
ECE 321 Take Home Exercise       Solution 28 Nov 2018          Name  Rick Campbell

dc circuit analysis.  Refer to Figure 1.  Vcc = 12v.  R1 = 30k and R2 = 10k.  RL = 2.7 k 
and RE = 1k.  Write the resistor values next to Figure 1.  Estimate approximate dc
voltages and currents.

Vb ~ 3v ibias ~ 300mA____ ______

Figure 1
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This circuit tests your understanding 
of bipolar transistor properties.  First 
you need to be aware of what you 
don’t know.  You don’t know b, which 
might be anywhere from 50 to 300.  
That means you don’t know ib.  You 
also don’t know Vbe accurately but 
you do know that it is about 0.6v if 
ib is microamps and 0.7v if ib is mA.  
You also expect it to vary between 
devices, and with temperature.

Assume that ib is very small.  We will check that assumption later.  If it is zero, then it is 
very easy to calculate Vb, simply a voltage divider with 10k and 30k and a 12v supply.  
That gives us 0.25 the supply voltage or 3v at the base.  Fill in that number for Vb.

We know that Ve is about 0.6v less than Vb.  Again we will check that assumption later. 
Fill in 3v - 0.6v = 2.4v for Ve.

Ve ~ 2.4v____

If Ve is 2.4v then ie is 2.4v/1k = 2.4mA, from ohms law.  We now have a good estimate 
for ic, which is nearly equal to ie. 

ie ~ 2.4mA______ Vc ~ 5.5v____ic ~ 2.4mA______

With ic = 2.4mA, a 12 volt supply, and 2.7k collector resistor, we can calculate Vc using 
ohms law.  12v - 2.7k x 2.4mA = 5.52v.  Since these are estimates, use 5.5v for Vc

If ib is zero, then ibias is simply 12v divided by 10k + 30k = 300uA.

Finally, since we now have a good estimate for ic, we can obtain a rough estimate for ib 
by setting b ~ 100.  ib ~ ic/b ~ 24uA

ib ~ 24mA____

Now let’s check our assumptions.  We started by assuming ib ~ 0, and is more likely 
somewhere between 8mA and 48mA, with b between 300 and 50.  That means our 
estimate of Vb is a bit high, somewhere between 3% and 16%.  With a 10% error, Vb 
is now 2.7v and Ve is now 2.1v, so ic is 2.1mA instead of 2.4mA.  That’s about the 
same uncertainty we obtain with 10% resistors and battery power supplies.

Since ib is in the mA range, Vbe = 0.6v is a good assumption, but if Vbe is 0.5v or 0.7v 
then Ve only varies by 0.1v, and the error in ie and ic is only 4%.
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Draw a schematic showing how a PNP bipolar transistor may be used to switch a
positive 12v 100mA power supply by connecting an input terminal to ground.

Calculate a value of C1 for an input high pass frequency response with a -3dB corner 
at 159 Hz.  Choose the next higher standard value capacitor.  For f = 159 Hz, w = 10

Small signal ac circuit analysis.  See Figure 2.  R1 = 36k, R2 = 12k, RL = 2.2 k, RE 
= 1k, C2 = 33uF, C3 = 10uF.  Vcc = 16v. Write all these values on the schematic.  
Calculate ic, the small-signal voltage gain, and the input resistance Rin.  Expect:  
Av > 100  and 200 < Rin < 2k.

Av __________

Rin __________

ic =  ______mA

This circuit tests your understanding 
of bipolar transistor properties, dc 
bias, small signal modeling, ac gain, 
rp and dc blocking capacitors.  Begin 
exactly the same as problem 1, by 
solving the dc circuit so that you have 
an estimate for ic ~ 3.4mA.  Then use 
gm = 38ic to obtain gm ~ 130mS.

From gm ~ 130mS we use Av = gm RL 
to obtain Av ~ 130mS x 2.2k ~ 280

280

3.4

The emitter is at small signal ac ground through the 33mF emitter bypass capacitor.  
Rin is the parallel combination of 36k,12k and rp.  Calculate rp using b ~ 100, where 
rp = b/gm ~ 100/130mS ~ 800 ohms.  Note that this is a very rough estimate, since 
b might be anywhere between 50 and 300.  The parallel combination may be ~ 700 
ohms.  It is likely somewhere between 300 ohms and 2k ohms.

~ 700

3

Using Rin ~ 700 ohm and a -3dB corner at w = 1000, C ~ 1/(700 x 1000) ~ 1.5mF  the 
next commonly available standard value is 2.2 mF, which is a good choice.
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11.8v 100mA


