Homework 19.0

Carefully review chapter 19 lecture slides and, if time allows, read textbook sections of
Askeland 19.1, 19.3-19.4, 19.9-19.10 (some numerical example problems such as 19-2,
19-4, 19-5, 19-7 could be omitted) and give an honor statement confirming the reading



Homework 19.1

Calculate the resistance and resistivity for a conductor wire with cross-section area of
1.25 mm? and length of 20 cm subject to voltage of 220V, if the current density is 1
A/cm?2. Assume the wire is uniform.

Total current:
=7%x?7?7 =0.0125 A

Total resistance:
R=77=17,600 Q

Resistivity:
p=77= ..=0.11Q-m



Homework 19.2

A current of 15 A passes through a 2 mm diameter, 500 m long aluminum wire.
Please calculate the power loss. (Aluminum electrical conductivity is 3.77x10° S/cm)

Total resistance for the aluminum wire:
770

R:? =m=422.ﬂ

Total power loss for the aluminum wire:

P=2?77=950W



Homework 19.3

A 10 A current flows through a 2.54 mm diameter copper wire. |f the power lost
should be no more than 200 W, what is the max length of the wire? (Assume copper
conductivity of 5.98 x 10> S/cm.)

Total power loss must satisfy P =??7< 200 W

Total resistance for the copper wire: R <??7=2()

On the other hand, R =?

Max length
L<??7=..=60571cm = 606 m



Homework 19.4

Calculate the electrical conductivity for Ag and Pt at 600°C. Knowing room
temperature resistivity for Ag and Pt is 1.59x10° Qecm and 9.85x10° QQecm,
respectively, while the temperature resistivity coefficient for Ag and Pt is 0.0041/°C
and 0.0039/°C, respectively.

Electrical resistivity for Ag at 600°C

pAg 600C — °°° — 5.34 X 10_69. - CIn

Electrical resistivity for Pt at 600°C
Ppt 600Cc = *°° = 3.19 X 10_5Q - CIn

Electrical conductivity for Ag at 600°C Oag 600c = -+ = 1.87 X 10> S/cm

Electrical conductivity for Pt at 600°C Opt60oc = = 3.13 x 10* S/cm



Homework 19.5

If diffusion coefficient for oxygen vacancy at 1000°C is 7.5x10° cm?/s (*), and oxygen
vacancy concentration is 2.3x10%! /cm?, please estimate the total electrical conductivity

for 8YSZ material. Assuming oxygen vacancy is the predominant charge carrier
contributing to total electrical conductivity. (* estimated from oxygen diffusion
coefficient of 3x10” cm?/s & oxygen vacancy fraction X,,, = 4% for Zr, 3,Y; 104 o)

Mobility for oxygen vacancy (Vo)

2

cin
=...=137%x10"*—
MVO V'S

Total electrical conductivity

C S
g=z___z e =0.10 = .. =0.10 —
- V:s:-cm cm


https://ceramics.onlinelibrary.wiley.com/doi/10.1111/jace.19392
https://doi.org/10.1039/B300151M

Homework 19.6
Knowing a BaTiO, capacitor has active electrode area of 1 cm?, the distance between
two electrodes (dielectric layer thickness) is 10 um, and BaTiO, has a relative
permittivity of 2000. Please calculate its capacitance and the amount of charge that
can be stored in the BaTiO, capacitor at 2 V.

Capacitance:
C=+=-=1.77x10""F

Total charge at 2V
Q= ..=3.54x1077C
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