
Physics 322 Lab 7 October 12, 2026

Lab 7: Introduction to Transistors: the emitter follower
• In this lab, we will use the variable “split” supply on your protoboard. Before you begin, use a
multimeter and the knobs at the top of the protoboard to set V+ (yellow rail) and V− (blue rail)
to +15V and −15V, respectively.

• We will use two kinds of BJTs today, which look very similar. Make sure to check the part number
on the flat face of the transistor (see Figure 1).

Figure 1: 2N3904 npn transistor.
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Emitter Follower
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Figure 2: Emitter followers.

(a) Before you start, you need to know the pinout of the BJT, which is found in the 2N3904 datasheet
(available on Canvas), in order to orient the part on the breadboard. Mark the pinout on the image
above for your reference. Also find the DC current gain of the 2N3904 (which is interchangeably
called β or hFE). Do you see why we say that β is approximately 100?

(b) Build the emitter follower circuit of Figure 2A.

2



Physics 322 Lab 7 October 12, 2026

(c) Drive the circuit with 1 kHz sine waves. Start with an amplitude of about 5Vpp, and probe input
and output with CH1 and CH2. In what voltage range can it “follow” the input, and why?

Since the transistor can only conduct current from collector to emitter, current can only flow
downward through the emitter resistor. There is no way to flow current in the other direction, so
Vout can never go below ground, meaning the circuit cannot follow input voltages smaller than
about 0.6 V. On the other end, the transistor needs to have a positive VCE in order to conduct, so
Vout cannot go higher than 15 V (or, more precisely, about 14.8 V, since the transistor saturates
with VCE ≈ 0.2V).

(d) Connect the emitter resistor (3.3 kΩ) to −15V instead of ground. What happens, and why?
Think about the direction of current flow.

Now there is a way for current to still flow “down” through the emitter resistor even when Vout

is below ground. Therefore, Vout can now get close to −15V. (The precise limit will now be
affected by the current that must flow through the load resistance, through the emitter resistor,
to the power supply; in our case the load resistance is the input impedance of the scope, so the
current is small and we can get pretty close to −15V.)

(e) To learn what this circuit is useful for, add a 33 kΩ resistor in series with the signal input (Fig. 2B),
thus simulating a “wimpy” signal source of relatively large source impedance. If a source with
Rs = 33 kΩ were to drive a 3.3 kΩ load directly, how much signal would get through?

A 33 kΩ source driving a 3.3 kΩ load forms a 1/11 voltage divider (Vo/Vi = 3.3/(3.3 + 33)), so
only about 9% of the signal gets through. That’s not good!

(f) Try the circuit of Fig. 2B and report the resulting output amplitude. Describe below how the
emitter follower’s high input impedance and low output impedance fix the problem of trying to
drive a 3.3 kΩ load with a 33 kΩ source.

Adding the emitter follower means that the current through the source resistance is much smaller,
because about 99% of the required load current comes from the power supply, instead of the
signal source. So, the signal passes much better!
In terms of input and output impedance, we can model this one of two ways. First, we could
model the circuit as a source that is a 33 kΩ resistor plus the emitter follower. This combination
has an output impedance of Zout = Zsource/β ≈ 330Ω, and it’s driving the 3.3 kΩ load. This
meets our rule of thumb that Zout ≤ Zin/10, and the signal passes just fine.
Alternatively, we could model the circuit as a 33 kΩ source driving the (emitter follower + load)
circuit, whose input impedance is Zin = Zload × β ≈ 330 kΩ. This also meets our rule of thumb
that Zout ≤ Zin/10, and the signal passes just fine.
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Push-Pull Follower

(a) The emitter follower you have built, also called a Class A amplifier, dissipates a lot of power just
to keep the output voltage at its so-called quiescent point near zero volts (i.e., the DC voltage
where it rests with no signal applied). For the circuit of Fig. 2B, how much power is dissipated
when Vin = 0V?

When Vin = 0V, Vout = −0.6V. So the emitter resistor has a voltage drop ∆VRE
= 14.4V,

and the current is about 4.36mA. The power dissipated in the resistor alone is therefore about
63mW, using either P = IV , P = I2R, or P = V 2/R.
However, this is not the only place that power is dissipated! The transistor also has current
through it and voltage across it, so the transistor also dissipates power according to P = IV .
The current that flows through the resistor (IE) came mostly from the collector IC , not the base;
while there is nonzero base current that flows from base to emitter, this is negligible compared
to the large collector-emitter current (IC ≈ IE). So the power dissipated in the transistor is
P = IEVCE , where in this case VCE = 15V − (−0.6 V) = 15.6V. So the transistor dissipates
about 68mW, for a total in the whole circuit of about 131mW.
If we weren’t concerned with the individual components, and just wanted the total power dissi-
pated, once we found I we could also have used P = IV where V = 30V, the total voltage drop
that the current experiences from one power supply to the other. This gives us the same answer:
131mW.

To remedy this, we will build what is known as a push-pull stage or Class B amplifier, which uses
two complementary transistors: one to source current and one to sink current.
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Figure 3: Push-pull emitter follower.

(b) On Figure 3, draw the direction of current flow when the input voltage is greater than 0.6V.
Then, draw the direction of current flow when the input voltage is less than −0.6 V.
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(c) Build the circuit. The 2N3906 is a new type of component: a pnp transistor. Be sure to open
the datasheet and closely examine the symbol and pinout (draw the pinout next to the circuit
diagram if that helps). The terminal marked by the arrow is still the emitter, even though the
orientation in the circuit is different from the npn.

(d) Drive the circuit with a 100Hz, 2Vrms sine wave. Observe the output voltage on the scope and
sketch it below. What is the limitation of this circuit as a “follower”? What causes this limitation,
which is called crossover distortion?

Keep your push-pull circuit built, as we will use it next time (and come up with a solution for
the crossover distortion!) Use a different part of the breadboard for the remaining circuits in
this lab.
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