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Module 2

Lecture: Voltage, Current and Power



D@a Voltage, Current and Power

You will learn in this module
= Electrical Engineering Terms
* Voltage, V (volts)
« Current, | (amps)
* Energy, E (joules)
* Power, P (watts)

= Electrical Engineering Devices

* Resistors

» Capacitors
* Inductors
 LEDs

» Test Equipment
* Voltmeter, ohmmeter, current meter
» Oscilloscope
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Current

= Definition of Current
* Current is caused by motion of electrons
* Symbol is I, measurement unit is Ampere or Amps
« 1 ampere (A) is 6.241x108 electrons per second
* Current of 1A = one coulomb of charge per second l |

* Properties v
» Directional, along a path or wire
« Stimulates muscles and nerves
» Drive motors of your robot
* Follows Ohm’s Law ( V= IR)

= Measurements MSP432 can source/sink
.. . . . up to 6 mA
e Current inside a circuit can be measured with a meter b

» \Voltage across a know resistor V = I*R
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n@‘l Voltage

= Definition of voltage
* \oltage is caused by potential difference between

two points
« Symbol is V and is measured in Volts +
» Electromotive force or potential to produce current vV R

» Properties
* Always measured as a difference
« Signed, directional causes current to flow

« Battery used to drive motors of your robot

* Follows Ohm’s Law
MSP432 can output OV or 3.3V
= Measurements

* Voltmeter measures DC and AC voltage

* Oscilloscope measures voltage changes as
function of time (V v/s t)
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i)(_;_)‘I Energy and Power

= Definition of energy
* Amount of storage, for battery specification
* Units of energy are joules(J=volts*amps*time) MSP432 requires 5mA at 3.3 V
 E=1J delivers 1V at 1A for 1 second

AA alkaline battery has
2 A-h at 1.5V
+ Constant voltage

= Batteries

* Rated in amp-hour e el

Two AA alkaline batteries will
= Power power an MSP432 for 16 days,

+ Rate of change of energy 2000 mA-h = 5mA*400h

e P=V*
» Units of power are watts=J/sec = volts*amps

« Conversions: electrical, optical, mechanical,
thermal, acoustic
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n@'1 Resistor

= Definition of resistor ll
« Passive device with a linear V-I relationship + *
* Resistance is measured in R, in Ohms (Q) R Vr Vv R

* Follow’s Ohm’s Law
= Parameters
» Tolerance, e.g., 5% (1000 Q * 5%)
« Maximum power, wattage (¥4 watt = 250 mW)
« ForaVvV=2V, I=2mA,P=2*2mA= 4 mW Current

= Applications
e Used to limit or control current

« Used in circuits to effect gain, offset,
frequency response

—\/oltage
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i.(_i)‘r Analogy

= Current = Voltage/Resistance
* Fluid Flow = Pressure/Resistance

» Heat Flow = Temperature/Resistance

l| Water | Flow 4 T1 = Hot temperature

L e TTRRILLT s

T2 = Cold temperature
A 4
™~ Faucet
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Capacitor

= Definition of capacitor I ¢ +
» Passive device that can store charge

+ Complex impedance, Z = 1/(j2mfC) C .

* Open circuit at DC e

» Allows current at AC
* Reactance, |V|/|I| = X = 1/(2TfC) -

= Parameters
+ Capacitance, C, in farads (F)
» Tolerance, e.g., 5%

« Maximum voltage ’
* Type, e.qg., ceramic, tantalum / '
= Applications

» Used as temporary storage of energy
* Used in circuits to effect frequency response
* Used to reduce noise in circuits
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Inductor

= Definition of inductor m

* Passive device build with coiled wire
» Complex impedance V/I = Z = j21fL

* Closed circuit at DC

* Resists current at AC '/6666\
= Parameters

* Inductance, L, in Henries (H)

= Applications
e Used as to build DC motors
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Light Emitting Diode

= Definition of LED +| a
» Semiconducting device that can emit light Vf S Z l If
» Electrical power => optical power _ k
» Conducts in one direction only

= Parameters
» Voltage, current

a _ Current
« Efficiency, brightness 64
+ Size ¢ 1
(MA) 3T
= Applications +
+ Lights, displays, sensors ol —\/
——+—>\/oltage
* Isolation circuits, fiber optics 1.5 1.8 2.1 9
Vf (volts)
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i)(_i)‘lt DC motor

= Definition of DC Motor
* Electromechanical device
» Electrical power => mechanical power
* Spins in both directions

= Parameters
* \oltage, current

. Efficiency, torque Electrical Model . Recitance R
: : + ’
* Size, weight R + Inductance, L

e emf,V

= Applications
* Robot actuator L

emf
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D(_if Voltage, Current, Power

Summary
= Resistors
» Voltage, current, power

« Ohm’s Law, V=I*R VIl=27

= Capacitors P=V*|
+ Voltage, current
* Reactance, X =1/(2mfC)
* Impedance, Z =1/(j2mfC)

= |Inductors
* \oltage, current
* Impedance, Z =j2mfL

» LEDs
* Voltage, current, power
* Unidirectional
* Nonlinear
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IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES

Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “Tl Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.

You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the Tl product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TlI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).
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