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IV. [20 points total]  A cube has a charge +Qo spread uniformly throughout its volume.  
A cube-shaped Gaussian surface encloses the cube of charge as shown.  The 
centers of the cube of charge and the Gaussian surface are at the same point, and 
point P is at the center of the right face of the Gaussian surface. 
A. [6 pts]  Is the magnitude of the electric field from the cube constant over any 

face of the Gaussian surface?  Explain how you can tell. 
 
 
No, the magnitude of the electric field is not constant over any face.  The cube is not a point charge, 
so we need to break it up into small pieces and take the vector sum of the field from each piece.  
Different portions of the charged cube are at different distances to each point in a way that’s not 
symmetric in the same way as a sphere or line charge.  For example, point P is the closest point to 
the center of the cube.  A corner of the right face is farther from the center, but might be nearer to the 
vertex of the cube of charge.  There’s no reason to expect the vector sum to have the same magnitude 
at different points. 
 
 

B. [7 pts]  Can this Gaussian surface be used to find the magnitude of the electric field at point P due to 
the cube of charge?  Explain why or why not. 
 
 
No, this surface can’t be used to find EP.  In order to find EP, we need to be able to isolate it in an 
equation.  Since it starts out in a dot product inside a flux integral in Gauss’ law, we need to be able 
to reduce the dot product and the integral.  To get EP out of the integral, we need 𝐸 to be parallel to 
𝑑𝐴 everywhere on the surface and EP must be constant at every point over a surface.  We determined 
above that the electric field is not constant over any part of the Gaussian surface, so we can’t use this 
surface to solve for the electric field. 
 
 
A point charge –qo is brought near the center of the left face of the 
Gaussian surface as shown at right. 

C. [7 pts]  Does the net flux through the left face of the Gaussian 
surface increase, decrease, or remain the same when –qo is added?  
Explain your reasoning. 
 
 
The net flux through the left face increases when –qo is added.  Superposition tells us that to 
determine the change, we only need to consider the contribution from the new charge.  The area 
vector on the left face must point left everywhere, outward from the enclosed region, since the 
Gaussian surface is a closed surface.  The new field points directly toward –qo everywhere, and this 
field will have a component in the same direction as the area vector everywhere on the left face, so 
the new contribution to the flux is positive.  This will increase the net flux through the surface. 
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