
 

PHYS 102 Midterm Exam 2 Solution 2021-22-1 

 

1. Tail lights of cars have 6 W lamps operating at a voltage of 12 V. 

(a) (6 Pts.) What is the resistance of the lamp? 

(b) (6 Pts.) If 10 of these lamps are connected in series and this combination is connected to a 120 V voltage source, 

how much charge passes through the circuit in one hour? 

(c) (7 Pts.) If 10 of these lamps are connected in parallel and this combination is to be connected to a 120 V voltage 

source, what is the value of the resistance which must be connected in series with the combination so that each lamp 

generates 6 𝑊 of power? 

(d) (6 Pts.) What will be the current supplied by the battery in part (c)? 

 

Solution:  

(a)  

𝑃 = 𝑉 𝐼   →    𝐼 =
𝑃

𝑉
=

6 W

12 V
= 0.5 A , R =

𝑉

𝐼
=

12 V

0.5 A
   →    𝑅 = 24 Ω . 

 

(b) For 10 lamps connected in series, we have 𝑅eq = 10 𝑅 = 240 Ω.  

𝐼 =
𝑉

𝑅eq
=

120 𝑉

240 Ω
   →    𝐼 = 0.5 A , 𝑄 = 𝐼 𝑡 = (0.5 A)(3600 s)   →    𝑄 = 1800 C . 

 

(c) For 10 lamps connected in parallel, we have  

1

𝑅eq
=

10

𝑅
   →    𝑅eq =

𝑅

10
= 2.4 Ω . 

For each lamp to generate 6 𝑊 of power we need to have 𝐼 = 0.5 A. So the total 

current through the parallel combination of 10 lamps will be 5 A.  

𝑅Tot = 𝑅1 + 𝑅eq , 120 V = (5 A)𝑅Tot    →    𝑅1 + 𝑅eq =
120 V

5 A
= 24 Ω . 

Hence 𝑅1 = 24 Ω − 2.4 Ω    →    𝑅1 = 21.6 Ω . 

 

(d)  

𝐼 =
𝑉

𝑅Tot
=

120 V

24 Ω 
= 5 A . 

 

  

120 V 

𝑅eq 

𝑅1 



 

2. The switch S in the circuit shown has been open for a long time and the capacitor 2C is uncharged.  At time 𝑡 = 0 

the switch S is closed. 

(a) (5 Pts.) What is the charge on the capacitor C before 

the switch is closed?  

(b) (5 Pts.) What is the current coming out of the battery 

before the switch is closed? 

(c) (8 Pts.) Find the current 𝐼2 on resistor 𝑅 as a function 

of time for 𝑡 > 0 after the switch is closed. 

(d) (7 Pts.) What is the time constant of the circuit after 

the switch is closed? 

 

Solution: (a) At steady state before the switch S is closed we have 𝐼2 = 0 and voltage on the capacitor C is equal to 

the voltage on the resistance 2𝑅, which is equal to V. Therefore, 𝑄𝑖 = 𝐶 𝑉. 

 

(b) Before the switch S is closed 𝐼1 = 𝑉 2𝑅⁄ . 

 

(c) At the time the switch is closed, equivalent circuit is as shown. Writing 

Kircchoff’s loop rule, we have 

𝑉 − 𝐼2𝑅 − 𝑉3𝐶 = 0 , 𝐼2 =
𝑑𝑄

𝑑𝑡
 , 𝑉3𝐶 =

𝑄

3𝐶
   →    

𝑑𝑄

𝑑𝑡
=

𝑉

𝑅
−

𝑄

3𝑅𝐶
 . 

 

Writing this differential equation as 

𝑑𝑄

𝑄
3𝑅𝐶

−
𝑉
𝑅

= −𝑑𝑡 

and integrating with the initial condition that 𝑄(𝑡 = 0) = 𝐶𝑉, we get 

𝑄(𝑡) = 3𝐶𝑉 (1 −
2

3
𝑒−𝑡 3𝑅𝐶⁄ )    →     𝐼2 =

𝑑𝑄

𝑑𝑡
=

2

3

𝑉

𝑅
𝑒−𝑡 3𝑅𝐶⁄  . 

 

(d)  

𝜏 = 3𝑅𝐶 . 

 

  

𝑅 
𝑉 + 

𝐶 2𝐶 

𝑆 

𝐼1 

2𝑅 

𝐼2 

𝑅 
𝑉 + 

3𝐶 

𝐼2 

𝑄𝑖 = 𝐶𝑉 



 

3. A particle of mass 𝑀 with no charge is moving with velocity 𝑣⃗ = 𝑣0 𝐢̂ , while another particle with the same mass 

but with charge 𝑄 > 0 is moving parallel to it at a distance 𝐷 with a higher speed 𝑣1 > 𝑣0. Both particles enter a 

region of constant magnetic field simultaneously at 𝑡 = 0, as shown in the figure. The magnitude of the magnetic 

field is 𝐵. We know that the two particles collide. 

(a) (4 Pts.) Is the magnetic field into the page or out of the page? Why? 

(b) (7 Pts.) When do they collide? 

(c) (7 Pts.) Find 𝑣0 in terms of 𝑣1, 𝐵, 𝑄, 𝑀 and 𝐷. 

(d) (7 Pts.) If the particles stick to each other and form a particle of mass 

2𝑀 when they collide, what would be the period of their subsequent 

motion? 

 

Solution: (a) 

𝐅⃗ = 𝑄 𝐯⃗⃗1 × 𝑩⃗⃗⃗ , 𝐯⃗⃗1 = 𝑣1 𝐢̂ , 𝐅⃗ = 𝑄𝑣1𝐵 (−𝐣̂) (in order to collide). 

Therefore, we must have 𝑩⃗⃗⃗ = 𝐵 𝐤̂, out of the page. 

 

 

(b) Trajectory of the charged particle will be a circle with radius 𝑅, such that 

𝑄𝑣1𝐵 =
𝑀𝑣1

2

𝑅
   →    𝑅 =

𝑀𝑣1

𝑄𝐵
 . 

From the figure, we have 

cos 𝜃 =
𝑅 − 𝐷

𝑅
   →    𝜃 = arccos (1 −

𝐷

𝑅
) . 

On the other hand, time to complete one full revolution (period) is 

𝑇 =
2𝜋𝑅

𝑣1
   →    𝑡 =

𝜃

2𝜋
𝑇 =

𝑀

𝑄𝐵
arccos (1 −

𝑄𝐵𝐷

𝑀𝑣1
)  

is the time at which the two particles collide.  

 

(c) During this time chargeless particle should cover the distance  

𝑅 sin 𝜃 = √𝑅2 − (𝑅 − 𝐷)2. 

Hence,  

√𝑅2 − (𝑅 − 𝐷)2 = 𝑣0𝑡   →    𝑣0 =
√2𝑄𝐵𝐷𝑣1

𝑀 − (
𝑄𝐵𝐷

𝑀 )
2

arccos (1 −
𝑄𝐵𝐷
𝑀𝑣1

)
 . 

(d) For any particle of charge 𝑞 and mass 𝑚 in a magnetic field with magnitude 𝐵, we have 𝑇 =
2𝜋𝑚

𝑞𝐵
. When the two 

particles stick together 𝑞 = 𝑄 and 𝑚 = 2𝑀. Therefore 

𝑇 =
4𝜋𝑀

𝑄𝐵
 . 

  

𝑥 

𝑦 

𝐯⃗⃗1 

𝒗⃗⃗⃗0 

𝐷 

𝐵 

𝑥 

𝑦 

𝐯⃗⃗1 

𝒗⃗⃗⃗0 

𝐷 

𝐵 

𝑅 

𝑅 
𝜃 

𝑅 sin 𝜃 



 

4. The figure shows two infinitely long straight wires situated at 

𝑦 = ±𝑎, 𝑧 = 0 carrying parallel curents in the x-direction. 

(a) (8 Pts.) What is the magnetic field (vector) on the y-axis 

between the two wires −𝑎 < 𝑦 < 𝑎? 

(b) (8 Pts.) What is the magnetic field (vector) on the z-axis? 

(c) (9 Pts.) At what point on the positive z-axis is the magnetic field 

magnitude a maximum? What is this maximum value?  

 

Solution: 

(a)  

𝑩⃗⃗⃗(𝑦) = (|𝑩⃗⃗⃗2| − |𝑩⃗⃗⃗1|) 𝐤̂ 

Using Ampère’s law, we have 

𝐵1 =
𝜇0𝐼

2𝜋(𝑎 − 𝑦)
 , 𝐵2 =

𝜇0𝐼

2𝜋(𝑎 + 𝑦)
 

Hence, 

𝑩⃗⃗⃗(𝑦) =
𝜇0𝐼

2𝜋
(

1

𝑎 + 𝑦
−

1

𝑎 − 𝑦
) 𝐤̂ =

−𝜇0𝐼𝑦 𝐤̂

𝜋(𝑎2 − 𝑦2)
 . 

 

(b) 

From Ampère’s law and symmetry  

𝐵1 = 𝐵2 =
𝜇0𝐼

2𝜋√𝑎2 + 𝑧2
 . 

𝑩⃗⃗⃗(𝑧) = 2𝐵1 cos 𝜃  (−𝐣̂) 

cos 𝜃 =
𝑧

√𝑎2 + 𝑧2
 

𝑩⃗⃗⃗(𝑧) =
𝜇0𝐼 𝑧

𝜋(𝑎2 + 𝑧2)
 (−𝐣̂) 

 

(c) 

𝑑

𝑑𝑧
𝐵(𝑧) =

𝜇0𝐼

𝜋
(

𝑎2 + 𝑧2 − 2𝑧2

(𝑎2 + 𝑧2)2 ) = 0   →    𝑧 = ±𝑎 . 

Maximum at 𝑧 = 𝑎 on the positive z-axis. 

𝐵(𝑎) =
𝜇0𝐼

2𝜋𝑎
 . 

 

𝑥 
𝑦 

𝑧 

𝐼 

𝐼 
𝑎 

𝑎 

𝑂 
𝑦 

𝑧 

𝑎 

𝑦 + 𝑎 

𝑎 − 𝑦 

𝑩⃗⃗⃗1 

𝑩⃗⃗⃗2 

𝑂 
𝑦 

𝑧 

𝑎 

√𝑎2 + 𝑧2 

𝑩⃗⃗⃗1 

𝑩⃗⃗⃗2 

𝑎 

𝜃 

𝜃 


