Numbers in Science
Units of Measurement
In 1960, scientists all over the world decided to begin using a standard system of seven base units for all measurements. These are known as the SI (Le Systeme International d’Unites). Using the SI units, there will be only ONE unit for a measurement.  The 7 SI units are:
	Quantity
	Unit
	Symbol

	length
	
	

	mass
	
	

	time
	Second
	

	temperature
	
	K

	amount
	Mole
	

	electric current
	
	A

	light intensity
	
	cd


**Notice that the liter is not listed as a unit of volume. Volume is a derived unit. 
Some derived units…

…derived from…


…use these units

Volume


length x width x height


Density


mass and volume

Velocity


length and time

SI Prefixes
	prefix
	nano-
	micro-
	milli-
	centi-
	one
	kilo-

	symbol
	n
	
	m
	C
	
	k

	multiplier
	.000000001
	.000001
	.001
	.01
	1
	1000.

	scientific notation
	10-9
	10-6
	10-3
	10-2
	100
	103


Manipulating Variable in an Equation

You will need to use algebra this year.  When given an equation, you will need to be able to rearrange it to solve for the unknown variable.  For example:
F = ma



P1V1 = P2V2



v = d/t
(solve for a)



(solve for V2)



(solve for t)
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Making Measurements
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When you carry out an experiment or measurement you need to record results with proper reading of your instruments AND proper estimation.  This means you are to report all certain digits plus one uncertain digit.  Every time you take a measurement you should estimate between the lines.    

Always include one estimated digit.

Go around the room and record the following measurements, and draw what you see on the equipment.  Remember to estimate one more digit than there is a line for, and don’t forget your units.   If the measurement is on a line, add a zero to show that you estimate it to be exactly on the line.
Equipment



Measurement




Tall graduated cylinder volume
     _____________________

Short graduated cylinder volume:
     _____________________

Small beaker



     _____________________

Big beaker



     _____________________

Length of metal pole (in cm)

     ______________________

Mass of pencap (g)


     ______________________
*Note:  electronic devices do the estimating for you – no need to add a digit to what’s displayed on an electronic balance, scale, digital temperature probe, etc.
Significant Figures (aka significant digits, SigFig’s)
· When we recorded those measurements, all the digits we wrote down were significant.
· Basically, all numbers are significant except for some zeroes.

· Two types of zeroes are significant:

Sandwiched zeroes


and


ending zeroes (with a decimal point)
20.8 has 3 SF







5.70 has 3 SF
3001 has 4 SF







300. has 3 SF
.0042 has 2 SF






5000 has 1 SF

1.0042 has 5 SF






.830 has 3 SF
All other zeroes are insignificant.  Write down how many SF’s the following measurements have:

321 kg

   502 mol

.056

3400 m
       20. cm

1.0130 s

· Sometimes, an answer from your calculator needs to be rounded

· We round our answers based on how many significant figures we need

· Recall your rules for rounding that you learned in middle school

	Not Rounded
	Rounded to…

	
	5 SF
	4 SF
	3 SF
	2 SF

	47.325018
	47.325
	47.33
	47.3
	47

	20.2847
	20.285
	20.28
	20.3
	20.

	 3.1415926536
	
	
	
	



Calculations with Significant Figures

For addition and subtraction…

Round your answers to match the number that stops furthest to the left
37.24 mL  +  10.3 mL  =  47.54 mL (according to the calculator, but we must round.)
· 10.3 mL stops at one place after the decimal, so round to there:


37.24 mL  +  10.3 mL  =  47.5 mL

For multiplication and division…

Round your answer to match the number with the fewest significant figures
1.23 cm  x  12.34 cm  =  15.1782 cm2  (according to the calculator, but we must round.)
· 1.23 cm has 3 SF, and 12.34 has 4 SF.  We must round to only 3 SF:


1.23 cm  x  12.34 cm  =  15.2 cm2         (because we rounded it to 3 SF)
Try these problems:
28.11m + 4.352 m
         3106 g – 1.487 g
      2.1 cm X 2.8 cm

3.2g ÷ 125.8 mL

Dimensional Analysis: Multiplying with fractions to change units

A recipe calls for 100 mL of water, but you only have a measuring cup with ounces…

Your physics teacher says light travels 300 million meters per second, but you only understand miles per hour…

How long is that 10 K race anyway?

__________________    ___________________ is a procedure that uses simple algebra to convert units without changing the amount of a quantity.  In chemistry, we use dimensional analysis all year long.  You must understand this technique before attempting the math of PAP Chemistry.
Dimensional analysis derives from some basic algebra principles:

· Multiplying a set of fractions can be done by multiplying all numerators, multiplying all denominators, and dividing the numerator product by the denominator product.

· Example:

· In a set of fractions, anything appearing in a numerator and a denominator can be cancelled, including units.

· Example:

· You can always multiply something by 1, and its quantity won’t change.

· Example:

· A fraction with equal quantities in the numerator and denominator equals 1.

· Example:

Let’s walk through a conversion of 10.00 kilometers to miles.  1.000 mile = 1.609 km

· Start with the original quantity and multiply it by a blank fraction
· Fill in the numerator and denominator of the fraction with equivalent quantities.  The units that you want to cancel go on the bottom, and the units you’re working towards go on the top.

· Cancel the “km” on the top and bottom.  Multiply the 10 by the 1 and divide by the 1.609.

Your answer will be in the only units you haven’t canceled – miles.  10 km = _______ miles.

Try one with more steps. This example starts with a fraction – watch how the units get written.

Another with fractional units.  Convert the density of Aluminum (2.70 g/mL) to the units lbs/gallon

1 pound = 453.6 grams, 1 gallon = 4405 mL

2.70 g/mL = ________________ lbs/gal

Try some on your own.

1. Convert 153 lbs. to kilograms.                                         1 kilogram = 2.204 lbs.

2. Convert 3.67 atmospheres of pressure to mmHg.            1 atm = 760 mmHg


Scientific Notation

12 g of carbon contains 602,200,000,000,000,000,000,000 carbon atoms

A proton measures .00000000000002 meters across.

These numbers are not very easy to say, to work with, or to enter into a calculator.

Very large numbers and very small numbers get changed into scientific notation.

To take a very large or very small number and convert it to scientific notation:

1. Locate the current decimal point (probably at one end of the number)

2. Make a new decimal point after the first significant digit.

3. Count how many spaces you’d have to move the original decimal to the new decimal spot.

4. Write down the significant digits of the original, including the “new” decimal point.

5. The number from step 4 gets written X 10 , where  is the number of spaces from step 3.

*Remember:  Positive exponents for very large numbers,

negative exponents for very small numbers

Example:  Change 346,000,000 to scientific notation

Example:  Change .00054 to scientific notation

More examples…

.00000021



    2,305,000




.00050014

20,040,000,000
.010




1785

Take these numbers out of scientific notation, and tell how many sig fig’s they have

Scientific Notation



Normal



# SF


3.2 E 5



320,000



   2


5.701 E 9





3.78 E -5


2.501 E 8


6.15 E -7

Notice anything??

Scientific Notation in Calculations
When performing basic calculations using scientific notation, you have to be very cautious to maintain correct order of operations.  To ensure that the exponents remain attached to the significant figures, there is a short-cut to use in your calculator…the wonderful “EE” key!!!!

Let’s try:    (3.512 x 10​7)  /  (8.649 x 1023)
Instead of typing in a lot of parentheses and carrot tops, just use the “EE” key to substitute “times 10 to the power of ____”.  On the screen it will appear as “E”.

Just type:  3.512 E 7 / 8.649 E 23

Answer: ____________________

Here’s a few more to try:

1. (2.68 x 10-5) x (4.40 x 10-8)



2. (2.95 x 107) ÷ (6.28 x 1015)


3. (8.41 x 106) + (5.02 x 1012)



**4. 165,000 / 55

Homework 5:  Examples of Measurements and Significant Figures

What measurements should you record (in mL)
For lines a and b on this graduated cylinder?

a:


b:

How many significant figures did each of your measurements have?

How many significant figures do the following measurements each have?


10.30 kg


140 m


6125 mm

.00007 g
Perform the following calculations and report your answer to the correct number of SF’s










Answer

62 m  +  19.56 m  +  13.7 m

.605 g / .07 mL

5186 kg  -  0.368 kg

1.42 cm  X  1.41cm   X   1.39 cm
Dimensional Analysis

A can of Dr. Pepper holds 12 ounces.  What is the can’s volume in mL?   1 mL = 0.0338 ounces

How many inches are in a kilometer? 

1 mile = 1.6 kilometers     5280 feet = 1 mile          12 inches = 1 foot

A snail crawls across the ground at .064 meters/second.  How fast is that in miles/hour?

1 mile = 1609 meters            1 minute = 60 seconds          1 hour = 60 minutes

���





Centimeters





2          1          0





�


2          1           0


Centimeters





without this decimal, the number would only have 1 SF





Remember these steps:





write the original quantity





multiply by a blank fraction





fill the fraction so that numerator and denominator are equivalent





cancel units





multiply across the top and across the bottom





divide top by bottom








