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Significant Digits

CSCOPE Unit 06 Lesson 01 Day 2

Vocabulary
	Analog device
	
	a device that measures or represents data along a continuous scale, such as the hands of a clock, a ruler, a graduated cylinder, etc.

	
	
	

	Digital device
	
	reports data as a set of digits

	
	
	

	Exact number
	
	measurements or conversion factors can be exact due to counting or exact due to defining, they have an infinite number of significant digits

	
	
	

	Limits of precision
	
	describes how repeatable a set of measurements are, is the first place to the right of the certain digits, which for analog devices is the first digit estimated between the marks, and for a digital device is the digit farthest to the right on the display

	
	
	

	Significant digits
	
	(in measurements) all of the digits that can be known precisely plus one last digit that is estimated

(in calculations) all of the certain digits plus one uncertain digit

	
	
	

	Certain digit
	
	a digit in a measurement, or calculation, that can be known precisely

	
	
	

	Uncertain digit
	
	a digit in a measurement, or calculation, that is estimated, or that is the result of arithmetic involving an uncertain digit

	
	
	

	Leftmost
	
	farthest to the left

	
	
	

	Rightmost
	
	farthest to the right

	
	
	

	Nonzero digit
	
	any digit that is not zero

	
	
	

	Captive zero
	
	zero between two nonzero digits

	
	
	

	Leading zero
	
	zero to the left of the leftmost nonzero digit

	
	
	

	Trailing zero
	
	zero to the right of the rightmost non-zero digit


Significant Digits in Measurements

A properly performed and reported measurement will have all of the certain digits and one, and only one, uncertain (or estimated) digit. Thus, significant digits in measurements are all of the digits that can be known precisely plus one last digit that is estimated. Done this way, the digits reported, and their place values, indicate the limits of precision. For an analog device, such as a graduated cylinder, the digits that can be known precisely are those for which there are calibration marks or lines, and the digit that is uncertain is estimated between those marks. For a digital device, such as an electronic balance, the digits that can be known precisely are all of those from left to right except the digit farthest to the right on the display, and the digit that is uncertain is that rightmost digit – the device is doing the estimation for you.

The estimated digit is NOT completely uncertain, but we do not know it EXACTLY. This uncertainty comes about several ways:

1) Trying to read a scale to the nearest 1/10 of its smallest division requires estimation that different people may perform differently, or that the same person may perform differently on different occasions

2)   Mechanical wear and friction

3)  Uncontrolled and unnoticed outside influences, such as temperature variations, drafts, or vibrations.

4) Careless or poor technique on the part of the one making the measurement

Identifying Significant Digits


One way to identify significant digits is to use six rules:


Rule 1:  ALL nonzero digits are significant.





Example:






9876

4 significant digits



Rule 2:  ALL captive zeros are significant.




Captive zeros are zeros BETWEEN two nonzero digits.





Examples:






202

3 significant digits




                   1001

4 significant digits
Rule 3:  NO leading zeros are significant.

Leading zeros are zeros to the LEFT of the LEFTMOST nonzero digit.





Examples:





 
0.45

2 significant digits




            
0.0051
2 significant digits
Rule 4: Trailing zeros are significant ONLY when a written-out decimal 

             point IS present.

Trailing zeros are zeros to the RIGHT of the RIGHTMOST non-zero digit.

When there is NO decimal point the trailing zeros are NOT significant. 






Example:







1700

2 significant digits

When there IS a decimal point the trailing zeros ARE significant.



Examples:



1700.

4 significant digits



    83.0
3 significant digits



  950.0
4 significant digits

      0.460
3 significant digits

Rule 5:  EXACT numbers have an infinite number of significant digits.

Numbers can be exact due to counting.



Example:


5 beakers

Numbers can be exact due to defining, usually in a measurement 

system.

Example:

1 minute is defined to be exactly 60 seconds

Rule 6:  In scientific notation, ALL of the digits in the number ARE 

             significant, but NONE of the digits in the exponent are significant.



Examples




4 x 103

1 significant digits




3.27 x 10(12

3 significant digits




6.0 x 1023

2 significant digits

Another way to identify significant digits is the Atlantic-Pacific model:

	Pacific Ocean

If a decimal point is Present, ignore zeros on the Pacific side.

Count toward the RIGHT 

(off of the Pacific Ocean) from the first non-zero digit.
(
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	Atlantic Ocean

If the decimal point is Absent, ignore zeros on the Atlantic side.

Count toward the LEFT 

(off of the Atlantic Ocean) from the first non-zero digit.

(

	
	three significant digits
	


	Pacific Ocean

If a decimal point is Present, ignore zeros on the Pacific side.

Count toward the RIGHT 

(off of the Pacific Ocean) from the first non-zero digit.
(
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	Atlantic Ocean

If the decimal point is Absent, ignore zeros on the Atlantic side.

Count toward the LEFT 

(off of the Atlantic Ocean) from the first non-zero digit.
(

	
	two significant digits
	


	01. Consider the following measurement:

 123 mg
	a) How many significant digits does it have?

b) What is/are the certain digit/s?

c) What is/are the uncertain digit/s?



	
	

	02. Consider the following measurement:

 405 mg
	a) How many significant digits does it have?

b) What is/are the certain digit/s?

c) What is/are the uncertain digit/s?




	03. Consider the following measurement:

 0.067 g
	a) How many significant digits does it have?

b) What is/are the certain digit/s?

c) What is/are the uncertain digit/s?



	
	

	04. Consider the following measurement:

 8900 mg
	a) How many significant digits does it have?

b) What is/are the certain digit/s?

c) What is/are the uncertain digit/s?



	
	

	05. Consider the following measurement:

 123.040 g
	a) How many significant digits does it have?

b) What is/are the certain digit/s?

c) What is/are the uncertain digit/s?




Rules of rounding 

If the digit to the right of the rightmost significant digit is:

(1) Less than 5 then drop it






Example:





6.43 rounds to 6.4

(2) More than 5 then round up



Example:





6.46 rounds to 6.5

(3) 5 then round the rightmost significant digit
Up if that digit is ODD

Down if that digit is EVEN


“Even Leavin’, Odd Up”
This avoids a bias!




Examples:




     Round each of these to two significant digits





6.45 (“4” is even) rounds to 6.4





3.75 (“3” is odd) rounds to 3.8
	06.  Round the following to three significant digits: 

0.004567 km
	

	
	

	07. Round the following to two significant digits: 

1850 mL
	


Significant Digits in Mathematical Operations


Addition and Subtraction

     Any digit added to, or subtracted from, an uncertain digit is uncertain.




Examples:



 41.53  g


          347.1   g



 +           8.24  g



          396.87  g

In “41.53” the uncertain digit is the “3”.

In “347.1” the uncertain digit is the “1”.

In “8.24” the uncertain digit is the “4”.

In the answer “396.87” 

The “7” in hundredths place is the result of adding two uncertain digits, so it is uncertain.

The “8” in tenths place is the result of adding an uncertain digit to two certain digits, so it is uncertain.

The “6”, the “9”, and the “3” are the result of adding only certain digits, so they are all certain.

The answer needs to be rounded so that it has only one uncertain digit, in this case, to tenths place:

396.9 g or 3.969 x 102 g

     36,900 m

  (      158 m

     36,742 m

  answer 36,700 m or 3.67 x 104 m

	08.  Consider the following addition problem: 1.10 cm + 6.040 cm + 2.5 cm

Write each measurement in the boxes to the left, with only one digit in any one box.

Circle the uncertain digit in each measurement.

Circle every digit in the answer that is in the same column as an uncertain digit.

Round the answer so that it has only one uncertain digit.
	(
(
+

(
(


	
	

	09.  Consider the following subtraction problem:  11.001 g ( 0.08 g

Write each measurement in the boxes to the left, with only one digit in any one box.

Circle the uncertain digit in each measurement.

Circle every digit in the answer that is in the same column as an uncertain digit.

Round the answer so that it has only one uncertain digit.
	(
(
(
(



Therefore, an answer cannot be more precise than the least precise measurement.

This leads to the rule: In addition and subtraction, locate the leftmost uncertain digit and round to that place.

Multiplication and Division

     Any digit multiplied by, or divided by, an uncertain digit is uncertain.

Consequently every digit in the sub-multiplications that has been multiplied by an uncertain digit is uncertain.

Example


753 mm

        x   34 mm
          3012
         2259
        25602 mm2
answer 26,000 mm2 or 2.6 x 104 mm2
Division works in a similar way.

	10.  Consider the following multiplication problem:  12345 x 67

Write each measurement in the boxes to the left, with only one digit in any one box.

Show the multiplication as you did in elementary school.

Circle every digit in the 

sub-multiplications that has been multiplied by an uncertain digit.

Add up all of the sub-multiplications.

Circle every digit in the final answer that is in the same column as an uncertain digit.

Round the answer so that it has only one uncertain digit.
	x




Therefore, the precision of an answer is determined by the measurement with the fewest significant digits.

This leads to the rule: In multiplication and division count the significant digits and round to the same number of digits as the measurement with the fewest.
Exercises

How many significant digits are in each of the following numbers:

	11.
	111
	14.
	9760

	12.
	9059
	15.
	0.00594

	13.
	0.59
	16.
	4.50 x 105


Round the following to the indicated precision:

	17.
	Round 3294

to tens place:
	19.
	Round 0.9903

to thousandths place:

	18.
	Round 0.5675

to three significant digits:
	20.
	Round 0.5665

to three significant digits:


Work the following problems and report the answer using the correct number of significant digits.

	21.
	9760 + 111 =


	25.
	0.00594 ( 0.059433 =

	22.
	9059 ( 21 =


	26.
	5,678.7 ( 5,658.7 =

	23.
	0.59 x 77.9 =


	27.
	7.56 x 1000.0 =

	24.
	21.3 ( 1.209 =


	28.
	9.999 + 0.001 =


          430


                        2 1 (





       0.00430


                        ( 1  2  3
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