
Lab Guide

This guide applies to all three labs. Labs 1 and 2 are formative: they prepare you, and the
measurements you make in them, for the final summative Signals Lab, which is assessed by a lab
report.

L0.1 General instructions

Bring a notebook to every lab and keep careful, organized records of all measured quantities,
settings and error estimates. No measurement is meaningful without an estimate of its error!
Keep detailed notes of any computed quantities and of the qualitative observations you make
during the experiment: they may be important during your analysis.

Each lab handout contains grey data-entry boxes. Fill them in on the printed handout (Download
lab PDF on the website) as you go.

L0.2 Error propagation

When you calculate with measured quantities that have uncertainties (errors), you need to propa-
gate these errors through the calculation. Suppose two random variables A and B have standard
deviations (errors) σA and σB. The error in a function of these variables is then calculated as
follows.

Addition and subtraction

If C = A±B, the error in C is

σC =
√
σ2
A + σ2

B (L0.1)

This formula applies to both addition and subtraction: errors always add in quadrature, even for
subtraction.

Multiplication and division

If C = A×B or C = A/B, the relative error in C is

σC
C
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√(σA
A

)2
+
(σB
B

)2
(L0.2)

To find the absolute error σC , multiply both sides by C:

σC = |C|
√(σA

A

)2
+
(σB
B

)2
.
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Example

Suppose we measure RR = (100.5±0.5)Ω and RL = (12.3±0.3)Ω, and we want the total resistance
R = RR +RL +Rint, where Rint = (600± 50)Ω. Using the addition rule (L0.1),

R = 100.5 + 12.3 + 600 = 712.8Ω,

σR =
√

0.52 + 0.32 + 502 =
√
0.25 + 0.09 + 2500 ≈ 50.0Ω.

Therefore R = (712.8± 50.0)Ω ≈ (710± 50)Ω (rounded appropriately).



Lab 2

Inductance and Internal Resistance

Before the lab, read the Background section below and answer Question 1. The error propagation
rules you will need are in the Lab Guide.

L2.1 Goals

• Study the growth/decay curves of an RL circuit.

• Estimate the internal resistance of a waveform generator using the rated value of the induc-
tance L and the growth/decay curves of an RL circuit.

• Gain confidence in the oscilloscope fall/rise-time method introduced in Lab 1 by applying it
to a new circuit.

• Practice propagating errors through a calculation (see Error propagation in the Lab Guide).

• Familiarize yourselves with the use of inductors and the limitations of “ideal” circuit com-
ponents.

L2.2 Background

Measuring inductance and internal resistance

In Lab 1, we measured the capacitance C of a capacitor by placing it in series with a resistor of
resistance R and measuring the time constant τRC = RC. We did this by using a wave generator
to drive the circuit with a square wave, and by using the oscilloscope to measure the fall time
∆t of the voltage across the resistor between 80% and 20% of its maximum value. Using the
theoretical form of this curve, we found (Question 1 of Lab 1) that τRC could be determined from
∆t. Knowing R from a multimeter measurement then gave us C.

In this experiment, we will use a similar setup. This time, however, we will use an RL circuit to
measure the internal resistance of the wave generator, using the rated value of the inductance
L of the inductor.

Just as before, we will use the wave generator to apply a square-wave voltage to the circuit, and
record the voltage across the resistor during the charge and discharge cycles using the oscilloscope.
Now, however, the current through the resistor rises when the voltage steps up (see the RL circuit,
(5.1), in RL, RLC and AC Circuits). The voltage is

VR(t) = V0

(
1− e−Rt/L

)
, (L2.1)
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so that the time constant is

τRL =
L

R
(L2.2)

By measuring the rise time ∆t, the time it takes for the voltage to rise from 20% to 80% of its
maximum value, we can determine τRL and then compute R using the rated value of L.

Question 1: Compute τRL from the rise time ∆t. How does your answer compare to the relation
between τRC and ∆t that you found in Lab 1? Insert your answer below.

τRL =

Because R appears in the denominator of (L2.2), a large value of R makes τRL very short. Since
commercially available inductors usually have L in the millihenry range, we need to keep R as
small as possible so that τRL stays within a reasonable range for our scope.

Unfortunately, this means that the total resistance of the circuit is dominated not by the resistor
itself but by the internal resistance of the wave generator. This resistance is set to around 600Ω
but is not known exactly, and it is already large enough to make τRL fairly small. (It was also
present in the RC circuit of Lab 1, but was negligible next to the 100 kΩ resistor.) Because the
inductor itself also has some resistance, the total resistance of the circuit is

R = RR +RL +Rint (L2.3)

where RR is the resistance of the resistor, RL the (DC) resistance of the inductor, and Rint the
internal resistance of the wave generator.

In this experiment, we will determine Rint by first finding τRL from a measurement of ∆t, and
then measuring RR and RL.

L2.3 Materials

• Multimeter

• Oscilloscope (10MHz Picoscope 2204A with accompanying software) and two probes

• Wave generator

• Breadboard

• Resistor (rated 100Ω)

• Inductors (rated 2.7mH and 1.0mH)

• Wires

L2.4 Instructions

• Measure the DC resistance of the 100Ω resistor and of the 2.7mH inductor using a multi-
meter. Record the minimum resolution of the meter reading to estimate the error.

Resistance measurements

Resistor resistance (RR): ± Ω
(measured with multimeter)

Inductor resistance (RL): ± Ω
(measured with multimeter)
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• Record the rated value of the inductance and its tolerance (ask the instructor if the tolerance
is not given). This gives an estimate of the error in L.

Inductor rating

Rated inductance (L): ± mH
(rated value and tolerance)

• Set up the series RL circuit of Figure L2.1 as shown in Figure L2.2.

V (t)

L = 2.7mH

R = 100Ω

Gen Probe

Scope Probe

Gen GND Scope GND

Figure L2.1: RL circuit driven by a square-wave generator. The oscilloscope measures the voltage
across the resistor (between Scope Probe and Scope GND).

Figure L2.2: The RL circuit of Figure L2.1 on a breadboard.

• Estimate τRL from (L2.2) and (L2.3), using the measured values of RR and RL and the rough
rated value Rint ≈ 600Ω. Use this to choose reasonable settings for the scope timescale and
the generator frequency (see Question 3 of Lab 1 for how to choose these). You may also
need to change the maximum voltage scale and the trigger settings.

Time constant estimate

τRL, estimate: µs
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• Using the software’s measurement tools, measure the rise time ∆t and its standard deviation
σ over many cycles (n > 100).

Rise time measurement (2.7mH)

Rise time (∆t): ± µs
(from oscilloscope measurements)

Standard deviation (σ): µs

• Repeat for the 1.0mH inductor if there is time. Remember to measure its DC resistance
first!

Rise time measurement (1.0mH)

Inductor resistance (RL): ± Ω
(measured with multimeter)

Rise time (∆t): ± µs
(from oscilloscope measurements)

Standard deviation (σ): µs

L2.5 Analysis

Show your derivations for all calculations. Every number you report should come with an error!
When computing an error for a derived quantity, use the rules in Error propagation in the Lab
Guide. The natural places to propagate errors in this lab are marked below.

• Compute τRL from the measured rise time ∆t using your answer to Question 1. Propagate
the error in ∆t (which you can estimate from σ) to find the error in τRL. Hint: the factor
relating ∆t and τRL is an exact number with no error. What does the multiplication/division
rule (L0.2) say about the relative error in this case?

• Compute the total resistance R of the circuit using (L2.2) and the rated value of L. Propagate
the errors in τRL and in L (from its tolerance) to find the error in R.

• Compute the measured value of Rint using (L2.3). Propagate the errors in R, RR and RL

(from the multimeter resolution) to find the error in Rint. Compare your result to the rough
rated value of 600Ω. Are they consistent within your error?

• Which of the errors above contributes most to the error in Rint? How could the experiment
be improved to reduce it?

• If you measured both inductors, repeat the calculation above for the 1.0mH inductor. Com-
pute the difference between the two values of Rint and propagate the errors to find its error.
Is the difference consistent with zero? What does this tell you about the reliability of the
method?

• What other sources of systematic error are there in this measurement that are not captured
by the error estimates above? (Hint: how does the rise time of the generator’s square wave
itself compare to ∆t?)

Keep a record of these results. You will use them for the Signals Lab!
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