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Electrical Engineering – Microsoft Word written Sample 

Solution 

Question:  

 

The NMOS transistors in the circuit of Fig. P5.51 have Vt = 0.5 V, μnCox = 90 

μA/V^2 , λ = 0, and L1 = L2 = L3 = 0.5 μm. Find the required values of gate width 

for each of Q1, Q2, and Q3 to obtain the voltage and current values indicated. 

Answer:  

Given data and variables used: 

𝑇ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 𝑉𝑜𝑙𝑡𝑎𝑔𝑒, 𝑉𝑡 = 0.5 𝑉 

𝜇𝑛𝐶𝑜𝑥 = 90 ∗ 10−6  
𝐴

𝑉2
 

𝐶ℎ𝑎𝑛𝑛𝑒𝑙 𝑙𝑒𝑛𝑔𝑡ℎ 𝑚𝑜𝑑𝑢𝑙𝑎𝑡𝑖𝑜𝑛 (𝜆) = 0  

𝐵𝑜𝑑𝑦 𝐸𝑓𝑓𝑒𝑐𝑡 (𝛾) = 0 

𝐿𝑒𝑛𝑔𝑡ℎ, 𝐿1 = 𝐿2 = 𝐿3 = 0.5 𝜇𝑚, 



𝐷𝑟𝑎𝑖𝑛 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑜𝑓 𝑄1 =  𝑄2 = 𝑄3 = 90 𝜇𝐴 

Step 1) Calculate mode of operation of MOSFET, 𝑸𝟏. 

𝐺𝑎𝑡𝑒 𝑉𝑜𝑙𝑡𝑎𝑔𝑒, 𝑉𝐺1 = 𝐷𝑟𝑎𝑖𝑛 𝑉𝑜𝑙𝑡𝑎𝑔𝑒, 𝑉𝐷1 = 0.8 𝑉 

𝑉𝐺𝑆1 =  𝑉𝐺1 − 𝑉𝑆1 =  0.8 − 0 = 1 𝑉  

𝑉𝐺𝑆1 − 𝑉𝑡 =  0.8 − 0.5 =  0.3 𝑉 

𝑉𝐷𝑆1 = 𝑉𝐷1 − 𝑉𝑆1 =  0.8 − 0 = 0.8 𝑉 

Since 𝑉𝐺𝑆1 > 𝑉𝑡 𝑎𝑛𝑑 𝑉𝐷𝑆1 > 𝑉𝐺𝑆1 − 𝑉𝑡,  NMOS transistor, Q1 is biased in saturation region. 

Step 2) Apply saturation current equation to find out width, W of the MOSFET, Q1. 

𝐼𝐷1 =
𝜇𝑛𝐶𝑜𝑥

2
∗

𝑊𝑄1

𝐿1

(𝑉𝐺𝑆1 − 𝑉𝑡)2  

90 ∗ 10−6 =
90 ∗ 10−6

2
∗

𝑊𝑄1

0.5 𝜇𝑚
(0.3)2  

𝑊𝑄1 = 11.11 𝜇𝑚 

 

Step 3) Calculate mode of operation of MOSFET, 𝑸𝟐. 

𝑉𝐺𝑆2 =  𝑉𝐺2 − 𝑉𝑆2 =  1.5 − 0.8 = 0.7 𝑉  

𝑉𝐺𝑆2 − 𝑉𝑡 =  0.7 − 0.5 =  0.2 𝑉 

𝑉𝐷𝑆2 = 𝑉𝐷2 − 𝑉𝑆2 =  1.5 − 0.8 = 0.7 𝑉 

Since 𝑉𝐺𝑆2 > 𝑉𝑡 𝑎𝑛𝑑 𝑉𝐷𝑆2 > 𝑉𝐺𝑆2 − 𝑉𝑡,  NMOS transistor, Q2 is biased in saturation region. 

Step 4) Apply saturation current equation to find out width, W of the MOSFET, Q2. 

𝐼𝐷2 =
𝜇𝑛𝐶𝑜𝑥

2
∗

𝑊𝑄2

𝐿2

(𝑉𝐺𝑆2 − 𝑉𝑡)2  

90 ∗ 10−6 =
90 ∗ 10−6

2
∗

𝑊𝑄1

0.5 𝜇𝑚
(0.2)2  

𝑊𝑄2 = 25 𝜇𝑚 

 

 

 



Step 5) Calculate mode of operation of MOSFET, 𝑸𝟑. 

𝑉𝐺𝑆3 =  𝑉𝐺3 − 𝑉𝑆3 =  2.5 − 1.5 = 1 𝑉  

𝑉𝐺𝑆3 − 𝑉𝑡 =  1 − 0.5 =  0.5 𝑉 

𝑉𝐷𝑆3 = 𝑉𝐷3 − 𝑉𝑆3 =  2.5 − 1.5 = 1 𝑉 

Since 𝑉𝐺𝑆3 > 𝑉𝑡 𝑎𝑛𝑑 𝑉𝐷𝑆3 > 𝑉𝐺𝑆3 − 𝑉𝑡,  NMOS transistor, Q3 is biased in saturation region. 

Step 6) Apply saturation current equation to find out width, W of the MOSFET, Q2. 

𝐼𝐷3 =
𝜇𝑛𝐶𝑜𝑥

2
∗

𝑊𝑄2

𝐿2

(𝑉𝐺𝑆2 − 𝑉𝑡)2  

90 ∗ 10−6 =
90 ∗ 10−6

2
∗

𝑊𝑄1

0.5 𝜇𝑚
(0.5)2  

𝑊𝑄3 = 4 𝜇𝑚 

Final Answers: 

𝑊𝑄1 = 11.11 𝜇𝑚 

𝑊𝑄2 = 25 𝜇𝑚 

𝑊𝑄3 = 4 𝜇𝑚 

 

 

 

 

 

 

 

 

 

 

 



 

Electrical Engineering – Hand written Sample Solution 

Question:  

 

The PMOS transistor in the circuit of Fig. P5.49 has V1 = -0.5 V, upCox = 100 

uA/V^2, L = 0.18 um, and λ = 0. Find the values required for W and R in order to 

establish a drain current of 180 uA and a voltage VD of 1 V. 

Answer:  



 

 



Math – Microsoft Word written Sample Solution 

Question:  

The heat conduction problem is given by:  
 

𝑢𝑥𝑥 = 𝛼2𝑢𝑡 , 0 < 𝑥 < 40 , 𝑡 > 0 
 

Find an expression for the temperature 𝑢(𝑥, 𝑡) if the initial temperature 
distribution in the rod is the given function and rod is insulated at the ends. 
Suppose that 𝛼2 =  1. 
 

𝑢(𝑥, 0) = {
𝑥        0 ≤ 𝑥 < 20

40 − 𝑥   20 ≤ 𝑥 < 40
   

 

Answer:  

Step 1) Substituting the solution 𝒖(𝒙, 𝒚) = 𝑿(𝒙)𝑻(𝒚) in given differential equation. 
 
 

The heat conduction problem is formulated as  
 

𝑢𝑥𝑥 = 𝑢𝑡  , 0 < 𝑥 < 40 , 𝑡 > 0 
 

𝐵𝑜𝑢𝑛𝑑𝑎𝑟𝑦 𝑐𝑜𝑛𝑑𝑡𝑖𝑜𝑛𝑠, 𝑢(0, 𝑡) = 0,    𝑢(40, 𝑡) = 0, 𝑡 > 0 
 

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑠, 𝑢(𝑥, 0) = {
𝑥        0 ≤ 𝑥 < 20

40 − 𝑥   20 ≤ 𝑥 < 40
   

 
 
We consider solutions of the form 
 

𝑢(𝑥, 𝑦) = 𝑋(𝑥)𝑇(𝑦) 
 

𝑢𝑥𝑥 = 𝑋′′𝑇, 𝑢𝑡 = 𝑋𝑇′ 
 
 
Substituting in the given partial differential equation we get 
 

𝑋′′𝑇 = 𝑋𝑇′ 
 
Divide both sides of the differential equation by the product 𝑋𝑇 to obtain 
 
 

𝑋′′

𝑋
=

𝑇′

𝑇
 

 



 
Since both sides of the resulting equation are functions of different variables, each must be 
equal to a constant, say −𝜆 
 
We obtain the ordinary differential equations as: 
 
 

𝑋′′

𝑋
=

𝑇′

𝑇
= −𝜆 

 
𝑋′′ + 𝜆𝑋 = 0 … … … … … … … … … (1) 

 
𝑇′ + 𝜆𝑇 = 0 … … … … … … … … … . (2) 

 
 

Step 2) Solving ordinary differential equations (1) and (2). 
 
 

Solving equation (1) 
 

𝑋′′ + 𝜆𝑋 = 0 
Auxiliary equation is 
 

𝑚2 + 𝜆 = 0 
 

𝑚 = ±√𝜆𝑖 
 

𝑋 = 𝑐1 cos(√𝜆𝑥) + 𝑐2 sin(√𝜆𝑥) … … … … … … … … (3) 

 
 
Using boundary conditions,  𝑢(0, 𝑡) = 0  , 𝑢(40, 𝑡) = 0, 𝑡 > 0 
 

0 = 𝑐1 cos(√𝜆0) + 𝑐2 sin(√𝜆0) 

 
𝑐1 = 0 

 

0 = 𝑐1 cos(40√𝜆) + 𝑐2 sin(40√𝜆) 

 

0 = 𝑐2 sin(40√𝜆) 

 
This implies  

√𝜆 =
𝑛𝜋

40
… … … … … … … … … … (4) 

Using value of 𝑐1 and √𝜆  in equation (3) 
 
The eigen-functions are given by 
 



𝑋𝑛 = sin (
𝑛𝜋

40
𝑥) 

 
And using equation (4) eigenvalues are given by 

𝜆𝑛 =
𝑛2𝜋2

1600
 

 
Thus we can obtain the family of equations for ‘T’ by using equation (2)  
 

𝑇′ + 𝜆𝑛𝑇 = 0 
 

𝑑𝑇

𝑑𝑡
= −

𝜆𝑛𝑇

1
 

 
𝑑𝑇

𝑇
= −𝜆𝑛𝑑𝑡 

Integrating both sides 
 

∫
𝑑𝑇

𝑇
= − ∫ 𝜆𝑛𝑑𝑡 

 
 

ln(𝑇) = −𝜆𝑛𝑡 
 
Using the value of 𝜆𝑛 

𝑇𝑛 = 𝑒−
𝑛2𝜋2

1600
𝑡 

 
 

𝑢𝑛(𝑥, 𝑡) = 𝑋𝑛(𝑥)𝑇𝑛(𝑡) 
 

𝑢𝑛(𝑥, 𝑡) = 𝑒−
𝑛2ð2

1600
𝑡 sin (

𝑛𝜋

40
𝑥) … … … … … . . (5) 

 
 
Step 3) Obtaining the solution of the given heat conduction problem 
 
The general solution can be given by using equation (5) as: 
 

𝑢(𝑥, 𝑡) = ∑ 𝑐𝑛𝑢𝑛(𝑥, 𝑡)

∞

𝑛=1

  

 

𝑢(𝑥, 𝑡) = ∑ 𝑐𝑛𝑒−
1

1600
𝑛2𝜋2𝑡 sin (

𝑛𝜋

40
𝑥)

∞

𝑛=1

  

 
By putting t = 0 
 



𝑢(𝑥, 0) =   ∑ 𝑐𝑛 sin (
𝑛𝜋

40
𝑥)

∞

𝑛=1

 

Using the initial condition 

𝑢(𝑥, 0) = {
𝑥        0 ≤ 𝑥 < 20

40 − 𝑥   20 ≤ 𝑥 < 40
=  ∑ 𝑐𝑛 sin (

𝑛𝜋

40
𝑥)

∞

𝑛=1

 

 
Thus we can find Fourier coefficients 𝑐𝑛 by using the formula: 
  

𝑐𝑛 =
2

𝐿
∫ 𝑓(𝑥) sin (

𝑛𝜋𝑥

40
) 𝑑𝑥

𝐿

0

 

 
 𝐿 = 40 
 

𝑐𝑛 =
2

40
∫ 𝑥 sin (

𝑛𝜋𝑥

40
) 𝑑𝑥

20

0

+
2

40
∫ (40 − 𝑥) sin (

𝑛𝜋𝑥

40
) 𝑑𝑥

40

20

 

 
 

𝑐𝑛 =
2

40
[−𝑥

40

𝑛𝜋
cos (

𝑛𝜋𝑥

40
)]

0

20

+
2

40
∫

40

𝑛𝜋
cos (

𝑛𝜋𝑥

40
) 𝑑𝑥

20

0

+
2

40
[−(40 − 𝑥)

40

𝑛𝜋
cos (

𝑛𝜋𝑥

40
)]

20

40

−
2

40
∫

40

𝑛𝜋
cos (

𝑛𝜋𝑥

40
) 𝑑𝑥

40

20

 

 
 

𝑐𝑛 =
2

40
[−

800

𝑛𝜋
cos (

𝑛𝜋

2
) − 0] +

2

40
[
1600

𝑛2𝜋2
sin (

𝑛𝜋𝑥

40
)]

0

20

+
2

40
[0 +

800

𝑛𝜋
cos (

𝑛𝜋

2
)]

−
2

40
[
1600

𝑛2𝜋2
sin (

𝑛𝜋𝑥

40
)]

20

40

 

 
 

𝑐𝑛 = −
40

𝑛𝜋
cos (

𝑛𝜋

2
) +

2

40
[
1600

𝑛2𝜋2
sin (

𝑛𝜋

2
) − 0] +

40

𝑛𝜋
cos (

𝑛𝜋

2
) −

2

40
[0 −

1600

𝑛2𝜋2
sin (

𝑛𝜋

2
)] 

 
 

𝑐𝑛 = −
40

𝑛𝜋
cos (

𝑛𝜋

2
) +

80

𝑛2𝜋2
sin (

𝑛𝜋

2
) +

40

𝑛𝜋
cos (

𝑛𝜋

2
) +

80

𝑛2𝜋2
sin (

𝑛𝜋

2
) 

 
 

𝑐𝑛 =
160

𝑛2𝜋2
sin (

𝑛𝜋

2
) 

 
Therefore the solution of the given heat conduction problem is given by  
 

𝑢(𝑥, 𝑡) = ∑ 𝑐𝑛𝑢𝑛(𝑥, 𝑡)

∞

𝑛=1

  



 

𝑢(𝑥, 𝑡) = ∑ 𝑐𝑛𝑒−
1

1600
𝑛2𝜋2𝑡 sin (

𝑛𝜋

40
𝑥)

∞

𝑛=1

  

 

𝑢(𝑥, 𝑡) = ∑
160

𝑛2𝜋2
sin (

𝑛𝜋

2
) 𝑒−

1
1600

𝑛2𝜋2𝑡 sin (
𝑛𝜋

40
𝑥)

∞

𝑛=1

 

           
 
MATLAB plot for 𝒖(𝒙, 𝒕) 
 

 
 

 

 

 

 

 

 

 



Math – Hand written Sample Solution 

Question:  

For the given matrix A find a basis for Col(A) and basis for Nul(A). 

𝐴 =  [
1 2 3
4 1 6
3 −1 3

] 

Answer:  

 



 


