution:

[4nC| 4 Pk \4nC\ k |4nC| 4

(2m)2 2 ) @ )]—18N/C1—9N/C]

(a) EA =k




Unit Exam I: Problem #1 (Spring '20)
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Points A and B are each surrounded by three point charges as shown.

(a) Find the electric field E4 = E, 1+ E, ] at point A. y

(b) Find the electric field Eg = E;i+ E,j at point B. +4nC
(c) Find the electric potential V4 at point A. E

(d) Find the electric potential Vg at point B. X
+4nC —4nC

Solution:

[4nC| 4 \4nC\ |4nC| 4
em? T ame ' am)
[4nC| 4 [4nC| 4 [4nC| 4
em? T amp T am)?)

(@) E4 =k ]—18N/C1—9N/C]

(b) Eg = —k j=9N/Cj

—4nC

—4nC




Unit Exam I: Problem #1 (Spring '20)
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Points A and B are each surrounded by three point charges as shown.

(a) Find the electric field E4 = E, 1+ E, ] at point A. y

(b) Find the electric field Eg = E;i+ E,j at point B. +4nC
(c) Find the electric potential V4 at point A. E

(d) Find the electric potential Vg at point B. X
+4nC —4nC

Solution:

[4nC| 4 \4nC\ |4nC| 4
em? T ame ' am)
[4nC| 4 [4nC| 4 [4nC| 4
em? T amp T am)?)

(@) E4 =k ]—18N/C1—9N/C]

(b) Eg = —k j=9N/Cj

(c) Va —kﬁ +kﬁ fkﬁ =18V
2m 2m

—4nC

—4nC




Unit Exam I: Problem #1 (Spring '20)

Points A and B are each surrounded by three point charges as shown.

(a) Find the electric field E4 = E, 1+ E, ] at point A. y
(b) Find the electric field Eg = E;i+ E,j at point B. +4nC
(c) Find the electric potential V4 at point A. E
(d) Find the electric potential V; at point B. 2m ~ 2m X
+4nC —4nC

Solution:

(a) Bp — k120Cl 5 [nCly ) lanC] 1§ =18N/Ci-9N/C]j

(2m)? (2m)? """ (2m)?
(b) By — —k120Cl g [4nCle ‘4“C‘ = 9N/Cj
(2m)? (2m)? (2m)?’
(©) Va _kﬁ 4 2nC fkﬁ — 18V
2m 2m

(d) vy = —k2nC _ 4nC fkﬁ 54V
2m 2m

tsl6oo
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Unit Exam I: Problem #2 (Spring '20) hmh'

Consider a region of uniform electric field E = 2.5N/Cj. A charged particle (m = 2kg, g = 4C) is projected at
time t = 0 with initial velocity vo = 3m/si from the position shown.

(a) Find the velocity v = vy 1+ v, of the particle at time ¢ = 2s. y

(b) Find its position r = xi-+y]j at time t = 2s.

(c) Find its kinetic energy at time t = 0. ? E
Vo

(d) Find its kinetic energy at time t = 2s.

< B
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Unit Exam I: Problem #2 (Spring '20) hmh'

Consider a region of uniform electric field E = 2.5N/Cj. A charged particle (m = 2kg, g = 4C) is projected at
time t = 0 with initial velocity vo = 3m/si from the position shown.

(a) Find the velocity v = vy 1+ v, of the particle at time ¢ = 2s. y

(b) Find its position r = xi-+y]j at time t = 2s.

(c) Find its kinetic energy at time t = 0. ? E
Vo

(d) Find its kinetic energy at time t = 2s.

< B

Solution:

gE.  (4C)(25N/C)

(@) vy =v9=3m/s, v, =a,t= Et = g (2s) = 10m/s.
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Unit Exam I: Problem #2 (Spring '20) hmh'

Consider a region of uniform electric field E = 2.5N/Cj. A charged particle (m = 2kg, g = 4C) is projected at
time t = 0 with initial velocity vo = 3m/si from the position shown.

(a) Find the velocity v = vy 1+ v, of the particle at time ¢ = 2s. y
(b) Find its position r = xi-+y]j at time t = 2s.
(c) Find its kinetic energy at time t = 0. ? E
(d) Find its kinetic energy at time t = 2s. m Vo
q X
Solution:
gE.  (4C)(25N/C)
(@) vy =v9=3m/s, v, =a,t= Et = T(Zs) = 10m/s.
o 3 1, 1(4C)(25N/C), .,
(b) x =vpt = (3m/s)(2s) = 6m, y= Sayt" = ET(:ZS) = 10m.
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Unit Exam I: Problem #2 (Spring '20) hmh'

Consider a region of uniform electric field E = 2.5N/Cj. A charged particle (m = 2kg, g = 4C) is projected at
time t = 0 with initial velocity vo = 3m/si from the position shown.

(a) Find the velocity v = vy 1+ v, of the particle at time ¢ = 2s. y
(b) Find its position r = xi-+y]j at time t = 2s.
(c) Find its kinetic energy at time t = 0. ? E
(d) Find its kinetic energy at time t = 2s. m Vo
q X
Solution:
gE.  (4C)(25N/C)
(@) vy =v9=3m/s, v, =a,t= Et = T(Zs) = 10m/s.
o 3 1, 1(4C)(25N/C), .,
(b) x =vpt = (3m/s)(2s) = 6m, y= Sayt" = ET(:ZS) = 10m.

() K= g = 2 (2kg)(3m/5) = 9.

N =
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Unit Exam I: Problem #2 (Spring '20) hmh'

Consider a region of uniform electric field E = 2.5N/Cj. A charged particle (m = 2kg, g = 4C) is projected at
time t = 0 with initial velocity vo = 3m/si from the position shown.

(a) Find the velocity v = vy 1+ v, of the particle at time ¢ = 2s. y
(b) Find its position r = xi-+y]j at time t = 2s.
(c) Find its kinetic energy at time t = 0. ? E
(d) Find its kinetic energy at time t = 2s. m Vo
q X
Solution:
gE.  (4C)(25N/C)
(@) vy =v9=3m/s, v, =a,t= Et = T(Zs) = 10m/s.
o 3 1, 1(4C)(25N/C), .,
(b) x =vpt = (3m/s)(2s) = 6m, y= Sayt" = ET(:ZS) = 10m.

(c) K= %mvz = %(Zkg) 3m/s)? =9].

1
(d) K= Em[v§+v§} =
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Unit Exam I: Problem #3 (Spring '20) hﬁhﬁ'

] [
A conducting sphere is surrounded by a conducting spherical shell as shown in cross section. The charge on

the sphere is Qsphere = +3C. The charge on the shell iS Qghen = —5C.

(a) Find the charge Q; on the surface of the sphere.

(b) Find the charge Q, on the inner surface of the shell.

(c) Find the charge Qs on the outer surface of the shell.

(d) Find the direction (—, +-, none) of the electric field at points A, B, C. o
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Unit Exam I: Problem #3 (Spring '20) hﬁhﬁ'

A conducting sphere is surrounded by a conducting spherical shell as shown in cross section. The charge on
the sphere is Qsphere = +3C. The charge on the shell iS Qghen = —5C.

(a) Find the charge Q; on the surface of the sphere.

(b) Find the charge Q, on the inner surface of the shell.

(c) Find the charge Qs on the outer surface of the shell.

(d) Find the direction (—, +-, none) of the electric field at points A, B, C. o

Solution:

(a) All charge Qqphere is On single surface: Q; = +3C.
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Unit Exam I: Problem #3 (Spring '20) hﬁhﬁ'

] [
A conducting sphere is surrounded by a conducting spherical shell as shown in cross section. The charge on

the sphere is Qsphere = +3C. The charge on the shell iS Qghen = —5C.

(a) Find the charge Q; on the surface of the sphere.

(b) Find the charge Q, on the inner surface of the shell.

(c) Find the charge Qs on the outer surface of the shell.

(d) Find the direction (—, +-, none) of the electric field at points A, B, C. o

Solution:

(a) All charge Qqphere is On single surface: Q; = +3C.
(b) Gauss's law implies Q, = —Q; = —3C.
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Unit Exam I: Problem #3 (Spring '20)
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A conducting sphere is surrounded by a conducting spherical shell as shown in cross section.
the sphere is Qgphere = +3C. The charge on the shell is Qgenn = —5C.

(a) Find the charge Q; on the surface of the sphere.

(b) Find the charge Q, on the inner surface of the shell.

(c) Find the charge Qs on the outer surface of the shell.

(d) Find the direction (—, <, none) of the electric field at points A, B, C.

Solution:

(a) All charge Qqphere is On single surface: Q; = +3C.
(b) Gauss's law implies Q) = —Q; = —3C.
(c) Charge conservation implies Q3 = Qgpert — Q2 = —2C.

The charge on

o

°n



Unit Exam I: Problem #3 (Spring '20)
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A conducting sphere is surrounded by a conducting spherical shell as shown in cross section.
the sphere is Qgphere = +3C. The charge on the shell is Qgenn = —5C.

(a) Find the charge Q; on the surface of the sphere.

(b) Find the charge Q, on the inner surface of the shell.

(c) Find the charge Qs on the outer surface of the shell.

(d) Find the direction (—, <, none) of the electric field at points A, B, C.

Solution:

(a) All charge Qqphere is On single surface: Q; = +3C.
(b) Gauss's law implies Q) = —Q; = —3C.
(c) Charge conservation implies Q3 = Qgpert — Q2 = —2C.

(d) Gauss's law implies:
- positive electric fluxat A: —
- zero electric flux at B: none
- negative electric fluxat C: <+

The charge on

ow
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