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CH2041 ASSIGNMENT 1
ERRORS OF OBSERVATION

Significant Figures

1.
To how many significant figures are the following values displayed? (For example 0.00025 has two significant figures while 250.0 has four significant figures.)

a) 100.00 cm3

          
b) 0.001 mol

            

          
c) 240.0 V

          
d) 0.1198 mol dm-3


   

                  
e) 96487 C mol-1

          
f) 8.314 J K-1 mol-1

           


g) 25oC

          
             
Random Errors
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Enter readings, estimated errors and relative errors (fractional and percentage) for the apparatus below:
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3.
The neck of a typical 1000 mL B-grade volumetric flask has a bore of 2.4 cm (radius 1.2 cm).  Assuming the error in positioning the meniscus on the mark is 0.2mm, estimate the random error in the volume (remember V =  r2 l).

Truncation Errors

4.
What are the absolute errors in the following physical constants? 

(e.g. for the gas constant, R = 8.314 J K-1 mol-1, R = ±0.0005 J K-1 mol-1)

a) The gas constant
R = (8.314 ± 
) J K-1 mol-1 
 

b) Avogadro's number, 
NA = (6.02252 ±
) x 1023 mol-1
                 
c) Boltzmann's constant,
k = (1.38054 ±
) x 10-23 J K-1
                 
d) Faraday's constant,
F = (96487 ±
) C mol-1
                 
e) Planck's constant,
h = (6.6256 ±
) x 10-34 J s
                 
Standard Deviations

5.
A sample of lead was analysed using 5 replicate atomic absorption analyses.

 
[Pb] (ppm)           10.11, 10.10, 10.09, 10.12, 10.08
 
Express the concentration for this sample using the mean and 1 standard deviation. 



Confidence Limits

6.
A pesticide analysis of a water sample gave the following concentration of DDT.

 
[DDT] (ppb)           9.9, 9.7, 10.2, 10.6, 9.8, 10.1 
 
Express the concentration for this sample using the mean and 95% confidence limits. 



Systematic Errors

7.
What is the difference between A-grade and B-grade volumetric glassware?

(You are not expected to know the answers here we will explain them to you).  

8.
What are the standard tolerances (systematic errors) for the following B-grade volumetric glassware?

a) 50 cm3 flask

          
b) 10 cm3 pipette
          



c) 100 cm3 flask

          
d) 25 cm3 pipette
          


e) 250 cm3 flask

          
f) 50 cm3 pipette
          


9.
What is the total error in the volume delivered by a 10mL B grade pipette? (Use the 
 
estimate for the error from 2(c) and include the units.)

Total error = systematic error + random error = ( ​​​​​____ + ____ ) ___ = ________

10.
Compare the estimated random error, obtained in (3), for a typical 1000mL B-grade volumetric flask with the standard tolerance.

a) Comment on this comparison.

b) What is the percentage error?



Propagation of errors – sums and differences

11.
Complete the reading for the manometer.

12.
By definition, the temperature in Kelvin at 0oC is 273.15K.

(a) A thermometer reading gives a temperature () of 25.0±0.2oC.  Find the corresponding temperature (T) in Kelvin.

(b) If a thermometer gives a reading of 25.000±0.002oC.  Find the corresponding temperature (T) in Kelvin.

13.
In an acid-base titration burette readings were:

initial reading (Vi)
= 
0.28 ±0.02 cm3 

final reading (Vf)
= 
15.54 ±0.02 cm3.  

Find the titre:

V = Vf - Vi = .........................................................................

14.
 A time interval is measured by taking initial (ti) and final (tf) time readings.  They were:

initial reading (ti) 
= 
24.5 ± 0.5 s

final reading (tf)
=
38.0 ± 0.5 s

Calculate the time interval (t) 

t = tf - ti = .........................................................................

15.
Water is delivered from a 10 cm3 pipette into a flask which is weighed on a digital balance before and after the addition giving:

mass of empty flask

28.0394 g

mass of flask and water
37.9981 g

Find the mass of water delivered by the pipette.......................................................

Propagation of errors – products and quotients

16.
The enthalpy (H) of a particular process can be found from the equation

H  =  -R x slope

where R = 8.314 JK-1 mol-1 is the gas constant and "slope" is determined by experiment to be 
-4.6(0.2 kK.

(a)

Give the relative errors for

R:

slope:

(b)

Compare and comment on the magnitude of the errors.

(c)

Calculate H including its error and units.





RE(H) = 

H 
= -R x slope

17.
A titration of 10.00 ±0.04 cm3 of a 0.1198 ±0.0001 mol dm-3 HCl solution (flask) against NaOH (burette) using 3 drops of methyl orange indicator (flask) gives a titre value of 2.28 ±0.04 cm3.  The concentration of NaOH may be found as follows:

The equation for this reaction is:






HCl + NaOH  NaCl + H2O

At the equivalence point



Giving








(a)
Write down the relative errors in  

(i)
cHCl 

(ii)
VHCl 

(iii) VNaOH
(iv) cNaOH
(b)
Calculate cNaOH including the units and error:

Error in a reciprocal

18.
Since  






then  

RE(T-1) = RE(1) + RE(T) = RE(T)

(since 1 is exact!)

If T = 298 ±0.2 K find T-1 in kK-1:

T-1 = ....................................................................

Logarithms

19.
If the error in x is E(x) then the error in ln x is E(x) / x.

(a)
If  P = 120±1 mm Hg  then  

ln(P/mm Hg) = ......................................

[When pressure is measured with a manometer the result is often expressed in millimeters of mercury (mm Hg) instead of Pascals (Pa)].
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