
NSSL Circuits Event 
Tuesday April 8, 2014 

Event Runner:  Mr. Jeff Bigler, Lynn English High School,  mrbigler@mrbigler.com 

Objective: 

Design and build an electric circuit that would enable someone to take a multiple choice test, indicating whether 
or not each chosen answer is correct. 

Contest Description: 

On the attached form are seven questions from a ten-question multiple choice test.  The last three questions will 
be given to you at the meet.  Each question will have five answer choices, lettered A – E, one or more of which 
will be correct.  Your tasks are to: 

1. Pre-build a circuit that will allow someone to take the ten-question multiple choice test.  Your circuit 
must give some sort of indication when a correct answer is chosen.  (See design rules below for 
examples.) 

2. Build the circuit to indicate the correct answers for each of the first seven questions. 

3. At the meet, wire (or otherwise configure) the circuit to indicate the correct answers to the last three 
questions.  

4. Protect the circuit from damage due to impact. 

5. Submit the circuit for testing.  Teams will have a maximum of 30 minutes to do this, but will be scored 
based on the actual elapsed time, with faster times earning more points.   Circuits that are not finished 
at the end of the 30 minutes will be tested as is. 

The circuit will be tested for functionality and correct answers, dropped onto a hard surface from a height of 
approximately 2 meters, and tested again for functionality only. 

Design Rules: 

 The circuit must be hand-wired from basic electrical components such as wires, switches, resistors, light 
bulbs, diodes, LEDs, capacitors, transistors, inductors, bells, buzzers, motors, solenoids, etc.  No RAM, 
integrated circuits or printed circuit boards are allowed.  (This also means that teams are not allowed to 
etch their own circuits.)  Circuits that meet these criteria (Tier 1) will be scored above circuits that do not 
(Tier 2). 

 All circuits must be powered by factory-sealed batteries, with a maximum voltage of 12 V across any two 
points in the circuit.  (DQ = 5 pts.)  Batteries must remain attached to the device during testing, including 
the drop test. 

 Components may be soldered in advance, but no soldering may be done at the event.  (DQ = 5 pts.) 

 The circuit must indicate correct answers in some obvious way, such as a light, sound, or movement.  Each 
team must inform the judges prior to testing how their circuit indicates correct answers.  (The circuit is not 
required to provide negative feedback for wrong answers.) 

 Protective components must be removed after testing in order for judges to inspect the circuit for 
compliance with the design rules.  Circuits that cannot be inspected will be scored in Tier 2. 

 No single dimension of the circuit (including any encasing or other protective components) may exceed 
60 cm, and the total mass of the circuit board (including any encasing or other protective components) 
may not exceed 500 g.  Circuits that meet these criteria (Tier 1) will be scored above circuits that do not 
(Tier 2). 



NSSL Circuits Event 
Scoring: 

Circuit conforms to dimension, weight and component specifications ................... Yes = Tier 1; No = Tier 2 

Time required to finish wiring circuit and submit for judging: ............... 
180

timeelapsedseconds1800 
 pts. 

Circuit indicates at least one “correct” answer for each question ........................................ 1 pt. / question 

Answers indicated for each question are actually correct .................................................... 1 pt. / question 

Circuit indicates at least one “correct” answer for each question after being  
dropped from 2 m ..................................................................................................... 1 pt. / question 

Allowed/Disallowed Materials: 

Besides their circuits and electrical components, teams may bring a calculator and one 4” × 6” index card with 
formulas and other information to assist in answering the last three questions.  No other reference materials are 
permitted.  Use of cell phones and/or the internet is not allowed.  (DQ = 5 pts.) 

Questions: 

1. Consider the electric charges A, B, C shown in the figure below, where q is a positive number.   Which 
answer correctly describes the magnitude of the net force experienced by the charges? 

 

a. FA > FB > FC b. FA > FC > FB c. FB > FA > FC d.  FA = FB = FC e. FA > FB = FC 

2. A long, straight wire carries a current that decreases linearly with time.  What is the direction of the 
induced electric field outside the wire? 

a. Parallel to the current in the wire, in the same direction. 

b. Parallel to the current in the wire, in the opposite direction. 

c. Pointing radially outward from the wire. 

d. Pointing radially inward toward the wire. 

e. There is no induced electric field outside the wire. 

3. Two point charges −2Q and +Q are placed on the x-axis, with −2Q at x = 0 and +Q at x = a.  Which of the 
following statements is true? 

a. There is no point on the x-axis where the electric field is zero. 

b. There is a point on the x-axis, at x < 0, where the electric field is zero. 

c. There is a point on the x-axis, between the charges (0 < x < a), where the electric field is zero. 

d. There is a point on the x-axis, at x > a, where the electric field is zero. 

e. The electric field is zero everywhere along the x-axis. 
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4. Three batteries are placed in series.  Each battery has an internal resistance r.  If one of the batteries is 

placed the wrong way around (relative to the other two), as shown in the picture below, what will be 
the total resistance of the three cells? 

 

a. 3
r  b. 2

r  c. r d. 2r e. 3r 

5. A scientist measured a 1 μA current in an area of a human brain.  Unlike current in metals, which is 
carried by free electrons, the current in the brain is mainly carried by potassium ions.  Each potassium 
ion has one unit of charge e.  This current corresponds to the flow of how many potassium ions per 
second? 

a. 6 × 105 b. 6 × 106 c. 6 × 108 d. 6 × 1012 e. 6 × 1018 

6. The resistance of the tungsten in a light bulb increases with temperature.  Which of the following graphs 
shows the current as a function of voltage for the light bulb?  

a.  b.  c.  d.  e.  

7. Based on the diagram below, rank the identical bulbs A, B, C and D in order from brightest to dimmest. 

 

a. A = B = C = D b. A = B > C = D c. A > C > B > D d. A > C = D > B e. C = D > B = A 

8. ? 

9. ? 

10. ? 


