
 
10. A charge of -3.00 μC is fixed at the center of a compass. Two additional charges are fixed 
on the circle of the compass, which has a radius of 0.100 m. The charges on the circle are  
-4.00 μC at the position due north and + 5.00 μC at the position due east. What are the 
magnitude and direction of the net electrostatic force acting on the charge at the center? 
Specify the direction relative to due east. 

 
 

𝑭𝑵𝒆𝒕
⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  = 𝑭𝑵

⃗⃗⃗⃗  ⃗ + 𝑭𝑬
⃗⃗ ⃗⃗   

 

𝑭𝑵
⃗⃗⃗⃗  ⃗ = 𝒌

𝒒𝒐𝒒𝑵

𝒓𝒐𝑵
𝟐

−�̂�𝑭𝑵
⃗⃗⃗⃗  ⃗ = 𝒌

𝒒𝒐𝒒𝑵

𝒓𝒐𝑵
𝟐

�̂� 

- sign due to same sign charges repel! 
 

𝑭𝑵
⃗⃗⃗⃗  ⃗ = 𝒌

𝒒𝒐𝒒𝑵

𝒓𝒐𝑵
𝟐

�̂� = (𝟖. 𝟗𝟗 𝒙 𝟏𝟎𝟗 𝑵𝒎𝟐

𝑪𝟐⁄ )
(𝟑. 𝟎𝟎 𝒙 𝟏𝟎−𝟔𝑪)(𝟒. 𝟎𝟎 𝒙 𝟏𝟎−𝟔𝑪)

(𝟎. 𝟏𝟎𝟎 𝒎)𝟐
�̂� 

 

𝑭𝑵
⃗⃗⃗⃗  ⃗ = (𝟖. 𝟗𝟗 𝒙 𝟏𝟎𝟗 𝑵𝒎𝟐

𝑪𝟐⁄ )
𝟏. 𝟐𝟎 𝒙 𝟏𝟎−𝟏𝟏𝑪𝟐

𝟎. 𝟎𝟏𝟎𝟎 𝒎𝟐
�̂� = 𝟏𝟎. 𝟕𝟗 𝑵 �̂� 

 

𝑭𝑬
⃗⃗ ⃗⃗  = 𝒌

𝒒𝒐𝒒𝑬

𝒓𝒐𝑬
𝟐

�̂� 

No sign because opposite charges attract! 

𝑭𝑬
⃗⃗ ⃗⃗  = 𝒌

𝒒𝒐𝒒𝑬

𝒓𝒐𝑬
𝟐

�̂� = (𝟖. 𝟗𝟗 𝒙 𝟏𝟎𝟗 𝑵𝒎𝟐

𝑪𝟐⁄ )
(𝟑. 𝟎𝟎 𝒙 𝟏𝟎−𝟔𝑪)(𝟓. 𝟎𝟎 𝒙 𝟏𝟎−𝟔𝑪)

(𝟎. 𝟏𝟎𝟎 𝒎)𝟐
�̂� 

 

𝑭𝑬
⃗⃗ ⃗⃗  = (𝟖. 𝟗𝟗 𝒙 𝟏𝟎𝟗 𝑵𝒎𝟐

𝑪𝟐⁄ )
𝟏. 𝟓𝟎 𝒙 𝟏𝟎−𝟏𝟏𝑪𝟐

𝟎. 𝟎𝟏𝟎𝟎 𝒎𝟐
�̂� = 𝟏𝟑. 𝟒𝟗 𝑵 �̂� 

 
So  

𝑭𝑵𝒆𝒕
⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  = 𝑭𝑵

⃗⃗⃗⃗  ⃗ + 𝑭𝑬
⃗⃗ ⃗⃗  = 𝟏𝟎. 𝟕𝟗 𝑵 �̂� + 𝟏𝟑. 𝟒𝟗 𝑵 �̂� 

 

�̂� and �̂� are perpendicular vectors so use Pythagorean theorem to add. 
 

|𝑭𝑵𝒆𝒕
⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  | = √|𝑭𝑵

⃗⃗⃗⃗  ⃗|
𝟐
+ |𝑭𝑬

⃗⃗ ⃗⃗  |
𝟐
= √(𝟏𝟎. 𝟕𝟗 𝑵)𝟐 + (𝟏𝟑. 𝟒𝟗 𝑵)𝟐 = √𝟐𝟗𝟖. 𝟒𝟎 𝑵𝟐 = 𝟏𝟕. 𝟐𝟕 𝑵 

 



Angle relative to East will be South of East 
 

𝜽 = 𝐭𝐚𝐧−𝟏 (
𝑭𝑺

𝑭𝑬
) = 𝐭𝐚𝐧−𝟏 (

𝟏𝟎. 𝟕𝟗 𝑵

𝟏𝟑. 𝟒𝟗 𝑵
) = 𝐭𝐚𝐧−𝟏(𝟎. 𝟕𝟗𝟗𝟗) = 𝟑𝟖. 𝟔𝟔° 

 

𝑭𝑵𝒆𝒕
⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  = 𝟏𝟕. 𝟑 𝑵 @ 𝟑𝟖. 𝟕° �̂� 𝒐𝒇 �̂� 
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