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The Rules Sheet

Lab Event: You'll have both a test and a Lab
portion to complete

Test: Focuses mainly on circuits, both
conceptually and quantitatively. Includes topics
like voltage, current, resistance, capacitance, etc.
Lab: Real-life application of circuit concepts. Can
ask you to do any number of things and tests you
on your familiarity with components and how they
work

p CIRCUIT LAB C
SCIEN YMPIAD )
V 7 ‘See General Rules, Eye Protection & other Policles on www soinc.org as they apply to every event. ﬁ

1. DESCRIPTION: Participants must complete tasks and answer questions about clectricity and magnetism.
ATEAM OF UPTO: 2 APPROXIMATE TIME: 50 minutes
CALCULATOR: Class ITI
2. EVENT PARAMETERS:

Each team may bring a collection of notes and resources, written/printed on paper, of any size containing
information in any form and from any source. Binders, folders, sheet
tabs, and labels are permitted. P are ible for and ining their notes
efficiently. They may separate or remove the pages from containers for use during any part of the event.
. Each team may also bring writing utensils and two Class III calculators for use during any part of the
event.
Event Supervisors must provide all supplies and measurement devices required for the hands-on tasks.
Participants may bring their own basic multimeters for use in place of provided ones at the discretion of
the Event Supervisor.
. THE COMPETITION:

Part I: Written Test

a. The written test will assess the team’s k ledge of el i
. Unless otherwise requested, answers must be in metric units with appropriate significant figures.
c. The test will consist of at least one question Emm each of the following areas only:

perti ‘electric ds of stati ity, Coulomb’s Law, capacitance

Direct current (DC) characteristics, sources, uses, DC hazards
Alternating current (AC) characteristics, sources, uses, AC hazards, common household AC
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components

iv. Concepts and units of current, voltage, resistance, power, energy, and using Ohm’s law

v. Magnetic right-hand rule

vi. Electrical control devices including switches, relays, fuses, ground fault circuit interrupters, and
breakers

vii. Simple i i and i of a circuit and individual components,

mcludmg simple circuit diagrams
viii. Simple circuit analysis using ' KitchhofT’s Voltage & Current Laws
ix. Historical perspective of the electricity and magnetism discoveries made by Ampere, Coulomb,
Kirchhoff, Volta, Ohm, Tesla, & Faraday
X. States/Nationals only:
(1) Fundamental characteristics and operation of a light emitting diode (LED)
(2) Basic electrical characteristics of silicon PN junctions (e.g., Dmdes, PNP, NPN)

(3) Basic operating principles and of O (op-amps)
d. Topics not included in the competition are: semiconductors (beyond those listed above), AC circuit
theory, analysis, i involving direct use of calculus and/or differential

equations, non-linear devices, 3 Phase Power, and oscilloscopes.
Part II: Hands-On Tasks
. The hands-on portion will consist of at least one task for the teams to complete.
. Participants must be familiar with the operation of breadboards and multimeters and how to use them.
Pammpants may ask Event Supervisors for details of the internal wiring of any breadboards used for the
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asks.
Thc hands-on tasks, or stations, may include but are not limited to:
Determine the value of a mystery resistor in a circuit using only voltage measurements.
Calculate the power supplied to a circuit.
. Given some wires, batteries, resistors, and 2 LEDs, hook them up so the LEDs are equally bright.
. Construct an elect:mngne( using some wire, a bolt and battery.
Given a USB charger, read the label and pmvlde details of the various output power levels it can
provide and calculate how long it would take to charge a specific battery.
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What is a Circuit?

e Acircuitis a closed loop that moves electrons
through the loop via the use of an electrical R1 s

Vool
energy source. AN | =
e These loops are usually made of metal wires
that connect the ends of the energy source i 1 ‘ LLcuent)
together. s

e Acircuitis “broken” when there is no longer a
closed path for the electrons to travel, resulting
in the flow of electrons being halted.

e (ircuits usually have three main qualities:
voltage, current, and resistance.
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Voltage & Current

e The voltage of a battery describes the
difference in energy between the positive and Water analogy
negative terminals of the battery. That Weliegs ~ Ensans St Eow
difference in energy, is what creates the current
that runs through the circuit

e Current is measure of the flow of charge in a
circuit.

e You can think of voltage like the water pressure !
in a tank and current like the flow of water. The Precurs [vohags)  prasurs [Voliage) ¥
higher the pressure, the faster the water flows.




Resistors & Resistance

e Resistance is a measure of how much voltage is A = area
dissipated by a circuit element when a current is run L = length
through it. —

e Resistors are circuit elements that only have resistance. p = resistivity

e The resistance of a resistor can be calculated using the
formula: R= pT

e pis resistivity, a material specific constant, and L and A
are length and cross-sectional area of the resistor
respectively.

e Usually represented by the zig-zag symbol on the right

e Resistors control how much current there is for a given
voltage




Ohm'’s Law

V=IR or Iz% or R =

~| <

e Describes voltage, current, and resistance in

equation form.
e \We can use Ohm'’s Law to find the current of the

circuit. | =V/R =5/100 = 0.05 A




Equivalent Resistance

e Resistors can be configured in multiple ways. Instead of having to think about
each resistor independently, we can combine the resistors into one resistor
with an equivalent resistance to the whole configuration

Series Resistors Parallel Resistors
Current is the same across each resistor. Voltage is divided. Voltage is the same across each resistor. Current is divided.
R, R, R,
| |
| |

REquivalent =Ry + R+ ..+ Ry_1 + Ry REquivalent = T 1 ! 1 1
—t —+---4 L
R1 Rz RN-1 RN




Capacitors & Capacitance

Conductive plates
WA
|’ d

T

e (apacitance is defined as the amount of charge an element
can hold per volt applied to the element.

e This can be expressed as C = Q/V where Cis capacitance, Q
is charge, and V is voltage.

e Acircuit element that has only has capacitance is called a
capacitor.

e The capacitance of a capacitor can be determined by the
equation: ¢=X%4

e Kis the matenal-specific dielectric constant, ¢_ is the universal
constant vacuum permittivity, A is the area of the capacitor
plates, and d is the distance between the plates

e The symbol on the bottom left commonly represents
capacitors in circuits.

Dielectric




Capacitors (cont.)

e |n circuits, capacitors introduce the dimension of
time to our circuit.

e Upon closing the switch, the capacitor will act like a 10uF
plain wire, letting the current flow as if it wasn't even
there.

e Astime passes, the battery will charge up the
capacitor, giving it a voltage that resists the voltage
of the battery. This makes the current decrease.

e After the switch has been closed for a long time, the
capacitor will act like an open switch and the current
will be zero.




Equivalent Capacitance

e Just like resistors, capacitors can be configured in multiple ways and simplified
into one capacitor, making it easier to understand how a circuit functions.

Series Capacitors Parallel Capacitors
C, C, CN-1 Cn O—o———o vooe—o——— 00O
o—Jf—JF——d—1— Jo |c Jou ]
1 1,1, . 1 1 - T T T
Cror C1 G Cny-1 Cn O+ o esee o 40

CTOt = C1+C2+...+CN_1+CN



RC Circuits (Charging)

e At t=0, the switch is closed, and current starts flowing
through the left loop. The current is equal to the current of | == 50
the system if there was no capacitor, and the voltage of
the capacitor is zero.

e Astime passes, the voltage across the capacitor increases,
counteracting the voltage of the battery. This causes a
decrease in the current of the circuit.

e Ast approaches infinity, the voltage of the capacitor
approaches the voltage of the battery and the current of
the circuit approaches zero.

e The yellow graph depicts the current and the green graph
depicts the voltage of the battery as time passes.

100uF




RC Circuits (Discharging)

e Once the capacitor is fully charged from the
previous example, the switch is flipped at t=t
discharging the capacitor.

e The current of the loop jumps to the maximum
current possible for the circuit and the voltage starts
decreasing.

e Asthe voltage decreases, there is less energy
causing the current, making the current decrease in
magnitude as well.

e After along time, the capacitor has fully discharged,
leaving both voltage and current at zero.
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Kirchhoff’s Voltage Law

e Also known as: KVL, Loop Law
e Says the sum of voltages in a closed loop equals O.
V=0

e Ex: Redloop
o V=V -V, =0 +5V
o V, =5V, =(10)2)
o YV=5-(10)(12)=0
o 12=5/10=05A

e Ex: Blue loop
o V=V -V,,=0
o V, =5V, =(30)3)
o YV=5-(30)(13)=0
o 12=5/30=0.166 A




Kirchhoff’s Current Law

e Also known as: KCL, Junction Law

e States the sum of currents at a junction equals O ——p
2=
e Example:
o Yl=3l-3 =0 +5V = 30 Q
o Zlm =
o 3l =12+13
o Sl= Elm 2l = -13=0—>11=12+13
o Using the values ofl2 and I3 from the previous

problem, we get |1 = 0.666 A




Delta-Wye Transformation

e Not all resistor circuits can be easily simplified using just series and parallel
equivalence. The Delta-Wye Transformation helps us simplify circuits that would
be a pain to simplify otherwise.

e |t has two forms: Delta-Wye and Wye-Delta.




Delta-Wye Transformation

e Delta-Wye Equations:

p__ RuR
L™ R +R, +R,
R.R.
B =
> R.+R, +R.
R.R
Ry = >

R, + Ry, + R,

e Wye-Delta Equations:

R, =Rs+ R3 +

Ry, =R, + R3+

R.=R;+ Ry +

R>R;
Ry
Ri1R;3

2
RiR,
R




Delta-Wye Transformation

A




Delta-Wye Transformation

A




Delta-Wye Transformation




Delta-Wye Transformation

R o RbRc
'""R.tR,+ R
R.R.
s =
2" R, + Ry, + R,
RaRb

&:&+m+m
R1=R2 = R3 = (1k)(1k)/3k A

(1k)(1k)/3k = 1k/3 ~ 333

3




Delta-Wye Transformation




Op-Amps (Div C Only)

e (hanges output depending on the configuration
e Inopen-loop configuration,V_ =A(V_-V), where A'is
the gain
e In closed-loop configurations, V_  changes
depending on the specific configuration.
e |deal op-amps have 4 assumptions:
o Infinite gain in open-loop configuration
o Infinite resistance at the inputs
o Zero resistance at the output
o In closed-loop configs, inputs are equal

t
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Tips from a Veteran

e Practice Tests:

o Take lots and lots of practice tests! As the season progresses, more and
more invites will publicly release their test sets. Use them! Consistently
practicing and learning from those tests is the best way to get better at
the test portion.

e | ab Portion:

o This is where the circuit analysis and component knowledge from the test
come into play. Be very familiar with different component configurations
as well as analysis methods like Kirchoff's Law.




Additional Resources

AlUAboutCircuits.com falstad.com/circuit

Organic Chemistry Tutor Scioly Wiki Circuit Lab Page



THANKS!




COMMON
QUESTIONS

All of the following questions have been pulled from past Y]l exams (which can

be found on our website) or the Text Exchange on SciOly Wiki




e Add text here




e Add text here




e Add text here




