
Science Camp #2020.11

Theme: Engines
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20-24 July 2020 at Nelson Cabin

Cedar City, and surrounding area

Advisors

H. Roice Nelson, Jr.,  Andrea S. Nelson, 

Paul & Kate Nelson, & Melanie Wright

Attendees 

Taylor R. Wright, Ella D. Nelson, Halle N. Wright,

Dallin Spencer Nelson, Avalyn Ashby Wright, 

Quinton M. Nelson, & Kendall Joyce Wright 

Guest: Chloe Nelson
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Past Science Camp Themes & Sites Visited
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1. Nelson Cabin, Fishing, Condensation, Water Coloring, and Music
1. Nelson Cabin

2. Panquich Lake

3. Swimming at Cedar City Aquatics Center

2. Mining Range, Frisco, Silver Reef, Iron Town, Astronomy at Frisco Peak, Archery
1. Nelson Cabin, Kolob Reservoir, Silver Reef, Snow Canyon, Volcano

2. Parowan Gap, Rack Range Mines, Frisco, Frisco UU Telescope

3. Iron Mine, Iron Town

3. Geocaching, Mammoth Cave, Cascade Falls, and Cedar City Cemetery
1. Nelson Farm, Fiddler’s Canyon, 

2. Boys to Mammoth Cave, Cascade Falls and Girls to St. George and Pottery Making

3. Cedar City Cemetery

4. Volcanoes, Classy Closets, Maps, Surveying, Sand Painting, and Genealogy
1. Condo, Snow Canyon Volcanoes, Classy Closets, Fiddler’s Canyon

2. Nelson Farm to survey, Nelson Cabin

3. Cedar City 24th of July Parade

5. Patterns, Horse Riding, Internet, Be-a-man-campout
1. Dust Devil Ranch, InfoWest, Fiddler’s Canyon

2. Nelson Cabin

3. Cedar City July 4th Parade

6. Music & Spoken Word, SilencerCo, Indian Tribes & Archaeology, Solar Astronomy
1. Family Discovery Center, Sophie & Dallin’s Baptism, SilencerCo, Music & Spoken Word, UU Science Museum

2. Freemont Indian Museum, Boulder Anasazi Ruins, Escalante Petrified Forest, Bryce Canyon

3. Parowan Gap, Solar Astronomy, Nelson Cabin, Uncle Des’ & Aunt Sara’s, Swimming

7. Rock Cutting, SUU Museum, Computer Hardware and Software, Cabin
1. 1st Annual Fun Run / Walk, rock collection Bloody Ridge, rock cutting and polishing

2. HTML at SUU, and Lego Robots at Nelson Cabin

3. Astronomy at Nelson Cabin, Bottle Rockets, and having a good time

8. 8G: Geography, Genetics, Genealogy, Grandma, Grandpa, Geology, Geophysics, & Guitar
1. Watered garden, 2nd Annual Fun Run / Walk, Iron Springs, Iron Town, Genetics, Cabin, Guitar

2. Zion, Angels Landing & Emerald Pools, Geophysical Slides

3. Bottle Rockets, swimming, and having a good time

9. Garden of the Gods, Drones, Intercontinental Divide, Teepee, Salida Hot Springs, University Mountains
1. Bow & Arrows, Drone, Intercontinental Divide

2. Guitar and Buena Vista 4th of July Parade

3. Mount Antero, Hot Springs at Salida, Teepee

10. Eisenhower Park, Guadalupe River, i-Fly, Cave Without a Name, Alamo, San Antonio
1. Hike to overlook San Antonio, i-Fly, swimming Guadalupe River State Park

2. Cave without a Name, Singing, Rob Nelson on Sound and Music

3. Alamo, Wax Museum, San Antonio Riverwalk
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11th Annual Nelson Grandkids Summer 

Science Camp; Theme: Engines
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Itinerary
Monday:
1. Fisco Kilns
2. Petroglyphs
3. Kiln Spring Kilns
4. Set Up Camp
Tuesday:
1. Nelson Cabin
2. Water Balloons / Races
3. Dutch Oven
Wednesday:
1. Matheson Engines
2. Shooting Off Rockets
3. Experiencing a Tesla
4. Astronomy
Thursday:
1. Sleep In
2. Kolob Reservoir
Friday:
1. Clean the Cabin
2. Pack Up

Good Times!

Photos + slides 

will be posted at:
http://www.walden3d.

com/photos/Grandkids

_Science_Camps/2007

20-24_Science_Camp
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Schedule Saturday - Friday
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• Saturday, 18 July 2020
– ~2:00 AM Melanie arrives

– Breakfast – German Pancakes

– Aquatic Center

– Dinner Pizza

• Sunday, 19 July 2020
– Water Garden

– Breakfast – Cold Cereal and Bagels

– Sacrament at house

– Come Follow Me

– Lunch: Sausage Rice Casserole and Salad

– Cedar Breaks and Alpine Lake

– Dinner: Salads

• Monday, 20 July 2020
– Water Garden

– Breakfast – Beverly & Edwin Gurr pancakes & sausages & 

Orange Juice

– 11:00 Meet Milford

– Frisco Kilns

– Lunch: Sandwiches (sprouted Wheat or Honey Wheat Bread, 

Turkey, Ham, Creamy & Crunchy Peanut Butter)

– Petroglyphs

– Kiln Springs Kilns

– Cedar to pick up key and to pack food at house

– Cabin set up tents

– Dinner: hot dogs, brats, smores, chips, pork & beans, 

watermelon

• Tuesday, 21 July 2020: 
– Breakfast: Pancakes and Sausage

– Lunch: Sandwiches

– Surgical Tubing water balloons (Paul get tubing)

– Water races

– Exploring

– Reading

– Dinner: Dutch Oven Potatoes, Hamburgers, Cobbler

• Wednesday, 22 July 2020: 
– Breakfast Cold Cereal, Fruit, Bananas, Cantaloupe

– 10:00 Al Matheson’s Engines

– Lunch: Sandwiches

– 4-Wheelers

– Rocket

– Tesla

– Dinner: Pizza

– Cabin Root Beer Floats

• Thursday, 23 July 2020: 
– Breakfast: Scrambled Eggs and Bacon

– Kolob Reservoir

– Lunch: Sandwiches and Chips

– Dinner: Tacos, Hamburgers, and whatever is left.

• Friday, 24 July 2020: 
– Breakfast: Cereal

– Clean Cabin

– Melanie leaves Cedar City by 11:30

– Grandma & Grandma might go back to Cabin
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Safety
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• Never go anyplace alone, preferably 3+.

• Exception is if one of you is hurt, then:
– One of you stay and help the person hurt.

– The other one run and get help.

• If you get lost stay put, we will find you.

• If you hear a rattlesnake do not move quickly, just slowly move 
away from the sound.

• Do not run with a knife open.  Use knife safety.

• If you cut yourself, apply pressure to the wound to stop bleeding, 
and send for help.

• Never point an arrow in a cocked bow or a gun at any person.

• Drink lots and lots and lots of water.

• Do not go swimming unless an adult is with you.

• Do not start branches on fire and swing them around where others 
can be hurt.

• Have fun, use common sense, and think before you act.
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Job Chart
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Monday Tuesday Wednesday Thursday Friday

Breakfast:

- Gurr’s

- Everyone Help

Breakfast:

- Pancakes & 

Sausage

- Ella & Taylor 

Set-Up, Cook, & 

Clean-Up

Breakfast:

- Cereal & Fruit

- Taylor & Dallin 

Set-Up and 

Clean-Up

Breakfast:

- Scrambled Eggs 

& Bacon

- Grandma & 

Halle Set-Up, 

Cook, & Clean-

Up

Breakfast:

- Cereal & Fruit

- Taylor & Ella  

Set-Up and 

Clean-Up

Lunch:

- Sandwiches 

(make your own)

- All Clean Up

Lunch:

- Sandwiches 

(make your own)

- Halle & Kendall 

Set-Up and 

Clean-Up

Lunch:

- Sandwiches 

(make your own)

- All Clean Up

Lunch:

- Sandwiches 

(make your own)

- All Clean Up

Lunch:

- Sandwiches 

(make your own)

- On the Road

Dinner:

- Dallin set out hot 

dogs, brats, etc.

- Avalyn Clean Up

Dinner:

- Dutch Oven

- Quinton & 

Grandpa Set-Up, 

Cook, & Clean-

Up

Dinner:

- Pizza

- Root Beer Floats

- Ella & Avalyn 

Set –Up and 

Clean-Up

Dinner:

- Hamburgers & 

Tacos

- Quinton & 

Kendall Set-Up, 

Cook, & Clean-

Up

Everybody picks up their own dishes!

Everyone cheerfully does what the are asked 

to do by Grandpa, Grandma, Uncle Paul, 

Aunt Kate, Aunt Melanie, or other adults.
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Presentations 
(Discussion of Science Activities over the last year)
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• Taylor ____________________________________.

• Ella ____________________________________.

• Halle ____________________________________.

• Dallin ____________________________________. 

• Avalyn ____________________________________.

• Quinton ____________________________________.

• Kendall ____________________________________.
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Charcoal, page 1
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Charcoal, page 2
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Charcoal, page 3
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Notes
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What is an Engine?  
• “An engine or motor is a machine designed to convert one form of 

energy into mechanical energy.  

• Heat engines, like the internal combustion engine, burn a fuel to 

create heat which is then used to do work. 

• Electric motors convert electrical energy into mechanical motion, 

• pneumatic motors use compressed air, and 

• clockwork motors in wind-up toys use elastic energy. 

• In biological systems, molecular motors, like myosin in muscles, 

use chemical energy to create forces and ultimately motion.”  

Wikipedia

“Mechanical engineering is an engineering branch that combines 

engineering physics and mathematics principles with materials science 

to design, analyze, manufacture, and maintain mechanical systems.  It 

is one of the oldest and broadest of the engineering branches.” 

Wikipedia

Copyright © 2020 Walden 3-D, Inc. SC11   12

What is a Mechanical Engineer?  



Engine Basics: 
• Typical engine power output measurements: 

– What is power? In the most basic form, power is work performed over a specific 
amount of time.

– In an electric motor, the mechanical power is defined as the speed times the torque. 

– Torque is a rotating force produced by an engine's crankshaft. The more torque an 
engine produces, the greater its ability to perform work. The measurement is the 
same as work, but slightly different. Since torque is a vector (acting in a certain 
direction), it's quantified by the units pound-feet and newton-meters.

– Mechanical power is typically defined as kilowatts (kW) or horsepower (hp) with 
one watt equaling one joule per second or one Newton-Meter per second.

– Horsepower is the work done per unit of time. One hp equals 33,000 pound feet per 
minute. Converting hp to watts is achieved using this relationship: 1 hp = 
745.69987 W. However, the conversion is often simplified by using 746 W per hp.
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Energy Density
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• Energy Density - Energy density is the amount of energy stored in a given system or 

region of space per unit volume.

• Pressure/compression relates to energy density.  The higher the pressure the more 

energy potential you can pack in the same space.  You can compress or cool to fit more 

fuel.  We compress our water bottle rockets, but we haven’t tried launching with liquid 

nitrogen yet.  (but that would likely freeze and crack the plastic bottle).  



Types of Engines
1. Horse Power

2. Steam (external combustion)

3. Physical Engine – Pneumatic, clockwork, hydraulic

4. Internal combustion engine

5. Jet Engine (reactive engine)

6. Rocket Motor (reactive engine)

7. Electric Engine

8. Ion Engine

Copyright © 2020 Walden 3-D, Inc. SC11   15

1. Horse Power - how many horse power 

does the rig below have?  

When the steam engine began to do the work of 

horses in the mines during the early 1800s, the 

mine owners began to ask how many horses an 

engine would replace. James Watt, who 

invented steam engines, figured out a 

mathematical way to equate horses to engine 

power. Thus the term horsepower was invented.



2. Steam (external combustion)

a. The original steam engines were not mechanical engines but pumps. In this 

manner, a fire engine in its original form was merely a water pump, with the 

engine being transported to the fire by horses.  

b. A steam engine is an external combustion engine because it keeps the fuel and 

exhaust products separately — they burn fuel in one chamber and heat the 

working fluid inside the engine through a heat exchanger or the engine’s wall.

c. Grandpa Nelson’s homemade steam engine from when he was a kid:

a. The 1st Industrial Revolution was largely due to steam power; Uncle Paul’s 

job is very focused on the 4th Industrial Revolution (Cyber Physical systems, 

but each revolution builds off the prior ones).  
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How Engines Changed Industry & Lives
Andrew Anderson 1754-1803

|

Nels Anderson 1802-1857

|

Bengt Nelson 1834-1919

|

Bengt Nelson, Jr. 1860-1926

|

Roice Bengt Nelson 1891-1947

|

Howard Roice Nelson 1916-1996

|

Grandpa Nelson 1st year of college 

1969

Copyright © 2020 Walden 3-D, Inc. SC11   17



3. Physical Engine – Pneumatic, clockwork, hydraulic 

These engines rely on stored mechanical energy to function. Clockwork engines, 
pneumatic, and hydraulic engines are all physical drives.  Physical drives were 
probably the first ever used. Catapults, trebuchets, or battering rams all rely on 
this type of engines.
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4. Internal Combustion Engines
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a. Gasoline - What is a Spark Plug and why is it needed?  

i. The biggest IC engine can generate 109,000 HP

ii. IC engines derive energy from fuel burned inside a specialized area of the 

system called a combustion chamber. The process of combustion generates 

reaction products (exhaust) with a much greater total volume than that of 

the reactants combined (fuel and oxidizer). This expansion is the actual 

bread and butter of IC engines — this is what actually provides the motion.

Copyright © 2020 Walden 3-D, Inc.

Inline 4 Cylinder Engine: 

Rotary 5 Cylinder Engine: 



4. Internal Combustion Engines continued
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b. Diesel
i. Self-igniting to due heat generated during compression (i.e. no spark plugs).  

ii. Most diesel engines can burn bio diesel (meaning you could take the grease/oil you cooked with 

and put it in your car engine.  

iii. Lots of types of Diesel Engines (Tractors, Trains, Large Trucks, Rotary Aircraft, Jets (but they are 

unique in their compression cycle which will be covered next)

iv. High-speed diesel engines are often used as emergency and backup generators to provide power 

during grid outages. The ability of a diesel engine to start rapidly, often in less than 10 s, makes 

them particularly attractive in this respect.



Examples of Diesel Engines
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Uncle Dick, Uncle Bud, Uncle Ted, & Howard

Cousin Lynn, Cousin Carl, & Cousin Paul

Young Nelson Cousin

Jones Cousins in Sheep Parade

Brother Hamblin, 

Enoch 4th of July Parade



More Examples of Diesel Engines
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Left Top: Promontory Pass

Below Right: Big Boy



More Examples of Diesel Engines
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5. Jet Engine 
Jet engines use a series of fan blades (with complex directionally grain grown high end materials) 

to compress air to increase the efficiency of power output making modern flight possible.  

a. Reaction engines, colloquially known as jet engines, generate thrust by expelling reactionary mass. The basic 

principle behind a reactionary engine is Newton’s Third Law — basically, if you blow something with enough 

force through the back end of the engine, it will push the front end forward.
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6. Rocket Motor
a. Solid Rocket Motor – another type of reaction engine.  

b. On this slide, we show a schematic of a solid rocket engine. Solid rocket engines are 

used on air-to-air and air-to-ground missiles, on model rockets, and as boosters for 

satellite launchers. In a solid rocket, the fuel and oxidizer are mixed together into a solid 

propellant which is packed into a solid cylinder. A hole through the cylinder serves as a 

combustion chamber. When the mixture is ignited, combustion takes place on the 

surface of the propellant. A flame front is generated which burns into the mixture. The 

combustion produces great amounts of exhaust gas at high temperature and pressure. 

The amount of exhaust gas that is produced depends on the area of the flame front and 

engine designers use a variety of hole shapes to control the change in thrust for a 

particular engine. The hot exhaust gas is passed through a nozzle which accelerates 
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6. Rocket Motor continued
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6. Rocket Motor continued
c. Scram Jet / Hypersonics

i. A scramjet (supersonic combustion ramjet) is a variant of a ramjet airbreathing jet 

engine in which combustion takes place in supersonic airflow. As in ramjets, a 

scramjet relies on high vehicle speed to compress the incoming air forcefully 

before combustion (hence ramjet), but whereas a ramjet decelerates the air to 

subsonic velocities before combustion, the airflow in a scramjet is supersonic 

throughout the entire engine. That allows the scramjet to operate efficiently at 

extremely high speeds.

ii.
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6. Rocket Motor continued

d. Liquid Rocket Motor

i. Like compression in an internal combustion engine, liquid rocket motors 

also use compressed fuels to power the engine/motor.  Some liquid 

rocket engines super cool their fuels to increase the density which pack 

more energy for the same volume space (e.g. how SpaceX can launch 

and have enough left over fuel to land the rocket booster for reuse).  
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6. Rocket Motor continued
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e. Water Bottle Rockets

ii. Water Bottle Rockets 

are a similar rocket motor.



7.a. Electric Engine
There are three types of classical electrical engines: magnetic, piezoelectric, and electrostatic.

a. The magnetic one is the most commonly used of the three. It relies on the 

interaction between a magnetic field and electrical flow to generate work.

b. Piezoelectric drives are types of engines that harness some materials’ property of 

generating ultrasonic vibrations when subjected to a flow of electricity in order to 

create work.  Since they use expensive materials and require comparatively high 

voltages to run, they’re not as common as magnetic drives.

c. the energy density of batteries is two orders of magnitude below that of liquid 

fuels.  However, electric motors have a higher energy conversion efficiency and 

lower mass than combustion engines they can provide a higher deliverable 

mechanical energy density.  With a gasoline engine only 12-30% of the energy 

from the fuel you put in is used to move it down the road depending on the drive 

cycle.  
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7.b. Electric Motor
e. Indoor Skydiving is made possible by a large elector motor driving a large fan.  

i. You need a fan that's at least 20 feet in diameter, any smaller and you can't get 

a steady column of air big enough to lift a person.  That fan needs to spin fast 

enough to move air at up to 150 miles per hour, so the motor you will need will 

use an incredible amount of power, it's not something you can run on 

household mains.  You'll probably need some kind of three-phase VFD (A 

variable frequency drive (VFD) is a type of motor controller that drives an 

electric motor by varying the frequency and voltage of its power supply.) 

motor since it will need to be variable speed.  Although you'll need a properly 

certified engineer to calculate the motor specifications but probably several 

hundred horsepower at around 1000 rpm.  You can combine four 250 

horsepower fans to achieve the same affect.  
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7.b. Electric Motor continued
f. Nuclear - The NASA Mars rovers use nuclear power plants called Multi-Mission 

Radioisotope Thermoelectric Generator (MMRTG) to provide 125W of electricity to 

operate the drive motors and power the onboard systems as well as provide heat to keep 

the electronics warm during the sub-arctic Martian nights.   
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8. Ion Engine
Ion Engine - An ion thruster or ion drive is a form of electric propulsion used for spacecraft 

propulsion. It creates thrust by accelerating ions using electricity.  An ion thruster ionizes a 

neutral gas by extracting some electrons out of atoms, creating a cloud of positive ions.

a. Ion drives are kind of a mix between a jet engine and an electrostatic electric engine. 

This class of drives accelerates ions (plasma) using an electrical charge to generate 

propulsion. They don’t function if there are ions already around the craft, so they’re 

useless outside of the vacuum of space.

b. Uncle Paul’s company made the Dawn spacecraft (launched Sept. 2007).  

c. Dawn was become the first probe ever to orbit a dwarf planet, as well as the first to 

circle two celestial bodies beyond the Earth-moon system.  

d. The Ion Drive engine takes four days to go from 0 to 60 mph.  

e. This same type of Ion Drive is now being used on MEV (Mission Extension 

Vehicles) Northrop Grumman makes to service dying satellites in orbit.  

f. This illustration depicts NASA's Dawn spacecraft arriving at the dwarf planet Ceres 
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Notes
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