
Advanced Physics Summer Assignment. 
  

  

Part 1 - Review /Read through the notes provided. 
 

Part 2 – Assignment: Complete the math assignment sections that follow the notes.    

 

Metric Units & Conversion 

      Multiplier  

Prefix  Symbol  Numerical  Exponential  

yotta  Y  1,000,000,000,000,000,000,000,000  10
24

  

zetta  Z  1,000,000,000,000,000,000,000  10
21

  

exa  E  1,000,000,000,000,000,000  10
18

  

peta  P  1,000,000,000,000,000  10
15

  

tera  T  1,000,000,000,000  10
12

  

giga  G  1,000,000,000  10
9
  

mega  M  1,000,000  10
6
  

kilo  k  1,000  10
3
  

hecto  h  100  10
2
  

deca  da  10  10
1
  

no prefix means:  1  10
0
  

deci  d  0.1  10¯
1
  

centi  c  0.01  10¯
2
  

milli  m  0.001  10¯
3
  

micro    0.000001  10¯
6
  

nano  n  0.000000001  10¯
9
  

pico  p  0.000000000001  10¯
12

  

femto  f  0.000000000000001  10¯
15

  

atto  a  0.000000000000000001  10¯
18

  

zepto  z  0.000000000000000000001  10¯
21

  

yocto  y  0.000000000000000000000001  10¯
24

  

 

 Significant Figure Rules 

There are three rules on determining how many significant figures are in a number: 

1. Non-zero digits are always significant.  

2. Any zeros between two significant digits are significant.  

3. A final zero or trailing zeros in the decimal portion ONLY are significant.  



Significant figures will extensively throughout the remainder of this course. You would be well advised to do as 

many problems as needed to nail the concept of significant figures down tight and then do some more, just to be 

sure. 

Please remember that, in science, all numbers are based upon measurements (except for a very few that are 

defined). Since all measurements are uncertain, we must only use those numbers that are meaningful. A common 

ruler cannot measure something to be 22.4072643 cm long. Not all of the digits have meaning (significance) and, 

therefore, should not be written down. In science, only the numbers that have significance (derived from 

measurement) are written. 

Rule 1: Non-zero digits are always significant. 

If you measure something and the device you use (ruler, thermometer, triple-beam balance, etc.) returns a number 

to you, then you have made a measurement decision and that ACT of measuring gives significance to that 

particular numeral (or digit) in the overall value you obtain.   Hence a number like 26.38 would have four 

significant figures and 7.94 would have three. The problem comes with numbers like 0.00980 or 28.09.  

Rule 2: Any zeros between two significant digits are significant. 

Suppose you had a number like 406. By the first rule, the 4 and the 6 are significant. However, to make a 

measurement decision on the 4 (in the hundred's place) and the 6 (in the unit's place), you HAD to have made a 

decision on the ten's place. The measurement scale for this number would have hundreds and tens marked with an 

estimation made in the unit's place. Like this:  

Rule 3: A final zero or trailing zeros in the decimal portion ONLY are significant. 

Here are two examples of this rule with the zeros this rule affects in boldface:  0.00500  & 0.03040 

Here are two more examples where the significant zeros are in boldface:  2.30 x 10¯
5  

&
  
4.500 x 10

12 

What Zeros are Not Discussed Above: 

Zero Type #1: Space holding zeros on numbers less than one. 

Here are the first two numbers from just above with the digits that are NOT significant in boldface: 

0.00500  &  0.03040 

These zeros serve only as space holders. They are there to put the decimal point in its correct location. They DO 

NOT involve measurement decisions. Upon writing the numbers in scientific notation (5.00 x 10¯
3
 and 3.040 x 

10¯
2
), the non-significant zeros disappear. 

Zero Type #2: the zero to the left of the decimal point on numbers less than one.  When a number like 0.00500 is 

written, the very first zero (to the left of the decimal point) is put there by convention. Its sole function is to 

communicate unambiguously that the decimal point is a decimal point. If the number were written like this, 

.00500, there is a possibility that the decimal point might be mistaken for a period.  

Zero Type #3: trailing zeros in a whole number. 

200 is considered to have only ONE significant figure while 25,000 has two. 



When whole number are written as above, the zeros, BY DEFINITION, did not require a measurement decision, 

thus they are not significant.  However, it is entirely possible that 200 really does have two or three significant 

figures. If it does, it will be written in a different manner than 200.  Typically, scientific notation is used for this 

purpose. If 200 has two significant figures, then 2.0 x 10
2
 is used. If it has three, then 2.00 x 10

2
 is used. If it had 

four, then 200.0 is sufficient. See rule #2 above. 

Zero Type #4: leading zeros in a whole number. 

00250 has two significant figures. 005.00 x 10¯
4
 has three. 

Exact Numbers:  Exact numbers, such as the number of people in a room, have an infinite number of significant 

figures. Exact numbers are counting up how many of something are present, they are not measurements made 

with instruments. Another example of this are defined numbers, such as 1 foot = 12 inches. There are exactly 12 

inches in one foot. Therefore, if a number is exact, it DOES NOT affect the accuracy of a calculation nor the 

precision of the expression. Some more examples: 

There are 100 years in a century;  2 molecules of hydrogen react with 1 molecule of oxygen to form 2 molecules 

of water; and There are 500 sheets of paper in one ream.  Interestingly, the speed of light is now a defined 

quantity.   By definition, the value is 299,792,458 meters per second.

Math with Significant Figures:  Addition and Subtraction 

In mathematical operations involving significant figures, the answer is reported in such a way that it reflects the 

reliability of the least precise operation. Let's state that another way: An answer is no more precise that the 

least precise number used to get the answer. Let's do it one more time: imagine a team race where you and 

your team must finish together. Who dictates the speed of the team? Of course, the slowest member of the team. 

Your answer cannot be MORE precise than the least precise measurement. 

For addition and subtraction, look at the decimal portion (i.e., to the right of the decimal point) of the numbers 

ONLY. Here is what to do: 

1) Count the number of significant figures in the decimal portion of each number in the problem. (The digits to 

the left of the decimal place are not used to determine the number of decimal places in the final answer.) 

2) Add or subtract in the normal fashion. 

3) Round the answer to the LEAST number of places in the decimal portion of any number in the problem. 

 

Math with Significant Figures:  Multiplication and Division 

The following rule applies for multiplication and division: 

The LEAST number of significant figures in any number of the problem determines the number of significant 

figures in the answer.  This means you MUST know how to recognize significant figures in order to use this rule. 

Example #1: 2.5 x 3.42. 

The answer to this problem would be 8.6 (which was rounded from the calculator reading of 8.55). Why?    2.5 

has two significant figures while 3.42 has three. Two significant figures is less precise than three, so the answer 

has two significant figures. 



Example #2: How many significant figures will the answer to 3.10 x 4.520 have? 

You may have said two. This is too few. A common error is for the student to look at a number like 3.10 and 

think it has two significant figures. The zero in the hundredth’s place is not recognized as significant when, in 

fact, it is. 3.10 has three significant figures. 

Another common error is for the student to think that 14 and 14.0 are the same thing. THEY ARE NOT. 14.0 is 

ten times more precise than 14. The two numbers have the same value, but they convey different meanings about 

how trustworthy they are. 

Four is also an incorrect answer given by some students. It is too many significant figures. One possible reason 

for this answer lies in the number 4.520. This number has four significant figures while 3.10 has three. Somehow, 

the student (YOU!) maybe got the idea that it is the GREATEST number of significant figures in the problem that 

dictates the answer. It is the LEAST. 

Sometimes student will answer this with five. Most likely you responded with this answer because it says 14.012 

on your calculator. This answer would have been correct in your math class because mathematics does not have 

the significant figure concept. 

Example #3:                     2.33 x 6.085 x 2.1.  How many significant figures in the answer? Answer - 

two.Which number decides this? Answer - the 2.1. Why?  It has the least number of significant figures in the 

problem. It is, therefore, the least precise measurement. 

Example #4:                      (4.52 x 10¯
4
) ÷ (3.980 x 10¯

6
).  How many significant figures in the answer?  Answer 

- three.    Which number decides this?  Answer - the 4.52 x 10¯
4
.   Why? It has the least number of significant 

figures in the problem. It is, therefore, the least precise measurement. Notice it is the 4.52 portion that plays the 

role of determining significant figures; the exponential portion plays no role.  

 

Rules for Rounding Off 

Now that "everyone" has a calculator that will give a result to six or eight (or more) figures, it is important that we 

know how to round the answer off correctly. The typical rule taught is that you round up with five or more and 

round down with four or less. 

THIS RULE IS WRONG! 

The following rules dictate the manner in which numbers are to be rounded to the number of figures indicated. 

The first two rules are more-or-less the old ones. Rule three is the change in the old way. 

When rounding, examine the figure following (i.e., to the right of) the figure that is to be last. This figure you are 

examining is the first figure to be dropped. 

1. If it is less than 5, drop it and all the figures to the right of it.  

2. If it is more than 5, increase by 1 the number to be rounded, that is, the preceding figure.  

3. If it is 5, round the number so that it will be even. Keep in mind that zero is considered to be even 

when rounding off.  

Example #1 - Suppose you wish to round 62.5347 to four significant figures. Look at the fifth figure. It is a 4, a 

number less than 5. Therefore, you will simply drop every figure after the fourth, and the original number rounds 

off to 62.53. 



Example #2 - Round 3.78721 to three significant figures. Look at the fourth figure. It is 7, a number greater than 

5, so you round the original number up to 3.79. 

Example #3 - Round 726.835 to five significant figures. Look at the sixth figure. It is a 5, so now you must look 

at the fifth figure also. That is a 3, which is an odd number, so you round the original number up to 726.84. 

Example #4 - Round 24.8514 to three significant figures. Look at the fourth figure. It is a 5, so now you must 

also look at the third figure. It is 8, an even number, so you simply drop the 5 and the figures that follow it. The 

original number becomes 24.8. 

When the value you intend to round off is a five, you MUST look at the previous value ALSO. If it is even, you 

round down. If it is odd, you round up. A common question is "Is zero considered odd or even?" The answer is 

even.  

 

Scientific Notation 

Physics can deal with very large and very small numbers. Consider this calculation: 

(0.000000000000000000000000000000663 x 30,000,000,000) ÷ 0.00000009116 

Hopefully you can see, how awkward it is. Try keeping track of all those zeros! In scientific notation, this 

problem is:  (6.63 x 10¯
31

 x 3.0 x 10
10

) ÷ 9.116 x 10¯
8
 

It is now much more compact, it better represents significant figures, and it is easier to manipulate 

mathematically. The trade-off, of course, is that you have to be able to read scientific notation. 

This lesson shows you (1) how to write numbers in scientific notation and (2) how to convert to and from 

scientific notation. As you work, keep in mind that a number like 9.116 x 10¯ 
8
 is ONE number (0.00000009116) 

represented as a number 9.116 and an exponent (10¯ 
8
). 

Format for Scientific Notation 

The standard position for the decimal place is always just to the right of the first non-zero digit in the number. 

Also, it is the first non-zero digit counting from the left of the number. Another way to remember standard 

position is that it will always produce a number between 1 and 10. For example 45.91 x 10¯
7
 is not in correct 

scientific notation. However, it is a correct number; it is just not in scientific notation. 

As a rule of thumb, you generally need not convert numbers where the absolute value exponent will be 3 or less. 

However, exceptions do exist and this is only practice. 

Exponent Rules 

1) When exponents are multiplied, you add them. 10
3
 x 10

2
 = 10

5
 

2) When exponents are divided, you subtract them.   10
3
 ÷ 10

2
 = 10

1
 

3) When parentheses are involved, as in the example, you multiply.  (10
3
)
2
 = 10

6
 

Example #1 - Convert 29,190,000,000 to scientific notation. 

The answer will be written assuming four significant figures.   (First Explanation)   



Step 1 - start at the decimal point of the original number and count the number of decimal places you move, 

stopping to the right of the first non-zero digit. Remember that's the first non-zero digit counting from the left. 

Step 2 - The number of places you moved (10 in this example) will be the exponent. If you moved to the left, it's 

a positive value. If you moved to the right, it's negative. 

The answer is 2.919 x 10
10

. 

It may help to think of scientific notation as simply factoring a number, only you are following rules which 

dictate how to write the two factors. The first factor is always between one and ten, while the second factor is 

always some power of 10. 

Example 2 - Write 0.00000000459 in scientific notation. 

Step 1 - Write all the significant digits down with the decimal point just to the right of the first significant digit. 

Like this: 4.59. Please be aware that this process should ALWAYS result in a value between 1 and 10. 

Step 2 - Now count how many decimal places you would move to get to 4.59.   The answer in this case would be 

9 places to the RIGHT (negative value). So this number in exponential notation is 10¯
9
. 

Step 3 - Write 4.59 times the other number, BUT, write the other number as a power of 10. The correct answer to 

this step is:   4.59 x 10¯
9
 

Suppose the number to be converted looks something like scientific notation, but it really isn't. For example, look 

carefully at the example below. Notice that the number 428.5 is not a number between 1 and 10. Although writing 

a number in this fashion is perfectly OK, it is not in standard scientific notation. What would it look like when 

converted to standard scientific notation? 

Example #3 - Convert 428.5 x 10
9
 to scientific notation. 

Step 1 - convert JUST the 428.5 to scientific notation. Answer = 4.285 x 10
2
.  

Step 2 - write out the new number. Answer = 4.285 x 10
2
    x 10

9
.  

Step 3 - combine the exponents according to the usual rules for exponents. Answer = 4.285 x 10
11

.  

Example #4 - convert 208.8 x 10¯
11

 to scientific notation. 

Step 1 - convert the 208.8 to scientific notation. Answer = 2.088 x 10
2
. 

Step 2 - write out the new number. Answer = 2.088 x 10
2
 x 10¯

11
. 

Step 3 - combine the exponents according to the usual rules for exponents. Answer = 2.088 x 10¯
9
. 

1. When converting a number greater than one (the 428.5 and the 208.8 in the previous examples), the resulting 

exponent will become more positive (11 is more positive than 9 while -9 is more positive than  -11). 

2. When converting a number less than one (the 0.000531 and the 0.00000306 in the previous examples), the 

resulting exponent will always be more negative (10 is more negative than 14 and -23 is more negative than -17). 

Another way to put it:  If the decimal point is moved to the left, the exponent goes up in value (becomes more 

positive).  If the decimal point is moved to the right, the exponent goes down in value (becomes more negative). 



 

Math with Scientific Notation:  Addition and Subtraction 

Speaking realistically, the problems discussed below can all be done on a calculator.  However, you need to know 

how to enter values into the calculator, read your calculator screen, and round off to the proper number of 

significant figures. Your calculator will not do these things for you. 

All exponents MUST BE THE SAME before you can add and subtract numbers in scientific notation. The actual 

addition or subtraction will take place with the numerical portion, NOT the exponent. 

Example #1: 1.00 x 10
3
 + 1.00 x 10

2
 

A good rule to follow is to express all numbers in the problem in the highest power of ten. 

Convert 1.00 x 10
2
 to 0.10 x 10

3
, then add: 

   1.00 x 103 

        + 0.10 x 103 

        = 1.10 x 103 

Example #2: The significant figure issue is sometimes obscured when numbers are in scientific notation. For 

example, add the following four numbers: 

(4.56 x 10
6
) + (2.98 x 10

5
) + (3.65 x 10

4
) + (7.21 x 10

3
) 

When the four numbers are written in the highest power, we get:  
   4.56 x 106 

   0.298 x 106 

   0.0365 x 106 

        + 0.00721 x 106 

        = 4.90171 x 106 

The answer upon adding must be rounded to 2 significant figures to the right of the decimal point, thus giving 

4.90 x 10
6
 as the correct answer. 

Generally speaking, you can simply enter the numbers into the calculator and let the calculator keep track of 

where the decimal portion is. However, you must then round off the answer to the correct number of significant 

figures. 

Lastly, be warned about using the calculator. Students often push buttons without understanding the math behind 

what they are doing. Then, when the teacher questions their work, they say "Well, that's what the calculator said!" 

As if the calculator is to blame for the wrong answer. Remember, it is your brain that must be in charge and it is 

you that will get the points deducted for poor work, not the calculator. 

 

Math with Scientific Notation:  Multiplication and Division 

 

 (3.40 x 10
15

) x (8.58 x 10¯
10

) 

How do you go about solving the above problem? How many significant figures will be in the answer? The 

answer to the above problem to the correct number of significant figures is 2.92 x 10
6
. The calculator answer 

(2917200) contains too many significant figures. 



When multiplying numbers in scientific notation, enter one number into the calculator and multiply it by the 

other. The calculator should give you the number in proper scientific notation. You will need to read your 

calculator properly as well as round off the number to the correct number of significant figures. Here is a sample 

problem: 

(3.05 x 10
6
) x (4.55 x 10¯

10
) 

The right way to enter numbers in scientific notation into the calculator involves the use of a key usually 

marked "EXP" or "EE." A usual wrong way involves using the times key, where the student presses times 

then 10 then presses the "EXP" key or using the top hat – “^” 

The calculator gives 1.3878 x 10¯
3
 for the above problem. Rounded to three significant figures, the correct 

answer is 1.39 x 10¯
3
. If you were to write all the displayed digits down for your answer, you would be wrong. 

When you are dividing using the calculator, there is an additional factor to be aware of. Division is not 

commutative like multiplication, so the order in which numbers are entered into the calculator for division is 

important. Also, it is important to realize that while there are two phrases which can be used for problems, 

"divided by" and "divided into," the calculator uses only the first. 

If the phrase is "divided by" as in this problem: 2.4 x 10¯
4
 divided by 3.4 x 10

5
, then you enter the numbers into 

the calculator in the order written. However, if this is the problem: 2.4 x 10¯
4
 divided into 3.4 x 10

5
, then you 

reverse the written order when entering the numbers into the calculator.  

We will be using TI-83 calculators in my PreAP Physics class.  You will need to put the calculator into scientific 

notation by completing the following steps:  click the MODE button, on the first line, arrow to the RIGHT to 

highlight SCI, click ENTER, then CLEAR.  This will put the calculator into scientific notation mode.  In this 

mode, answers will appear on the screen as :       2.35EE¯
5     

you have to remember to substitute
 
the “E” value 

where  EE  ==  xx  1100    so that the written answer on your paper is 2.35 x 10-5 

This is how the mental estimation  of multiplication or division  is done. 

Multiply the decimal portions and add the exponential portions. (Remember that adding exponents is how to 

multiply them.) Here is a sample problem:   (3.05 x 10
6
) x (4.55 x 10¯

10
) 

Here is the rearranged problem:   (3.05 x 4.55) x (10
6
 x 10¯

10
) 

The exponent is easy, since 6 plus negative 10 is negative 4. 

3.05 x 4.55 is easy too. You know it will be a bit bigger than 12, so you estimate 13. 

You now have 13 x 10¯
4
.  OR “about” 1.3 or 1.4 times ten to the negative three." 

Suppose it was division, rather than multiplication. Using the previous sample problem numbers set up as 

division:   (3.05 x 10
6
) ÷ (4.55 x 10¯

10
) 

Here is the rearranged problem:    (3.05 ÷ 4.55) x (10
6
 ÷ 10¯

10
) 

The exponent is easy, since 6 minus negative 10 is positive 16. Remember that to divide exponents, you subtract 

them.   3.05 ÷ 4.55 is easy too. You know it will be a bit less than 0.75, so you estimate 0.7. 

You now have 0.7 x 10
16

  OR “about” 7 times ten to the fifteen." 

 



Part 2: Practice Problems         ( Answer on a SEPARATE SHEET OF PAPER ) 

I. Identify the number of significant figures: 

1) 3.0800    2) 0.00418    3) 7.09 x 10¯
5
 

4) 91,600    5) 0.003005    6) 3.200 x 10
9
 

7) 250     8) 780,000,000    9) 0.0101 

10) 0.00800 

II. Given the prefix size, give its name:  

11) 10¯
15

 

12) 1,000 

13) 10
9
 

14) 10¯
2
 

15) 0.000001  

III. Round the following numbers as indicated. 

To four figures: To nearest 0.01: To the nearest whole number: 

16) 2.16347 x 10
5
 19) 3.64  22) 6.675  25) 56.912 

17) 4.000574 x 10
6
 20) 4.55  23) 0.4203  26) 3.4125   

18) 7.2518  21) 0.0865  24) 4.500  27) 112.511 

 

 

To two figures: To one decimal place: To the nearest 0.001:  

28) 3.512  31) 54.7421  34) 5.687524  37) 2.473 

29) 25.631  32) 100.0925  35) 39.861214  38) 5.396 

30) 40.523  33) 1.3511  36) 104.97055  39) 8.235 

 

IV. Practice Problems ( density is g/mL or g/cm
3
) – Answer in correct SIG FIG’s 

40) A block of aluminum occupies a volume of 15.0 mL and weighs 40.5 g. What is its density? 

41) Mercury metal is poured into a graduated cylinder that holds exactly 22.5 mL. The mercury used to fill the cylinder 

weighs 306.0 g. From this information, calculate the density of mercury. 

42) What is the weight of the ethyl alcohol that exactly fills a 200.0 mL container? The density of ethyl alcohol is 0.789 

g/mL. 

43) A rectangular block of copper metal weighs 1896 g. The dimensions of the block are 8.4 cm by 5.5 cm by 4.6 cm. From 

this data, what is the density of copper? 

V.  Additional Practice Problems   (Answer must be in correct significant figures – see notes) 

44) 3.461728 + 14.91 + 0.980001 + 5.2631 

45) 22.101 - 0.9307 

46) (3.4617 x 10
7
) ÷ (5.61 x 10¯

4
) 

47) [(9.714 x 10
5
) (2.1482 x 10¯

9
)] ÷ [(4.1212) (3.7792 x 10¯

5
)].  



  

VI.  Convert to correct scientific notation:   (Example:  2.57 x 10 
-8

 is correct) 

49) 28,000,000       51) 305,000 

50) 0.000000463      52) 0.000201 

VII.  Practice Problems (Dimensional Analysis) 

 

3.8 liters = 1 gallon   2.54 cm = 1 inch   28.35 grams = 1 ounce 

2.2 lbs = 1 kg   1 meter = 0.000621371192 miles 

 

1. Convert 3598 grams into pounds 

2. Convert 48900 g into kg. 

3. Convert 0.75 cm into m. 

4. Convert 30982 ml into kl. 

5. Convert 0.000076 kg into mg 

6. How many miles is a 10 kilometer running race? 

7. How many kilometers is a marathon (26.2 miles)? 

8. The Exxon Valdez spilled about 1 billion gallons of oil, how many liters is this? 

9. The distance to the moon is 238,855 miles.  How many meters is this? 

10. Convert 75 cm to inches 

 


