
Name________________________________________ 

Physics 111 Quiz #4, October 7, 2024 

Please show all work, thoughts and/or reasoning to receive partial credit.  The quiz is worth 10 

points total, and all parts may not be of equal weight. 

I affirm that I have carried out my academic endeavors with full academic honesty. 

____________________________ 

1. Suppose that you have a wire of radius 𝑟 = 50𝜇𝑚 and length 𝐿 = 1𝑚 that will be used in a 

circuit as a resistor.  The wire is made out of tungsten (𝜌𝑀,𝑊 = 19300𝑘𝑔

𝑚3,𝑀𝑊 =

0.1833 𝑘𝑔

𝑚𝑜𝑙
, 𝜌 = 5.6 × 10−8Ω𝑚), which donates two charges carriers to the current, and is 

connected to a 𝑉 = 20𝑉 battery.  How much current is produced by the battery?  

 

𝑅 =
𝜌𝐿

𝐴
=

= 5.6 × 10−8Ω𝑚 × 1𝑚

𝜋(50 × 10−6𝑚)2
= 7.1Ω 

𝑉 = 𝐼𝑅 → 𝐼 =
𝑉

𝑅
=

20𝑉

7.1Ω
= 2.8𝐴 

 

 

 

2. Suppose that this wire was placed between the 

poles of a square magnet, shown below, with side 

length 𝐷 = 20𝑐𝑚.  The magnetic field has a 

strength |𝐵⃗ | = 𝐵 = 3𝑚𝑇. When placed between 

the poles of the magnet, what force would the wire 

segment feel?  Assume that 𝐼 ⊥ 𝐵⃗ . 

 The magnetic field points down the plane of the 

page and the current points to the right, then, by the 

right-hand rule, the magnetic force on the wire 

would point into the page away from you with a 

magnitude 

𝐹 = 𝐼𝐷𝐵 = 2.8𝐴 × 0.2𝑚 × 3 × 10−3𝑇 

𝐹 = 0.0017𝑁 = 1.7𝑚𝑁 

 

 

𝑁 

𝑆 

𝐷 = 20𝑐𝑚 

𝐿 = 1𝑚 

𝑉 



3. What is the drift velocity of charge carriers in tungsten wire if the current in part 1 flows? 

𝐼 = 𝑛𝑒𝐴𝑣𝑑 → 𝑣𝑑 =
𝐼

𝑛𝑒𝐴
 

𝑛 = (
𝜌𝑚,𝑊𝑁𝐴

𝑚𝑊
) ×

charge carriers donated

atom
=

19300𝑘𝑔

𝑚3 × 6.022 × 1023 𝑊 𝑎𝑡𝑜𝑚𝑠

𝑚𝑜𝑙 𝑊

0.1833 𝑘𝑔

𝑚𝑜𝑙 𝑊

×
2

𝑊 𝑎𝑡𝑜𝑚
 

𝑛 = 1.27 × 1029𝑚−3 

𝑣𝑑 =
𝐼

𝑛𝑒𝐴
=

2.8𝐴

1.27 × 1029𝑚−3 × 1.6 × 10−19𝐶 × 𝜋(50 × 10−6𝑚)2
= 0.0175

𝑚

𝑠
 

 

 

 

 

4. What is the Hall voltage induced across the diameter of the wire? 

 

𝑉𝐻𝑎𝑙𝑙 = 𝑣𝑑𝑑𝐵 = 0.0175 × (2 × 50 × 10−6𝑚) × 3 × 10−3𝑇 = 5.3 × 10−9𝑉 = 5.3𝑛𝑉 

 

 

 

 

 

5. Although they cannot physically do this, assume that the charge carriers could make a circular 

orbit about the magnetic field in the wire.  If the charge carriers have charge 𝑞 = +𝑒 and mass 

𝑚 = 𝑚𝑒 = 9.11 × 10−31𝑘𝑔, what would be the radius of their circular orbit?  Assume that 

𝑣 𝑑 ∝ 𝐼 ⊥ 𝐵⃗ . 

 

𝐹 = 𝑞𝑣⊥𝐵 =
𝑚𝑣⊥

2

𝑅
→ 𝑅 =

𝑚𝑣⊥

𝑞𝐵
=

9.11 × 10−31𝑘𝑔 × 0.0175𝑚

𝑠
sin 90

1.6 × 10−19𝐶 × 3 × 10−3𝑇
= 3.3 × 10−11𝑚 

 

 

 


