Engineering in the Kitchen Homework 1 self-assessment

Due Wednesday October 1, 11:59pm on Canvas

Name:

For each problem, look at the solution and categorize your work on the following scale:

o @ Completely correct

e & Nearly correct, but made a small mathematical or typographical error
e @ Solved part of the problem correctly

e (» Started some work in the right direction

e O Incorrect, or didn’t even know where to start on the problem

e Include a question mark (?) in addition to one of the above symbols if you don’t feel like you understand
the question or the solution well enough to make a definite judgement.

la|1lb|lc|1d|2a|3a]|3b|4

Based on this exercise, evaluate your proficiency on each of the following goals following the scale below.
Feel free to explain your choice with a brief sentence.

Totally lost — Can follow with help — Can do it slowly — Confident

Explain what voltage and
current are, and how they are
different

Use Ohm'’s law to calculate
voltages, currents, and
resistances in a circuit

Explain what power is, and how
it’s different from energy

Use Watt’s law to calculate
power

Interpret and draw electrical
schematics

What questions do you have about these concepts and skills?

Turn in this self-assessment sheet. You do not need to turn in anything else, although we’re happy to look
at your work if you have questions!



Problem 1: Wrong on the Internet

This snippet appeared in the news a few years ago when I lived in California:

SAN JOSE — Safety workers from the Santa Clara Valley Transportation Authority knocked on
doors Friday along the 10-mile BART (Bay Area Rapid Transit) extension from Fremont to San
Jose to warn residents that the tracks are now fully energized and can be lethal if touched.

Now, people should consider the 10-mile stretch to be flowing with 1,000 volts of electric current
at all times. Exposure to 42 volts of direct current can be lethal, according to VTA.

What is wrong with this article?

The most egregious issue is that “volts” is not a measure of current. But it's also wrong to suggest
that current is flowing at all times. Current should only flow when something is consuming power (i.e.,
when the trains are running).

Rewrite the second paragraph to be more accurate, while maintaining readability by a non-technical
audience.

There's obviously no single right or wrong answer here, but something like:

Residents should consider the tracks to be energized to 1000 volts at all times, regardless of whether
trains are present. This is more than 8 times higher than a typical household electrical socket, and
contact can be instantly lethal.

Problem 2: Heating element

The “bake” heating element in my oven is powered by a 240V circuit and has a resistance of 202. How
much electrical power does it dissipate (i.e., turn into heat) when it is on?

P

I = ¥, so the current through the heating element will be: 207 =12 A

Then we can calculate power:

= 1.V, giving a power of 12 A - 240V = 2880 W

Problem 3: Rice cooker

My rice cooker has two heating elements, wired as shown:
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(a) In cooking mode, the switch is closed (by pushing down the “cook” lever on the front of the cooker).
How much power does it consume?

With the switch closed, all of the current will flow through the top element, and then through the
switch. None of it will go through the bottom element, since the switch provides a lower-resistance
path.

_ 120V _
I'= 60 Q2 =2A

P=2A-140V =240 W

(b) When all the water boils off, the rice is done, and the switch opens. How much power does the cooker
consume in warming mode?

In warming mode, current can no longer flow through the switch, so it must flow through both the top
and bottom heating elements. These are in series (once the switch is opened, all current flowing out of
the top element must go through the bottom element), so the total resistance is 60 24300 Q2 = 360 €.

Using the same logic as above, the total power will be:

1= 1/

P=1/3A-120V =40W

The way the switch opens is very clever — see the video on the course website if you want to know all the
details of how this works!

Problem 4: Phone chargers

You might have heard the recommendation to unplug your phone charger from the outlet when you’re not
using it to save energy, because it consumes power even when it’s not charging a phone. To measure exactly
how much, I put a 10k2 resistor in the circuit between my “TurboPower” phone charger and the wall outlet.
Using my multimeter carefully, I measured 2.9V across the resistor.

(a) Draw a schematic of the setup, and label the circuit quantities you know.
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(b) How much current is flowing into the charger?

Since the resistor is in series with the charger, all of the current flowing through the resistor must also
flow through the charger.

We know the voltage across the resistor, and its resistance, so we can calculate:
Vv
I'=%

2.9V/10kQ = 0.29 mA




(¢) How much power does the charger consume? Hint: Don’t accidentally calculate the power consumed
by the resistor!

The wrong thing to do here is to multiply the current (0.29mA) by the last voltage (2.9 V). This will
give you the amount of power used in the resistor!

The current is correct, but we need the voltage across the charger. If the wall is 120V and there is
2.9V across the resistor, the remainder must be across the charger: 120 — 2.9 = 117V (remember
your significant figures; the wall power isn't precise to 0.1 V!)

0.29mA - 117V = 34 mW
It's also valid to just assume that the resistor is removed, and the charger has the full 120V across it.

0.29mA - 120V = 35mW

(d) Based on what you’ve learned so far in this course, is unplugging the charger a worthwhile way to save
energy? (Obviously it will save some energy, but does it matter?)

Leaving the charger plugged in for a day uses

0.035 W - 60 - 60 - 24 seconds = 3024 J

This is equivalent to leaving my (3000 W) oven on for 1 second, or turning on a 100 W light bulb for
30 seconds. Turning those devices off would be a much better use of my time.

Let's look at it in terms of dollars: | pay about $0.20 per kilowatt-hour (one kilowatt of electricity for
1 hour, which equals 1000 W - 3600s = 3.6 MJ). If | diligently unplug my charger every day, | will
save 3024 J - 365 = 1.1 MJ per year. That sounds like a lot, until you realize that 1.1 MJ costs me a
whopping $0.06... over a whole year!

Saving energy is important, but unplugging your phone charger is not the way to do it.

Problem 5: Designing a toaster oven

Bottom Line Electronics, Inc. has hired you to design a dirt-cheap toaster oven. It should have two heating
modes: “Bake” turns on the bottom 600 W heating element, and “broil” turns on the top 720 W heating
element. Draw a schematic for this oven, labeling resistances as appopriate.

[o
-
Broil Bake
720 W 600 W
Q 120V 6 A 5A
200 24 ()

Challenge: Add a lamp which turns on when either of the heating elements is on. You can use additional
components if you need to, but remember that this is supposed to be a dirt-cheap toaster oven. Note: This
is actually pretty tricky, so don’t waste time on it if you’re stuck. We are happy to chat about it if you have
questions or want to talk through ideas!



This is one possible solution:

AVAYAY,
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When the switch is in either position, current will flow through the selected heating element, but also through
the resistor and lamp. A few milliamps will also flow through the other heating element as a result, but that
is negligible given that several amps are flowing through the primary one.

The resistors cost about $0.01 each, so this is not a major expense. These days, we're likely to use an LED
instead of an incandescent bulb, but the same circuit will work as long as the resistors are sized appropriately.




