
EC5103 Midterm exam      April 17, 2017 

Name: 

1. (24 points) From the following two waves, 

𝐸1 = 𝐸0cos (𝑘1𝑥 − 𝜔1𝑡); 𝐸2 = 𝐸0cos (𝑘2𝑥 − 𝜔2𝑡), where 𝜔1 ≈ 𝜔2, 

(i) Derive phase velocity 𝜔𝑃 and group velocity 𝜔𝑔 using superposition in vacuum. 

(ii) Inside a medium whose refractive index n(k) is wavelength dependent, prove that  

𝑣𝑔 = 𝑣𝑃 �1 + 𝜆
𝑛
�𝑑𝑛
𝑑𝜆
��. 

(iii) In regions of normal dispersion, 
𝑑𝑛
𝑑𝜆

< 0,𝑣𝑔 < 𝑣𝑃 . Discuss if 𝑣𝑔 > 𝑣𝑃 is possible? 

2. (32 points) In an optical cavity composed of two plain mirrors separated by d, suppose there is the following 

wave initially: 𝐸1 = 𝐸0sin (𝜔𝑡 + 𝑘𝑥). 

(i) What is the propagation direction of this wave? 

(ii) When it hits on the mirror it reflects backward. Describe the reflected wave and discuss its 

propagation direction. 

(iii) When two waves are superposed it forms a standing wave. Describe it in a wave form and discuss its 

propagation direction. 

(iv) According to electromagnetism, the electric field on the surface of a dielectric medium is zero. From 

this condition, find out normal modes of the cavity for standing wave. 

3. (32 points) In a Fabry-Perot interferometer composed of two separated plain mirrors, whose separation is d,  

(i) Describe the transmitted light intensity IT in terms of reflection coefficient r and phase difference 

δ between successive waves. 

(ii) For r=0.9, find out FWHM (Full width at half maximum) of the transmitted light. 

(iii) What is the ratio of FWHM in (ii) with respect to the free spectral range (between successive 

transmitted light peaks)? 

(iv) The FWHM becomes a resolution criterion. If two different waves are to be resolved, what is the 

minimum ∆λ in terms of δ1/2 in (ii) and λ? 

4. (16 points) A gain medium in put in the optical cavity shown in #3(ii), where the gain bandwidth G is very 

broad to cover several hundreds of cavity modes.  

(i) Discuss a method to make a single mode laser. Hint: Use dfsr of the cavity 

(ii) If a Fabry-Perot etalon is used, whose etalon separation is s, what is s in terms of d? 

You need to show them with a sketch of each mode. 
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