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EEE 202 ELECTRIC CIRCUITS II 
 

SPRING’21 - MIDTERM EXAM (ONLINE) 
  

 
Name: ____________________________________, Signature: ___________________________ 
 
Closed books and closed notes. Use of mobile phones is considered cheating. Show your work 
clearly. Otherwise, no credit will be given. 
 
(25 pts) Q.1 (LO01) The input to the circuit shown in the following figure is the voltage of the 

voltage source 𝑣𝑣𝑠𝑠(𝑡𝑡) = 5 cos(2𝑡𝑡 + 45°) V. The output is the capacitor voltage 𝑣𝑣(𝑡𝑡). 
Determine steady-state output voltage. 
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(25 pts) Q.2 (LO01) Determine 𝑣𝑣(𝑡𝑡) for the circuit shown in the following figure when                
𝑣𝑣𝑠𝑠 = 20 cos 30𝑡𝑡 V. 

 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 2 



(25 pts) Q.3 (LO02) Two loads – 𝐴𝐴 and 𝐵𝐵 – are connected in parallel across a 1-kV rms 50-Hz line 
as shown in the following figure. Load 𝐴𝐴 consumes 10 kW with a 90-percent-lagging 
power factor. Load 𝐵𝐵 has an apparent power of 15 kVA with an 80-percent-lagging 
power factor. Find the real power, reactive power, and apparent power delivered by the 
source. What is the power factor seen by the source?  
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(25 pts) Q.4 (LO02) For the circuit shown in the following figure, determine the load impedance that 
will result in maximum average power being transferred to the load and the 
corresponding maximum average power if  𝑣𝑣𝑔𝑔 = 10 cos(4000𝑡𝑡) V. 
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Useful Info:  
 
Phasors: 
𝐕𝐕(ω) = 𝑉𝑉𝑚𝑚𝑒𝑒𝑗𝑗𝜃𝜃𝑣𝑣 = 𝑉𝑉𝑚𝑚∠𝜃𝜃𝑣𝑣  𝐈𝐈(ω) = 𝐼𝐼𝑚𝑚𝑒𝑒𝑗𝑗𝜃𝜃𝑖𝑖 = 𝐼𝐼𝑚𝑚∠𝜃𝜃𝑖𝑖   𝑒𝑒±𝑗𝑗𝑗𝑗 = cos 𝜃𝜃 ± 𝑗𝑗 sin 𝜃𝜃  
𝐕𝐕𝐋𝐋(ω) = ZL𝐈𝐈𝐋𝐋(ω)  𝐕𝐕𝐂𝐂(ω) = ZC𝐈𝐈𝐂𝐂(ω)  𝐕𝐕𝐑𝐑(ω) = ZR𝐈𝐈𝐑𝐑(ω) 
ZL = 𝑗𝑗𝑗𝑗𝑗𝑗   ZC = 1/𝑗𝑗𝑗𝑗𝑗𝑗   ZR = 𝑅𝑅  
Note that 𝜔𝜔 is the angular frequency, which is 2𝜋𝜋𝜋𝜋. 

The rms value of a periodic waveform w(t) is defined as: 𝑊𝑊𝑟𝑟𝑟𝑟𝑟𝑟 =  �1
𝑇𝑇
∫ 𝑤𝑤2(𝑡𝑡)𝑑𝑑𝑑𝑑𝑡𝑡0+𝑇𝑇
𝑡𝑡0

  

For a sinusoidal waveform 𝑣𝑣(𝑡𝑡) = 𝑉𝑉𝑚𝑚 cos(𝜔𝜔𝜔𝜔 + 𝜃𝜃):  𝑉𝑉𝑟𝑟𝑟𝑟𝑟𝑟 =  𝑉𝑉𝑚𝑚
√2

 
Equivalent impedance when the impedances are in series  𝑍𝑍𝑒𝑒𝑒𝑒 = ∑ 𝑍𝑍𝑖𝑖 = 𝑍𝑍1 + 𝑍𝑍2 + ⋯+ 𝑍𝑍𝑘𝑘𝑘𝑘

𝑖𝑖=1 . 
Equivalent impedance when the impedances are in parallel  1

𝑍𝑍𝑒𝑒𝑒𝑒
= ∑ 1

𝑍𝑍𝑖𝑖
= 1

𝑍𝑍1
+ 1

𝑍𝑍2
+ ⋯+ 1

𝑍𝑍𝑘𝑘
𝑘𝑘
𝑖𝑖=1 .  

 
The average power 𝑃𝑃 = 𝑉𝑉𝑟𝑟𝑟𝑟𝑟𝑟𝐼𝐼𝑟𝑟𝑚𝑚𝑚𝑚cos (𝜃𝜃V − 𝜃𝜃I). The reactive power 𝑄𝑄 = 𝑉𝑉𝑟𝑟𝑟𝑟𝑟𝑟𝐼𝐼𝑟𝑟𝑟𝑟𝑟𝑟sin (𝜃𝜃V − 𝜃𝜃I).  
The complex power 𝐒𝐒 = 𝐕𝐕𝐈𝐈∗

2
= 𝑉𝑉𝑚𝑚𝐼𝐼𝑚𝑚

2
∠(𝜃𝜃V − 𝜃𝜃I) = 𝑉𝑉𝑟𝑟𝑟𝑟𝑟𝑟𝐼𝐼𝑟𝑟𝑟𝑟𝑟𝑟 ∠(𝜃𝜃V − 𝜃𝜃I) = 𝑃𝑃 + 𝑗𝑗𝑗𝑗. 

The apparent power is |𝐒𝐒| = 𝑉𝑉𝑚𝑚𝐼𝐼𝑚𝑚
2

.  The power factor  𝑝𝑝𝑝𝑝 = cos (𝜃𝜃V − 𝜃𝜃I). 
For the maximum power transfer, ZL = Zt∗, where ZL is the load impedance and Zt∗ is the complex 
conjugate of  the Thévenin equivalent impedance Zt of the circuit. 
For coupled inductors in the time domain 𝑣𝑣1 = 𝐿𝐿1

𝑑𝑑𝑖𝑖1
𝑑𝑑𝑑𝑑

± 𝑀𝑀 𝑑𝑑𝑖𝑖2
𝑑𝑑𝑑𝑑

 and 𝑣𝑣2 = 𝐿𝐿2
𝑑𝑑𝑖𝑖2
𝑑𝑑𝑑𝑑

± 𝑀𝑀 𝑑𝑑𝑖𝑖1
𝑑𝑑𝑑𝑑

 

For an ideal transformer, 𝐕𝐕2 = 𝑁𝑁2
𝑁𝑁1
𝐕𝐕1 and 𝐈𝐈1 = −𝑁𝑁2

𝑁𝑁1
𝐈𝐈2. 

Total complex power in a balanced three-phase circuits: 𝑺𝑺𝐓𝐓 = 3𝑺𝑺𝐩𝐩 = 3 𝐕𝐕𝐈𝐈∗

2
. 

In balanced three-phase circuits, 𝑉𝑉𝐿𝐿𝐿𝐿 = √3𝑉𝑉𝑝𝑝 and 𝐼𝐼𝐿𝐿 = 𝐼𝐼𝑝𝑝 for Y connection; 𝑉𝑉𝐿𝐿𝐿𝐿 = 𝑉𝑉𝑝𝑝 and             
𝐼𝐼𝐿𝐿 = √3𝐼𝐼𝑝𝑝 for Δ connection. 
 
Network function: 𝐇𝐇(𝜔𝜔) = 𝐘𝐘(𝜔𝜔)

𝐗𝐗(𝜔𝜔)
, where 𝐗𝐗(𝜔𝜔) is the phasor corresponding to the input to the circuit 

and 𝐘𝐘(𝜔𝜔) is the phasor corresponding to the steady-state response of the network.  
Gain: |𝐇𝐇(𝜔𝜔)|=�𝐘𝐘(𝜔𝜔)

𝐗𝐗(𝜔𝜔)
�,  phase shift:  ∠𝐇𝐇(𝜔𝜔) = ∠𝐘𝐘(𝜔𝜔) − ∠𝐗𝐗(𝜔𝜔). 

Logarithmic gain: 20 log10|𝐇𝐇(𝜔𝜔)| in decibel (dB). 
 
In an ideal op-amp:  𝑖𝑖+ = 𝑖𝑖− = 0   𝑣𝑣+ = 𝑣𝑣−  
 
Nano (n) → 10-9 Micro (µ) → 10-6 Milli (m) → 10-3 Kilo (k) → 103 Mega (M) → 106 
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