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Measuring systems 
Problem set 9 
Data analysis 

Exercise1 (Confidence Interval) 

a): �̅� = 𝐴
𝑁

= 0.059𝑚𝑚, 𝜎 = �𝐵
𝑁

= 3.027𝑚𝑚. 

b) 𝐼𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,95% = 𝐼𝐼95% = ±2𝜎 = 6.05𝑚𝑚 

 

Exercise 2 (Systematic error) 

It is known that the absolute value �𝑍𝐿� of the coil impedance 𝐿 is two times smaller than the absolute 
value �𝑍𝐶� of the capacitor with capacitance 𝐼 at a given frequency𝑓 : 

 �𝑍𝐿� = 𝐿 ∙ 𝜔 = �𝑍𝐶�
2

= 1
2∙𝜔∙𝐶

 (with : 𝜔 = 2 ∙ 𝜋 ∙ 𝑓) ⇒ 𝑍𝐿 = 𝑗
2∙𝜔∙𝐶

 

For the real voltage �𝑈𝐶,𝑟𝑐𝑟𝑟�  without the voltmeter we find: 

 𝑈𝐶,𝑟𝑐𝑟𝑟 = 𝑍𝐶
𝑍𝐿+𝑍𝐶

∙ 𝑈 =
1

𝑗∙𝜔∙𝐶
𝑗

2∙𝜔∙𝐶+
1

𝑗∙𝜔∙𝐶

∙ 𝑈 = 1
𝑗2
2 +1

∙ 𝑈 = 2 ∙ 𝑈 ⇒ �𝑈𝐶,𝑟𝑐𝑟𝑟� = 2 ∙ �𝑈� 

For measuring the voltage with the voltmeter�𝑈𝐶,𝑣𝑐𝑟𝑣�, we obtain: 

 𝑈𝐶,𝑣𝑐𝑟𝑣 = �𝑍𝐶||𝑅𝑖�
𝑍𝐿+�𝑍𝐶||𝑅𝑖�

∙ 𝑈 =
𝑅𝑖

1+𝑗∙𝜔∙𝑅𝑖∙𝐶
𝑗

2∙𝜔∙𝐼+
𝑅𝑖

1+𝑗∙𝜔∙𝑅𝑖∙𝐶

∙ 𝑈 = 𝑅𝑖
𝑅𝑖
2 +

𝑗
2∙𝜔∙𝐼

∙ 𝑈 = 2

1+ 𝑗
𝜔∙𝑅𝑖∙𝐼

∙ 𝑈 

 �𝑈𝐶,𝑣𝑐𝑟𝑣� = 2

�1+� 1
𝜔∙𝑅𝑖∙𝐼

�
2
∙ �𝑈� 

The systematic error should less than 𝜀 = 1 % : 

 �𝑈𝐶,𝑣𝑣𝑣𝑣�−�𝑈𝐶,𝑟𝑟𝑟𝑣�
�𝑈𝐶,𝑟𝑟𝑟𝑣�

=  �1 + � 1
𝜔∙𝑅𝑖∙𝐶

�
2
�
−12
− 1 ≤ 1% ⇒ 𝑅𝑐 ≥

1

2∙𝜋∙𝑐∙𝐶� 1
(1−𝜀)2−1

= 22.34 𝑘Ω 

 


