Physics Skills – Significant Figures, Scientific Notation, etc.
Rules for Determining Significant Figures:
1.
All nonzero digits are significant.

Example: 2.43 has three significant figures.

2.
All zero’s between two nonzero digits are significant.
Example: 120.007 has six significant figures.

3.
Zero’s to the right of a nonzero digit, but to the left of an understood decimal point, may or may not be significant, unless the decimal point is explicitly indicated or otherwise indicated with a bar above the digit.

Example: 
109,000 may have three, four, five or six significant digits.



109,000 has six significant digits.




109,ō00 has four significant digits.  

4.
All zero’s to the right of a decimal point but to the left of a nonzero digit are not significant.  


Example:
0.00406 has three significant figures. 

5.
The single zero conventionally placed to the left of the decimal point as in the following example is never significant. 
Example: 
0.195 has three significant figures. 

6.
All zeros to the right of a decimal point and to the right of a nonzero digit are significant. 


Example:
30.0000 has six significant figures.

Scientific Notation:  
1.
To express extremely small or exceedingly large numbers in a simpler way, they can be written as powers of 10.  This exponential notation, commonly referred to a scientific notation, has the form:  M x 10n.  M is a number between 1 and 10 (having one digit to the left of the decimal point) and n is an integer. 

2.
Determine M by moving the decimal point in the original number to the left or right so that only one nonzero digit is to the left of it. 

3.
Determine n by counting the number of places the decimal point has been moved.  If moved to the left, n is positive.  If moved to the right, n is negative. 

4.
When a measurement is written in the form M x 10n, all digits, zero and nonzero, expressed in M are significant.


Because only significant figures comprise M, the implied precision of the measurement can be determined at a glance. 

5.
When multiplying powers of 10, add the exponents.  When dividing powers of 10, algebraically subtract the powers of the divisor from the dividend. 

6.
100 = 1.

Operations with Significant Figures:
1.
Significant figures in a measurement expression comprise all digits that are known with certainty, plus the first digit that is uncertain. 

2.
Addition and Subtraction – Recall that the rightmost significant digit in a measurement is uncertain.  Therefore, the rightmost significant digit in a sum or difference occurs in the leftmost place at which the doubtful digit occurs in any of the measurements involved. 

Example: 
20.63   cm
leftmost place of doubtful digit
6.6 cm

  

  3.786 cm

31.016 cm
rightmost significant digit in sum – 31.0 cm would be the recorded answer.  In other words, figures should be rounded off to the least accurate measurement.  The final answer cannot be any “better” than the “worst” measurement.
3.
Multiplication and Division – The rightmost significant digit in a measurement is uncertain.  The product of any digit multiplied by an uncertain digit is also uncertain.  Only one uncertain digit is retained in the result.  Therefore, the product or quotient is precise to the number of significant digits contained in the least precise factor.   

Example: 
(9.25 m)(0.52 m)(11.35 m) = 55 m3
This is the correct answer because 0.52 m has the    

fewest significant digits and is the least precise measurement.

4.
Significant digits are not considered for factors arrived at by definition, as in the case of conversion factors.


Example:
(1.30 cm)(1 m/100 cm) = .0130 m 
This answer has three significant figures because 

1 m/100 cm is by definition (a conversion factor).

Practice Problems: 
1.
Significant Figures – In each of the following measurements, determine the number of significant figures and 

underline each of them.


_____ 1.    1.030 cm


_____   6.    0.040500 m

_____ 11.    300. m


_____ 2.    2,074,000.0 s

_____   7.    601,500 km


_____ 12.    30.0 m


_____ 3.    0.00080 kg


_____   8.    1,570,500 cm

_____ 13.    30.3 m


_____ 4.    0.00001 g


_____   9.    47,000 kg


_____ 14.    3,030 m


_____ 5.    367.52 g


_____ 10.    0.1020 L


_____ 15.    3.00654 m

2.
Scientific Notation – Express the following numbers in scientific notation, converting to base unit of measurement.  Make sure the number of significant figures is also correct.  Don’t forget units.  

1.   678,000 m
____________________________
6.   145.9 x 102 kW   ____________________________


2.   10,245.76 pF  ___________________________
7.   60.70 x 10-1 mg  _____________________________  


3.   24.087 μF  _____________________________
8.   60.7 x 101 ml  ______________________________

4.   579.80 MW  ____________________________
9.   0.000060 mA  ______________________________

5.   0.897 km  ______________________________       10.   235.8 x 10-7 L  _____________________________

__________________________________________________________________________________________
3.
Operations – Make the following calculations.  Place the calculated answer in the first blank and the correctly
     

rounded answer in the second blank.  Pay close attention to math operations.  Don’t forget units.   

1.    6.57 cm + 13.1 cm + 145.689 cm 

________________________
   _______________________


2.    140.6 m  +  0.067 m  +  2.759 m  +  138 m
________________________
   _______________________


3.    305 g  +  398.6 g  +  104.78 g  +  0.068 g
________________________       _______________________


4.    345.98 L  +  450 L  +  6,572 L  +  45.897 L
________________________       _______________________


5.    75.89 mg  -  6.208 mg 


________________________       _______________________


6.    6,000.0 km  -  2,587.6 km


________________________       _______________________


7.    6,000 km  -  2,587.6 km


________________________       ________________________


8.    248.9 m  +  405 m  -  240 m 

________________________       ________________________


9.    (24.5 cm)(15.67 cm)(0.0034 cm)

________________________       ________________________

4.
Problems – Make the following calculations.  Be sure to express your answer in the proper number of significant

figures and in scientific notation.  Don’t forget units. 

1.    (6.02 x 103 m)(2.3 x 105 m) _______________________
 


2.    (1.4 x 10-5 cm)(2.4 x 10-3 cm) _____________________

 










3.    3.65 x 10-8 m)(3.42 x 105 m) ______________________



4.    6.09 x 109 g __________________________________        

       2.5 x 106 L






      
5. 3.78 x 10-8 g __________________________________ 

7.8 x 10-2 L

5.
Some Useful Metric to English Conversion Factors and Prefixes:

1 inch (in) = 2.54 cm 
454 g = 1 lb 
1 quart (qt) = 946 ml 
1 kg = 2.2 lb 
1 mile (mi) = 1.6 km
1 oz = 28.35 g

1 qt = 2 pts
1 gal = 4 qts

(lb is an English unit of force)


1015 = peta (P) 

1012 = tera (T)

 109 = giga (G) 

106 = mega (M) 

103 = kilo (k) 102 = hecto (h) 

101 = deka (da)

 100 = base 

10-1 = deci (d) 

10-2 = centi (c) 10-3 = milli (m) 

10-6 = micro (μ) 

 10-9 = nano (n) 

10-12 = pico (p) 

10-15 = femto (f)     
6.
Metric to Metric Conversions – Perform the given conversion.   

1.   345 cm = __________ m
6.   0.0675 m = _____________ mm
11.   0.0066 kL = _____________ ml

2.   6.07 cL = __________ daL
7.   0.875 kg = ______________ cg
12.   150.0 m = ______________ mm


3.   450.0 mg = ________ dg
8.   2.450 hL = ______________ dL
13.   150 m = ________________ mm


4.   5000 g = __________ kg
9.   4050.0 mg = _____________ g
14.   0.067 daL = _____________ ml


5.   5000.0 g = _________ kg
10.   4050 mg = ______________ g
15.   0.067 daL = _____________ μL

7.
English to Metric Conversions – Solve the following using the conversion factor method. Show your work on a separate sheet.  Don’t forget units.  


1.   245 inches = _____________ cm
    6.   7.5 kg = _____________ lb
11.   5.0 L = _____________ qt


2.   63 ft = __________________ cm
    7.   92 cm = _____________ ft
12.   2300 ml = __________ pts


3.   3 qts = __________________ ml
    8.   7.3 mi = _____________ km
13.   6543 cm = __________ ft

4.   7.5 lbs = _________________ kg
    9.   560 g = ______________ oz



5.   188 oz = _________________ g
  10.   86 cm = ______________ in

8.
Density – Solve the following problems for the unknown term.   Show your work on a separate sheet.  Don’t forget units. 

1. mass = 36.7 g, volume = 6.087 cm3, density = _______________________

2. mass = 76.50 dg, volume = 25 ml, density = _________________________

3. mass = ________________________, volume = 3.5 L, density = 7.92 g/cm3
4. mass = 750 mg, volume = ______________________, density = 3.69 g/cm3
5. mass = 2 kg, volume = (3 cm)(4 cm)(5 cm), density = __________________
