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A. Impedance: 

 

➢ Frequency = 1000Hz. 

• Total impedance = Vs/I = 3KΩ. 

 

• Phase shift between V and I = 0. (since resisters do not result in phase shift). 

 

 

 

           Time

0s 0.5ms 1.0ms 1.5ms 2.0ms 2.5ms 3.0ms

1  V(Vs:+) 2  I(Rx)

-5.0V

0V

5.0V
1

 

-2.0mA

0A

2.0mA
2

 

   >>

           Time

0s 0.5ms 1.0ms 1.5ms 2.0ms 2.5ms 3.0ms

V(Vs:+) /  I(Rx)

0

1.25K

2.50K

3.75K

5.00K
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➢ Frequency = 500Hz. 

 

• Total impedance = Vs/I = 3KΩ. 

 

• Phase shift between V and I = 0. 

 

➢ Frequency = 1500Hz. 

 

• Total impedance = Vs/I = 3KΩ. 

           Time

0s 0.5ms 1.0ms 1.5ms 2.0ms 2.5ms 3.0ms 3.5ms 4.0ms 4.5ms 5.0ms

V(Vs:+) /  I(Rx)

0

1.25K

2.50K

3.75K

5.00K

           Time

0s 0.5ms 1.0ms 1.5ms 2.0ms 2.5ms 3.0ms 3.5ms 4.0ms 4.5ms 5.0ms

1  V(Vs:+) 2  I(Rx)

-5.0V

0V

5.0V
1

 

-2.0mA

0A

2.0mA
2

 

   >>

           Time

0s 0.5ms 1.0ms 1.5ms 2.0ms 2.5ms 3.0ms 3.5ms 4.0ms 4.5ms 5.0ms

V(Vs:+)/ I(Rx)

0

1.25K

2.50K

3.75K

5.00K
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• Phase shift between V and I = 0. 

✓ The impedance remains the same when frequency changes  

 

 

➢ Frequency = 1000Hz. 

• Phase shift theoretically = tan-1 ) 
1/𝑤𝑐

𝑅
) = 27.9467 degree; since: R=3K, w = 2π𝑓 = 2000π.  

• Phase shift practically = ∆t*ω = (750.394 – 668.392) u *360* 1000 = 29.521 degree 

• Zc = - 
𝑗

ωc
 = −1.592j kΩ. 

• Total impedance = 3- 1.592j kΩ 

            Time

0s 0.5ms 1.0ms 1.5ms 2.0ms 2.5ms 3.0ms 3.5ms 4.0ms 4.5ms 5.0ms

1  -I(Rx) 2  V(Vs:+)

-2.0mA

0A

2.0mA
1

 

-5.0V

0V

5.0V
2

 

   >>
(750.394u,-5.0000)

(668.392u,1.5462m)

           Time

0s 0.5ms 1.0ms 1.5ms 2.0ms 2.5ms 3.0ms

1  V(Vs:+) 2  I(Rx)

-5.0V

0V

5.0V
1

 

-2.0mA

0A

2.0mA
2

 

   >>
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➢ Frequency = 500Hz. 

• Phase shift theoretically = tan-1 ) 
1/𝑤𝑐

𝑅
) = 46.696 degree; since: R=3K, w = 2π𝑓 = 1000π.  

• Phase shift practically = ∆t*ω = (2.5004 – 2.2404) m *360* 500 = 46.8 degree 

• Zc = - 
𝑗

ωc
 = −3.1831j kΩ. 

• Total impedance = 3- 3.1831j kΩ. 

 

➢ Frequency = 1500Hz. 

• Phase shift theoretically = tan-1 ) 
1/𝑤𝑐

𝑅
) = 19.478 degree; since: R=3K, w = 2π𝑓 = 3000π.  

• Phase shift practically = ∆t*ω = (1.4999 – 1.4639) m *360* 1500 = 19.44degree 

• Zc = - 
𝑗

ωc
 = −1.061j kΩ. 

• Total impedance = 3- 1.061j kΩ. 

 

✓ Impedance is affected by frequency 

 

 

 

           Time

0s 0.5ms 1.0ms 1.5ms 2.0ms 2.5ms 3.0ms 3.5ms 4.0ms 4.5ms 5.0ms

1  V(Vs:+) 2  -I(Vs)

-5.0V

0V

5.0V
1

 

-2.0mA

0A

2.0mA
2

 

   >>

(2.2404m,1.1426m)
(2.5004m,5.0000)

           Time

0s 0.5ms 1.0ms 1.5ms 2.0ms 2.5ms 3.0ms 3.5ms 4.0ms 4.5ms 5.0ms

1  V(Vs:+) 2  I(Rx)

-5.0V

0V

5.0V
1

 

-2.0mA

0A

2.0mA
2

 

   >>

(1.4639m,1.5673m)

(1.4999m,5.0000)
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➢ Frequency = 1000Hz. 

• Phase shift theoretically = tan-1)-  
𝑤𝐿

𝑅
 ) = -56.411 degree; since: R=1.69K, w = 2π𝑓 = 2000π.  

• Phase shift practically = ∆t*ω = (2.2503– 2.4063) m *360* 1000 = -56.16degree 

• ZL = jwL = 2.545j kΩ. 

• Total impedance = 1.69+2.545j kΩ. 

➢ Frequency = 500Hz. 

• Phase shift theoretically = tan-1)-  
𝑤𝐿

𝑅
 ) = -36.975 degree; since: R=1.69K, w = 2π𝑓 = 1000π.  

• Phase shift practically = ∆t*ω = (2.7051– 2.5001) m *360* 500 = 36.9 degree 

• ZL = jwL = 1.272j kΩ. 

• Total impedance = 1.69+1.272j kΩ. 

           Time

0s 0.5ms 1.0ms 1.5ms 2.0ms 2.5ms 3.0ms 3.5ms 4.0ms 4.5ms 5.0ms

1  V(Vs:+) 2  I(R1)

-5.0V

0V

5.0V
1

 

-2.0mA

0A

2.0mA
2

 

   >>

(389.217u,1.8956m)

(250.214u,5.0000)

           Time

0s 0.5ms 1.0ms 1.5ms 2.0ms 2.5ms 3.0ms 3.5ms 4.0ms 4.5ms 5.0ms

1  V(Vs:+) 2  I(Rx)

-5.0V

0V

5.0V
1

 

-4.0mA

0A

4.0mA
2

 

   >>

(2.7051m,2.3636m)

(2.5001m,5.0000)



7 
 

➢ Frequency = 500Hz. 

• Phase shift theoretically = tan-1)-  
𝑤𝐿

𝑅
 ) = -66.12 degree; since: R=1.69K, w = 2π𝑓 = 3000π.  

• Phase shift practically = ∆t*ω = (954.821– 833.819) u *360* 1500 = 65.34 degree 

• ZL = jwL = 3.817j kΩ. 

• Total impedance = 1.69+3.817j kΩ. 

 

✓ impedance is changed when frequency is changed 

 

B. Capacitive and inductive behavior: 

 

 

 

 

 

 

 

 

           Time

0s 0.5ms 1.0ms 1.5ms 2.0ms 2.5ms 3.0ms 3.5ms 4.0ms 4.5ms 5.0ms

1  V(Vs:+) 2  I(R1)

-5.0V

0V

5.0V
1

 

-2.0mA

0A

2.0mA
2

 

   >>

(954.821u,1.2181m)

(833.819u,5.0000)
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➢ Frequency = 400Hz. 

 

• Phase shift = ∆t*ω = (3.7821– 3.1250) m *360* 400 = 94.6224 degree 

• Resonant frequency (fo) = 
1/√LC

2π
  = 5.33 KHz. 

 

➢ Frequency = fo = 5.33KHz 

• Phase shift = ∆t*ω = (236.809– 234.809) u *360* 5.33k = 3.8376 degree. 

          The phase shift is very small we can ignore it.  

 

 

 

 

 

 

 

 

           Time

0s 0.5ms 1.0ms 1.5ms 2.0ms 2.5ms 3.0ms 3.5ms 4.0ms 4.5ms 5.0ms

1  V(Vs:+) 2  I(R1)

-5.0V

0V

5.0V
1

 

-2.0mA

0A

2.0mA
2

 

   >>

(3.7821m,1.2605m)

(3.1250m,5.0000)

           Time

0s 0.5ms 1.0ms 1.5ms 2.0ms 2.5ms 3.0ms

1  V(Vs:+) 2  -I(R1)

-5.0V

0V

5.0V
1

 

-20mA

0A

20mA
2

 

   >>

(236.809u,15.394m)

(234.809u,4.9998)
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➢ Frequency = 2fo = 10.66KHz 

 

• Phase shift = ∆t*ω = (273.574 – 210.572) u *360* 10.66k = 241.776 degree. 

 

➢ After doubling the value of the capacitor (at Frequency = fo = 5.33KHz) 

 

 

           Time

0s 0.2ms 0.4ms 0.6ms 0.8ms 1.0ms 1.2ms 1.4ms 1.6ms 1.8ms 2.0ms

1  V(Vs:+) 2  I(R1)

-5.0V

0V

5.0V
1

 

-10mA

0A

10mA

20mA
2

 

   >>

(273.574u,8.2016m)

(210.572u,4.9972)
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• Phase shift = ∆t*ω = (438.008 – 422.008) u *360* 5.33k = 30.7008 degree. 

 

➢ After doubling the value of the Inductor (at Frequency = fo = 5.33KHz) 

 

 

• Phase shift = ∆t*ω = (823.012 – 797.011) u *360* 5.33k = 49.891 degree. 

 

           Time

0s 0.5ms 1.0ms 1.5ms 2.0ms 2.5ms 3.0ms 3.5ms 4.0ms 4.5ms 5.0ms

1  V(Vs:+) 2  -I(R1)

-5.0V

0V

5.0V
1

 

-20mA

0A

20mA
2

 

   >>

(438.008u,13.449m)

(422.008u,5.0000)

           Time

0s 0.5ms 1.0ms 1.5ms 2.0ms 2.5ms 3.0ms 3.5ms 4.0ms 4.5ms 5.0ms

1  V(Vs:+) 2  -I(R1)

-5.0V

0V

5.0V
1

 

-20mA

0A

20mA
2

 

   >>

(823.012u,10.183m)

(797.011u,4.9996)



11 
 

C. Sinusoidal steady state power:  

 

▪ Frequency = 2KHz. 

V(R1): 

 

I(R1): 

 

 

           Time

0s 0.5ms 1.0ms 1.5ms 2.0ms 2.5ms 3.0ms 3.5ms 4.0ms

1  V(R1:2,R1:1) 2  RMS(v(R1:2,R1:1))

-100mV

0V

100mV
1

 

0V

20mV

40mV

60mV
2

 

   >>

           Time

0s 0.5ms 1.0ms 1.5ms 2.0ms 2.5ms 3.0ms 3.5ms 4.0ms

1  I(R1) 2  RMS(I(R1))

-100uA

0A

100uA
1

 

0A

20uA

40uA

60uA
2

 

   >>
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Vs: 

 

Is: 

 

• Phase shift between Vs and Is = 0. 

 

 

 

 

           Time

0s 0.5ms 1.0ms 1.5ms 2.0ms 2.5ms 3.0ms 3.5ms 4.0ms

1  V(Vs:+) 2  RMS( V(Vs:+))

-4.0V

0V

4.0V
1

 

0V

1.0V

2.0V
2

 

   >>

(1.1249m,2.5000)

           Time

0s 0.5ms 1.0ms 1.5ms 2.0ms 2.5ms 3.0ms 3.5ms 4.0ms

1  I(Vs) 2  RMS(I(Vs))

-4.0mA

0A

4.0mA
1

 

0A

1.0mA

2.0mA
2

 

   >>

(1.1239m,-2.4806m)

           Time

0s 0.5ms 1.0ms 1.5ms 2.0ms 2.5ms 3.0ms 3.5ms 4.0ms

1  -I(Vs) 2  V(Vs:+)

-4.0mA

0A

4.0mA
1

 

-4.0V

0V

4.0V
2

 

   >>
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Vc: 

 

Ic: 

 

• Phase shift between Vs and Is = ∆t*ω = (3.7469 – 3.6229) m *360* 2k = 89.28. 

 

 

 

 

           Time

0s 0.5ms 1.0ms 1.5ms 2.0ms 2.5ms 3.0ms 3.5ms 4.0ms

1  V(C1:2,C1:1) 2  RMS(V(C1:2,C1:1))

-100mV

0V

100mV
1

 

0V

20mV

40mV

60mV
2

 

   >>

(3.7469m,24.1

           Time

0s 0.5ms 1.0ms 1.5ms 2.0ms 2.5ms 3.0ms 3.5ms 4.0ms

1  I(C1) 2  RMS(I(L1))

-4.0mA

0A

4.0mA
1

 

0A

40uA

80uA
2

 

   >>

           Time

0s 0.5ms 1.0ms 1.5ms 2.0ms 2.5ms 3.0ms 3.5ms 4.0ms

1  -I(C1) 2  (V2(C1) - V1(C1))

-4.0mA

0A

4.0mA
1

 

-100mV

0V

100mV
2

 

   >>

(3.7469m,2

(3.6229m,2.4877m)
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VL: 

IL: 

 

• Phase shift between VL and IL = ∆t*ω = (1.3969 – 1.2439) m *360* 2k = 110.16. 

 

 

 

 

 

           Time

0s 0.5ms 1.0ms 1.5ms 2.0ms 2.5ms 3.0ms 3.5ms 4.0ms 4.5ms 5.0ms

1  V(L1:2,L1:1) 2  RMS(V(L1:2, L1:1))

-100mV

0V

100mV
1

 

0V

20mV

40mV

60mV
2

 

   >>

           Time

0s 0.5ms 1.0ms 1.5ms 2.0ms 2.5ms 3.0ms 3.5ms 4.0ms 4.5ms 5.0ms

1  I(L1) 2  RMS(I(L1))

-100uA

-50uA

0A
1

 

0A

40uA

80uA
2

 

   >>

           Time

0s 0.5ms 1.0ms 1.5ms 2.0ms 2.5ms 3.0ms 3.5ms 4.0ms 4.5ms 5.0ms

1  -I(L1) 2  V(L1:2,L1:1)

-100uA

0A

100uA
1

 

-100mV

0V

100mV
2

 

   >>

(1.3969m,82.415u)

(1.2439m,57.215m)

(1.6069m,-74.017u)
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V(R2): 

 

I(R2) =Is: 

 

• Phase shift between V(R2) and I (Rs2 = 0 

 

 

           Time

0s 0.5ms 1.0ms 1.5ms 2.0ms 2.5ms 3.0ms 3.5ms 4.0ms 4.5ms 5.0ms

1  V(R2:1,R2:2) 2  RMS(V(R2:1, R2:2))

-4.0V

0V

4.0V
1

 

0V

1.0V

2.0V
2

 

   >>

           Time

0s 0.5ms 1.0ms 1.5ms 2.0ms 2.5ms 3.0ms 3.5ms 4.0ms 4.5ms 5.0ms

1  I(R2) 2  RMS( I(R2))

-4.0mA

0A

4.0mA
1

 

0A

1.0mA

2.0mA
2

 

   >>

           Time

0s 0.5ms 1.0ms 1.5ms 2.0ms 2.5ms 3.0ms 3.5ms 4.0ms 4.5ms 5.0ms

1  I(R2) 2  V(R2:1,R2:2)

-4.0mA

0A

4.0mA
1

 

-4.0V

0V

4.0V
2

 

   >>

V(R2:1,R2:2)


