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Name:   Test #:   

  
 

Welcome to the 2018 Individual Math Competition 

Please do not open your test booklet until instructed to do so 
 
Test Taking Information and Instructions: 
 

 

Thank you for participating in the TechTest Jr./STEAM Expo Math competition. Here are a few 
reminders about the exam: 

• You are not allowed to bring in any paper or pencils with you. Pencils and scratch paper 
will be provided. If you need additional paper or pencils, you may raise your hand to call 
a proctor for assistance.  

• If you have any questions, you may also raise your hand for assistance. However, the 
proctors can only provide clarification. They cannot assist you in figuring out a question. 

• Circle your answers clearly on the test sheet. 

• You have an hour and 45 minutes to complete the exam. After completing it, you will 
need to turn in your exam, answer sheet, all scratch paper and pencil(s). At that point, 
you can move to the break area while the remaining participants complete their exams. 

• All exams will be graded off-site. The winners will be announced on Saturday, April 7th at 
the STEAM Expo awards ceremony at the Nevada County Fairgrounds. 
 

This year’s 7th/8th grade version of the exam consists of 38 questions (230 points total). The 
questions include math (Pre-Algebra, Algebra and Geometry) topics typically covered in your 7th 
and 8th grade classes and are based on the Common Core standards (CCSS). The science 
questions are based on the standard science books (Earth, Life and Physical Science). 
 
Most questions are multiple-choice (the easier ones are worth fewer points than the more 
difficult ones), but a constructed response is required for the last 10 questions. Those 10 can be 
answered in the space provided. If more space is required, you may request a blank sheet of 
paper to use. The constructed response questions will be graded on the correctness of the 
answer as well as for the solution steps, so be sure to show your work. Calculators may be 
used, but phones or any other electronic devices are not allowed in the testing area. 

 
 

* If you need a bathroom break during the test, please raise your hand and a proctor will assist you. * 

http://www.nevcoexpo.org/
http://www.nevcoexpo.org/


Page 2  

  

http://www.nevcoexpo.org/


Page 3  

2018 STEAM Expo/TechTest Jr.  
Math Problems (7th/8th Grade Version) 

 
 
 

Questions 1-6 are worth 3 points each 

1) A toy bat and ball together cost $1.10. The bat costs $1 more than the ball. How much 
does the ball cost? 

a. $.05 
b. $.10 
c. $.22 
d. $1.05 
e. $2.10 

 
 

2) Evaluate 2.75X107 + 9.5x105 + 8.8x106 
a. 3.725x105 
b. 3.725x107 
c. 10.4075x107 
d. 21.05x107 
e. 21.05x1018 

 
 

3) If a typical jet airplane’s engine runs at an average of 10,000 Revolutions Per Minute 
(RPM), and the engine manufacturer tests the engine to ensure that it can last for at 
least 3 trillion revolutions, what’s the minimum length of time that the engine should 
last? 

a. 3,333 hours 
b. 18,000 hours 
c. 50,000 hours 
d. 3,000,000 hours 
e. 5,000,000 hours 
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4) Refer to the chart below: 

 

Circle all of the statements below that are true. 
a. From time 20 min – 30 min, swimmer A’s average speed is the lowest 
b. From time 20 min – 30 min, swimmer A’s average speed is greater than  

swimmer B’s average speed 
c. From time 0 min – 30 min, swimmer C’s average speed is 1200m/hr faster than  

swimmer B’s average speed 
d. From time 10 min – 20 min, swimmer A’s average speed is 40m/min 
e. From time 0 min – 30 min, swimmer A’s average speed is 2.4km/hr  

 
5) Pete's Pool Service tests the concentration of hydrogen ions in the school's pool and 

finds that the pH level of the pool is 5.5. Pete is instructed to keep the pool at a pH level 
of exactly 7.5. Pete knows that a pH of 1 = 1 x 10-1, a pH of 2 = 1 x 10-2, etc... How many 
times less is the hydrogen ion concentration before he puts chemicals in compared to 
after the chemicals are administered? 

a. 2 times less concentrated 
b. 10 times less concentrated 
c. 20 times less concentrated 
d. 100 times less concentrated 
e. 200 times less concentrated 

 
6) In the process of terraforming the planet Mars, engineers have invented a process to 

use explosive nuclear power to move the land plates. If all goes according to plan, one 
plate will slide up and the other plate will slide down forming a: 

a. Convergent boundary 
b. Divergent boundary 
c. Climate drift 
d. Transform boundary 
e. Slip fault 
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Questions 7-23 are worth 5 points each 

7) You ordered a 12-inch-diameter pizza that had a one-
inch border of plain (and relatively inexpensive) crust 
around the (relatively expensive) portion with toppings. 
To the nearest percent, what portion of the pizza's area 
had no topping?  

a. 17% 
b. 31% 
c. 50% 
d. 69% 
e. 83% 

 
 

8) To find her heart rate while running, Carole stops briefly and counts 32 heartbeats in 17 
seconds on her digital watch. She then continues running. What was her heart rate in 
beats per minute (bpm)? 

a. 18.8 bpm 
b. 62 bpm 
c. 113 bpm 
d. 128 bpm  
e. 189 bpm 

 
 

9) Miles notices that the record low temperature in International Falls, Minnesota, has the 
same numerical value on the Celsius and Fahrenheit scales. What is that temperature? 

a. Absolute Zero 
b. -40  
c. 0 
d. 32 
e. 40 

 

10) You have a triangular prism with a volume of 23.175in3. If you tripled each of the 
dimensions of the prism, what impact would it have on the total surface area? 

a. It would stay the same 
b. It would double 
c. It would triple 
d. It would increase by a factor of 9 
e. It would increase by a factor of 27 
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11) "Nutrition Facts" labels on processed foods refer to adults consuming 2000 calories per 
day. According to standard nutritional guidelines, about 55% of those calories are 
assumed to come from carbohydrates (which provide 4 calories per gram). About 30% 
are assumed to come from fats (9 calories per gram). The balance of those 2000 Calories 
are assumed to come from protein (4 calories per gram). How many grams of protein 
does the Nutrition Facts label assume this standard adult will consume per day? 

a. 15 grams 
b. 30 grams 
c. 60 grams 
d. 75 grams  
e. 90 grams 

 
 

12) In 1999, the auction estimate for an item appraised on the popular PBS television show 
“Antiques Roadshow” was $1250. In a repeat appraisal in 2017, the estimate for that 
item was 380% higher than the 1999 value. What was the 2017 estimate? 

a. $380 
b. $1,630 
c. $4,750 
d. $6,000 
e. $7,250 

 
13) O. B. Juan is in the Tatooine Bar and Grille and has just finished his Bananakin Pie 

dessert. He’s ready to pay the bill and has $57 in his pocket. If he gives the server a 20% 
tip, what is the biggest bill (meal plus tax) can he afford to pay? 

a. $9.50 
b. $11.40 
c. $37.00 
d. $45.60 
e. $47.50 

 
 

14) Niagara Falls has 93,333 cubic feet of water flowing over it every second. If you could 
channel all that water into a narrow stream, how long would you theoretically (ignoring 
splashing and the fact that you would probably be pulled to your death, etc...) need to 
hold a ½ gallon water bucket under it to fill it up? Note: There are 7.5 gallons per cubic 
foot of water. 

a. 1.3x10-3 seconds 
b. 8.0x10-5 seconds 
c. 2.8x10-6 seconds 
d. 7.1x10-7 seconds 
e. 9.3x1020 seconds 
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15) The earth is an average of 93 million miles from the sun. Given that, approximately how 
far does the earth travel around the sun in one year? 

a. 33,945,000 miles 
b. 365,000,000 miles 
c. 5.8x108 miles 
d. 2.7x1016 miles 
e. 9.3x1020 miles 

 
16) The average age of a group of 12 people is 26 years. If 8 people are added to the group, 

the average age of the group increases to 32 years. What is the average age of the 8 
new people? 

a. 20 
b. 30 
c. 41 
d. 44 
e. 58 

 
 

17) What is the average speed of a cyclist who bikes up a hill at 6 mph and returns, along 
the same route, at 12 mph? 

a. 6 mph 
b. 8mph 
c. 8.5mph 
d. 9.5mph 
e. 12mph 

 
 

18) In Jeopardy, there are two Daily Doubles 
hidden behind the clues. What is the 
probability of a contestant on Jeopardy picking 
both Daily Doubles in a row as the first two 
choices? 

a. 1 in 435 
b. 2 in 900 
c. 1 in 870 
d. 1 in 30 
e. 1 in 15 
 
 

 
19) The principle that allows a concrete boat to float is: 

a. Bernoulli’s Principle 
b. Archimedes’ Principle 
c. The Doppler Effect 
d. Conservation of Energy 
e. Pascal’s Principle 
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20) During your internship at Sierra Solar, you were asked to determine how much current 
would be flowing through a solar-powered heater element so you could select the 
proper gauge of wire to use. The solar panel provides 12 volts. You measured the 
resistance of the heater-element and it was 150 ohms (Ω). You calculated that the 
current would be: 

a. .0125amps 
b. .08 amps 
c. .18 amps 
d. 1.25 amps 
e. 1,800 amps 
 

 
21) The density of a cube of sugar that measures 2.5 cm on each side and has a mass of 

12.0g is: 
a. 0.13g/cm3 
b. 0.48g/cm3 
c. 0.768g/cm3 
d. 1.92g/cm3 
e. 4.8g/cm3 

 

 

22) Geneticists in the laboratory at Gemini Corp are cloning sheep for their experiments. 
They are developing a process that can be done robotically. During the first few 
attempts the scientists monitor carefully and notice that the cells are dividing as they 
are supposed to. The Interphase has happened and the Prophase has just started. What 
is the next step in the Cell Cycle process? 

a. Cytokinesis 
b. Anaphase 
c. Telophase 
d. Metaphase 
e. Mitosis 

 
 

23) A botanist is trying to cross breed hot pepper plants. He has a true breeding Super-Hot 
Pepper plant, with the genotype PP. He crosses this plant with another plant, Crazy Hot 
Pepper with genotype of Pp. What are the likely resulting alleles of the cross? 

a. (4) PP 
b. (2) PP, (2) Pp 
c. (4) Pp 
d. (1) PP, (2) Pp, (1) pp 
e. (1) PP, (1) Pp, (2) pp 
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Questions 24-28 are worth 7 points each 

24) Amazon is raising funds to purchase a circular, ten-acre parcel of land on which to build 
a new distribution center. What is the diameter of that parcel, in feet, given that there 
are 640 acres in a square mile? 

a. 295 feet 
b. 372.4 feet 
c. 528.0 feet 
d. 640.0 feet 
e. 744.8 feet 

 
 

25) What is the angle formed by the hour and minute hands of an analog 
clock at 2:35am? Express your answer in degrees, to full precision. 
Refer to the diagram at the right. 

a. 120 degrees 
b. 132.5 degrees 
c. 162.5 degrees 
d. 195.7 degrees 
e. 210 degrees 

 
 

26) An object dropped near the surface of the Earth undergoes an acceleration of 
approximately 9.80m/s2, regardless of its mass, assuming that the frictional effect of air 
is ignored. If dropped from rest, such an object therefore falls a distance d = 4.90t2 
meters in t seconds. If a ruler falls 12.9 cm, from rest, before Denise catches it, what was 
her reaction time (i.e., how long did the ruler fall before she caught it)?  
Express your answer to the nearest hundredth of a second. 

a. 0.16 seconds 
b. 0.38 seconds 
c. 1.32 seconds 
d. 1.62 seconds 
e. 2.63 seconds 

 
 

27) At 12:05pm, Bill left his house and ran south for 2 miles at a speed of 6mph. He then 
stopped for 5 minutes to rest. He then headed north, up a gentle slope, at a speed of 4.5 
mph for 1.5 miles, turned around and came back down the hill at an average speed of 
6.0mph. He finished his run with a 1.5 mile jog at a relaxing 4mph, ending at his favorite 
juice bar. What was his average speed from start to finish? 

a. 3.0mph 
b. 4.73mph 
c. 5.03mph 
d. 5.125mph 
e. 5.9mph 
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28) One quote attributed to Archimedes is “Give me 
a lever long enough and a fulcrum on which to 
place it, and I shall move the world.” While that 
may not be possible, levers are one of the 
simple machines that can be used to make work 
easier.  
You were asked to assist in the opening of a 
time-capsule that was buried at the Madelyn 
Helling Library. Unfortunately, there was a 700 
pound metal plate sitting on top of the hole in which the capsule was buried. Being very 
physics-savvy, you asked for a pole, a fulcrum and a volunteer. You were given a 10’ 
pole and a very enthusiastic, 145-pound volunteer. You chained one end of the pole to a 
hook on the plate and asked the volunteer to stand the edge of the other end (see 
diagram). 
Where would you have to place the tip of the fulcrum (i.e., what is the distance “D”) in 
order to have just enough lifting force to start raising the metal plate?  

a. 1.72’ 
b. 2.07’ 
c. 4.83’ 
d. 8.28’ 
e. It isn’t possible 
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Constructed Response #1 (12 points): 
Amazon was notified that the circular parcel of land they wanted to 
use (see problem #24) was located on a former cemetery and thus 
could not be purchased. However, they were offered a parcel on the 
other side of town that was also exactly 10 acres, but it was in the 
shape of an equilateral triangle (see figure to the right).  
They decided to purchase it and begin construction immediately. To 
do so, they needed to build a fence around the perimeter of the property. How long would the 
fence be? 
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Constructed Response #2 (8 points): 
Balance the following equation by adding coefficients (show your work): 
Fe2O3 + C = Fe + CO2 
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Constructed Response #3 (10 points): 
 
Cassini was launched 20 years ago to explore the planet Saturn. On 9/15/17, it ran out of fuel 
and was sent to the surface of Saturn, transmitting its final images as it descended to its fiery 
demise at 75,000mph. 
Saturn is 746 million miles from earth. Light (and radio waves) travels at 300,000,000 meters 
per second. 1km = .62miles. 
How long did it take for the final transmission to travel from Saturn to Earth? 
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Constructed Response #4 (10 points): 
 

You have a pick-up truck and need 
to haul some pipes. The pipes are 
longer than the bed of the truck, so 
they will have to rest on (and hang 
over) the tailgate of the truck. The 
length of the bed is 7’. The height 
of the tailgate is 20”. See the 
diagram at the right.  
According to Section 24604 of the California Vehicle Code, any load extending 48” or more 
beyond the edge of the vehicle must have a red flag attached. Based on that, what is the 
maximum length of pipe that can be put in the bed and rested on the tailgate without needing 
to attach a flag.  
NOTE: The pipe cannot be placed diagonally in the bed. It must be laid parallel to the truck.  
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Constructed Response #5 (8 points): 
 

An equilateral triangle with side lengths of 2 meters has an altitude of √3 units and an area of 
√3 square units. What are the altitude and area of an equilateral triangle 10 meters on a side? 
Express your answers to two decimal places. 
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Constructed Response #6 (10 points): 
 

Body mass index (BMI) is a person's mass in kilograms (M) divided by the square of his or her 
height (H) in meters: BMI = M/H2. The National Institutes of Health uses BMI to define normal 
weight, overweight, and obesity for persons age 20 or older. 
 

BMI Weight Status 

Below 18.5 Underweight 

18.5-24.9 Normal or Healthy weight 

25.0-29.9 Overweight 

30.0 and above Obese 

 
Consider an obese adult with a BMI of 32 (71 inches tall; 232 pounds). How much weight must 
that person lose to attain their New Year’s resolution of having a healthy BMI of 24? Express 
your answer to the nearest pound. 
NOTE: 1kg = 2.2 pounds; 1M = 39.37 inches 
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Constructed Response #7 (10 points): 
 

A column of water coming out of a firehose has a circumference of 4”. With one hose turned 
fully on, it takes 45 minutes to drain the firetruck’s tank. CalFire wants to have higher output 
hoses in order to stop fires more quickly, so they proposed using a hose that puts out a column 
of water with a 6” circumference. Assuming that the pressure is constant, if CalFire uses the 6” 
hose, how long will it take one hose turned fully on to drain the firetruck’s tank?  
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Constructed Response #8 (8 points): 
 
The table below shows the atomic weights and corresponding percentage abundances of the 
three isotopes of magnesium in a typical sample. What is the atomic weight of magnesium (i.e., 
the weighted average of these values) in this sample? Express your answer to three decimal 
places. 
 

Isotope Atomic Weight % Present 
24Mg 23.985042 78.99% 
25Mg 24.985837 10.0% 
26Mg 25.982593 11.01% 
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Constructed Response #9 (8 points): 
 
According to Charles' Law, the 
volume of a gas of fixed mass 
and fixed pressure is 
proportional to its absolute 
temperature. As shown in the 
graph, the volume of a 
particular gas in a container 
kept at atmospheric pressure 
is found to be 123 mL at the 
boiling point of water (100°C) 
and 90 mL at the freezing 
point of water (0°C). 
According to these data, what 
would the temperature be, in °C, when the volume is 0ml. This would correspond to absolute 
zero, or zero degrees Kelvin (0°K). Be sure to show your work and your method of solving. 
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Constructed Response #10 (8 points): 
 
In Figure #1 below, a cannonball is at rest on the Earth's surface. Draw force arrows, with their 
tails on the cannonball, and label them to identify the nature/source of the force. Make the 
lengths of the arrows consistent with the relative strengths of the forces represented. In other 
words, the higher the force, the longer the arrow. The direction of the arrows should indicate 
the direction of the force being applied. 
 
In Figure #2 below, a cannon ball is being fired from a cannon. On this projectile motion 
diagram, draw force arrows with their tails on the projectile at the locations indicated. As in 
Figure #1, label the arrows and make their lengths consistent with the relative strengths of the 
forces represented. The direction of the arrows should indicate the direction of the force being 
applied. 
 
 
 

Figure #1: A Cannon Ball at Rest: 
 

 
 
 
 
 
 
 
 
 

Figure #2: A Cannon Ball in Motion: 
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