Chapter 1 Summary

GEOMETRY FOR
PHYSICS: AXYZ. NP e | L z

PAN x v 1 2z

DRAW "EXTRA LINES": extensions of existing lines, parallel to existing lines,
perpendicular to existing lines, or to form right-triangles.
TOTAL = SUM OF PARTS: If t—- X —¢ 3 —j, then x = 4.
1N 7 1
SIMILAR TRIANGLES: If two triangles have the same angles (and thus the
same shape), they have the same side/side ratios.

VECTORS have both magnitude and direction.

If you know 1 of [0, sin 6, cos 6, tan8 ], you can find cos 6 ~ _— sin 0
the others. Calculator: 6 —( "cos" ) ADJ/HYP ratio, ?
and ADJ/HYP ratio — "cos-1 " )}— 0 angle. tan 6

cos® = sin(90°-0), and sin® = cos(90°-06)

If you know 2 of the 4 right-triangle variables [ ADJ, OPP, HYP, 6/sin6/cos6/tan® ]
you can find the other 2, by solving the equations that contain the knowns.

. - OPp
ApT wsd = 22 0PP
oPP = WYe HYP_~ € Aoy +oPEE OTM‘TS'S'
Az 4 OPP are Tamd = $2 HYP 0w & ADT
N . n . . n
pifél‘é“n’f"e*f’ ADJI® +0PP* = WY P? HYP 2im® ore
TRUE: sin6/cosd = tan6 FALSE: cos(a+b) # cosa+ cos b
sin20 + cos20 = 1 cos (ab) # (cosa)(cosb)

To add vectors, A) Draw the vectors head-to-tail, like a "relay race",

B) choose axes and split each vector into x & y components,

C) add x-components to get X¢otal, 2add y-components to get yiotal

D) use these x & y components to "reconstruct” the resultant vector.
There is a difference between components (which are always 1) and originals.

OPTIONAL : Vector multiplication (dot product & cross product) is explained in Sections 18.51-18.53.



Chapter 2 Summary

the tvvax system
5 variables, 5 equations (each is missing 1 variable)
vi—-—vy = at Ax is missing
(% — %) = z(vi + w)t a is missing
(¥ -—%) = vit + ta t2 _ vi is missing
(% —x) = vt — %a 12 vj is missing
v "V = 2a(x - x) At is missing

These equations are true only if a is constant between i & f.

Step 1: Read carefully [for words, sentence structure, implications], think [creative
and logical], draw [form a clear picture-idea, on paper and/or mentally].
Choose initial (i) and final (f) points for a useful constant-a interval.

Step 2: Make a "tvvax table" , to show what you know about the 5 tvvax variables.

Look for zero-v words: from rest, stop, is dropped, peak, maximum height,...
"t" means At. You can substitute "x¢— x;" for Ax whenever it's helpful.
Ax depends only on x; and xf positions, not on what happens betweeni & f.

Step 3: Look for a 3-of-5 subgoal: if you know any 3 variables, you can find the other 2.
If you can't get 3-of-5, re-read the problem-statement more carefully, look for
"links" where the same variable occurs in two tvvax tables [ like New Year's
Eve {Section 2.6}, semi-known symbols {2.7}, x-time = y-time {2.8},...].

Step 4: Use "1-out strategvy” to choose the equation with 3 knowns & the goal-variable,
substitute-and-solve. If necessary, use simultaneous equations (2.7}, or a
quadratic option {19.7} like the Q-formula {2.6} or 2-step Q-Detour {2.6} or
N Q-trick {2.7}; for each Q-option you must choose between + and — solutions.

UNITS: Use SI (s, m/s, m/s2, m). Be careful at start (during substitution),
relaxed in middle (algebra solution), careful at end (answering the question).

Step 5: Answer the question that was asked.

FREE FLIGHT {2.5}: If only gravity affects an object and air resistance is ignored,
ithas ax=0; ay = 9.80 m/s per second downward, which is —9.80 m/s2 if "up" is +.
Don't mix a free flight interval with a "throw" or "impact".

SPLITS : Make a tvvax table for each time interval and/or object and/or direction.

TIME SPLIT {2.6): Split the action into useful constant-a intervals, separated by
special points. Be specific about v-labels; use vy , v2, v3,... (not v & vg), look for New
Year's Eve links. Use "total =sum-of-parts” logic, like Atj.t0-2 + At2-to-4 = At].to-4 .

OBJECT SPLIT {2.7}: Translate the words of a problem into a clear picture that
helps you define tvvax knowns and unknowns and semi-knowns (where the same

variable-letter is in different tvvax tables). Use "Ax = x¢— x;" for each object; at a
certain special time (like a passing point) two objects may have the same x-position.

DIRECTION SPLIT {28 & 2.9}: Analyze x & y motion independently, make

separate x & y tvvax tables for each time interval and object. For free-flight motion,

-2:0f goa T-LINK Lol
N  E Y
vf =
a = —9.8 m/s2
Ay =

Use Section 1.3 methods to split v; into vx & vy, and reconstruct the (viotal)r vector.



SYMMETRY: For free'fall motion When Yi = ¥f, Atbefore peak = At after peak,
AXpefore peak = AXgfter peak » AXi-to-f = vi2(sin 20y)/g, and (vy)i = —(vy)t.

RELEASE PRINCIPLE : Vjust-before-release = Vjust-after-release (magnitude & direction).

A vector's x (or y) component is + if the vector points in the x (or y) direction you've
chosen to be +. The x-component is — if it points in the opposite direction.

Ax

Av

Vaverage At, 50 AX and Vaverage always point in the same direction.
Bgverage At, 50 Av and agverage always point in the same direction.

v and a can have different directions; examples occur in Sections 2.2 & 2.10-Shapes.

While number-line v is increasing, a is +; while number-line v is decreasing, a is —.
While speed 7, v & a have the same + sign; while speed !, v & a have opposite * signs.

MoTion Grapus {2. 0} PoinT, Slope, S‘nape(Cohco.v'lTy), Area.

xT slopeis | X Slopeis | *T slope i iTo- X
FooNSN | STSRISR | TTERE || sopEotiaar ) FRef Ok on ot
AN I N
T '1- T 1 T B ?

v1: K‘ﬁ v; VI POINT- LOCATION on  Fat i-to-f AREA of "y4

i

op ! o ab— || sLope of “at e v on Ut
—— — =
. I\
Q is - ais O O is -+ T =4 av = o At
MouNTRIN | STRAGHT | PIT is )
is MINUS is ZERO | PposIiTnE POINT-LOCATION on “Tyt io-f AREA of Pyt

A\leroﬂe Slope : Use actual SY‘QP\‘)‘PO'W\TS for i f, calevlaTe RISE /pun.
Tnstantaneovs Slope draw TangenT line, choose i+ ¥, caleulaTe RISE /RuN.

RELATIVE MOTION {2.11)
vgt,{;;igd {voftr, obs fromgr} + V imie {vofru, obs fromtr} = V gouna { v of ru, obs from gr}
v train .

g, = —v§nd  vectors can be added in any order: Vrond + V rain = V rain +V e

: Tunne runner nner runner
Use consistent reference frames: AXground = Vground Atground , but AXerain # Vground Atground .

Here is a TOOL SUMMARY for 2-dimensional "boat & plane problems":

( Dméter 3 (VmoTor )
Devrrent Veurrent

N L
22(L D) D=y T v )33
= 9 |y ! | '\ w5
%,’ ; ! Dx ': D= W T E Vx : % ;:
gD D= W T Y i)ss

DISPLACEMENT SIMILAR VELOCITY
TRIANGLE §° | RAnias. | | TRIANGLE
1.6

= l
LI' Tr"a Q}U&T\ons D ( ) L{- Tr'\a Q_}UG:"\OBS



Chapter 3 Summary

An F-diagram (and its corresponding F=ma) always refer to one specific object ;
draw a "free body" F-diagram, or use separating-lines (as in Problem 3-B), or colors.

You can define a combination of matched-motion objects as a "system-object”
(or just add the F=ma's of individual objects) to make internal forces cancel.
This canceling can be good (if Fin¢ is unknown) or bad Gf Fint is known).

Make a force-diagram: If "matched motion", all
Draw picture, choose object, objects have same v, a, Ax.
imagine you're the object, say If v is constant (whether
"I am being pushed & pulled visOor=0), a=0.

by _ and __and...", then If sliding (B or & )aL = 0.
draw and label these forces. w/g=m Solve tvvax for a, use it. ,

Ftotal = m a

X & Y motion is independent, so choose axes,
split F's (and a) into x & y components.
For each F-component, decide whether
direction should be represented by a + or — sign.
F-letters represent only magnitude: ~mg = —m(9.80), not ~m(-9.80).

Fx = M ax and Fy = may
Force NAME § cause FORCE MAGNITUDE FORCE DIRECTION
GRAVITY: g pull of mg = ™ (9.30) PuLL, "down" Toward
weight, w : eorth | {GMm/r?; see Chptr 563 ceviter of earth
TENSION, § STHhS, There ig no masni'ﬁ’uée POLL, in direction
T or Fr 2 Topes- | formula for T or N. | the rope poinTs.
NORMAL, 2 surface (find TorN magnitude I ohsy, 1 o surfaces’
N or Fuor.... = confacT] by solving F=ma) ] plane-of-contacT
: = < T orpases sliding maTion
7 x 2 surfoce fre= meN, f5 = psN k OFpeses | vl
FR\CTION\{‘S : contocT (s can vary Srom Oto psN) fs opposes would-be mSTion
: £s is EQUAL-AND- OPPOSITE Yo Fuen-Friction
: . MAGNITUDE < DIRECTION | | o v . . 0
SPRING = 2“\‘,\&3 is -hk(xe-xed .o »;fm‘“S pigeon s
Dospring b (ifx=aq), -kx ] PUSHorPULL Toword Xe
OTueER Forces include air resisTonce, fluid pressure ond buoyanc
(in Ch.8), electrostatic (Ch.11), magneTic (Ch13), and nuclear (Ch.15).

A third law force-pair involves two EQUAL-AND-OPPOSITE relationships:
1) Third law forces are EQUAL IN SIZE and OPPOSITE IN DIRECTION, and also

2) EQUAL IN "KIND OF FORCE" and OPPOSITE IN "MUTUAL SYMMETRY"
{for example, "If ground pushes block, then block also pushes ground.”}.

Partners in a third law force-pair don't act on the same object, so they never appear together on the
F-diagram for an object. (For example, equal-and-opposite N & mg forces are not a third law pair. }



LINKS: * third law (mutual-interaction F-partners appear in F=ma for two objects)
* massless rope (pulls object at both ends with equal T, so T is in 2 F=ma's)
¢ a-link ("a" appears in tvvax and F=ma; link works in both directions)
¢ matched motion (if two objects have the same "a")

» gplit-link (if an F is split into Fx & Fy, that F is in Fx=may & Fy=may ),
N-link (if one F=ma has N, and another F=ma has "friction = uN")

If possible, choose object & axes to get a 1-unknown equation. Some axes-options are:

VERTICAL
" ﬁ 2
c, ot ° ﬁ\b
/\\ N '773 - s N S T J,

1 HORIZONTAL | N
Wty DIRECTION-OF-MOTION,
commen X Sy 4 ond It Yo plane with “BENT AXIS"

This flowchart organizes the fundamentals of friction into a useful strategy:

[Que.s’\'ion# 1. Tsthe obdec.T s\idms howﬂ
i

|
If the answer is YES, If the onswer is NO,
N J
QuesTion #2: Ask "Will the object
beain To slide’, and answer by
using This 3-sTep process:

® Find The nel Fron-friction.

(Fron-t warls onswer To be YEST)

Find psN, the upper limiT of fs.
($s warts The answer Yo be NoOY)

© Compare. fron-% and pell moawiTudes.

Who wins? LNl The ohje.c Shde?
1§ Front is \arse,r,YES?, _ ~ i -
The block sTafts s\‘ié'\ng.

KINETIC FricTion, fi
Tk mognitude is peN.

T direction is oppesile
To the direction
of sliding velocity.

I usN is lorger, NOY,
Ts is ode To Prew.n‘\' moveme T
by Ao'\vxg jusT E\'\QUSY) To

cance] Trong (N0 more.,no\ess),
<3

o ——— -

{ Only ot The ‘: STtaTic FRICTION, fs

| breakowoy limit, &----y magnitude equols Fnon-f

: you con subsTituTe ! fs direction is opposite To

1 F = mo : the direcTion of Fnon-f.

: s+ FieEs = m©@ ' ¢ =

PopsN+ e = O } ( s and non-f are }
____________ _ EQUAL-ond-OPPOSITE

coefficients of friction are px & pg, but friction forces are fi & fs (or pkN & psN).
uk & ps are approximately independent of surface-contact area and sliding speed.

{ There are many interesting friction problems in Section 3.91.}



Chapter 4A Summary

There are two TWE formats: the one shown below, and the one derived in Section 4.3.

ENERGY

IN\’TlRL ENERGY + INPUT = FINAL ENERGY + WASTE

AY
ACCOUNTAB\L\T? kE + pE; - pE_‘ - 4 Wn-rher N = rKEF - PE$ N pE‘F\'*flwc‘. \\

:m\l; + ms\\;"'":KX?*' Rther 3C&¢='§MY¢1 +m3h$+~kkx§+ lu"Ndl

If Wetn=0=Wsr,

CONSERVATION:
(KE+PE); = (KE+PE) ;}

Wother
can be a rope pull,
person's push or pull,
car engine or brakes
(thru tire-friction), ..

up
tobe+,

KE; + PEi+ PEi + 0 = kEg+ PEg+ PEg+ O

m g 8] du

T

For mgh, N is often

you must; h oo d M' (but not always)
define mg or mgcosH,

Weriction can also
be simply "fx d".

Ah | Wee | is always +.

Eliminate the TWE parts you don't need, then choosei & f, h=0 & x=0.
Substitute for Wg., cancel m's if every term contains m, remember v@ & x@,

AreA of .
F; . I Figry s constant, ‘ . -
1 Fistal 3 o0 @ IMYE - Ltmy
EVERY BOX SrSiuieiuial -
EQUALS EVERY 1 CA.ouws | W tetal KE¢ - kE;
OTHER BOX. ' Section 1831
1
ARER of If Rt is consTont, AKE
P
h‘,—ﬂ Pfo-ml AT
STABLE UNSTABLE NOT IN

For straight-line motion
with constant i-to-f force, P
W = Fparailel d
W = F d cos9d

Work =0 if F=0, or ! AJY !
d =0 (no movement), or Venn’
cosg=0Q (F&darel) Twe c\ 'H:e\"e.h"f

NTa w{%
dlé

woy s To * Srou?

Fd ep /0T

EQBM EQBR™M NEUTRAL EQGM
\._/,\__ESB_“_)/

If ® (not in equilibrium) is released

with v = 0, it responds so its PE { ;

Fparallel & d are in same direction,
so Wis + and KE T (as PE { ).

If v; # 0, object can move "uphill”
inPE; Wis—soKE lasPET.

If Fpar & d point same direction, W is +. If Fpar & d point opposite directions, W is —.

Totals & Partials: Fiotal =ma & Wiotal = A(ymv2), but Fpart#ma & Wpart # Ay mv2).
+ Fp +..., Wiotai=Wa+WB +..., Piotal=PA + Pp +...

Fiotal = FA

F causes m(Av/ At),

F Ax causes A(imv2),

F At causes A(mv).



Chapter 4B Summary

You can define any combination of objects as a "system”.
Finternal doesn't cause A(mv), because the Fijyt At acting on one part of a system is
canceled by an equal-and-opposite Fint At (from a "third law mutual-force” partner)
that acts on another part of the system; this cancellation makes (Fint At )total =0 .

Fexternat At = (mv): — (mv);

Y i 11 internal forces; the equation only asks for Fexternal!

For each force, ask "Is this F caused by another system-object (making it
Finternal) or by something outside the system (which makes it Fegternal) 7"
Some external forces are gravity, air resistance, and external friction or T or N.
Some internal forces are internal friction or T or N, a throw or gunshot of a system-
object by another system-object, an internal spring-force or internal explosion.

COLLISION TI‘;T(EotNNA‘: FRICTION THROW EXPLOSION

— _D-) A
«
g E,W oE) %
7T / 7707077 7 v

CONSERVATION OF MOMENTUM : If Fext =0, mv is conserved, and (mv); = (mv)r.
MOMENTUM IS "ALMOST CONSERVED, (mv); = (mv)g, if At=0 causes Fezt At=0.

SPRING TINTERNAL

\\

KE retention in a collision: Ifitis 100%, elastic. Ifit is less than 100 %, inelastic.
When the objects "stick", it is the minimum % (not necessarily 0), totally inelastic.

For a 1-dimensional elastic collision of objects 1 & 2, you can use these formula5°

mo my
i) = m1+m2 (1) + m1+m2 (v2)ki (volr —m1+m2 (v2)i + m1+m2 (v

* XY independence = [x & y equations on left & right sides of page]; dont mixx & y!
* If Fext =0, (mv); = (mv)s [i & fon left & right sides of equation}; don't mixi & f!
¢ Check to be sure you have an mv term for each system-object at the i & f times.

The center-of-mass for a symmetric X = BLXL + m2Xx2 + ..
uniform-density object is at its center. cm

If a system has (vem); =

mi + mz + ..

0 and Fext =0, its c-of-m doesn't move, and Xem); = (Xem)f -
Optional: system-adaptions of some (but not all) motion equations is discussed in Section 4.11.

How to Choose a Useful Equation

two tvvax F=ma F Ax
equations -~ "a link" F At

At mv?2)
A(mv)

Choose an equation with the goal-variable and lots of "knowns".

For an interval with no F, use one of the 5 tvvax equations (which don't contain F').
F=ma has no i or f or A; F=ma shows what is happening at a specific instant of time.
If the accelerating effects of Fiota] accumulate during an interval, use FAx=AKE
if Ax is either given or asked for, and use FAt=Ap if At is given or asked for.

If an object changes height between i & f, use "mgAh"” in W=AKE.
If "internal force" is involved, simplify things by using Fext At =Ap.



Chapter 5 Summary

The centripetal (radial) axis points toward the circle's center, fﬁ's
along a radius-line. The tangential axis points along the direction ! \
of motion (straight out the "front windshield" or "rear window"). P
At any instant of time, the centripetal and tangential axis- \/'
directions are perpendicular ( L) to teach other. :
A car's speedometer shows v (for straight-line motion) or vr (if motion is along a
curve). Asis the distance an object actually travels (see picture above).

Centripetal (Radial) Acceleration: At any instant of time, whether vy is constant
or changing, a. is L to v and points toward the circle-center, with magnitude v:2/r.

Cause — Effect: A force "F." causes "m" to move in a circle with acceleration "a.",

VT2

Fo = m S —( by substituting "v; =r®" from 5C }—> F. = mrwn2

F. toward center is +, F, away from center is —; the Fr component doesn't cause a..

"Centripetal” is a direction (like "x" or "y"), not the name for a new kind of force.
F. is caused by real objects; ’ c1rcular motlon "acceleration” don't cause force,

Fgravity = GMm/r2, center-to-center attraction; G = 6.67 x 1011 (in SI units).
Near the earth's surface, Fg,-av]ty = mg, straight down toward earth's center; g =~ G Mearth m/r2.

Feravity extends into "space”; it can cause one object to orbit around another object,

2
%ﬂ. = mZ- %Tzz r3 GM = 13 @2

As = v OO i]
bs . )
A T Vv | Nt = r w -—I— W %ﬁ.—
AVt
= Q O = e = _l}.‘:"’_
BY SRTT T OT BT X X E Y
Angular Velocity Units
If you know 1 of 4 Vi T If you know 1 of 3
(@,f,rpm,T) | (¥r,r,o/ffrpo/T)
you can find the others: ® T you can find the others:
2nrads = 1 rev = 360°, — f/ Vi = TQ
60 seconds = 1 minute, r;|)m vr = 2xr/T

o=2rf;1/f=T, f=1/T.




FOUR KINDS OF ACCELERATION

: QA O < Qe (or OR)
! LINEAR :TANGENTIAL; ANGULAR CENTRIPETAL

v i o, is "REGULAR" : : :

Zr LINEAR MOTION : ACCELERATION : nol™ used ! not used ®)

o i{as in Chaplersa-4): i !

| CONSTANT-SPEED ! ! G shous The

<l ClRcULAR MoTion | MoT vsed P O ; O ! rote-f-change

e : : — — of V:direction

‘5 CHANGING-SPEED E nOT Useé : O~ shous V‘rbi =3 5‘“““5 WL 1 0S OBJCC_t moves
[ CIRCULAR MOTION : { rate-of-change | rate-of-change | along o curve.

F= mao EQUATION § g; : :::g:: g = maor T = Jex ‘ = mae
: AV AYe : AW : a
M e -—‘t— M : V'r /r
MAGNITUDE § &t 1 B S )
: Or = T x Porw?®

IF speed T, ot Front wirdow, o has same Toward cenfer
DIRECTION I¢ sPeeAJr,ou'T“!"eqr window, * E sigh 08 Q. : of civele
, $ Along direction of maTion.} {see *be\ow} (0“ ra&'ta\-l'me.)

. st . : Direction of
What is chansnlcj?g hosm"u:\o. of v Magn. of w Magn. of w Ly vecTor

There is one kind of non-angular acceleration: a-vector = A(v-vector)/At. a, a. & ar
are just convenient categories that describe the Av /At for three common situations.
To get the circular-motion atstq] vector, add a.; and ar (which are always L) as vectors

3w

f 'izvoasscr
(Ax)object = (ASkim = (Ax)blocks = (AX)rope =: (As)rim =
Vobject =* (v Jrim = Vblocks =  Vrope =* (vt Jrim =
Qobject =" (ar lrim = @blocks arope = (ar Jrim

* These ='s are true only if the object (or rope) moves across the floor (or pulley) without slipping.

All points on a spinning plate have the same ;
but if two points have different r's, they will (because vr =rw ) have different v;'s.

KINETIC ENERGY (translational & rotational)

w
w=0 : —3 Bﬂ
Ly &) ICL
only KEtran , ) only KErotn , KEtran + KErotn,
$ mv2 3 I w2 tmv2 + §lw2

If object is at same point after 1 rev (like rock-on-string), it has one kind of KE; this can be calculated
as smv2 or :lw2. If object has moved after 1 rev (like a rolling sphere), it has KEgans & KErom , and
if rolling is non-slip so vr =r®, KEotal = tmv2 +:lew2 = tmv2 + X(t mv2),



Linear, Tangential & Angular Variables,
and CONNECTING EQUATIONS

LINEAR [ T bx \Y o F m
TANGENTIAL [ T As Vo o Fr -
ANGULAR | T ) W ) ~ I
X

BETTRE | — | 2eev 10 | womv [aroro | e B | e

Linear, Tangential and Angular Equations
Linear equations (like F =ma) have "tangential analogies" (Fr=mar).
If connecting equation substitutions are made for each tangential variable (Fr = t/r,
m =1/r2, a; = ra ), every "r" will cancel, as shown in Parts 1, 3 & 4 of Chapter 5F.
The overall result is that linear variables change to tangential and then angular,

even though (as discussed in 5D Part 4) tangential & angular variables are not equal.

LINEAR EQUATIONS TANGENTIAL EQUATIONS
Fyvvax (if o is consTawt) Towxo (1f « is consfont)
Ve=Vi = o we - wi = o T
Ax = Flu+ve) T AB = F (wi w;);\'
Ax = %t +¥oTr AG = T +% T
Ax = %Tf-sot? 6 = weT- % «
Vet - R = QA o B% \.uf-w-,‘=2tdﬁe
Use ChopTer J slralegies. Use anologies of Tvvox slralegies.
F'\'OTO.\ = MAa — 'T'-ro-ro\\ = ]
Dp AL
Fa OF 1 PE- P o [Pt oY |1 o -
= RECYIRICN! Text Ot
i (Iu) m)_(lwom)
LINE AR & ANGULAR MOMENTUM MY Gje \ MV
connst be “mixed!

- - e e .-

. {opTioNAL Y
pemm o JOPTIONARL
Fdep Fr. 28 P (Fvesd + Tw) AT |
B Ax ~ 08 H Protol ot
A e et e o e e e = | o - V4
: : |
W tTronsg + \J\]‘roTn WTaTo.\
{
W= ARE 4y Wro= 8kEve 5 CRE rorat)
OKE4vans +  OAKErsin (KEteta)e - ( KE‘tc‘ro.\)'\
Lmvd- )« (ETud- 3T wd) (% v+ Tw?)- (4 + ¥ Tw)




tvvax strategies (as in Section 2.21 or Chapter 2's Summary) can be used for towad:
read/think/draw, choose i & f points for a constant-a interval, make a twwa8 table,
look for 3-of-5, choose a 1-out equation, substitute and solve, answer the question.

UNITS: For twwad, just be consistent; use all rads-and-s, or all revs-and-s, or..,
ional-moti ions, use only radians for A8, w and «.

1; MOMENT OF INERTIA_ calculation
For a system of several objects, Iiotal = sum of I's for the individual objects.

I=mr2 for a point-object, I =Xmr2 for a large object (get X-value from a table).
Optional: parallel-axis (1=1I¢m + mh?) & radius of gyration (I = mrg2), Problems 5-## & 5-##.

How to calculate TORQUE, T.

1) Choose object, draw F-diagram with each F acting at F-point (where F is applied).

2) Choose a specific 1-axis (T is always calculated "with respect to" a specific axis).
3) Use either of the t-formulas shown below. {I recommend that you learn both formulas. )

= F si T=1z%xr F
r is a vector from t-axis to F-point To find r,, a) DRAW the F-extensions,
0 is angle between r and F b) find closest approach to t-axis (at 90°);
c) this extension-to-axis distance is r, .
4) To find direction-sign of T, a) POINT pen in r-direction, b) HOLD pen at t-axis,

¢) PUSH/PULL pen with F at F-point, d) DECIDE (usually  is defined to be +).
5) 7Tiotal = sum of individual T's.

ANGULAR MOMENTUM ( L) is calculated almost like t ; just substitute mv for F.
r is vector from object-location to L-axis, r; is shortest shortest distance from v-extension to L-axis.

Linear motion: L = mvr,. Rock-on-string: mvr, or Iw. "I=Xmr2" object: L =10,

Separate © into Tyt and Text; ask "Is the t-causer inside or outside the system?",
Some examples of Tin¢ are "analogies to Finternal', and an ice skater's arm-extension.

CONSERVATION OF ANGULAR MOMENTUM: If Texternal =0, Lj = L¢.
ALMOST-CONSERVATION: If At=0 causes TexternalAt=0, Lj=~Ls.

TORQUE - EQUILIBRIUM_PROBLEMS

If an object is "static” (remaining at rest), it has Fyx=0 and Fy =0 and t=0.

For ©=0, choose t-axis anywhere. (If an F-extension goes through a t-axis (so r, = 0), this F
disappears from "t = 0" for that axis. Try to get a 1-unknown equation, or 2-unknowns/2-equations. }

Each F causes a t; there are 4 t-decisions for t=+*Frsin8, 3for t=+Fr, .



Chapter 8 Summary

This summary is explained in Section 8.3.

TE
(PE + KE \___ e

. A R o) %
l_akx +;mv__J = v Vo _\\

O Y O T,
Jaki (o ot

G ER R ey \
Q- iy V= wh (wt+9) ’\S% AMT

o= - w'A (w‘“@ﬂ wofoT

m need 2% 3,

W = K/

pessible {ormots

O 2
[Here are Two‘} f=3 £=T

wofeT | W |arf L=k o7
2ot 3w = K/ [_\‘% Q'l‘t-"l—f 1c.yc\e=3’w\més

—

constant-variables: TE A k,m Vmax, ®, f, T 1]
changing-variables: PE,KE X F, a v t 0
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Qmax = -k (—A)/m a =20 Qmax = -k (+A)/m

l | |
I{E = 0 KEmax = 1!' m(ﬂ)A)2 :KE = 0
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10.8 A Summary of Electrostatic Relationships

The magnitude formulas marked with ® are correct only for
point-charges or spherically symmetric charge distributions.
All other formulas and relationships are always true.

The SI value of "k" is 9.00 x 109 Nm?2/s2.
k can also be written as "1/4% €,", where ¢, = 8.85 x 10"12 §2/Nm?2,
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In the left-side formulas:
F and W are caused by the
mutual interaction between Q & q,
so Q & q both appear in their formulas.
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In the right-side formulas:

Eq & Vg (the E-field and voltage
caused by Q) don't depend on q,
so neither has q in its formula.

Here are some differences between the top-row and bottom-row formulas.

Top formulas (F and E) have 1/r,

are vectors (with magnitude and direction).
Bottom formulas (W and V) have 1/r2, are non-vectors (with magnitude and + sign).



For F and E, ignore the = sign of Q & q; use visual logic and think "vector direction”.
For W and V, substitute the £ sign of Q & q, then be careful as you solve the algebra.

Optional Section 18.# discusses the calculus relationships
between F & Wand between E& V: aV =/ E dr, Ex =dV/dx, etc.

The PRINCIPLE OF SUPERPOSITION :
the F, E, W & V caused by one charge is independent of that caused by other charges,
so Fiotal» Etotaly... is the sum of the F's, E's,... caused by all charges in a system.

Fiotal = sum of F's Ettal = sumof E's
Wiotal = sum of W's (@V)total = sum of (aV)'s
To find total F or E, split-add-reconstruct vectors; for total W or V, use + and — signs.

A charge is not affected by interaction with its own E-field:
the Fep acting on a charge = (its own charge)(E-field caused by all other charges).

SI-UNIT SUMMARY: the most common SI units for F, E, W & V are circled below.

F o (T 22 N ESETE O
W@ nnstad V ow (Ve T-

I've included combinations like "kg m2/C s2 " for completeness, but you'll probably
never use them”. Instead, just be sure every substitution you make is in SI units,
and you'll know that any variable you solve for will be in the appropriate SI units.

{ * For example, a battery's voltage will almost always be given as "12 V", not "12 kg m2/Cs2".}
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To "liberate" t from the exponent of e~t/RC, take the natural logarithm ("In") of
both equation-sides; the reason for this strategy is explained in Section 19.6.

aV = AV 'T/Rc. AV = Voo Q:T/Rc.
T
Q = Qmox € WooEm AN = 12 e 0%%0(357“
JS% = % e’T/.OOS AV = 108 Velts
= -t/.005
In(5) = (&S ) The o ong i1
-.288 . -t
I .o08 both hove The
‘ same OV of 109Y.
L0 = -‘- )

In a series circuit, the order of battery, switch, resistors & capacitors doesn't matter.
For example, each circuit below behaves the same during the process of charging:

wooon SuF S,.:_. 16001 goon SMF apon
ppmin Bl e Bl i

A simple parallel RC circuit is analyzed in Problem 11-##, using V-logic principles.
If your class studies "parallel” circuits or if you're curious, look at this problem.

The principles of RC-analysis are
visually organized in the Chapter 11 Summary.
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TM&N}L&N-*‘ for exponertial decrease, aV = (aV)max § o-T/RC .

w:\&m})qu for exponential increase, oV = (aV)may § | = e T/RC }
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