PHYS 1444 — Section 002
Lecture #14

Monday, Oct. 23, 2017
Dr. Jaehoon Yu
«  Chapter 25

Microscopic View of Electric Current
EMF and Terminal Voltage

«  Chapter 26
Kirchhoff's Rules
EMFs in Series and Parallel
RC Circuits

»  Chapter 27: Magnetism and Magnetic Field

Today’s homework is homework #8, due 11pm, Monday, Oct. 30!!

Monday, Oct. 23, 2017 M\ PHYS 1244002, Fall 2017

‘7%‘ Dr. Jaehoon Yu



Announcements

 Mid-term grade discussions
— From 12:00 — 2:30pm, this Wednesday, Oct. 25 in my office (CPB342)
— Lastname startswith A—- D (12 - 12:30), E-K (12:30-1), L-0O (1 -
1:30),P-S (1:30 - 2:00), T - Z (2-2:30)
 (Grade scheme reminder
— Homework: 25%
— Final exam: 23%
— Midterm exam: 20%
— Better of the two term exams: 12%
— Lab: 10%
— Quizzes: 10%
— Extra Credit: 10%
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Special Project #5

Make a list of the power consumption and the resistance of all
electric and electronic devices at your home and compiled them
in a table. (5 points total for the first 10 items and 0.25 points
each additional item.)

Estimate the cost of electricity for each of the items on the table
using your own electric cost per KWh (if you don't find your own,
use $0.12/kWh) and put them in the relevant column. (2 points
total for the first 10 items and 0.1 points each additional items)

Estimate the the total amount of energy in Joules and the total
electricity cost per day, per month and per year for your home.
(6 points)

Due: Beginning of the class Wednesday, Nov. 1
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Rated Numb

Item Name power erof
(W) devices
30 -
40 6
Light Bulbs 60 15
1000 y
1500 1
Heaters 5 1
Fans
Alir

_ Conditioners

Fridgers,
Freezers

Computers
(desktop,
| laptop, ipad)

Game
consoles

Monday, Oct. 23,2017
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DUNE Dual Phase Strategic Approach

1. 3x1x1m?3 42t active volume Pilot detector
2. 6x6x6m3 600t protoDUNE Dual Phase
3. 10kt DUNE Dual Phase LArTPC

3x1x1m3Pilot protoDUNE DP 6x6x6m?3 10kt DUNE Dual Phase
Dual-Phase DUNE FD: 20 times replication of Dual-Phase ProtoDUNE
(drift 6m — 12m)  DUNE Conceptual Des ign Report, July 2015
: = [ S _ Active LAr mass:12.096 kton, fid mass:10.643 kton, N. of channels: 153600

Field cage
suspension
chimneys

“ 2 - M Anode
! s Field shaping rings
= 3Imx1m CRP units = 4 3mx3m CRP units = 803mx3m CRP tnits
" 50field shaping rings = 98 field shaping rings = 200 field shaping rings
+ 4signalFTchimeys = 12signalFT chimneys oy staping s
" 4 suspensionchimneys = 12 suspension chimneys - 240 suspension chimneys
" 12PMTs " 36PMTs = 180 PMTs
" 1280 readout channels " 7680 readout channels = 153600 readout channels
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protoDUNE DP Detector—Cryostat Integration
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Charge Readout Planes

Field Cage (common
structural elements with

SP)
Cathode
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Example 25 -5
Speaker wires: Suppose you want to connect your stereo to wg
remote speakers. (a) If each wire must be 20m long, what F
diameter copper wire should you use to keep the resistance / ﬁ”g

less than 0.1-C2 per wire? (b) If the currenton each speaker /Ef
is 4.0A, what is the voltage drop across each wire? . —

The resistivity of a copperis p. =1.68x10°Q-m  Table 25.1
From the formula for resistance, we can obtain the formula for area

[ / )
R=p— A= p—=1
PA Solveforﬁ> ,OR r

-8
Solvef0r<[1>d: 2r:2'/p—l=2\/1'68><10 L 20m s 15107 m=2.1mm
TR 7t - 0.1€2

From Ohm’s law, V=IR, we obtain
V=IR=4.04-0.10=04V
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Electric Power -
» How do we find out the power transformed by an electric device?

— What is the definition of the power?
* The rate at which work is done or the energy is transformed
» What is the energy transformed when an infinitesimal charge dq
moves through a potential difference V?

— dU=Vdq
— If dtis the time required for an amount of charge dq to move through the
potential differen the power P is
_ P= dU/dt — q/dt «—/ What is this? >
-

— Thus, we obtain  |P=VI| Interms ofresistance |P=]*R=—

— Whatis the unit? | watts = J/s

— What kind of quantity is the electrical power?
 Scalar

— P=IV can apply to any devices, while the formula with the resistance can

only apply to devices that has resistance.
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Example 25 - 11 o
Will the fuse blow?: Determine
the total current drawn by all the '
devices in the circuit in the figure.

D D A

Stereo receiver
350 W

The total current is the sum of current

drawn by an individyal device. o
P — IV SOIVe for‘> I — P / V ‘(l'lzrgrx electric company)

Bulb 7, =100m/1207 =0.84 Heater I,, =1800W /1207 =15.04

Stereo . = 135W/120V =2.94  Dryer I, = 1200 /1207 =10.04

Total current
L. =1, +1,+1;,+1,=084+15.04+2.94+10.04=28.74

What is the total power s =PHP, + P, + P + P, = 1000 + 1800 + 3500 + 1200/ = 3450
s \ Dr. Jaehoon Yu



Example 25 - 13

Hair Dryer. (a) Calculate the resistance and the peak current
ina 1000-W hair dryer connected to a 120-V AC line. (b)
What happens if it is connected to a 240-V line in Britain?

: P
The rms currentis: 7, =—-= 1000
V. . 120V

The peak currentis: 1, =v21,, =J2-8334=11.84
5 1000W

Thus the resistance is: r= ——= (833,4)2:14'49

(b) If connected to 240V in Britain ...
The average power provide by the AC in UK is

_ p2 o (2400
Pt _ YO ooom
R~ 144Q

So? The heating coils in the dryer will melt!
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Superconductivity
At the temperature near absolute OK, resistivity of certain
material becomes 0.

— This state is called the “superconducting” state.

— Observedin 1911 by H. K. Onnes when he cooled mercury to 4.2K (-
269°C).

* Resistance of mercury suddenly droppedto 0. ;
— In general superconducting materials become superconductmg
below a transition temperature (T,). r

— The highest temperature superconductivity seen is 160K

* First observation above the boiling temperature of liquid nitrogenis in 1987 at
90k observed from a compound of yttrium, barium, copper and oxygen.

» Since much smaller amount of material can carry just as much
current more efficiently, superconductivity can make electric
cars more practical, computers faster, and capacitors store
higher energy
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Critical Temperature of Superconductors

Critical temperature (T;), crystal structure and lattice constants of some high-T, superconductors

No. of Cu-O planes

Formula Notation T (K) in unit cell Crystal structure

YBayCus0; 123 92 2 Orthorhombic
BioSr,CuOg Bi-2201 20 1 Tetragonal
BioSroCaCu,0g Bi-2212 85 2 Tetragonal
BioSroCasCu304g Bi-2223 110 3 Tetragonal
TloBa,CuOg TI-2201 80 1 Tetragonal
TloBa,CaCu,0g TI-2212 108 2 Tetragonal
TloBasCasCuz01g T1-2223 125 3 Tetragonal
TIBay,CazCu40144 TI-1234 122 “ Tetragonal
HgBa,CuOy4 Hg-1201 94 1 Tetragonal
HgBa,CaCu,0g Hg-1212 128 Tetragonal
HgBa,Ca,Cu;0g Hg-1223 134 3 Tetragonal

wvivludy, VLl £9, 2V 11
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Electric Hazards: Leakage Currents

How does one feel shock by electricity?
— Electric current stimulates nerves and muscles, and we feel a shock

— The severity of the shock depends on the amount of current, how
long it acts and through what part of the body it passes

— Electric current heats the tissue and can cause burns

Currents above 70mA on a torso for a second or more is fatal,
causing heart to function irregularly, “ventricular fibrillation”.

A dry human body between two points on opposite side of the
body is about 104 to 106 Q.

When wet, it could be 103Q2.

A person in good contact with the ground who touches 120V
DC line with wet hands can get the current V120V

— Could be lethal "R IOOOQ
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EMF and Terminal Voltage

« \What do we need to have current in an electric circuit?

— A device that provides a potential difference, such as a battery or a

generator
 They normally convert some types of energy into the electric energy

 These devices are called source of electromotive force (emf)
— This is does NOT refer to a real “force”.

« Potential difference between terminals of an emf source, when
no current flows to an external circuit, is called the emf (%) of

the source.
 The battery itself has some internal resistance (r) due to the

flow of charges in the electrolyte
— Why does the headlight dim when you start the car?

 The starter needs a large amount of current but the battery cannot provide
charge fast enough to supply currentto both the starterand the headlight
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EMF and Terminal Voltage g

Since the internal resistance is inside the [ oo
battery, we can never separate them out.

S0 the terminal voltage difference is V,,=V.,-V,.

When no current is drawn from the battery, the
terminal voltage equals the emf which is determined
oy the chemical reaction; V= @.

"However when the current 1 flows naturally from the

nattery, there is an internal drop in voltage which is
equal to 7. Thus the actual delivered terminal

voltageis |V, =& —Ir

a
Monday, Oct. 23,2017

m 1444-002, Fall 2017 16
‘/\" Dr. Jaehoon Yu



