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            PHYSICS 108 – PROBLEM SET # 2 SOLUTIONS Due Wednesday January 20, 2010, (due in class, or under my door by 6pm) Please read Chapters 25 & 26 in textbook: Resnick, Halliday and Krane Physics, vol 2, 5 th Edition, 1. Shortie: Sketch the electric field lines associated with two separate point charges +q and  –2q, separated by distance d. There should be twice the number of field lines going into d  the –2q charge because it has twice the charge. Field lines can only begin and end on c harges (or on the edge of the diagram) 2. Charges +q and –2q are fixed at distance d apart on the x-axis, as shown. Find the electric field    E at points A, B and C. (Either include unit vector, or give direction in words) 3. The electron gun in an old-fashioned cathode-ray television tube uses a uniform electric field to accelerate electrons from rest to 5.0 ×10 7 m/s in a distance of 1.2cm. What is the electric field strength? The force is to the right. The electric field is uniform, so the electrons will have constant acceleration to the left (electrons have negative charge) Kinematic equation of motion is: v 1 2 = v 0 2 + 2a Δ x ( ) ⇒ a = v 1 2 − v 0 2 2Δ x = 5.0 × 10 7 m / s ( ) 2 − 0 m /s ( ) 2 2 1.2 × 10 −2 m ( ) =1.042 × 10 17 m / s 2 The net force on the electron in the electric field is  F = q   E = m  a :    E = m  a q = 9.11 × 10 −31 kg ( ) 1.042 × 10 17 m/s 2 ( ) 1.60 × 10 −19 C (−  ˆ i ) = −5.93 × 10 5 N/C  ˆ i  ∴ field strength is 5.93 ×10 5 N /C. 
        

        
    






				            

        

    









                    
                        
							Upload: ying-yao
                            Post on 04-Apr-2018

                            241 views

                        

                        
                            Category:
 Documents


                            0 download

                        

                    


                    
                        
                            Report
                        

                                                
                            	
                                    Download
                                


                        

                                            


                    
                        
                        
                            
                                    
Facebook

                        

                        
                        
                            
                                    
Twitter

                        

                        
                        
                            
                                    
E-Mail

                        

                        
                        
                            
                                    
LinkedIn

                        

                        
                        
                            
                                    
Pinterest

                        
                    


                    
                

                

                    
                    
                        Embed Size (px):
                            344 x 292
429 x 357
514 x 422
599 x 487


                        

                    

                    

                    

                    
                                        
                        TRANSCRIPT

                        Page 1
                        
                        

 
 PHYSICS 108 – PROBLEM SET # 2
 SOLUTIONSDue Wednesday January 20, 2010, (due in class, or under my door by 6pm)
 Please read Chapters 25 & 26 in textbook:
 Resnick, Halliday and Krane Physics, vol 2, 5th Edition,
 1.  Shortie: Sketch the electric field lines associated with two separate point charges +q and –2q,
  
 separated by distance d.
 There should be twice the number of field lines going into
 d   the –2q charge because it has twice the charge. Field lines
 can only begin and end on charges (or on the edge of the
 diagram)
 2.  Charges +q and –2q are fixed at distance d apart on the x-axis, as shown. Find the
 electric field 
  E  at points A, B and C.
 (Either include unit vector, or give
 direction in words)
 3.  The electron gun in an old-fashioned cathode-ray television tube uses a uniform electric
 field to accelerate electrons from rest to 5.0×107 m/s in a distance of 1.2cm. What is the
 electric field strength?The force is to the right. The electric field is uniform, so the electrons will
 have constant acceleration to the left (electrons have negative charge)
 Kinematic equation of motion is: v1
 2
 = v0
 2
 + 2a Δ x ( )
 ⇒ a =
 v1
 2− v
 0
 2
 2Δ x 
 =
 5.0 ×107
 m / s( )2
 − 0 m / s( )2
 2 1.2 ×10−2
 m( )= 1.042 × 10
 17
 m / s2
 The net force on the electron in the electric field is
 F = q
  E = m
 a :
  
  E =m
 a
 q=
 9.11×10−31 kg( ) 1.042 ×1017 m/s2( )1.60 ×10
 −19 C(− i ) = −5.93×10
 5 N/C i  
 ∴ field strength is 5.93 ×105
 N / C.
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 4.  Consider the electric dipole with charges +q and –q separated by the fixed distance s, as
 shown. A charge +Q is distance r from the center of the dipole. (This is a modificationof Problem 26-1)
 a)  Write an expression for the net force exerted on the dipole by charge + Q.
 b)  Is this force towards or away from the charge +Q? Explain, in one sentence.
 c)  Use the binomial approximation (1+ x )−n
 ≈ 1− nx  for  x  <<1 to show that your result
 in part a) may be written as F net  =1
 2πε 0
 qQs
 r3=
 1
 2πε 0
 Qp
 r3
 . Note that in section 26-3 of 
 the text, the dipole field is examined in the median plane of the dipole. In this
 example, we are looking at the force along the axis of the dipole.
 (see 26-3 of our text (p.591) for the binomial expansion)d)  Didn’t Coulomb’s Law tell us that the electric force depends on the inverse square of 
 the distance? Explain how an electric force can have an inverse-cube dependence.(This is a variation on Problem 26-1 in our text) Charge Q and the dipole charges (q and −q) are point charges.
 a) The force on the dipole is the vector sum of the force on q and –q :
  
 F Q on +q =
 1
 4πε 0
 Q q
 r + s / 2( )2
 , away from Q⎛ 
 ⎝ ⎜
 ⎞ 
 ⎠ ⎟  =
 1
 4πε 0
 Qq
 r + s / 2( )2−
  i( )
  
 F Q on −q =1
 4πε 0
 Qq
 r − s / 2( )2+ i( )   ⇒
 F net=
 1
 4πε 0
 Qq1
 r − s / 2( )2−
 1
 r + s / 2( )2
 ⎛ 
 ⎝ ⎜
 ⎞ 
 ⎠ ⎟ i
 b) The net force 
 F net
 is toward the charge Q, because the attractive force due to Q on the negative charge of the
 dipole is more than the repulsive force of Q on the positive charge.
   c) Using the binomial approximation, we get
  
 r  ± s / 2( )−2
 = r −2
 1±s
 2r 
 ⎛  ⎝  
 ⎞  ⎠  
 −2
 ≅ r −2
 12s
 2r 
 +⎛  ⎝  
 ⎞  ⎠   ⇒ F 
 net=
 1
 4πε 0
 Qq
 r2
 1+2s
 2r
 ⎛ ⎝ ⎜
 ⎞ ⎠ ⎟ − 1−
 2s
 2r
 ⎛ ⎝ ⎜
 ⎞ ⎠ ⎟ 
 ⎛ ⎝ ⎜
 ⎞ ⎠ ⎟ =
 1
 4πε 0
 2Qqs
 r3
 =Qqs
 2πε 0r3
 d)  Coulomb’s law applies only to the force between two point charges. A dipole is not a point charge, so
 there’s no reason that the force between a dipole and a point charge should be an inverse-square force.
 5.  Two oppositely charged parallel plates are 2.0 cm apart with a 1.0 ×104 N/C electric field
 strength between them. An electron is launched at an angle of 45 ° from the positive
 plate, as shown. What is the maximum initial speed, v0, the electron can have withouthitting the negative plate?
 The electric field is uniform inside the capacitor, so acceleration is constant
 For the electron to just miss the negative plate its vertical velocity should just approach
 zero as the electron reaches the plate. The force on the electron inside the capacitor is
  
 F = m 
 a = q 
  E ⇒ 
 a =
 q 
  E 
 m  ⇒ a
  y=
 − 1.60 ×10 −19 C( ) 1.0 ×10 4 N / C( )9.11× 10 −31 kg
 = −1.756 × 1015m / s
 2
 The initial velocity v0 has two components: v0 x 
 = v0cos45° and v
 0 y= v
 0sin45° . Because the electric field inside the
 capacitor is along the + y direction, the electron has a negative acceleration that reduces the vertical velocity with time. We
 require v1 y = 0 m/s if it is not to hit the plate.
 v1 y
 2
 = v0 y
 2
 + 2a y
 y1− y
 0( )⇒ 0 m / s( )
 2
 = v0 y
 2
 + 2a yΔ y
 ⇒ v0 y= −2a
  yΔ y = −2 −1.756 × 10
 15m / s
 2( ) 0.02 m( ) = 8.381× 106
 m / s
 ⇒ v0=
 8.381× 106m / s
 sin45°= 1.19 × 10
 7
 m / s
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