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MIDTERM #1 
 
Solution: 
 
5. The charges are equidistant from the point where we are evaluating the potential — which is 
computed using Eq. 24-27 (or its integral equivalent). Eq. 24-27 implicitly assumes V → 0 as r 
→ ∞. Thus, we have 
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6. We use a Gaussian surface in the form of a box with rectangular sides. The cross section is 
shown with dashed lines in the diagram below.  
 

 
 
It is centered at the central plane of the slab, so the left and right faces are each a distance x from 
the central plane. We take the thickness of the rectangular solid to be a, the same as its length, so 
the left and right faces are squares. The electric field is normal to the left and right faces and is 
uniform over them. Since ρ = 5.80 fC/m3 is positive, it points outward at both faces: toward the 
left at the left face and toward the right at the right face. Furthermore, the magnitude is the same 
at both faces. The electric flux through each of these faces is Ea2. The field is parallel to the 
other faces of the Gaussian surface and the flux through them is zero. The total flux through the 
Gaussian surface is 22 .EaΦ =  The volume enclosed by the Gaussian surface is 2a2x and the 
charge contained within it is 22q a xρ= . Gauss’ law yields 2ε0Ea2 = 2a2xρ. We solve for the 
magnitude of the electric field: 0/ .E xρ ε=  
 
(a) For x =0, E =0. 
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(b) For x = 2.00 mm = 2.00 × 10−3 m, 
 

15 3 12 6(5.80 10 )(2.00 10 ) /(8.85 10 ) 1.31 10  N/C.E − − − −= × × × = ×  
 
(c) For x = d/2 = 4.70 mm = 4.70 × 10−3 m, 
 

15 3 12 6(5.80 10 )(4.70 10 ) /(8.85 10 ) 3.08 10  N/C.E − − − −= × × × = ×  
 
(d) For x = 26.0 mm = 2.60 × 10−2 m, we take a Gaussian surface of the same shape and 
orientation, but with x > d/2, so the left and right faces are outside the slab. The total flux through 
the surface is again 22EaΦ =  but the charge enclosed is now q = a2dρ. Gauss’ law yields 2ε0Ea2 
= a2dρ, so 
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