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1. (a) Shockley equation: ,1exp ⎥
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 is Boltzmann’s constant,  is the 
magnitude of the electrical charge of an electron,  is the emission coefficient, 
and  is the saturation current. 
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Fig. 1 

For an ideal op-amp, the current flow is shown as Fig. 1. 
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2. (a) To find the Q-point current, we ignore the ac ripple voltage and the circuit 

becomes:  

 
Thus, we have:  
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(b) The small signal equivalent circuit is:  

 
(c) Using the voltage-division principle, the ripple voltage across the load is 
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combination of the load resistance and the dynamic resistance of the diode. So 
the overall voltage across the load resistance is 
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4. (a) The amplifier is linear because it obeys superposition principle. 
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the amplitude is not a constant for different frequencies, so it produces amplitude 
distortion. 
(c) By (b), the phase is not proportional to the frequency, so it produces phase 
distortion, too. 

 
5. In order to get (output voltage) / (input voltage) = 3, we can design a 

non-inverting amplifier as follows:  
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The pin connections are also shown in the figure. 

 
6. For an ideal op-amp, node A and B is virtually short. By using the 

voltage-division principle, .
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So the input resistance is negative while  is positive. LR
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