
Homework 3 Solutions 

1. J&B P3.83  

When the Zener diode is regulating, the voltage across it will be ݒோ ൌ 9	V. Thus, 
the voltage across the 15	݇Ω resistor will be 30 െ 9	 ൌ 	21	V. The current flowing 
through that resistor is then 

݅ ൌ
ܸ
ܴ
ൌ

21	ܸ
15	݇Ω

ൌ 1.4	mA 

The current flowing backwards through the Zener diode is equal to this current 
minus the load current. In order to keep the Zener diode in the regulating region 
(i.e. in the Zener breakdown region) the load current must not exceed the above 
value of 1.4	mA. 

The minimum value of ܴ௅  that can be used is set by the above criteria. The 
minimum value of ܴ௅ thus be 

ܴ௅௠௜௡ ൌ
9	V

1.4	mA
ൌ 6.43	kΩ 

2.J&B P3.77 

Diodes are numbered from left to right. 

a) Assume D1  is ON, D2 and D3 are OFF.  

஽ଵܫ ൌ
10 െ 0.65 െ ሺെ5ሻ

ሺ8.2 ൅ 12 ൅ 10ሻ ∗ 10ଷ
ൌ  ܣ݉	0.47

஽ܸଶ ൌ 5 െ ሺ10 െ 0.65 െ 8200 ∗ ஽ଵሻܫ ൌ 	െ0.50	ܸ 

஽ܸଷ ൌ 	0—5 ൅ ஽ଵܫ10000 ൌ 	0.23	ܸ ൏ 0.6	ܸ	 

Given Is =10 pA 

஽ଵܫ ൌ ௌܫ ൤exp ൬
஽ܸଵ

்ܸ݊
൰ െ 1൨ 

1 ∗ 0.025 ∗ ln ቈ
0.47 ∗ 10ିଷ െ 10 ∗ 10ିଵଶ

10 ∗ 10ିଵଶ
቉ ൌ 	 ஽ܸଵ 

஽ܸଵ ൌ 	0.44	ܸ 

 

Operating Points: 

D1 : (0.47 mA , 0.44V)  D2: (0 A,  -0.5V) D3: (0 A , 0.23 V) 



 

b) Assume D1 , D2 and D3 are all ON 

஽ଵܫ ൌ
ሺ10 െ 0.65ሻ െ ሺ5 െ 0.65ሻ

3.3 ∗ 10ଷ
ൌ ܣ݉	1.51 ൐ 0	ሺݎݑ݋	݊݋݅ݐ݌݉ݑݏݏܽ	ݏ݅	ݐ݄݃݅ݎሻ 

଼.଺ܫ ൌ
൫ሺ5 െ 0.65ሻ െ ሺ0 െ 0.65ሻ൯

6.8 ∗ 10ଷ
ൌ  ܣ݉	0.73

஽ଶܫ ൌ 	 ଼.଺ܫ െ ஽ଵܫ ൌ 	െ0.78	݉ܣ ൏ 0	ሺݎݑ݋	݊݋݅ݐ݌݉ݑݏݏܽ	ݏ݅	݃݊݋ݎݓሻ 

ଶ.ସܫ ൌ
ሺ0 െ 0.65ሻ െ ሺെ5ሻ

2.4 ∗ 10ଷ
ൌ  ܣ݉	1.8

஽ଷܫ ൌ 	 ଶ.ସܫ െ ଼.଺ܫ ൌ ܣ݉	1.07 ൐ 0	ሺݎݑ݋	݊݋݅ݐ݌݉ݑݏݏܽ	ݏ݅	ݐ݄݃݅ݎሻ	 

 Assume D1 , D3  are ON, D2 is OFF.  

஽ଵܫ ൌ
10 െ 0.65 െ ሺെ0.65ሻ
ሺ3.3 ൅ 6.8ሻ ∗ 10ଷ

ൌ  ܣ݉	0.99

஽ଷܫ ൅ ஽ଵܫ ൌ
െ0.65 െ ሺെ5ሻ
2.4 ∗ 10ଷ

 

஽ଷܫ ൌ  ܣ݉	0.823

஽ܸଶ ൌ 	5 െ ሺ10 െ 0.65 െ ஽ଵሻܫ3300 ൌ 	െ1.08	ܸ	 

஽ଵܫ ൌ ௌܫ ൤exp ൬
஽ܸଵ

்ܸ݊
൰ െ 1൨ 

1 ∗ 0.025 ∗ ln ቈ
0.99 ∗ 10ିଷ െ 10 ∗ 10ିଵଶ

10 ∗ 10ିଵଶ
቉ ൌ 	 ஽ܸଵ 

஽ܸଵ ൌ 	0.46	ܸ 

 

஽ଷܫ ൌ ௌܫ ൤exp ൬
஽ܸଷ

்ܸ݊
൰ െ 1൨ 

1 ∗ 0.025 ∗ ln ቈ
0.82 ∗ 10ିଷ െ 10 ∗ 10ିଵଶ

10 ∗ 10ିଵଶ
቉ ൌ 	 ஽ܸଵ 

஽ܸଷ ൌ 	0.45	ܸ 

 

 



Operating Points: 

D1 : (0.99 mA , 0.46V)  D2: (0 mA , -1.08 V) D3: (0.82 mA , 0.45 V) 

 

c) Assume D1  , D2  are OFF, D3 is ON. 

஽ଷܫ ൌ
11.35 െ ሺെ5ሻ

4.7 ∗ 3 ∗ 10ଷ
ൌ  ܣ݉	1.16

஽ܸଵ ൌ 	0 െ ሺെ5 ൅ ஽ଷሻܫ4700 ൌ 	െ0.45	ܸ	 

஽ܸଶ ൌ 	5 െ ሺ11.35 െ ஽ଷሻܫ4700 ൌ 	െ0.9	ܸ 

஽ଷܫ ൌ ௌܫ ൤exp ൬
஽ܸଷ

்ܸ݊
൰ െ 1൨ 

1 ∗ 0.025 ∗ ln ቈ
1.16 ∗ 10ିଷ െ 10 ∗ 10ିଵଶ

10 ∗ 10ିଵଶ
቉ ൌ 	 ஽ܸଵ 

஽ܸଷ ൌ 	0.46	ܸ 

 

Operating Points: 

D1 : (0 mA , -0.45V)  D2: (0 mA , -0.9V) D3: (1.16 mA , 0.46 V) 

 

d) Assume D1 , D2 , D3 are ON.  

஽ଵܫ ൌ
െ0.65 െ ሺെ9.4ሻ

8.2 ∗ 10ଷ
ൌ  ܣ݉	1.07

ଵଶ௄ܫ ൌ
െ0.65 െ 1.4
12 ∗ 10ଷ

ൌ െ0.17	݉ܣ 

஽ଶܫ ൌ 	 ஽ଵܫ ൅ ଵଶ௄ܫ ൌ  	ܣ݉	0.96

ଵ଴௞ܫ ൌ
1.4 െ ሺെ5ሻ

10 ∗ 10ଷ
ൌ  ܣ݉	0.64	

஽ଷܫ ൌ 	 ଵ଴௞ܫ െ ଵଶ௞ܫ ൌ  ܣ݉	0.81

஽ଵܫ ൌ ௌܫ ൤exp ൬
஽ܸଵ

்ܸ݊
൰ െ 1൨ 

1 ∗ 0.025 ∗ ln ቈ
1.07 ∗ 10ିଷ െ 10 ∗ 10ିଵଶ

10 ∗ 10ିଵଶ
቉ ൌ 	 ஽ܸଵ 



஽ܸଵ ൌ 	0.46	ܸ 

 

஽ଶܫ ൌ ௌܫ ൤exp ൬
஽ܸଶ

்ܸ݊
൰ െ 1൨ 

1 ∗ 0.025 ∗ ln ቈ
0.96 ∗ 10ିଷ െ 10 ∗ 10ିଵଶ

10 ∗ 10ିଵଶ
቉ ൌ 	 ஽ܸଵ 

஽ܸଶ ൌ 	0.46	ܸ 

 

஽ଷܫ ൌ ௌܫ ൤exp ൬
஽ܸଷ

்ܸ݊
൰ െ 1൨ 

1 ∗ 0.025 ∗ ln ቈ
0.81 ∗ 10ିଷ െ 10 ∗ 10ିଵଶ

10 ∗ 10ିଵଶ
቉ ൌ 	 ஽ܸଵ 

஽ܸଷ ൌ 	0.45	ܸ 

 

Operating Points: 

D1 : (1.07 mA , 0.46V)  D2: (0.96 mA , 0.46V) D3: (0.81 mA , 0.45 V) 

 

4. J&B P3.87 

Nominal value for current is given by: 

௭ܫ ൌ
௦ܸ െ ௭ܸ

ܴ௦
െ ௭ܸ

ܴ௅
 

substituting 

50 െ 15
150

െ
15
100

ൌ  ܣ݉	83.3

Nominal Power is given by: 

௭ܲ ൌ ௭ܫ	 ∗ ௭ܸ 

ൌ 83.3 ∗ 10ିଷ ∗ 15 

ൌ 1.25	ܹ 

Worst cases: 



For Iz  and Pz to be maximum, Vz and Rs  should be 90% of nominal values 
and Vs and RL should be 110% of nominal values (because tolerance is +/-
10%): 
 

௭௠௔௫ܫ ൌ
௦ܸሺ1.1ሻ െ ௭ܸሺ0.9ሻ

ܴ௦ሺ0.9ሻ
െ ௭ܸሺ0.9ሻ

ܴ௅ሺ1.1ሻ
 

 
ൌ  ܣ݉	184.6

 
௭ܲ௠௔௫ ൌ ௭௠௔௫ܫ ∗ ௭ܸሺ0.9ሻ 

 
ൌ 24.9	ܹ 

 

5. J&B P3.95 

(a) The circuit corresponds to a half-wave rectifier with negative output voltage. 
Peak voltage is ௉ܸ ൌ √2 ோܸெௌ ൌ 8.91	ܸ. DC output voltage is then 

ௗܸ௖ ൌ െሺ ௉ܸ െ ௢ܸ௡ሻ ൌ െ7.91	ܸ 

(b) Total charge dissipated through the load resistor R in a cycle T is  

∆ܳ ൌ ௗ௖ܶܫ ൌ
ௗܸ௖

ܴ
ܶ 

This causes a voltage drop on the capacitor, which is just the ripple voltage ௥ܸ 

∆ܳ ൌ ܸ∆ܥ ൌ ܥ ௥ܸ 

ܥ ൌ
| ௗܸ௖|
ܴ ௥ܸ

ܶ ൌ  ܨ	1.055

(c) The maximum reverse bias occurs when ݒூ reaches the maximum value ௉ܸ. 
The peak inverse voltage rating is then 

ܸܫܲ ൒ ௉ܸ െ ௗܸ௖ ൌ 2 ௉ܸ െ ௢ܸ௡ ൎ 2 ௉ܸ ൌ 17.8	ܸ 

(d) Initial surge current: 

݅ௗሺݐሻ ൎ ݅௖ሺݐሻ ൌ ܥ
݀
ݐ݀
ሺ ௉ܸݐ߱݊݅ݏሻ ൌ ܥ߱ ௉ܸܿݐ߱ݏ݋ 

The peak value of the surge current is given by  

ௌ஼ܫ ൌ ܥ߱ ௉ܸ ൌ 3.54 ൈ 10ଷ	ܣ 

(e) The conduction interval of the circuit is  



∆ܶ ൌ
1
߱
ඨ
2 ௥ܸ

௉ܸ
ൌ  ݏ݉	0.628

The charge lost from the filter capacitance during the complete period is  

ܳ ൌ  ௗ௖ܶܫ

This should be equal to the charge supplied through the diode during the short 
conduction (∆ܶ). Applying the triangular approximation to the diode current 
pulse, we get: 

ܳ ൌ ௉ܫ
∆ܶ
2

 

Which gives  

௉ܫ ൌ ௗ௖ܫ
2ܶ
∆ܶ

ൌ  ܣ	840

6. J&B P3.104 

(a)  

ௗܸ௖ ൌ ௢ܸ௡ െ ௉ܸ ൌ െ24.5	ܸ 

(b) 

௠௜௡ܥ ൌ
௉ܸ െ ௢ܸ௡

௥ܸ௠௔௫

ܶ
2ܴ

ൌ ௉ܸ െ ௢ܸ௡

݂ ௥ܸ௠௔௫

1
2ܴ

ൌ  ܨ	1.63

(c) 

ܸܫܲ ൌ 2 ௉ܸ ൌ 50.9	ܸ 

(d) 

ௌ஼ܫ ൌ ܥ߱ ௉ܸ ൌ 15.6 ൈ 10ଷ	ܣ 

(e) 

௉ܫ ൌ ௗ௖ܫ
ܶ
∆ܶ

ൌ ௗܸ௖

ܴ
1

݂ 1߱ට
2 ௥ܸ

௉ܸ

ൌ 2.2 ൈ 10ଷ	ܣ 

 

7. J&B P3.110 

Refer to Figure 3.63 or Figure 3.66 from J&B Page 125 for circuit.  



(a) Note : Vdc will be positive if circuit is similar to Figure 3.63 and Vdc  will be 
negative if circuit is similar to Figure 3.66. 

ௗܸ௖ ൌ 2 ௢ܸ௡ െ ௉ܸ ൌ െ23.5	ܸ	ݎ݋	23.5	ܸ 

(b) 

௠௜௡ܥ ൌ
௉ܸ െ 2 ௢ܸ௡

௥ܸ௠௔௫

ܶ
2ܴ

ൌ ௉ܸ െ ௢ܸ௡

݂ ௥ܸ௠௔௫

1
2ܴ

ൌ  ܨ	1.56

(c) 

ܸܫܲ ൌ ௉ܸ ൌ 25.45	ܸ 

(d) 

ௌ஼ܫ ൌ ܥ߱ ௉ܸ ൌ 15.01 ൈ 10ଷ	ܣ 

(e) 

௉ܫ ൌ ௗ௖ܫ
ܶ
∆ܶ

ൌ ௗܸ௖

ܴ
1

݂ 1߱ට
2 ௥ܸ

௉ܸ

ൌ 2.1 ൈ 10ଷ	ܣ 

The bridge rectifier eliminated the need of a center tapped transformer. Also we 
can see that the value of capacitance has been reduced from 1.63F to 1.56F. The 
PIV rating has halved which is important in high voltage circuits.  

8. J&B P3.119 

(a) 

݅஽ሺݐሻ ൌ
ሻݐଵሺݒ െ ሻݐ஽ሺݒ

1.0	݇Ω
 

݅஽ሺ0ାሻ ൌ ݅஽௠௔௫ ൌ
5	ܸ

1.0	݇Ω
ൌ  ܣ݉	5

(b) I use ௢ܸ௡ ൌ 0.6	ܸ, ௢ܸ௡ ൌ 0.7	ܸ is also good, just show how to solve this problem  

ிܫ ൌ
5 െ 0.6
1.0	݇Ω

ൌ  ܣ݉	4.4

ோܫ ൌ
െ3 െ 0.6
1.0	݇Ω

ൌ െ3.6	݉ܣ 

߬ௌ ൌ ்݈߬݊ ൤1 െ
ிܫ
ோܫ
൨ ൌ  ݏ݊	5.59

9. J&B P3.123 

Given:  



Output of diode  

௖ܫ ൌ 1 െ 10ିଵହሾexpሺ40 ௖ܸሻ െ 1ሿ	ܣ 

Short circuit current is Ic when Vc =0 

௦௖ܫ ൌ 1 െ 10ିଵହሾ݁଴ െ 1ሿ ൌ  ܣ	1	

Open circuit voltage is Vc when Ic =0 

1
40

ln ൤1 ൅
1

10ିଵହ
൨ ൌ ௢ܸ௖ 

௢ܸ௖ ൌ 0.86	ܸ 

Power  

ܲ ൌ Iୡ ∗ ௖ܸ ൌ ௖ܸሾ1 െ 10ିଵହሺexpሺ40 ௖ܸሻ െ 1ሻሿ 

Pmax is when first derivative of P goes to 0 

݀ܲ
݀ ௖ܸ

ൌ 1 െ 10ିଵହሾexpሺ40ܸܿሻ െ 1ሿ െ 40 ∗ 10ିଵହ ௖ܸ expሺ40 ௖ܸሻ ൌ 0 

Solving the equation we get Vc = 0.77 V , by substituting we get Ic =0.97 A and 
Pmax = 7.53 W.  

Q point corresponding to Pmax is (0.97 A , 0.77 V). 


