
Physics 2145 Homework # 3: Electric potential and potential energy 

 

Moved from week 2: 

6. A protein molecule with a net charge of 30e is in an electric field of magnitude 1500N/C. 

calculate the magnitude of the fore it experiences. 

 

7. The electric field in a cell membrane has a magnitude of 1.0×107 N/C. Calculate the 

magnitude of the force exerted on a Na+ ion. 

 

8. A parallel plate capacitor is square plates of side length 5.0cm that are spaced 2mm apart. The 

charge on each plate has a magnitude of 5μC. Calculate the field between the plates. 

 

************************************************* 

 

1. Calculate the potential difference necessary to accelerate a He+ ion with charge +e and mass 

4mproton  from rest to a speed of 2×106 m/s. 

 

2. The potential difference between the plates of a parallel plate capacitor is 200 V. The circular  

plates are 5 cm in diameter and are 2mm apart.  

a) Calculate the electric field between the plates. 

b) Calculate the amount of charge stored on each plate. 

c) An electron is released from the negative plate with a speed of 1.2×107 m/s and accelerates 

towards the positive plate. Derive a symbolic answer and calculate a numerical value for the 

electron’s speed when it strikes the positive plate. 

d) During this process, what is the electron’s change in kinetic energy in electron volt? 

 

3. Hydrogen atom, revisited. In a model of the hydrogen atom, the electron orbits the proton at a 

distance 0.053nm. Calculate the electric potential of the proton at the location of the electron, 

and the electric potential energy of the electron in eV. 

 

4. Three charges are arranged in a right triangle with side length L=4cm 

and d=3cm. qA=+2nC, qB=−4nC, qC=−1nC.  

a) Calculate the total electric potential created by charges B and C at the 

location of charge A. 

b) Calculate the electric potential energy of charge A. 

 



 

5. The membrane potential of a cell membrane is -70mV. This means that the electric potential is 

– 70 mV inside the cell and 0V outside  

a) A K+ ion moves from the outside into the cell. What is the change in the ion’s electric 

potential energy? Does it increase or decrease? 

b) The cell membrane has a thickness of 5nm. Calculate the electric field inside the membrane. 

(Think of the membrane as a parallel plate capacitor.) 

c) An ion of charge -8e is embedded in the membrane. Calculate the electric force on the ion. In 

which direction is the force? 


