Lab notes and records

29 octobre 2009

19:43

09/10/28

Objectives

1. To be accountable (in writing) for lab work.

2. To describe all activities.

3. Info must be easy to read and make sense years later.

4. Logical -> a stranger should be able to pick up lab book and follow the work easily.

 

Rules

5. Hardbound book (no loose pages)

6. All pages numbered in sequence

7. No white out, pencil, erasing or missing pages

8. Date on top of each page, signature on bottom.

9. Mistakes? Cross out with a single stroke

10. All chemicals/equipment named, serial #, calibration/standardization, batch or lot # (expiry date if necessary).

11. Lab books present in all labs, checked by instructor before leaving.

 

No lab book or lab coat = no lab!
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· Many different things must be accurately measured (mass, force, time, volume, velocity, concentration, etc.).
· People have been measuring for 1000s of years; primarily for barter/ trade.
· Problem: each little area/location would measure things differently.
 

Example old/traditional units (from "CRC" Handbook of Chemistry and Physics)

Table: Example "old" units

	Unit
	Definition

	Peck
	0.25 British bushels

	Cable length
	720 feet

	Drams
	0.125 ounce

	Scruple
	0.3 dram

	Firkins
	72 pints

	Hogsheads
	52.45 British gallons

	Kilderkins
	18 British gallons

	Bag
	3 bushels

	Carat
	200 mg

	Pottle
	0.5 gallon

	Perches
	24.75 cubic feet

	Rod
	5.5 yards 


 

Bottom line -> everybody using different measurement systems.

Therefore scientists and merchants needed "standard units". 
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Science uses S.I. Units : so most places/scientist measure things in the same way

 

2 basic concepts: 

3. Dimension - qualitative description (describe a characteristic) ie length; area
4. Units - measure a dimension (quantity) ie how much length -> x meters
 

Ex: simple units of measurement (SI units)

	Dimension
	Unit

	Length 
	Meters (m)

	Mass 
	Kilograms (kg)

	Time  
	Second (s)

	Temperature  
	Degrees Kelvin (K)

	Electrical current
	Ampere (A)


 

Units

Generally 2 types of units: base units (fundamental units) and derived units (come from combinations of base units)

5. Base units: 7 fundamental measure (length (m); mass (kg); time (s); temperature (K); current (A); amount of substances (moles); luminescence (cd - candles)
6. Derived units : combination of base units (ex: force, work, energy, velocity (m/s) -> ie more than one unit involved)
 

SI Units

SI system uses "multiples of 10" (ie convert units by jumps of 10)

Ex: 1 gram x 1000 = 1 kg (kilogram)

       1 g / 1000 = 1 mg (milligram)

 

Table - Standard prefixes for multiples of 10

	Prefix
	Symbol
	Factor

	giga
	G
	109

	mega
	M
	106

	kilo
	K
	103

	 
	g (grams)
	 

	deci
	d
	10-1

	centi
	c
	10-2

	milli
	m
	10-3

	micro
	μ
	10-6

	nano
	n
	10-9

	pico
	p
	10-12


 

Unit definitions

7. Old definitions
a. Meter = 1 / 40,000,000 of Earth circumference

b. Kilogram = mass o f 1 litre (L) of water (4C)

c. Second = 1 / 86,400 of an "average" solar day

 

8. Current SI definitions 
a. Meter = distant light travel in 1 / 299,792,458 s

b. Kilogram = a specific Platinum weight standard is archived/ stored in France

c. Second = a Cesium 133 atom vibrates 9,192,631,770 times /s

 

9. Other definitions
a. "tonne" = 1000 kg (in Canada)

b. "litre/ liter" = 1000.028 cm3 water

c. "gram" = mass of a cubic cm (cm3) of water (also: 1 mL = 1.000028 cm3 water)

 

Example units

10. Velocity: distance travelled / time        (ie miles/hour)
v = d / t = Δx / Δt = m/s
 

11. Acceleration: distance / time 2 =  m/s2     ā = d / t2
 

12. Force:  mass x acceleration = m x ā 
(A net force produces acceleration in the direction of the force.)

 

General concepts

13. Nature of physical quantities
Basic concept - Quantities can be " vectors" or "scalars"

Vector: has both magnitude (size) and direction

Ex: velocity (m/s); force (N); acceleration (m/s2)

Scalar: only has magnitude (size)

Ex: mass, time, volume 

 

14. General mechanics
Mechanics depend on "path" (where object travels)

Path depends on : 

a. Translational motion (whole object moving in same direction at same speed)

b. Rotational motion (different parts of the object move at different speeds)

On influences on path: friction, gravity, and other forces (vibrations, distortions)

 

15. Problem solving
a. Simplicity (don't get overwhelmed by detail)

b. Examine each aspect/variable separately

c. Determine what information you have. Write it down.

d. Determine what you need

e. Determine which elements you can figure out. (ie which equations work)

 

16. Significant figures (appendix in text)
# of significant digits in a number with values that are certain.

 

17. System
A defined space or mass (either real or imaginary (ie wall of tank)

 

Technical definition: "A region prescribed in space or a finite quantity of mass called a system. "

2 system types: 

a. Open: heat + matter can flow

b. Closed: impervious to flow of material (nothing in/out)

 

18. Properties
Any measureable, physical or observable quantity

Types:

a. Intensive: do not depend on mass of system.
b. Extensive: depend on the size of system.
Ex:

c. Velocity: intensive
d. Volume: extensive
e. Specific gravity: a no unit ratio 
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19. Conservation of Mass and Energy
              Material IN                   -               Material OUT               +      Material       -          Material          =  Material accumulated

(through system boundary)        (through system boundary)        generated in        consumed within              within system 

                                                                                                                      system                     boundary                         boundary 

 

Describe as mass balance - If you have "steady-state" or "equilibrium conditions", INPUT = OUTPUT.

Ie A (in)                                                                        

    B (in)                                                                           C (out)      Therefore:  A + B = C (or B = C - A, etc.)

 

 

Logic for solving mass balance (+ other) problems

20. Collect all available information.
21. Draw a diagram (visualize).
22. Write all information onto diagram.
23. Balance     Total input = Total output
 

"Conservation" also relates to energy! (Energy in = Energy out)
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1.2 Basic equations -> "Derived Units"
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1. Displacement (change in a position)  Δx = x - xo  (Fig 2-1)
 

2. Acceleration   ā -> m/s2  (rate of change in velocity)

                          g = 9.80 m/s2 (acceleration due to gravity)

 

3. Velocity (rate of change over distance)   v = Δd / Δt
V = Vo + āt

V: velocity after t seconds; Vo: initial velocity (O if not moving); ā : acceleration; t = time (s)

V = 1/2 (V+Vo)  (average)

"Change in speed event" -> need average velocity

d = 1/2 (Vo + V)t

 

4. Force: F = mā = mg

F: force (N or kg.m/s2); m: mass (kg); ā: acceleration (m/s2); g : gravitational constant on Earth = 9.8 m/s2

 

5. Work: W = fd = mād 

W: work Joules (N.m); f: force (N); d: distance (m); m: mass; ā: acceleration

Assuming:

a. No rotation (different parts moving at different speeds)

b. Force acts in direction of motion 

Summary: All parts move in same direction and speed.

 

In gravitational field (ie drop a ball):

W = mgh      m: mass (kg); g: gravitational force (9.8 m/s2); d: distance/height (m)                       *Imp. for ballistics lab.

 

6. Kinetic energy: KE = 1/2 mv2   (is the actual dynamic energy involved in motion (or transfer of energy))

KE in Joules; m: mass in kg; v: velocity in m/s

Assumption: "Distance" is the distance from initial centre of mass to final centre of mass.        *Imp. for walking lab.

 

                                                        d

 

 

Therefore: Centre of mass = centre of symmetry (same weight on every side)

 

Example questions (pp27)

a. How far does a jogger run in 1.5 hr if average speed is 2.22 m/s?

We have: t = 1.5 hr -> 5400s; Velocity= 2.22 m/s

v = Δd / Δt   -> d= 2.22 m/s x 5400 s = 12 000 m
 

b. How long does it take a falcon diving at 67 m/s to reach the ground 150m below?

Velocity: 67m/s   Distance= 150m

v = Δd / Δt  -> t = 150m / 67 m/s = 2.2 s
 

c. Real life calculations F105 Thunderchief Aircraft

Empty mass: 12,879 kh

Take off mass: 24,506 kg

Fuel: 4,358 L

Weapons: 7,300 kg

 

2 scenarios: 

· Max speed 2213 km/hr = 614.7 m/s    Requiring 8 L/s of fuel

· Min speed 500 km/hr = 140m/s Requiring 2 L/s of fuel

 

Q: What is flying time at max speed?

4358 L/ 8L/s = 544.75 s / 60 = 9 minutes

 

Q: What is flying time at min speed?

4358 L/ 2L/s = 2179s / 60 = 60 36 minutes

 

Q: What is distance at max speed?

614.7 m/s x 545 s = 334857.8 m -> 335 km

 

Q: What is distance at min speed?

140 m/s x 2179 s = 305060m -> 305 km
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Practice questions

2. (Fig. 2.9, pp34) A drag racer begins slowing down 9 s into the race with a speed of 28 m/s. By 12 s the speed is 13 m/s. The race occurs at a temperature of 30C. What is the average acceleration?

Ti = 9 s, Tf = 12 s, v = 13 m/s, vo= 28 m/s

ā = Δv /Δt = (v - vo)/(t - to) = (13 m/s - 28 m/s)/ (12 - 9s) = -15/3 = -5 m/s2 (deceleration) 
 

3. A speed boat accelerates at 2.0 m/s2. How far will it travel (ie what is the displacement) often 8s? (with an initial speed of 6.0 m/s).

ā= 2.0 m/s2, t= 8s, vo= 6.0 m/s, d=?

After ā : v=vo + āt = 6.0 + 2.0(8.0) = 22 m/s

Average speed: v = (v+vo)/2 = (6+22)/2 = 14 14 m/s

Displacement: v = Δd/Δt => Δd = v(Δt) = 14(8) = 112 m (in what direction? => direction of acceleration)
 

4. A jet is launched from a stationary aircraft carrier.  The plane accelerates 31 m/s2 to a velocity of 62 m/s (at takeoff). What is the distance (displacement) covered during takeoff?

ā= 31 m/s2, v = 62 m/s, vo = 0

Δt = v/ā = (v-vo)/ā = (62-0)/31 = 2.0 s
d= 1/2 (v0-v)t = 1/2 (0 + 62)2 = 62 m (assuming constant acceleration)

 

5. A penny is dropped the Richardson building. After 3s of fall, what is the distance "travelled"?

Vo = 0, ā = -9.8 m/s2 (negative indicates direction towards the ground), Δt = 3s.
V = vo + āΔt = 0 + (-9.8)(3) = -29.4 m/s
D = vΔt = 1/2 (-29.4 +0)3 = -44 m 
 

6. A coin is tossed in the air at 8.0 m/s. How high does the coin go? 

Δt = Δv/a = (0-8)/-9.8 = 0.825 s
d = vt = 1/2(0+8)0.825 = 3.28 m

Total time in the air? 0.825 + 0.825 = 1.65 1.64 s

 

Projectiles

2 dimensions! Easiest to consider 2 events: vertical + horizontal.

This means vo will have 2 components: Voy (vertical), Vox (horizontal). Θ = defines initial angle.
Equation: Voy = vo.sinΘ
        v2 = vo2 + 2 ay (ay = vertical a) 

        y = H = (Vy2 - Voy2) / 2 ay
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Question: Alex Serna kicks a football at an angle of Θ= 40° at a speed of 22 m/s. What is the maximum height? Time in air? Range of kick?
Θ = 40°,  vo = 22 m/s, 
Height: Voy = vo.sintheta = 22 m/s x sin 40 = +14.14m

H = (Vy2 - Voy2) / 2 ay = (14)2 /(2x-9.8) = +10m

 

Time in air: vertical event

V = vi + at => t = (v-vo)/a = (0-14)/(-9.8) = 1.43s up   (x2 = 2.9s)

 

Range of kick: horizontal event

Vox = Vo.cosΘ = 22. cos40 = 16.4 m/s
Δd = vt = 16.4 x 2.9 = 47.56 48 m
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1.3 Forces and Mass 

(Chapter 4 - pp85)
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Concepts/definitions:

1. Force: 

· Contact force: push an object

· Non-contact force: jump off cliff(gravity pulls you)

2. Mass: massive objects are hard to get going and hard to stop.

 

Sir Isaac Newton observations:

3. Newton's first law of motion (pp87): "an object continues (at rest, or) in motion at a constant speed in a straight line, unless made to change by another force".

(ie hockey puck slides on ice in one direction until slowed by friction)

4. Inertia /mass: inertia is the tendency of an object to remain (at rest, or) in motion at a constant speed in a straight line. (The mass of an object is a quantitative  measure of inertia.)

5. Newton's second law of motion: when an external force (F) acts on an object of mass (m), the acceleration that results is directly proportional to the net force and has  a magnitude that is inversely proportional to the mass. The direction of acceleration is the same as the direction of the net force.

· a = F/m  OR F=ma = kg.m/s2 = N (Newton)

 

Example: Dave and Kevin are pushing a stalled 1850kg car. Dave exerts a 275 N, Kevin 395N. The force of friction works against them, exerting 560N. What is the  acceleration of the vehicle?

F= (275+395)-560 = 110 N

a = F/m = 110N/1850Kg = + 0.06 m/s2 (+ = in direction of net force)

 

Types of force:

3 fundamental forces:

6. Gravity 

7. Strong nuclear forces

8. Electroweak forces

 

Newton's Law of gravity (pp96/94 5th)

Consider two objects

                                                                                            Concept: "Every object exerts and attractive force on every other object".

                                                                                            R12 = distance 1-2

                                             R12 

 

 

                    m1                                              m2

 

 

Eq: F = G (m1m2)/ (R12)2 = N (force of attraction between 2 objects. 

G = 6.67259 x10-11 Nm2/kg2

 

Ex: What force occurs between 2 children's bicycles m1= 12 kg, and m2= 25 kg, while 1.2 m apart?

      F= 6.67259x10-11(12x25)/(1.2)2 = 1.4x10-8 N 

 

Weight: "The weight of an object is a result of gravitational pull". 

Therefore: Weight on Earth does not equal the weight elsewhere.

Unit of weight? Newton(N)

Eq: Weight: G(ME.m)/r2     

G = 6.67x10-11

ME = mass of Earth (5.98x1024kg)

m = mass of object

r = radius of Earth (6.38x106m)
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Example calculation: The Hubble Telescope has a mass of 1200kg. Determine its weight on Earth and in space, 596 km up. 

Weight on Earth: G(ME.m)/r2  = 6.67x10-11(5.98x1024.1200)/(6.38x106)2 = 11 800 N

Out in space the radius ( reactant) is different.

Radius: 6.38x106 + 596x103m = 6.98 x 106m

Weight in space: W = 6.67x 10-11(5.98x1024.1200)/ (6.98x106)2 = 9.84x103 N
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1.4 Work and Energy

Chapter 6

6 novembre 2009

12:36

09/11/06   Handout: Physics Examples

Mid-term: Thursday Nov. 19

· 10-15 questions, worth 25 marks

· Some definitions (with examples), compare or contrast, half will be basic math

 

Work = force x distance

W=Fd

 

Fundamentals of work/energy

2. Kinetic energy : KE = 1/2mV2
· When you do work (ie exert a force on an object) you change the kinetic energy.  

3. Potential energy: PE=mgh (Work is a change in PE) g=gravitational constant 

· The possible/potential en. An object has under specific conditions. 

· PE= - Gm1m2/R12 

 

Forces:

· Conservative: path followed doesn't matter with regards to work (ex: gravity, electricity, elastic spring)

· Non conservative: depends on path (air resistance, tension, rocket path)

 

Total mechanical energy: E = KE + PE = 1/2mV2 + mgh

 

Power = work/time= J/s = Watts (W)

 

Work-Energy Theorem

· Relates work to the change in kinetic energy.

· W = Final KE - Initial KE            or  = 1/2mVf2 - 1/2mVi2
· And, with respect to gravity (like a ball bouncing vertically)

KE = 1/2mVi2 = mgh = PE

In this case, the potential energy is, "gravitational potential energy". 

Gravitational PE is the energy that an object (of mass = m) has from its position relative to the surface of the Earth.

Ie: PE=mgh (Joules - J)

 

Q: The weight of some bananas is 8400N. What is the mass?

     F=ma ->m=F/a = 8400N/9.8 m/s2 = 857kg

 

Q: What work is requires to lift a 10kg bag (vertically) 5m in 10s? 

     W = Fd (where F=ma)

     W= m.a.d = 10kg(9.8m/s2)5m= 490J

 

Conservation of mechanical energy (E= PE + KE)

· Unless dissipated or otherwise altered, energy is conserved!

· Ei = Ef - Wnc

Ei = initial energy, Ef = final energy, Wnc= non conservative work (heat, friction, noise - Path matters)

 

Review of some equations

Vf = Vi+at

Xf = Xi + Vit+1/2at2   when g=-9.8m/s2   X= position (m)

Force (N) = mass x acceleration (m/s2)

W (J)= force (N) x distance (m)

KE= 1/2mV2

Work= 1/2Vf2 - 1/2mVi2= Fd = mgh=PE (vertical only)

Total energy = 1/2mV2 + mgh

Power = work/time= J/s = Watts (W)
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Midterm: Nov. 19th 3-5pm. 
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General info: 3 phases for matter: solid, liquid, gas. 

"sublimation": solid -> gas

 

Table: Materials characteristics:

	 
	Solid
	Liquid
	Gas

	Density 
	High 
	Medium
	Low

	Flow
	No 
	Yes 
	Yes 

	Order
	Perfect 
	Partial 
	Chaos 

	Memory (of shape)
	Good 
	Absent-minded
	Zero 


 

Fluids -> General Points:

a. Fluid flow includes gases and liquids.

b. Fluids do not remember their shape.

c. Fluids (and solids) are homogeneous (consistent throughout each sample).

 

In homogeneous solids:

· Aggregates: different composition/components
· Agglomeration: same composition; different shapes. 
 

Basic fluid equations:

· Density: ρ = m/v                 ρ= density (kg/m3), m = mass (kg), v=volume (L or m3)
· Pressure:  P = F/A               P= pressure in Pascals (Pa = N/m2 = kg/ms2), F = force (N), A = area (m2)
Normal atmospheric pressure (ie weight of air) = 101.3 kPa

 

Q: How to determine volume of irregular-shaped order?

*Must determine volume.

*Place in water to get volume and measure change in level. 

ρobject = m/v = mair/mair - mwater x ρwater                    ρwater = 1000.00 kg/m3                         v = mair - mwater /mair
ρair = 1.29 kg/m3
ρair (relative to water) ≈ 0
 

Specific gravity: used to compare densities with respects to a reference material (ie water).

Therefore: Specific gravity = density of substance / density of water @ 4C

                                                 = density of substance / 1.00x103 kg/m3     -> Really just a ratio of densities, so no units. 

 

Bernoulli's Equation: For steady (non-rotating) flow of a non-viscous liquid with density = ρ; fluid speed = v; and elevation (height) "y" at two points. 
The equation:

P1 + 1/2 ρv12 + ρgy1 = P2 + 1/2 ρv22 + pgy2 
Used in: flow rates, safe pluming, lift of airplane wings.

 

Archimedes Principle -> for a solid object in fluid

FB = Wfluid                FB = magnitude of buoyant force; Wfluid = weight of displaced fluid

*explain how metal ships float. 

 

Behaviour of fluids in motion:

· Fluid flow -> steady (constant velocity)

        -> unsteady (velocity changes at a point in the fluid)

Turbulent flow - Refers to extremely unsteady flow where there are obstacles (such as ______/ratios)

· Fluid flow -> incompressible (most liquids are very difficult to compress)

                   -> compressible (most gases are very compressible - ie air tanks)

a. Fluid flow -> viscous = thick (ie honey)

                   -> non-viscous = runny (ie water)

An "ideal fluid" is incompressible and non-viscous.

b. Fluid flow -> rotational (ie from top; some rotation)

                   -> non rotational

 

Applications: liquid chromatography, gas chromatography, sample handling/behaviour

 

Laminar flow: Very uniform, even flow (usually high viscosity) V = Vmax/2     

 

Turbulent flow : Low viscosity V= Vmax/1.5 

op

Temperature and temperature measurements

Goal: measure relative amount of heat energy

How? Measure of kinetic energy of molecules in a substance. Therefore: KE = 1/2mv2 = N.m = J

 

Temperature measurement devices: 

· Continuous measurements: thermometer, thermistor, resistant temperature detectors ( R.T.D.), integrated circuit (I.C.) 
· Not continuous: bimetallic
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· Thermometer

· Contains mercury (old) or other predictable liquid

· Temperature rises -> liquid expands
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Pasted from <http://wolfesscience.com/images/lab-thermometer.jpg> 

 

 

· Bimetallic thermometers/thermostats

· Thermostat - bimetallic - uses 2 metal pieces with different thermal expansion rates. (aka differential expansion coefficient)

· Fluctuation : ± 2-3 C

· Uses: furnaces, stoves, refrigerators, etc.

· Non continuous (responds in stages) 

[image: image21.jpg]Lo L -





Pasted from <http://www.frca.co.uk/images/bimetallic_strip.jpg>   

· Thermocouple

· Uses electrical current flow to measure temperature

· Very common in industry.
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Pasted from <http://img229.imageshack.us/img229/1918/thermocouple1dw2.gif> 

· Current flow is proportional to temperature.
· "Seeback Effect" -> two different temperature cause current to flow.
· Many commercial suppliers (ie Omega) and numerous thermocouple devices.
· R.T.D.

· Employs a metallic wire

· As temperature increases, resistance increases.

 

 

 

 

 

Temperature 

a. Thermistor

· No wire. Uses a metallic oxide.

· As temperature increases, resistance decreases.

· Very sensitive, but limited range.

 

 

 

 

 

b. I.C.

· Electronic temperature measuring system with a linear response to changes in temperature.

· Directly measure volts (V) or current (I).

 

 

 

 

 

Temperature
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Safety reservoir
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Immersion line

Glass tubes

Bulb 
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Metal 1: high coefficient

Metal 2: low coefficient 

@ 20C = straight

@ 30C = device bends downwards and turns off heat

 

2 different metals joined at ends via iron/alloy connection
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Resistance

*not quite linear

*metal wire is in ceramic block
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*good/accurate range

-> not good

*inn
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V or I

 

 

Chapter 3: Electricity

27 novembre 2009

22:32

Basic electricity

Basic concepts/definitions:

· Conservation of charge: net charge of a closed system remains constant.
 

       battery             - chemical holds electrical charge

 

+ cathode            - anode

 

· Conductors (electrical)
· Any substance that readily/easily conducts an electrical charge.
· Substance whose outermost electrons are easily dislodged (metals -> copper, etc.)
· Resistors: device which imports exact resistance to flow of electrical current.
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· Insulators (electrical): substance that do not readily conduct electrical charge 
· Substance with electrons that are close/tight (not easily moved) (ex: wood, plastic, rubber, etc.)
· Fuse: safety device to stop current flow (designed to "fail" at special current)
 

Electrical force: electrically charged objects exert a force on each other.

Like/similar charges repel:   -  <- -> -
Unlike charges attract: - -> <- +
Electrical force is a vector (has magnitude and direction).

 

Coulomb's Law is used to describe the magnitude of electrical force:

F = k(q1.q2)/ r2          k=8.99 x 10-9 N.m2/C2
                                    q = charge on particles (Coulomb-C)

                                    r = distance (between charges in meters)

                                    F = force (N)

F α q1.q2     proportional
F α 1/r2       inversely proportional
 

Ex: q1 = +1.0 C, q2 = -1.0 C, r = 1.5 m

+ 1.0 C + <-----------> - -1.0 C
     q1            1.5 m            q2

 

Q: What is the force between q1/q2?

F = k(q1.q2)/ r2 = 8.99 x 10-9 N.m2/C2 (+1.0C . -1.0C)/(1.5m)2 = -4.0 x 10-9 N

 

Electrical field lines

Used to map the direction and indicate the strength of electric fields at various points.

Always oriented + to -. 

Can radiate in all directions. 

 

Magnetism
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Magnets

· A magnet is a metal that has both north + south poles.
· Poles exert forces on each other:
[image: image49.png]



· Geomagnetism (Earth itself)
[image: image50.png]



Magnetic field (B) occupies the space around a magnet. (B = magnetic field is a vector.)

 

The nature of magnetic force:

· When a charge is places if an electrical field; the charge experiences an electric force. Therefore, does a charged placed in a  magnetic field experience a  magnetic force ? Yes, with two rules.
· The charge must be moving.
· The velocity of the moving charge must be perpendicular to the direction of magnetic field. 
 

Direction of magnetic force:   "Right Hand Rule"

· Extend right hand so fingers point along magnetic field (B); and the thumb will point in direction of velocity of charge.

· The palm face the direction of magnetic force (F).

· For a negative charge, force (magnetic force) is out back of hand.

[image: image51.png]



 

SI unit ofmagnetic field:

B = N.s/C.m = Tesla (T)  (1 gauss = 10-4 T)

 

Use magnetic properties to alter electrical charges. (ex: NMR - nuclear magnetic resonance, mass spectroscopy) 

 

Ex: The electric speaker
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Side view (speaker)

 

 

 

 

 

 

 

 

 

 

 

Other magnet devices: numerous analytical devices, cd-roms, computer disk drives, etc.

 

Electromagnetic waves  ***

· Wave - A disturbance which moves through a medium such that the displacement (at any point) is a function of time.
· The medium (as a whole) does not progress (wave) in the direction of motion of the wave.
· 2 types:
· Transverse: a lateral displacement perpendicular (90°) to direction of wave that extends along the length.
 

 

 

 

 

· Longitudinal: the vibrations on individual particles/points are parallel to the direction of travel.
   (guitar string)

General characteristics of waves:

· Generally waves travel with a definite speed through a uniform medium.
· ƒ Frequency : The number of waves that pass a given point per second (per unit time)
· P (or T) Period: Time required for a single  wave to pass a given point.
· λ  wavelength: The distance between individual waves (nm).
· A Amplitude: Max displacement (height) of the wave from the equilibrium position.
 

 

 

· Wavefront: A surface that passes through all points in the wave that are in the same phase. 
 

 

 

 

Electromagnetic waves

· A combination of electric and magnetic fields.
· Electric and magnetic fields fluctuate in intensity to form a propagating wave (half/half)
· Fields (waves) are produced and propagated in all directions, 
· Electric and magnetic fields can be in a phase (ie hit max and zero together) or out of phase (by 90°).
 

Vibrates at specific frequencies to produce sound. 

The combo of permanent magnet and speaker wire (with charge) exert magnetic force onto the voice coil and cone.
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Basic electronics

Direct current: Ohm's Law -> V = IR

Where V = volts (or E), I = Amps/Amperes (current  + -> - ), R = resistance (ohm's Ω)
*V (in most settings) is 110V or 220V (in North America)

*Current and resistance are varied.

 

Q: Picking a motor? Usually consider the amps required.

 

A Basic Circuit

 

 

 

 

 

 

Q: What is I?  I = V/R = 9V/5 Ω = 1.8 A
 

Direct vs Alternating Current

· Direct current : Constant  voltage - battery, power-supply, etc. 

 

 

· Alternating current: λ (nm) = wavelength, ƒ = frequency = cycles/second = Hz (hertz)
 

 

 

 

 

Power in electrical circuits

Power = W; Watts

W (watts) = V (volts) x I (current in amperes)      or      W = AV    Therefore, electrical power is described as "volt amperes".

In addition:

W = I2R = V2/R = VI       Therefore, with volts and amps you can always determine electrical power.

 

Single phase vs 3 phase (systems)

1. Single phase:

Have two wires: one neutral and one live.

Therefore, power/voltage are delivered as a series of waves with peaks and valleys.

 

 

 

 

 

2. Three phase: 

Uses four wires: three live and one neutral.

Concept: three live wires have voltage superimposed out of phase to stabilize delivery and provide a large, single , smooth charge.

 

 

 

 

 

Example:

Single phase: 110 V -> live

                          0V -> neutral             2 wires

 

Three phase: 110V

                         110V

                         110V     three live

                         0V -> neutral              4 wires (smooth power/no surges) 

 

Direct current

· Flow battery or power supply
· Provides steady power
 

 

DC basic circuit 

 

 

 

 

 

 

Types of DC circuits:

· Series
· All resistors, wires, components (etc.) are linear (in a row) - one after another.
· Therefore, the total resistance (R) equal to electrical energy is simply added up.
· Current (amps) however stay the same.
· Using V = IR:
· E = I(R1 + R2 + R3)                    E = IRT
 

· Parallel
· Have same/continuous voltage throughout
· Same voltage arrives at all 3 resistors but current (I) getting to each is difficult.
 

 

 

 

 

 

 

· For example - current at each resistor:
· I1 = E/R1   I2 = E/R2    etc.
· Therefore current (For a parallel DC circuit)      I = E (1/R1 + 1/R2 + 1/R3)          I = E/RT 
· Q: Is a circuit in series or parallel?
A: Linear chain, continuous current = series.

     Joints/connection/T's, continuous volts = parallel

 

Electric Motors

2 Basic machines

· Electric motor: uses electricity to perform mechanical energy to rotate/spin shaft.
· Generator: uses mechanical energy to spin shaft + produce electricity.
 

Electromagnets
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Electric motor:
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Close up of electric motor:

 

 

 

 

 

 

 

 

 

 

 

 

*Force is exerted at 90° to direction of velocity of charge.

Therefore, if there are a group of N -> S magnets in a circle, the second component is driven around.

 

Actual electric motor:
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Electromagnetic radiation

· Emitted or absorbed when molecules/atoms of a sample move from one energy state to another.
· **Technically light is electromagnetic radiation of varying wavelengths, including: visible, IR (infrared), UV (ultraviolet), etc.
· Speed of light (in vacuum) = 3.00 x 108 m/s
 

Electromagnetic Spectrum (energy change)
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Properties of light (focus on U.V. and visible range)

*Light has a "dual nature". It acts like both:

· A wave (electromagnetic)

· A particle.

 

a. Electromagnetic wave

i. Has a wavelength (λ)
ii. Has a frequency (ν) (cycles/sec)
Equation: ν = 1 / λ
 

b. Particles 

i. Light "particles" are called "photons" or "quantums".

ii. Energy of a photon: E = h x ν           h = Plank's constant (6.6 x 10-34 J.s)
 

Generally, atoms cannot have any arbitrary energy level. They are limited to specific values/energy levels.

 

Two main conditions:

c. Ground state (lowest energy level the molecule can have)

d. Excited state (an energy level that is higher than the ground level)

 

As well, for each "electronic" energy level, several "vibrational" energy levels are possible.

An excited (higher energy) molecule may return to ground state by losing energy through:

· Heat decay (fast -> 10-12 s)
· Emitting radiation -> fluorescence (fast -> 10-9 s)
· Cross "systems" -> phosphorescence (10-4 s)
 

 

 

***Basic Law of Light ***

 

Lambert-Beer Law: "The amount of light absorbed (by a transparent material) doesn't depend on the intensity of the (incident/incoming) light."

· Each "layer" of the material absorbs an equal fraction of the light passing through it.
 

Example

 

 

 

 

 

 

 

 

"The amount of light absorbed is proportional to the number of molecules of material that the light passes through."

 

*** A = E x c x l

A = absorbance

E = extinction coefficient -adjust for molecular difference

c = concentration (in mg/mL)

l = length of light path - always 1 cm

 

Many different technical/analytical instruments exploit this principle for measurement:

 

 

 

 

 

 

 

*Level of accuracy/control much higher in tech' hardware.
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*** mg/mL = (Abs. x d.f.) / E 

E = extinction coefficient

d.f. = dilution factor - it may be necessary to dilute sample to get an Abs. reading.

 

Exceptions to Lambert-Beer Law:

· Concentration too high

No longer have linear relationship between amount of absorbed light and concentration.

 

 

 

 

 

*useful readings (read 0.1 - 1.5 on spectrophotometer)

*sample reads over (1.5) on spec? Dilute sample. Remember, Abs. x d.f. (dilution) = actual value

 

· Solvent/solute interactions

Liquid (solvent) and dissolved material (solute) can react/interact to change absorbance pattern.

 

1. Incident light beam is not monochromatic (one wavelength). Different interactions for different wavelengths.

 

*If all conditions (concentration, wavelength, etc.) are right, relationship between absorbance and concentration is linear. 

 

What kind of molecule absorbs light?

· (S) Saturated molecules (ie methane/ethane). Have a single bonding orbital (lot's of energy required to excite molecules).
· (P) π / double orbitals (ie methylene/ethylene). Little energy required to excite.
· (n) Non-bonding electrons (oxygen, nitrogen)
 

Energy comparison: 

 

 

 

 

 

 

Generally, you get a bigger absorption peak from the biggest jump in energy level.

Example: Abs. maximum for compounds:    (you want these values)

	Group
	λ max

	Proteins 
	280 nm

	Amino (-NH)
	195 nm

	Carboxyl (-COOH)
	200-210 nm

	Riboflavin
	445 nm


 

"Special" Groups

· Chromophores (                                                ) single group
· Responsible for absorbance of light in a compound.
· Auxochromes (                                      )
· Enhance absorbance power of compound but don't absorb themselves.
 

Fluorescence

· A type of photoluminescence.
· Energy states
 

 

 

 

 

 

 

 

General fluorescence info

Each molecule has 2 characteristic spectra:

· Extinction spectra (energy "absorption" spectra)
· Emission spectra (energy loss due to vibration)
 

"Stokes Shift" occurs when the excited molecule loses energy (ie get a higher wavelength with lower energy)

 

 

 

Measurement of fluorescence

RFI (relative fluorescence intensity)

With any fluorescent object you get several absorbance peaks:

 

 

 

 

 

 

 

Ralaigh scatter: elastic collision of photons and sample molecule  (λex)
Rayman scatter: elastic collision of photons with solvent

λem: emission peak
2nd order Ralaigh: 2x λem
 

Advantages of fluorescence

· Highly sensitive (ppb/ppt)

· Very specific (differentiate between similar components)

· Can learn about nearby environment

 

Disadvantage: so sensitive you must use new glassware each time (or 'wash' perfectly).
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What kind of molecules fluoresce?

· Aromatics (contains benzene ring structure)
· Multiple conjugated double bonds
· Any group with delocalized π electrons
 

Factors affecting fluorescence (+ absorbance)

· Absorption : increase extinction coefficient = increase absorbance = increase fluorescence

Ie benzene -> ε = 47 000                       ε = 200 000 
[image: image55.jpg]



 

· Rigidity: rigid molecules do not lose energy through collisions (as much). Therefore greater chance to fluoresce. 

· Substituted groups (that increase): delocalized π electrons -> increase fluorescence (-NH2, -OH, - OCH3, F)
· Substituted groups (that decrease): cause intersystem crossing / "Quenching" (-Cl, - Br, I, -COOH)

· Viscosity: thick, high viscosity materials = decreased movement = decrease collisions (therefore increase fluorescence)

· Temperature: increase temperature = more collisions = decrease fluorescence

· Concentration: "too" crowded -> get increase collisions = decrease fluorescence

 

Behaviour of Light

(max speed of light 2.997 x 108 m/s)

Light particle -> photons

· Have zero mass
· Indefinite size and location
· Definite energy = h x ν   (h = 6.626 x 10-34 J/s)
· Definite frequency (c/s)
· Definite wavelength (λ)
 

Light waves

· Behave like "waves"
· Have a direction of propagation (travel)
· Have an oscillating electric field/charge
· Have an oscillating magnetic field 
 

Example: 
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*The electric and magnetic fields are 90 degrees (perpendicular) to each other.

*Both the electric and magnetic fields are 90 degrees perpendicular to the direction of travel.

 

Light Intensity

Units -> watts/unit area

Power = (intensity) x (area)

Watts = (watts/unit area) x (area)

            = watts

 

Reflection of Light - Mirrors (pp.761)

Reflection occurs when light - bounces off a shiny surface:
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2 general types of reflection:

· Specular 
· Diffuse
 

Specular reflection: All waves parallel, a perfect mirror   

 

Diffuse reflection: scatter reflected light 

 

 

 

Reflected images

be"

-- ' - - - - - - --- - - -- -
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Plane mirror (flat) characteristics

· Image is upright
· Image is same size
· Image "distance" equals object distance
· Image is left-right reversed
· Image is a "virtual image" (image is formed by rays that appear to come from image)
· Image cannot be projected from the mirror onto a screen
 

A "real" image

· Image is produced by rays that actually come from an object (ie visible on a screen)
 

Spherical/curved mirrors

· A mirror with a curved reflecting surface
· Curvature can be:
· Convex
· Concave
 

Definitions:

(R) radius of curvature: distance from sphere centre to mirror

 

(F) focal point: point at which parallel rays strike surface (appearing to) pass through

(c) centre of curvature (centre of the sphere)
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normal

Components:

I -> incident ray (incoming) strikes surfaces

R -> reflected ray - reflects off of surface

Normal -> an imaginary line perpendicular to surface

Θi -> angle of incidence (w.r.t. Normal) 
Θr -> angle of reflection (w.r.t. Normal)
 

Law of reflection: θi = θr  (ideally)
I

R

 

θi
θr
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θr
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normal
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θi
Apparent light path 

"virtual image"
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B1 =   B2
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(Mirrors)

Convex                                                                                                                   Concave

 

Focal length (f):

ƒ = 1/2 R   ƒ = + concave  ƒ = - convex

R = radius of curve

 

Spherical mirror/ and thin lens equation:

1/do + 1/di = 1/ƒ 

dist. between objects + mirror    + dist. Between image + mirror   = focal length

 

Spherical mirror (and thin lens) magnification:

m = hi/ho = -di/do = ƒ/(ƒ - do)

magnification = height image/object = distance image/object

 

Reflection and refraction of light

 

 

 

 

 

 

 

 

 

What is involved?

 

 

 

 

 

 

 

 

η = index of refraction = speed of light (vacuum)/ speed of light (in medium)
 

η depends on:
· Composition of medium
· Wavelength of light
 

Angle of refraction (θ2 ) -> Snell's Law : Relates angle of refraction to angle of incidence
η1sinθ1 = η2sinθ2 
Index of refraction in medium 1xangle of incidence = index on refraction in medium 2xangle of refract

 

· The lens

· Lenses are optical instrument made from transparent materials that "selectively refract light"
· Ie glasses, telescopes, microscopes, etc
 

Lens types:

· Positive image/real image lenses
· Negative image lenses
 

· Positive

i. Thicker in middle (than outer edges)

ii. Converge light rays to a common focal point

· Definition: the focal point (pos. Lens) is defined as 1/2 the distance from the lens to the image

· Types:

i. Biconvex

 

· Plano convex

 

1. Convex meniscus          (crescent moon shape)                                                         All are convergent lens (ie magnifying glass)

 

2. Negative

i. Get a "virtual/negative" image

ii. Rays diverge (do not meet). Therefore no real image.

iii. Negative principal focus.

(rays extend backwards and meet at negative principal focus)

it

 

 

3. Thinner at centre

4. Do not form a "real" image

5. Light rays passing through are made divergent

6. Types:

i. Biconcave 

 

7. Plano concave

 

8. Concave meniscus 

 

Lens manufactures use combinations of these 6 lens types.

Manipulate :

· Glass composition
· Lens thickness
· Lens curvature
· Light-bending glass properties
· Light dispersion (or lack thereof)
Therefore a huge range of lens possibilities exist.

 

Problems with lenses: Aberrations

General types:

· Chromatic aberrations (colour-related)
· Spherical aberrations 
 

Chromatic aberrations:

 

 

 

 

 

 

· Effect is most pronounced in single lens systems.
· Image is surrounded by "red/blue" colour fringes
· Focus is not sharp (you are looking at the "average" of the various colour focal points)
· A fully colour-corrected lens => apochromatic lens
· Uses 2 lenses (borate + phosphate fluorites) to compensate.
 

Spherical aberration

· Relates to the source/sample
· Occurs in all lenses, worst in convex lenses.
· Light bent more at other edges; less at the centre.
 

 

 

 

 

· Solution? Don't let light through outside of lens.
Combinations of lenses will not correct this. 

 

Dispersion: The spreading of light into its separate colour components

	light
	wavelength
	n (index refraction

	red
	660 nm
	1.520

	orange
	610 nm
	1.533

	yellow
	580 nm
	1.523

	green
	550
	1.526

	blue
	470
	1.531

	violet
	410
	1.538


 

The dispersion is exaggerated by a prism (pp.794)

 

 

 

 

 

 

 

 

· Different wavelengths/colours are bent by differing amounts (white light is dispersed into component colours)
 

Rainbows: refraction/dispersion occurs by light interacting with water droplet.

Ie rainbow sunlight
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(focus light on one spot)

(satellite dishes, parabolic mikes)
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(store "viewing mirrors",

 rear-view mirrors)
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-> light/image appear to be "bent" under water.

->light is bent or "refracted" in a variety of mediums.
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ƒnormal
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Incident ray

Refracted ray
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Θi            θr 
(dense medium slows speed of light)
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η1 - density of air
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η2 - density of medium
B2
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ƒ (focal length)
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ƒ (focal length)
 

rtf

corf

(thinner in center and wider at edges)

 

& =

FV = violet focal point

FR = red focal point

(lens acts like a prism and bends colours differently)
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FV           FR 
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Bent least closer to centre of lens.
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normal                                  normal 
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Water droplet
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Polarized Light

Theory - Light occurs in waves with magnetic and electric components.

To "polarize" a wave the direction of a wave motion is limited.

 

 

 

 

 

 

 

 

 

 

 

Pass light through a second, perpendicular polarizer.

 

 

 

 

 

 

 

 

A comparison:

"Normal" unpolarized light (waves in any plane)                                              vs                                                     Polarized light

 

 

 

 

 

 

 

 

 

 

               Get a "random" electric field                                                                                                                        "Single" electric field

 

 

 

 

 

 

 

 

 

 

 

 

 

Sunglasses: two pairs of polarizing glasses

