
G.R. Ramirez-San Juan General Physics III: Electromagnetism, Fall 2024

Exercise sheet #1

Problem 1. Starting from a point A, a person bicycles 10 miles due east to point B, stops for lunch,
sells his bicycle, and then walks 10 miles due north to point C. Another person starts from B, walks 4
miles due north and 12 miles due east and then, feeling tired, and having brought along a surplus of
travellers’ checks, buys a car and drives 6 miles due north and 2 miles due west, ending at point G in
the pouring rain. What is the magnitude of the displacement that each person undergoes?

Problem 2. A pinball moving in a plane with velocity s bounces, in a purely elastic impact, from a
baffle whose endpoints are p and q. What is the velocity vector after the bounce?

Problem 3. Prove that [A× (B×C)] + [B× (C×A)] + [C× (A×B)] = 0. Under what conditions
does A× (B×C) = (A×B)×C ?

Problem 4. Prove that the two-dimensional rotation matrix preserves dot products. (That is, show
that ĀyB̄y+ĀzB̄z = AyBy+AzBz). What constraints must the elements (Rij) of the three-dimensional
rotation matrix satisfy, in order to preserve the length of A (for all vectors A) ?

Rotation matrix applied to A: RA =

(
cosϕ sinϕ
−sinϕ cosϕ

)(
Ay

Az

)
Problem 5. (a) If A and B are two vector functions, what does the expression (A ·∇)B mean? That
is, what are its x,y and z components, in terms of the Cartesian components of A,B and ∇?
(b)Compute (r̂ · ∇)r̂ for r = r

r = xx̂+yŷ+zẑ√
x2+y2+z2

(c)Evaluate (va · ∇)vb for the functions va = x2x̂+ 3xz2ŷ − 2xzẑ and vb = xyx̂+ 2yzŷ + 3xzẑ

Problem 6. Prove that the divergence of a curl is always zero.
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