Name UGA myID

Instructions:
e  Write your name and UGA mylID in the appropriate boxes. For example, my UGA myID is sb62953.
e Write the answer for each question in the box beside or below the question:
o For multiple-choice, write the letter corresponding to your answer.
o For numeric response, write the answer with the designated formatting.
o For fill-in-the-blank, write the word.
o For free response, type what you need to answer the question.
o For true/false, type either true or false.
e Take a picture of the worksheet, convert it to a .pdf file, and upload it to Gradescope before 5:00 p.m. on
1/21:
o Instructions for converting pictures to a .pdf are on eLC in the Welcome Module.
o Instructions for uploading the assignment to Gradescope are also in the Welcome Module.
e Remember to write legibly! If Gradescope and I can’t read it, then it can’t be graded.

The Model: Writing Numbers in Scientific Notation

Really large and really small numbers are frequently used in chemistry: samples are made of extremely large
numbers of atoms, and atoms themselves are extremely small. The numbers could be written as usual with lots
of zeros as placeholders, or a shorthand notation can be used to make the numbers easier to handle. Scientific
notation allows numbers to be written using exponents that take the place of lots of zeros so it’s easier to
determine the correct number of significant figures, perform calculations, properly and report answers.

Writing numbers in scientific notation involves multiplying a number between 1 and 10 by some power of 10
(10, 100, 1000, etc.). A number written in scientific notation has two parts: the decimal part is the number that
contains all significant figures, and the exponential tells the order of magnitude (size, or number of zeros).

Numbers larger than 1 have positive exponents. The number 1,256, written in scientific notation, is 1.256 x 10°.
This is the same as saying 1.256 x 1000.

Numbers less than 1 have negative exponents. The number 0.0025, written in scientific notation, is 2.5 x 107,
This is the same as saying 2.5 x 0.001 (or 2.5 x (1/10) x (1/10) x (1/10)).

Use questions 1 through 4 to write the number 34,576 in scientific notation. All digits in the number are
significant.

1. What is the decimal portion?

2. By what power of 10 would you multiply the decimal portion?

a. 10

b. 100

c. 1,000
d. 10,000

@

100,000



3. What exponent is used when writing 34,576 in scientific notation?

a. 1
b. 2
c. 3
d. 4
e. 5

4. Write the number in scientific notation. (Example format: 1.256 x 10"3).

Use questions 5 through 8 to write the number 0.0132 in scientific notation. The zeros are not significant.

5. What is the decimal portion?

6. By what power of (1/10) would you multiply the decimal portion?
a. 1/10

b. (1/10) x (1/10)
c. (1/10)x (1/10) x (1/10)
d. (1/10)x (1/10) x (1/10) x (1/10)

7. What exponent is used when writing 0.0132 in scientific notation?

a. -1
b. -2
c. -3
d -4

8. Write the number in scientific notation. (Example format: 2.5 x 107-3)

9. Convert the numbers into scientific notation using the same formatting as shown above.

a. 525

b. 12,098
c. 024

d. 0.00003




10. Convert the numbers already written in scientific notation to regular format. (Example: 1.256 x
10° is 1,256).

a. 9.87x10°
b. 2.3x 10
c. 6x102

d. 1.99x10*

The Model: Significant Figures

The tools used to measure physical properties (graduated cylinders, rulers, balances, etc.) and our senses (for
example, reading the ruler) have accuracy and precision limits. Significant figures tell others information about
the precision of measurements.
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The ruler on the left measures in 2 centimeter increments, while the ruler on the right measures in 1/10
centimeter increments. The ruler on the bottom would be more precise, because we can definitely know where
0.7 centimeters is, whereas we can’t know that on the top ruler.

We can typically estimate one extra decimal place from the one we can definitely see. For example, if we
measure something on the top ruler, we can see that it is between 1.5 and 2 centimeters. However, we don’t
know ifitis 1.7, 1.8, 1.9...s0 we can estimate about 1.7 or 1.8, but we can’t know better than that. If we use the
bottom ruler, we can see that it is between the 1.7 and 1.8 centimeter lines. Since we know that, we could
estimate around 1.78 since it is closer to the 1.8 line. We could also say 1.77 or 1.79 centimeters, and these
would all be equally valid measurements. This same principle applies to graduated cylinders, flasks, beakers,
etc.

When you see a numeric measurement, there are some ways to determine what numbers are significant:
e Nonzero digits are always significant.
e Zeros between nonzero digits are always significant.
e Trailing zeros after a decimal are significant if following nonzero digits:
o 0.006500 The underlined zeros are significant because they are after the nonzero digits.
o 0.006500 The underlined zeros are not significant because they are before the nonzero digits.
e Trailing zeros with no decimal point are ambiguous:



o 200 has ambiguous significant figures and should be written in scientific notation.
o 200. has 3 significant figures.
e When in doubt, use scientific notation to deal with zeros:

When a number is exact or a counted number, it has unlimited significant figures, so we don’t need to think
about those when determining how many to report. Exact numbers are conversions or as items are counted:
e There are 5 oranges. We can see that there are 5, so we know exactly how many are there.
e There are 12 inches in 1 foot. This is a set conversion, so these are considered exact numbers.

11. Discuss why significant figures are important in your own words, in one sentence.

12. Give an original example of an exact or counted number. Use units (for example, 10 oranges).

13. Give an original example of an inexact or measured number. Use units (for example, 2.54 cm).

14. How many significant figures do each of these numbers have? If you can’t tell, type ambiguous.
If it is an exact number, type unlimited.

a. 783 ft
b. 36,000 kg
c. 0.0009 cm

d 1in=2.54cm

e. 6 pennies




The Model: Mathematical Operations and Significant Figures

When adding, subtracting, multiplying, and dividing, the number of significant figures in the answer is always
controlled by the least precise measurement. For addition and subtraction, we need to look at the number of
decimal places in a measurement:

21,565.3
+65.621
630.921 = 630.9

Even though the bottom number has fewer significant figures, we still use the least number of decimal places.

Remember, the answer can only be as precise as the least precise measurement. If there are no decimals, go to
the ones place.

5,455.8
- 366
5,089.8 = 5,090.

Because 366 has no decimal places, it is less precise than 5455.8, which has one decimal place. Therefore, the
answer has no decimal places. The decimal after the trailing zero says that the zero is significant.

For multiplication and division, always use the least number of significant figures in the problem:

9,124 x 43.6 = 397,806.4 = 398,000 = 3.98 x 10°

Because 43.6 has 3 sig figs, the answer has 3. The number must be written in scientific notation to show this.

:ﬁ = 218.6666667 = 200 =2 x 10°

Because 3 only has 1 sig fig, the answer can only have 1. The number must be written in scientific notation to
show this.

If there are multiple steps in a problem, and they all use the same significant figures rules (for example, they are
all multiplication and division), round off to the correct number of significant figures at the end. If there are
mixed operations (for example, addition and multiplication), track sig figs as the rules change and round at the
end to reduce rounding error. Remember your order of operations!

Parentheses
Exponents
Multiplication
Division
Addition
Subtraction



95x43.6+125=4,142+125=4,267=4,300=4.3 x 10°

Report the answer for each calculation to the correct number of significant figures.

15.10.24-3.4 =

16.54.5643 +3.0095 - 0.0012 =

17.4.5x6.790 =

18.1,298/5.0 =

19. (1.235+2.43)x 5.5=

20.4.22/2.1-0.09 =
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