
Question 1.1. The power radiated by a cellular phone is 𝑃𝑃 =  300 𝑚𝑚𝑚𝑚 at a 

frequency 𝑓𝑓 =  0.75 𝐺𝐺𝐺𝐺𝐺𝐺. 

(a) What is the wavelength of the radiation emitted by the cellular? 

(b) Assuming that the radiation emitted by the cellular is in the form of spherical 

waves, what is the intensity of this radiation at the following distances: (i) 10 cm; 

(ii) 100 m; and (iii) 1 km? 

(c) Give an expression for the time dependent electric field as a function of the 

distance r from the cell phone: 

𝐸𝐸 =  𝐸𝐸(𝑟𝑟, 𝑡𝑡) 

and use this expression to calculate the maximum electric field at the distances 

specified above. 

(d) Give a similar expression for the magnetic field produced by the cellular: 

𝐵𝐵 =  𝐵𝐵(𝑟𝑟, 𝑡𝑡) 



Question 1.3 (Cylindrical waves) Provide a simple argument justifying that for a wave 

with cylindrical symmetry propagating through space the electric field can be written as: 

where r is the distance from the source of the electromagnetic wave and  is the angular 

frequency of the wave. (Note: a cylindrical wave resembles the wave emerging from a 

long thin slit illuminated with a plane wave) 

Questions 1.4 (Gaussian optics) The figure below shows the design of the optical 

cavity for a He-Ne laser emitting at the wavelength  = 632.8 nm. The radius of 

curvature of the two mirrors is R1 = R2 = 0.25 m, and the distance between the mirrors is 

also L = R1 = 0.25 m. The light beam in the cavity is a Gaussian beam. The configuration 

acts as an optical resonator, allowing only a certain mode to be amplified and exit the 

cavity. The particular Gaussian beam that fits into the cavity is that beam whose 

wavefront at the mirrors matches the curvature of the mirrors. When a wave starts at A, 

its wavefront is the same as the curvature of A. In the middle of the cavity it has the 

minimum width and at B the wave has the same curvature as B. 

(a) Sketch the wavefronts of the beam as it travels from A to B. 

(b) What is the diameter of the minimum waist of the beam 2w0? 

(c) What is the diameter of the beam at the output coupler 2w? 

(d) What is the diameter of the beam at a distance of 2.75 m from the output coupler? 

(e) (Bonus 5 points) A lens with the focal distance of 2.75 m is used in an effort to 

produce the smallest possible diameter of the laser beam at 2.75 m from the 

output coupler. Does this lens provide any improvement? 

(f) (Bonus 5 points) Calculate the divergence of the beam at a large distance from 

the laser with and without the lens. 

Note: The above cavity design in which the length of the cavity is equal with the 

curvature of the mirrors is known as confocal cavity. 
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