
Homework #3 Solution 
 

3-1. Given xzyzzy zyxA ˆ)4(ˆ)2(ˆ −+++−= ; zyxA ˆˆˆ −−−=×∇ y  

(a) The region bounded by x=0, y=0, x=2, y=2 on x-y plane. 

Surface Integral: dxdyddxdyd −=⋅×∇= sAzs ;ˆ  
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Contour Integral: The contour can be divided into the following paths: 

(0,0,0)->(2,0,0): .42;2;ˆ;4ˆ2ˆ
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(b) The circle with radius of 2 and centered at (1,2) on x-y plane. 

Surface Integral: φρρ dddxdyddxdyd −=−=⋅×∇= sAzs ;ˆ  
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Contour Integral: φφ dd 2ˆ=llll ; [ ]φφφ cos4sin)2(2 ++−=⋅ yddllllA  

Using φsin22 =−y , then [ ]φφφφ cos4sin)4sin2(2 ++−=⋅ ddllllA . Hence 
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3-2. Since
2ˆsinˆ rr φφφφ+= φrA , and A×∇ in cylindrical coordinates is given by 
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Hence, )cos3(ˆ φ−=×∇ rzA . 

 
(a) Specify the path as shown in figure (a) above, then 

Along Path 1: dxdr xA ˆ,ˆ,0 2 === llllφφφφφ but 0sincos =−= φφ φAAA rx , 0
1
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Along Path 2: φφφφ dddrddr 82ˆˆ,4ˆsin2ˆ,2 =⋅→==+== lAφlrA φφφφφφφφ , 
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Along Path 3: dydrr ylrA ˆ,ˆˆ,2/ 2 −=+== φφφφπφ but yrAAA ry ==+= φφ φ cossin ,  
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Thus, 24 −=⋅∫ πlllldA . 

On the other hand, φφ rdrddr zszA ˆ);cos3(ˆ =−=×∇ , 
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(b) Specify the path as shown in figure (b) above, then 

Along Path 1: φφφφ dddrddr −=⋅→−=−=+== lAlrA φφφφφφφφφφφφ ˆˆ,ˆsinˆ,1 , 
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Along Path 2: dxdr xlA ˆ,ˆ,0 2 === φφφφφ but 0sincos =−= φφ φAAA rx , 0
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Along Path 3: φφφφ dddrddr 82ˆˆ,4ˆsin2ˆ,2 =⋅→==+== llllAlrA φφφφφφφφφφφφ , 

thus πφ
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Along Path 4: dxdr xlA ˆ,ˆ, 2 === φφφφπφ but 0sincos =−= φφ φAAA rx , 0
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Therefore, π7=⋅∫ lllldA . 

On the other hand, φφ rdrddr zszA ˆ);cos3(ˆ =−=×∇ , 
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3-3. Arrange the charges in the xy plane at locations (4,4), (4,-4), (-4,4), and (-4,-4). Then the fifth 

charge will be on the z axis at location 24=z , which puts it at 8cm distance from the other four. By 

symmetry, the force on the fifth charge will be z-directed, and will be four times the z component of 

force produced by each of the four other charges. 
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3-4. The total electric field at P(a, a, a) that produces a force on the charge there will be the sum of 

the fields from the other seven charges, i.e., 
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The force is now the product of this field and the charge at (a,a,a). Simplifying, one obtains 
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3-5. a) The E field at the point P is the sum of contributions due to +q and –q. Thus, 
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b) If d << r, then the following approximation can be applied 
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Likewise, 
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Using these two results in a) yields 
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where p = qd. 

 

  


