1st Semester Honors Physics Assignments and Notes p.1

Days1-6 - Let’sget started! Summer isover, folks!

Textbooks, Tardy/Cut Policy, Seating Chart (when?), “ Cheap” scientific calculator

Website<http://ryono.net/index.html>

Website2 <http://members.fortunecity.com/jryonol>
Assignment (1) Find thewebsite and bookmark it. (2) Download and install Acrobat Reader. (It'sfreeand
allowsyoutoread .pdf files (exams, notes, illustrations).) Thereisalink to the download on our website's
main page. Or go to www.adobe.com and check the bottom of the pagefor ayellow button. The download
will take perhaps 20 minutes. (3) Look around the website using the sidebar. (4) Then show your parentsour
website and go to X-Files>Parent Information and obtain aparent signature saying they’ veread thewarning
about going on theinternet. Or print out the parent information page and havethem sign that.

Grading Policy (final exam, tests, quizzes, homework, classwork, class participation, extracredit)
Classroom maintenance. Desks and equipment care and respongbilities. Under ClassBusinesssee TheRule
Book!

Notes 1. SigFigs- Ona“Sig Fig Quiz” we say theareaof a3 meter by 4.1 meter rectangleis 1 x
10*m? (10 sg metersisabit ambiguoussinceitisn’t clear towhat ‘ place’ werounded, and 12 sqmeters
would presume 2 significant figureswhichisnot correct). Seetherulesfor multiplication/division and addition/
subtraction. Assumingwedon’t needto ‘ review’ sigfigs, wewill now ingtitute our own set of sigfig rulesfor
homework and tests. Wewill assumethat al quiz dataare accurateto 3 sigfigsand allow answersto be
rounded to asfew as 2 sig figs. Now when we see 3m x 4.1mwe' rethinking... 3.00x 4.10 = 12.3m? and we
will also accept 12m? (not 12.0m?) asan answer. (Now 10m? dosn't even get partial credit!) Warning -
Losingapoint for every insignificant digit could get expensiveif you ever write2/3 or .667 as .66666667 or
evenworse .666... (noticethe meaning of the 3 dots!) or with abar over asix!

2. Rounding - If we knew anumber had only two sig figsand our calculator gave usan answer of
0.0145, would weround to .014 or .015?Rulessuch as‘round up’ or ‘roundto theeven digit’ arearbitrary.
| really don’t care which way you round but it probably should be random rather than alwaysup or down.
Without goingintothedetails, it might be most practical to awaysround up. Another problemin rounding
comeswith thelimited displayson calculators. For example, try entering 1.45 x 108 into aninexpensive
caculator. Quite often after hitting the* =" sign, you will get thefollowing display .000000014 withthe‘5’
hidden. Now multiply by 10to seethe hidden digit! War ning - Roundoff errors can be more expensivethan
sgfigerrorsintheshort run (ie, often no partial credit!).

3. Sl (systemeinternationale) or M K S (meters,kilograms,seconds) unitswill be assumed of al data
if no unitsaregiveninthe problem. Always put unitson your answers. Hardly ever put unitsin your work.
After thisclass, you'll bean advocate of the S| metric system!

4.Kinematicsin onedimension - Definitions (position, displacement, distancetraveled,
aver agevelocity, aver age speed, position-time gr aphs. English vs physics meanings of common words
such asspeed, velocity, accel eration, work, etc.

5. Slope of a secant lineon aposition-time graph isaverage velocity. Thederivative or slopeof a
tangent lineon aposition-timegraphisinstantaneousvel ocity. What does s ope mean? What meaning
cananumerical valuefor adopehaveif thereare no units?

6. Whenisvelocity zero?What's happening at sharp (non-differentiable) pointsonthe x-t graphs?
How isleft/right motion on the x-axisrel ated to the up/down aspect of the x-t graphs? Study x-t graphs.
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7. The' Dangerous Merton Rule’ for computing average vel ocity? It'sdangerousfor computing
other averagesalso.

Assignments 1. Cover textbook and put your nameinsidethe cover.
2. Get a“cheap” scientific calculator asthe more advanced cal culators have sufficient
memory to storetest answers, formulas, notes, and often have programsto solve physics problems.
3. Get the adobe reader installed and show your parents our website (signature).
4. Get 2 phone numbersfrom friendsin the classfor when you'’ re absent.
Day 1 - Review Chapter 1/ Read Sections 2.1 and 2.2/ p.47 #1-7 odd
Day 2 - Read ClassNotes (handouts) on Kinematics/ p.47 #4,6,8,9
Day 3- Practice Quiz 1.4H on position-time graphs/ p.48 #12-15
Day 4 - p.47 #16,17,18,22

Notes- Differ entiation (including the Power Rule, Product Rule, Quotient Rule, Chain Rule, and
thederivativesof sineand cosine) | nstantaneous Speed vs| nstantaneous Vel ocity, Aver age Accel -
eration and velocity-timegr aphs. | nstantaneous Acceler ation. In English, acceleration generally means
acar isspeeding up. Decelerationisused when acar issowing down. However, in physics, acceleration (a
vector concept hence with magnitude and direction) hasto do with theforce (magnitude and direction)
acting on an object. Negative accel er ation does not mean an object isslowing down. Onthex-axis, it
meansthe net force on the object isto theleft or negative-x direction. If acar already hasaleft or negative
velocity, it will speed up. If the car had aright or positive vel ocity, aleft or negativeforce (accel eration)
would dow it down. If theforce (and hence accel eration) issideways (centripetal), the speed of an object
doesn’t change, but thedirection of itsvelocity (vector) changes. Onavelocity-timegraph, thedopeof the
secant lineisanother aver agerate of change, inthiscase, average acceleration. On avelocity-time graph,
thedopeof atangent lineisaninstantaneousr ate of change, here, instantaneous accel eration.

Assgnments1. Seecaculusfilm. Try taking apractice exam (quiz) on thewebsiteon Sig Figs. (Answers
toal practiceexamsand even numbered problemsare on thewebsite.)
2. Preparefor our first ‘ surprise’ quiz on position-time graphs, etc.
Day 5 - p.48 #19, 20,23a
Day 6 - p.50 #48,49,54

Days7-16- You're probably aready behind?You haveto learn to memorize the definitionsasyou get them
inclassandinyour notes. Besidesalot of memorization, there are some very important concepts about
dopesof graphs, instantaneousratesof change, acceleration, vectors, etc.

Notes 1. Redlizethat you ve probably never studied accel eration in mathematics. Constant accel-
er ation (nonzero) isan important special case of acceleration. In onedimension, theforce or acceleration
changesthe speed and sometimesal so changesthe direction of amoving object’ svelocity (vector).

2. Stopping Distanceand Stopping Timearetypica constant accel eration problems.

3. TheL aw of Falling Bodiesisimportant from apractical, theoretical and historical perspective.
Understand what every letter and number (especialy subscripts) in thefollowing equation standsfor:

y=-Ygtt+vt+y, also,isv, herealwayspositive?
y=-492-5t+8
y =—16t2+ 5t + 11 (ft)



4. Hereare some good questionsto ask yourself. p.3
(2) If aball isthrown vertically upward, what isitsacceleration at thetop?
(2) How many feet doesadropped ball fall in one second? Assumenegligibleair resistance
aswithmost dl of our falling body problems.
(3) If an elevator isgoing down and dowsto astop, isthe accel eration negative?
(4) What isthefinal velocity of afalling object asit ‘just’ getsto theground?
5. Noticewhilewearetill trying to master thismaterial, wewill beginto discussvector s. Vector
mathematicswill beacrucid tool throughout theyear.

Assignments 1. Besdesapossiblere-quiz on x-t graphs, we need to test oursel ves on vel ocity-time
graphsand accel eration. (See Kinematics Practice Quiz 2.0H)
2. Study the notes on Constant A ccel eration. Memorize and understand thethreeformulas
(four if you count the Merton Rulefor average vel ocity which alwaysworkswith constant accel eration).
3. SeetheFilmon Galileo’sLaw of Falling Bodies
Day 7 - Kinematics Practice Quiz 2.0H / p.48 #25,27,29
Day 8 - Read constant accel eration notes/ p.48 #24,26,28
Day 9 - p.49#31,33,35
Day 10 - p.49 #30,32,36,37
Day 11 - p.49 #38,39,41,46,55
Day 12 - Read Vector Notes/ p.49 #24,40,42,44,52
Day 13- p.49#43,45,47,50 / Vector Notes Problems#1,3,5,7
Day 14 - p.50#51,53,56,57 / Vector Notes Problems#2,4,6
Day 15- Uniform Acceleration Quiz 3.0H #1-5
Day 16 - Uniform Acceleration Quiz 3.0H #6-10

Days17-25While continuing to learn our definitionsand new terminol ogy, we' veworked with constant
acceleration. While continuing to re-test on constant accel eration, vectors have been introduced. Now we
will beableto deal with kinematicsintwo dimensions. In particular we'll study pr oj ectilemotion. Another
concept which can be studied in both one and two dimensionsisthat of relativevelocity.
Notes 1. We derivethe solution to the M onkey and Hunter Demonstr ation.
2. We dso derivethe Range Theorem and Maximum Height Theorem.
3. What isthevelocity of aprojectileat the highest point initstrajectory?
4. Seethefilm on Galileo and the Law of Inertia.
Assignments
Day 17 - p.69 #4,6,13,15
Day 18 - p.69 #9,11,14,25
Day 19 - p.69 #10,12,16,26
Day 20 - p.70 #17,19,21,27
Day 21 - ProjectileMotion Quiz 5.0H / p.70 #18,20,22,28
Day 22 - p.70 #23,24,36,37
Day 23 - p.71 #42,44,46
Day 24 - p.72 #41,45,50
Day 25 - p.72 #47,48,49 / p.99 #1,7,15
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Days26-38 Newton’sL aws (N1,N2,N3) Animportant concept in physicsisthat of equilibrium. In
physicsthisdoesn’t just mean that an object isat rest. After all, whether an object isat rest or not depends
uponone'sframeof referenceor point of view. UnlikeAristotelian natural philosophy, Galileo understood
that an object’s’ natural state’ isnottobe' at rest’ but rather that it isnatural to retain one’ s state of motion
whatever itis. Equilibriumin physicsmeansthat thereisno unbalanced for ce (net forceiszero) whichis
equivalent to saying that acceler ation iszer o. N1 or the Law of Inertiastatesthat an object at rest will
remainat rest or if in motion, the object will continuewith that motion unless acted upon by anet outside
force or agent.When thereisan unbalanced force, we have N2 or Newton’s2nd Law: For ceequalsmass
timesacceleration. Newton's3rd Law (N3) which | call the Action-Reaction L aw saysthat if object A
actswithaforceon B, then B actswith an equal (in magnitude) but opposite (in direction) forceon A.

Thereare some contact forceswhich the studentswill encounter frequently. They will needto be
ableto represent them in drawings (with vector arrows) in their homework, notes, and exams. Thetension
force of arope on an object should be shown asan arrow drawn on therope or parallel to the rope point-
ing away from the point of attachment of the ropeto the object. Thennor mal forceisacomponent of a
surface contact force. It isdrawn perpendicular or orthogonal to the contact surface. Another component of
thissurface contact forceisfriction whichisdrawn pardlé to the contact surface.

Another important point and confusing because of our English languageisthe difference between
weight (w) and mass(m). Weight in physicswill be defined asthe For ce of Gravity (or often just the
magnitude of theforce of gravity). Mass, onthe other hand, isameasure of an object’sinertia, it'sten-
dency toresist acceleration or any changeinitsstate of motion. A massiveobject isdifficult to ow down
whether it’sbeing accelerated by theforce of gravity on earth or by rocketsin deep space. Deep spacewill
be defined to beaplace sofar from any star systemsthat the gravitationa forceiseffectively zero. If massis
measured by theamount of protonsand neutronsin an object, then that massive object hasthe same mass
falling on earth asit does accel erating in space or on the moon or on jupiter, etc. On earth or even onthe
moon or jupiter, that massive object hasweight. Aswe' |l seeit’ sweight or theforce of gravity may vary
from planet to planet but even in orbit around the earth, it hasweight, iethereisagravity field acting onit. In
deep space, itisweightlessasby definition, we said theforce of gravity would be zero in deep space.

A student standing on ascalein an elevator would find the reading of the scale (the normal force
wouldtell the student his’her appar ent weight (w’) changing asthe elevator accel erated going up and/or
down. If the student in the elevator wasin afreefall, the scale and hence apparent weight would be zero, w’
=0N(newtons) or 0 lb(pounds). Theforceof gravity near the surface of the earth isfairly constant sowe,
inphysics, say that the student’ sweight (w) doesnot changeinthisfreefall.

Theaccel eration of falling objectsin avacuum near the earth’s surfaceis about 9.8 m/s* downward
or -32 ft/s* and the magnitude of thisgravitational acceleration (ag) isusualy writtenasg (= 9.8 m/s%). Since
F«=Ma, if weassumenegligibleair resistance and constant gravitational force, thenwecanreplaceF,
with F,orw andreplace‘a withgand get: w=mg It'simportant for studentsto learnthedistinction
between weight in newtonsand massin kilograms, so asinthe AP Physics Exam, wel et the studentsuse
g=10 m/s>. Now we can say 5kg weighs 50N or a600N object has amass of 60kg without having to
reach for our calculators. The American unit of massisthedug. Yup, 96 Ib of weight hasamassof 3 dugs!
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Assignments 1. See Mechanical Universefilmon Newton'sLaws

2. Seeboth regular physicsquizzeson Newton'sLawsand honorslevel quizzes.

Day 26 - p.99 #3,9,18

Day 27 - p.99#4,8,11,17

Day 28 - p.99 #5,6,13,16

Day 29 - p.99 #10,12,21,23,30

Day 30 - p.99 #14,19,22,35

Day 31 - p.100 #20,24,32,36

Day 32 - p.100 #25,26,30,37

Day 33 - p.100 #27,29,70,75

Day 34 - p.101#28,31,39,65,73 (friction)

Day 35 - p.101 #33,40,62,67,72

Day 36 - p.101 #34,66,76,78,83

Day 37 - p.102 #38,41,79,82

Day 38 - p.102 #42,44,77,81 | p.199 #3,4

Days 39-55 Friction Forceisasurface contact force (likethe normal force). Friction isthe component
paralle tothe surface. If someonetriesto push horizontally against ablock with aforce magnitude of 8N
and the block does not move, thenthereisastaticfriction force of 8N in the opposite direction on that
sameblock. (Noticethisisnot an action-reaction pair. Both the pushing and thefriction forcewereacting
ontheblock. Neither oneistheblock reacting back on pusher or thefrictional surface.) If that sameperson
pushed downward and the block does not break through the tabletop, then the normal forceis8N upward.
Now back to pushing the block horizontally acrossthetabletop. Eventualy theblock will dip aswe
increasethe pushing force. Just beforeit movesor just asit moves, we have reached or found the maxi-
mum gaticfriction for ce. The size or magnitude of thisforce depends upon the roughness of the surfaces
involved and how hard the block pushesinto thetable, thenormal force. Oncetheobject isdiding across
thetable, ausually smaller kinetic friction for ceretardsthe motion of the block.

Circular motion isasointroduced with the distinction betweentangential or linear speed (v,)
andangular speed (»). Tangential acceleration (g) issimilarly related to angular acceleration (o).
Uniform circular motion meansconstant linear or tangential speed and angular speed, sotangential
accel eration and angular acceleration are zero. Thereisdtill theradially inward centripetal acceleration
(a) not to be confused with the*fictitious centrifugal accel eration. Studentsneed to finally cometo under-
standwhat a‘radian’ measureis.

Newton’sLawsonly work inaninertial referenceframe (ie, non-accel erated).

Kepler’'sLaws(K1,K2,K3) areexplained by | saac Newton and hisUniver sal L aw of Gravity.
Assignments 1. Seefilmson (a) Kepler’'sLaws (b) TheAppleand the M oon and (c) fromthe 1960's
Frames of Reference.

Day 39 - p.102 #43,47,48,80 / p.199 #5,6,9

Day 40 - p.102 #52,53,55,59 / p.199 #7,8,10

Day 41 - p.102 #51,54,84 / p.200 #11,12

Day 42 - p.102 #56,86 / p.200 #13,15

Day 43 - p.200 #14,16,17 / p.103 #45,57,58

Day 44 - p.203 #61,62,63 / p.103 #46,49,74

Day 45 - p.200 #18,19 / p.106 #85,89

Day 46 - p.200 #20,21 / p.106 #87,90
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Day 47 - p.200 #22,23 / p.106 #388,91

Day 48 - p.200 #24,27,29 / p.104 #71,92

Day 49 - p.200 #25,28,30/ p.104 #93 / Practice Quiz #1,2
Day 50 - p.201 #26,31,32/ Practice Quiz #3,4

Day 51 - p.201 #33,34,35/ Practice Quiz #5,6

Day 52 - p.201 #36,37,38/ Practice Quiz #7,8

Day 53 - p.202 #39,41,47,61,65

Day 54 - p.202 #42,43,49,62,63

Day 55 - p.202 #44,45,50,66,67

Days57-65Work has something to do with force applied over adistance, but itisn’t that easy! Whena
block didesacrossthefloor thework doneby theforce of gravity and the normal force of thefloor onthe
block are both zer 0. Thework doneby thekineticfriction forceisnegative andif apersonispushing the
block intheexact directionthat it’smovinginthat personisdoing positivework. Work can be considered
atransfer of energy.

Kinetic Ener gy istheenergy associated withamoving mass, K =4, mv>,

Gravitational Potential Ener gy isacalculation of thework that theforce of gravity would do
when aparticular massismoved from aparticular positioninagravitationd field. Thework doneby the
forceof gravity when an object ismoved to the earth’ ssurface from aheight of h abovethe earth’ssurface
isU =mgh.

’ Elastic Potential Ener gy istheamount of work that aspring would do in moving amassfroma
compressed or stretched spring position of ‘X’ back to the equilibrium or unstretched position when x=0m,
U, = ¥ kx* wherelittlekisthespring constant (N/m).

M echanical Ener gy isdefined asthe sum of all three of theseenergies, E=K + U,+U. Quite
often, especially when there’ snofriction, we can usethe Conser vation of M echanical Ener gy to solve
problems, using E = E,. Animportant theorem which rel ates the net amount of work doneto the changein
kinetic energy of an objectistheWork-Energy Theorm: W =AK=K —K.[W]=Nm=J(joules)
and [K] = J(joules, as0).

Pendulumsand spring-masssystemsarealso related to uniform circular motion and thesine
wavesthat are studied in trigonometry. SimpleHar monic M otion (SHM) resultswhen arestoring forceis
proportional to the displacement of an object fromit’sequilibrium position. Resonance istheincreased
amplitude of vibration that resultswhen an external, periodic forceisapplied at the resonant frequency of
thedisturbed system.

Assignments 1. Seethefilm on Resonance.
Day 56 - p.202 #48,51,68 / p.135#1,5,9
Day 57 - p.202 #51,75/ p.135 #2,3,6,8
Day 58 - p.203#70,74 / p.135#10,13,14,16
Day 59 - p.203 #71/ p.135#11,12,15,22,55
Day 60 - p.203 #69 / p.135 #17,19,24,56,58
Day 61 - p.203 #64 / p.135 #18,25,26,57,59
Day 62 - p.136 #27,29,31 / p.449#1,2,6,7
Day 63 - p.136 #28,30,32 / p.449 #3,5,9
Day 64 - p.136 #33,35,38/ p.449 #4,8,14
Day 65 - p.136 #36,39,40 / p.449 #10,11,65
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Days66-85 | mpulse (vector concept, J) ishow much forceisapplied over agiven amount of time, and
hence[J] = Ns. Momentum (vector concept, p) ismasstimevelocity, and hence[p] =kgm/s. The
I mpulse-M omentum Theor em (similar to the Work-Energy Theorem) statesthat thenet impulseequals
thechangein momentum, and hence Ns=kg m/s, ieinterchangeabl e units. Collisions between two
obj ects can be considered aclosed system with no outside force or impul seto changethe total momentum
of the system. Hence, we can usethe conser vation of momentum to solve collision problems. Thisisaso
true of rocket and recoil problems. Anindastic collision resultsin thetwo objects sticking together. A
semi-elastic collision hasthe two obj ects bouncing off each other with somelossof energy intheform of
heat, Q. Anidedlized caseisthe€lastic collisonwherethetotal kinetic energy isthesameafter thecollision
asbefore, ieacollisonwith no heat! Theelastic, headon collision theorem isused to approximatethe
solution of two stedl balscalliding or acueball collidingwith an object bal al in onedimension (headon
collison).

Thecenter of gravity of an object isauseful concept whentrying to keep track of asystem of
objects. Try restating the Law of Inertiafor rotational equilibrium of an object.

Rotational Dynamicsisthe culmination of our class cal mechanics semester. Just asforceresultsin
linear acceleration, Torqueresultsinangular acceleration, T, = la. Consider ayoyo or spin atop!

Rotational I nertiaor M oment of | nertiaisameasure of an objectsresistanceto angular accel-
eration. Thedifference hereisthat for apoint-mass, | = mr?, and noticethat not only doesmassresultin
resistanceto angular acceleration but alsothelarger the‘r’ or thefarther out the massis, the greater the
resistanceto angular acceleration. Which winsthe race down theramp? The hollow hoop, the solid disk, or
the solid sphere?(rolling without dlipping, samemass, radius, and frictiond factors).

Rotational Kinetic Energy, K, ="/, lo? and Angular Momentum, L = |, problems are
solvedinasimilar fashion astheir related trand ationa problems.

Assgnments1. Seethefilm on Momentum.
2. Elastic Collisonin Two DimensionsLab
Day 66 - p.137 #41,61,66 / p.450 #20,21,26 / p.163 #2,3,8
Day 67 - p.137 #42,65,67 / p.450 #22,23,24 | p.163 #4,6,8
Day 68 - p.137 #43,71/ p.450 #27 | p.234 #1
Day 69 - p.137 #44,72 | p.450 #28 | p.234 #2 | p.164 #9,15
Day 70 - p.137 #70,75 / p.453 #67 | p.234 #4 [ p.164 #10,16
Day 71 - p.139#78/ p.164 #17,23,41 | p.234 #5,7
Day 72 - p.139 #79/ p.164 #18,19,24,44 | p.234 #8
Day 73 - p.139 #80/ p.164 #20,25,26,28,45 / p.234 #10
Day 74 - p.139#81 / p.164 #21,27,29,32,62 | p.234 #11
Day 75 - p.139 #82 / p.164 #22,30,71 / p.234 #12,69,85
Day 76 - p.168 #34,70,75/ p.203 #72 | p.242 #76,90
Day 77 - p.168 #32,63,71 / p.203 #73 / p.242 #77,91
Day 78 - p.168 #35,37 / p.242 #92,93
Day 79 - p.234 #9,18,24,31,40,47
Day 80 - p.234 #19,25,32,41,48,75
Day 81 - p.234 #20,26,33,41,49,79
Day 82 - p.234 #21,27,34,43,52,83
Day 83 - p.234 #22,28,38,44,53,84,89
Day 84 - p.234 #23,29,37,45,86,94
Day 85 - p.234 #30,38,46,74,87



