CHEM 103 Overview of Experimental Uncertainty

Definitions
Accuracy
is the difference between the measured value and true value.
Precision 
is how close repeated experimental values are to each other.
Systematic Errors
shift the average of a set of measurements resulting in inaccuracy.

Random Errors
scatter measurements about an average resulting in imprecision.
Uncertain digit
the largest digit to change due to random errors

Significant Figures
all the certain digits plus the first uncertain digit.
Estimates of Experimental Precision
Rule of Thumb

± 2 in the uncertain digit

 ≈ 1/5 smallest division of an analog instrument


 ≈ ± 2 in the smallest digit on a digital instrument

Statistical
Formula
Excel
 
xav =  EQ \f(1,n) \i\su(i,n, xi)
= average(A1:A5)

=  EQ \r(\f(1,n-1) S(xi -xav)2) 
= stdev(A1:A5)


av =  EQ \f(s,\r(n)) 
= stdev(A1:A5)/sqrt(count(A1:A5))

Expressing Experimental Uncertainty

Statistical
 
Absolute Error (±AE)

xav ± av
 
Relative Error (±RE)

xav ±   EQ \f(sav,xav) 
Significant Figure Rules 
(Express only 1 uncertain digit)
 
Leading zeros are not significant    0.03  1 SF
 
Use 1 SF for absolute errors: 12.045 ± 0.032 mL  gives
 
                                             12.04 ± 0.03 mL or   12.04(3) mL
 
The absolute error determines the uncertain digit     12.04 mL  4 SF
 
The number of significant figures reflects the relative error  4 SF ( RE ≈  EQ \f(1,10000) 
Error Propagation 

 
Addition and subtraction is dominated by the largest uncertain digit 
 
     2.3165 – 2.315 =  0.0015 = 0.002  1SF
 
Multiplication and division is dominated by the least number of Sig Figs
 
    2.104 * 111  =  23354.4 = 2.34 x 104  3 SF
Significance Testing

Significant difference
texp > tcritical  
95% confidence level
tcritical ≈ 2  


Excel: =tinv(0.05, 20)
t value 
texp =  EQ \f(|xavi − xav2|,sav12) ≈  EQ \f(|xavi − xav2|,sav(largest))
Excel: Tools/Data Analysis/t-test
Significant Figure Quiz
1. Determine the correct number of Significant Figures to express the following results and express the answer

	
	Problem
	# SF
	Answer

	a)
	 01090 mL
	
	

	b)
	20 mL measured on a 50 mL buret
	
	

	c)
	1 g standard weight on a 4 place balance
	
	

	d)
	 99.99 g  + 1 mg = 99.991 g
	
	

	e)
	 99.012 g – 98.91 g = 00.102 g
	
	

	f)
	 (99.012 cm) x (99.8 cm) = 9881.3976 cm2
	
	

	g)
	  EQ \F(30.0015 mg,8.415 mL – 8.40 mL)  = 2.00010 g/mL
	
	

	h)
	Regression slope = 9.99845 x 10-1 with

Standard error  = 3.1456 x 10-3
	
	


