ECE1813 Fall 2015 Assignment #1 Solutions

Conceptual Questions

25.5. Upon touching the charged rod, the metal exchanges charge with the area of the rod touched by the sphere (we
are assuming the rod is an insulator). Some of the local excess charge on the rod will spread over the conducting
sphere. so that both the rod and the sphere will have an overall excess charge of the same type. Thus, the sphere and
the rod will repel each other.

25.7. (a)

The negatively charged rod will repel the negative charges on the top of the clectroscope, pushing more negative
charge down onto the leaves. The leaves will separate more.

(b)

The positively charged rod will attract more negative charges to the top of the electroscope. As they depart from the
leaves, the leaves will move closer together.

25.13. (a) The magnitude of the force on A quadruples (increases by a factor of 4), since the force between the
charges is proportional to the product of the magnitudes of the charges. Therefore, Fy =4F.

(b) By Newton’s third law, the force of A on B is equal in magnitude to the force of B on A; therefore the force on B
also quadruples; Fg = Fy =4F.

25.15. Since the force on a charge in an clectric field has magnitude F = gE, the new force is
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Exercises and Problems

25.16. Model: Charges A, B, and C are point charges.

Visualize: Please refer to Figure EX25.16. Charge A experiences an clectric force Faon 4 due to charge B and an
clectric force F:Cm 4 due to charge C. The force F"Bon‘,\ is directed to the right and the force F"c on A I8 directed to
the left.

Solve: Coulomb’s law yields:
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The net force on A 1s

Forn=Faona +Feona =(9.0x107° N)i +(9.0x107° N)(—i)=00N

25.32. Model: Objects A and B are point charges.

Visualize:
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Solve: (a) Itis given that F, =045 N. By Newton’s third law, F; .\ =F, g =045N.

Coulomb’s law gives
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(b) Newton’s second law 1s Fig ,, o =mpaas. Hence,
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25.40. Model: The charges are point charges.

Visualize: Pleasc refer to Figure P25.40.

Solve: Placing the 1.0 nC charge at the origin and calling it g,. the —=6.0 nC is g,, the g, charge is in the first
quadrant, and the g4 charge 1s in the second quadrant. The net electric force on g, is the vector sum of the electric

forces from the three charges ¢,. g;. and g,. We have
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Summing these forces vectorially gives
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Assess: By symmetry, we sce that the horizontal forces must cancel, and that the vertical force must be upward,
which agrees with the calculation.



25.47. Model: The charges are point charges.
Solve:

+40 &
2

b
-

We will denote the charges —Q, 40 and —Q by 1, 2, and 3, respectively.
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The net electric force on the charge +¢ is the vector sum of the electric forces from the other three charges. The net
force is
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25.58. Model: The charged spheres behave as point charges.

Visualize:
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Each sphere is in static equilibrium and the string makes an angle @ with the vertical. The three forces acting on cach
sphere are the electric force, the gravitational force on the sphere, and the tension force.

Solve: In static equilibrium, Newton’s first law gives F,

vt =T + Fg +F, =0. In component form,

(Fpee)y =T, +(Fg) +(F), =0N (Fper )_r = Tv +(FG)+(Fc)_\' =0N

—Tsin6’+0N+l;i,=0N Tcos#—mg+0ON=0N

. K¢®  Kq*
T'sin@ = i, - 4, Tcosl = +mg
d=  (2Lsin@)”
Dividing the two equations gives
Kq®  (9.0x10° Nm*/C*)(100x10™ C)?

4mg  4(1.0m)*(5.0x107 kg)(9.8 N/kg)

sin@tan@ = =459%107*

For small-angles, tan@ = siné. With this approximation we obtain siné =0.07714 rad, , so & =4.4°.

25.67. Model: The charged ball attached to the string is the point charge.
Visualize:

The charged ball is in static equilibrium in the electric field when the string makes an angle # with the vertical. The
three forces acting on the charge are the electric force due to the electric field, the gravitational force on the ball, and
the tension force.

Solve: In static equilibrium, Newton's second law for the charged ball gives . =T + F"G + F} = (. In component form,
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These two equations become 7'siné = gE and T cosé =mg. Dividing the equations gives
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