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AP Physics C: Mechanics Review Notes

Including AP Physics 1 and AP Physics C: Mechanics Knowledge Points
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AP Physics C: Mechanics Self-Test Sheet

Kinematics

S A R

—_ = = =
W N = O

Position and displacement

Average velocity and average speed

Instantaneous velocity and instantaneous speed

Average acceleration and instantaneous acceleration

Derivative transformation of physical quantities

Four formulas if acceleration is constant

Graphical interaction in motion analysis (integrating velocity; integrating acceleration)
Vector (three ways to calculate vector: tail-to-tip, parallelogram, resolving into components)

Unit vector and position vector

. Multiplying vectors (dot product and cross product)
. Projectile
. Uniform circular motion

. Relative motion in one or two dimensions

Newton’s Laws of Motion (Dynamics)

AN

Newton’s first law

Newton’s second law

Newton’s third law

Some particular force (gravitational force, normal force, friction, tension)
Whole approach (Pulley model and inclined plane model)

The drag force and terminal speed

Work, Energy, and work

NSk b=

Kinetic energy

Work and work-energy theorem

Work done by the gravitational force, spring force and general variable force
Power

Potential energy (gravitational potential energy and elastic potential energy)
Conservation of mechanical energy

Potential energy curve (force analytically, turning points and equilibrium points)

Systems of Particles and Linear Momentum

1. Center of mass (acceleration of com, velocity of com, displacement of com)
2. Linear momentum and impulse

3. Integrating the force

4. Conservation of linear momentum

5. Momentum and kinetic energy in collisions

Rotation

1. Rotational variables (angular position, angular displacement, angular velocity, angular acceleration)
2. Rotation with constant angular acceleration

3. Relating the linear and angular variables

4. Moment of inertia

5. Torque



Newton’s second law for rotation

6
7. Kinetic energy of rotation and relating with work
8. Rolling motion

9. Work and power in rotation

10. Angular momentum (for a particle, for a rigid body and conservation of angular momentum)

11. Equilibrium

Oscillations
1. Definition of simple harmonic motion (SHM)
2. Velocity and acceleration of SHM
3. Hooke's law and SHM (coefficient of elasticity, period, angular frequency) (4 uses of angular frequency)
4. Energy of SHM (big formula: conversion of maximum speed to amplitude)
5. SHM in vertical direction
6. Angular version of SHM
7. Simple pendulums and physical pendulums
8. SHM and uniform circular motion
9. Damped SHM
Gravitation
Gravitation
Shell theorem

Principle of superposition

Gravitation inside earth

Gravitational potential energy

Acceleration of gravity due to large bodies

Escape velocity (escape velocity and conservation of mechanical energy)
Kepler's law (two conservations of Kepler's second law)

N A R

Satellites orbits and energy



Unit 1: Kinematics 3232
1. PEMALFE Position and displacement
a. fLE Position
TRV — It 2 2 [ fR) T AE AL

b. AHI# Displacement (JRE vector)
MERZNE, ZHYVIMERIRMENA L.

2. EBEMEZE Velocity and speed
a. JEE Velocity (K& vector)
V3534 average velocity

Ax
vavg = E
-[GE R % instantaneous velocity (37 F% % B[] =K 5
_ dx
V=
b. JE# Speed (F7E scalar)
PR average speed:
Ad
Savg = E
-[pEIT 3 K instantaneous speed CHE AT 35 & ) K /M)
3. SN Acceleration (& vector)
a. “FIINEE average acceleration
Av
aavg = E
b. BB INEEE instantaneous acceleration
_ dv
=

TS IS TRL KSR AT, (SL RS S I ) ) — i 3

¢. Four formulas if acceleration is constant

— — L — 1,2 2
vV=vy+at Ax—vot+zat 2alx = vi — v§

4. BISTHPRERERE Graphical interaction in motion analysis
a. T4 TEE integrating velocity

t1 . . .
X1 — %o = [, +o VAt area between velocity curve and time axis froma to b

W) A

a b

t

x__ Distance travelled
N “fromt=atot=5b

Ax

vt + vt



b. R4 /NiEPE integrating acceleration

t1 . . .
v, — v = | ro @dt  area between acceleration curve and time axis froma to b

v

c. ArE-BFIE], JHPE-A [A] 50 B - B] B x-t, v-t & a-t Graph
XT: AHARFHEEL AV

-VT: RERSEAREA R #ENa, N Ax

-AT: RFHRARSG N Ay

5. J¥iE3) Projectile

v sin(t)
v cos(t)
-SRI B2 E)
A
Horizontal motion: Vertical motion:
Ax = ont Ay = voyt + %(—g)tz
vV, = U,, (constant!) Uy = Uy + (=)t
a.=o a,=-g
v, = 0,7, + 2 (=g)Ay

6. ~JEREZ3) Uniform circular motion

a. SERFEZKINEE acceleration of uniform circular motion
-J7 17 direction: radially inward

- K/I» magnitude

-Ji 3 period



b. SIEEAZZITHEAR

5 . . AS 2mr
2R linear velocity: — = =owr=2mmn

2T

-fHIE S angular velocity: i—f = =2mn

_JH A period: 2L = 2%
v w
2
-[) 0> /] centripetal force: mrw? = "= = mr(2m)?/T?

r

7. —4 _EFIFAXTIZ3E) Relative motion in one dimension
¥ b
Frame A Frame 8
A ;)
- Q
Xpp

|
T T x

Xpa Xpy = Xpp+ Xpy

The coordinate: x,, = Xpp + Xpq
The velocity: v, = Vpp + Vpq

The acceleration: @y pq = Ay pp + Ay pa



Unit 2: Newton’s Laws of Motion Z-15ii2 3} 2 3
1. 44— 2 Newton’s first law
a. KA
FEAT AR ER S ORHr 5] B Zia 2 Bl LIRS, B3NS A e iz shiikas k.

b. 1RPEZS% &R Inertial Reference Frames

-AHIE ) E AR L R AR AL S R

-JE5PE 22 & Non-inertial frame

. NEZE L, DEASFER, WEsD JESE, §#1b), BERASE5 5T 0

2. ZRiE — 522 Newton's second law
a. JAiE Mass (FE Scalar)
DR E SR I ER 2D, IR 5 R

b. U4 —5E%E Newton's second law
-
Foet = ma

BT 1) B AR AR e 13 Newton's second law in one direction

Fretx = may

Frety = may,
—FE) T FPEERIRES Equilibrium state under translation

Fop =0

3. P =E Newton’s third law
YER 1= EF 71

4, —EFERIY 77 Some particular force
a. 7] gravitational force
5
Fy =mg
-Hi i Weight
o UMARIEERPEMRE BT R I RRAN,  fhi b2
e W=mg
o MIBERFIHEK, mass A4, weight 48

b. ¥ 77 normal force
-7 XTGP A T T
-SRI R TR, SRR A

c. JBEPEJ] friction

- BE#E static friction force

o HABEREESE Ty FIFZ 00 M S AR s
o BKEEEES: fomar = tsFy

-Zf BE¥ Kinetic friction force

* i =k

o JKIEAAE



5. BAEMBERSAEHEZE Whole method (Pulley model and inclined plane model)
a. YEEMEE! pulley model

%4%: pulley, frictionless

11

Fg

mt

Ml

m _Mg—-mg
M+m T M+m

a=f2 3 71-FHA8 J1/m B

b. #IHEMEZR inclined plane model

m1

m2

_ m2g —mlgsin®
B ml +m2

a

6. FH A E%MKEE The drag force and terminal speed
a. BHJ] drag force

1
D= ECpsz = kv?

viD?]

b. ZAKIEEE terminal speed

N
c. How about V(t) when falls (F /7 TCEE#E)
-Esh7) 15 vV RIEL
ma=—-kv V= Voe(_%)
-E8h 71 BJ1E VPREEL
1 1 kt
ma=—kv? —=—+4—

-H871 S V RRIELE



(1-e?9g
mg—bv=ma v=-—7——

871 S VA RRIE



Unit 3: Work, Energy, and Power 1jj, REESINZER
1. 3h8E Kinetic energy
-E XA
K = 1/2mv?
-FLA: 1 joule=1J=1kg m?/s?

2. Ih53)EEEE Work and work-energy theorem
a. I work (JrE scalar)
-
W = Fdcos§ W =F-d
-work A IEA] ff1 CIED)& 1))
- =L Ih Net work
Jiik—: Je3K net force, HAF Fd k1§
Ik 5eREEA S work done, JE IS4G H]

b. BhEEEHE work-energy theorem
W,,, = AKE

3. f#%) Work done
a. E 7)1 Work done by the gravitational force
Wg = mgdcos6
Wg = —mgd(cos 180°) = —mgd
Wg = mgd(cos 0°) = +mgd

b. 353443 Work done by the spring force

-3 2 3K
1 e 1 e
Ws—zkxl kaf
Ws = 1kA 2
S——E X
ETS 3l

NSVt i Sz s 7 B i 7 —1E D)
NSt i S 7 B i T — 51

c. 22714431 Work done by a general variable force
J7iE—: —4E73 1T one-dimensional analysis
F-x . HBUNET)

area = work done by F
JiiE T hREE B
d. %b/f83h Work done by an external force
S =HUR e AL B EEE 0 (RO GO

10



it T 2 DDA T 2/ DREEW = AEmec + AEth

4. IHE Power

V35 1)% average power: Pavg = —

w
At

- . d
-[G#H )3 instantaneous power: P = d—v: = Fvcos6

5. %8 Potential energy
- /]34 fig gravitational potential energy

-4 3468 elastic potential energy

- U=-W BN

6. MHLBEAEESFIE Conservation of mechanical energy

a. fR5F 1 53E{RSF /7 Conservative force and non-conservative force

-£R5F 77 conservative force

1B 1 F A THAS R A B8 A% AN [RI T 028, ARG T o PRsF 71 (SHIRALE TC R 71D, BVE 155877,
-4ELR5F /7 non-conservative force

JUE) 5 AT R I DI AR R ST 77 -

b. HLHEEESFE conservation of mechanical energy

SR E-NEERRSGE, RAE RS )
-4518: AEmec = AK + AU = 0; KEf + PEf = KEi + PEi

7. $HEEHILR Potential energy curve
a. FM
FENURE SFAE 26 F, —4E N r)iE3)

b. JIHI5HT Force analytically
AU(x) = =W = —F(x)Ax
AU(x) dU (x)
Ax  dx

F(x)=—

c. PR 5¥4 A turning point and equilibrium point

-4 55 turning point

VA0, BERTTAR S (UE)ESHPUREEL A A HUkRE L BRI XA SR
-¥5)17 /5. equilibrium point

V A E—B (P neutral equilibrium)

11



Unit 4: Systems of Particles and Linear Momentum Z¥)& R4 53 &
1. JL Center of mass
a. JROHIALEE displacement of com

- PN TS 2L R G
mlxl + m2x2
com =Tl +m2

- 2R R Gt

r _15: 1__1J . _1Jb M
C"m_M,lmxl_M xm—MaxL x
i=

b. JRLHIEE velocity of com
P = MVcom

c. JROHIINEE acceleration of com
Fnet = Macom

d. XPFRHEEMRR O symmetry as a shortcut
M BT 73 RIS AR G, AL ERTE UG by 5 A%, ERITEX PR F.

2. &IEE5ME Linear momentum and impulse
a. ZRZWE linear momentum
-P =mv

dp
-Fnet = —
dt

b. W& impulse
- I TR AR 5
tf
= Fdt

ti

_]:AP

3. J1H#4 Integrating the force
-f£ Ft B R R R &, Hitesh ' eihE
F

b

Impulse = shaded area

-] = FavgAt

4. ZhESFIE Conservation of linear momentum

a. %W

12



Fnet =0

b. it
Pi = Pf

c. —HAZKIZHESIE (RYEHZA! Explosion model&AEFT F#AKA Gun and bullet model)

-—WE S BN AR, AT 0, BiESHE
-0+ 0 =mlvl + m2v2

d. E2A—RZIETE (REBLE! Collision model)
- R elastic collision
o ZIRESFME: Ky + Ky = Ko+ Ky
© BIENMH: py+pai = pip +pis
-JE#PEAEfE inelastic collision
o SEAAEFYEAETE completely/perfectly inelastic
¢ stick together
¢ mlivli+ 0= (ml + m2)vf
o EEAESAYEAHE general inelastic

e. BHMH ERBNETFE CKHHZEBSE Water drop car model)

KMBEAES, REGHIIAN0, K¥T7HEAZT), K¥ L& E.

13



N

®

1.

a. AL angular displacement

b. ffiEBE angular velocity
-F#5) 1% & average angular velocity

ZEE)% Rotational kinematics

-[GE S /3% & instantaneous angular velocity

C. ﬁﬁﬂﬁﬁ angular acceleration

—FYJ K average angular acceleration

-IGE RS A NGE S instantaneous angular acceleration

Aagyy =

Unit 5: Rotation 33

AG = Of — 6i

A6
Awgypg = =

w = df/dt

Aw
At

dw

CZ:E

d. “FEIREESIYEE KRB R Relating the linear and angular variables
- R IR A %% angular displacement expressed in radians

Ao =22

7

2R TS 5 M3 linear velocity and angular velocity (3% 3#)H & X ="F3¥)H &)

As=rA0
-J& B period

-IN3E FE acceleration

HNIEFE acceleration (real acceleration of object)

As AO = TerE
—=r— v=r =
At Ar v-re
2nr 2m
= — T =
v

2R INTE FE & VI [ IIEJE linear acceleration & tangential acceleration

dv do

—_y—

At At

= a=ro

VIR N &A% A N33 2 normal acceleration & radial acceleration

v

a, = — = w?r
r

a =+a?+a,?

Four formulas if angular acceleration is constant

w=wy+at

¥:33) /1% Rotational dynamics
H1%E Torque

1
AB = wyt + Eatz

14

wot + wt
2aA0 = w? — w? A¢9=°T



it

T = (r)(Fsing) =rF, 1= (rsing)(F)=r.F

T=rxF

-7 IF]

o Wil 4l counterclockwise N IE
o JIRSER clockwise A it
#4145 net torque

Tnet = sSum of the individual torques = la

SRR e A R AL B T 2K Newton’s second law in angular form
dl

Thet =1a=a

b. 31 E Rotational inertia

€ X WA SR SIS (Rl ik Orof L S0 R i sh s Lk ke ik ) RO RERE .

I BRI, T
it

b oM
[=Xmrf = jrzdm =j xz(f)dx
a

o JEETPOL RN X ER
o B4 BIRNEA AN unit, R FBRNEA LR unit
P47 %l 72 B2 parallel-axis theorem
I =1.,, +MAh?
oIBR8 BT R X RSB BB T

3. EEBIEEM 5INHSL R Rotational kinetic energy and its relationship to work

a. %3388 Rotational kinetic energy
1
K==lw?
> lw

b. #3NZ3) Rolling motion
FE) R EAE 455 PR B rolling as translation and rotation combined

NN

translational morion rotational maotion
o TVTEREE N LE A
o JREHESE FREHTD
o TN, a=rxafHiL
-IRHNI )15 8))RE forces and kinetic energy of rolling
o ST rotation

1 | )
=—mv, +—1 o
Z 2

cm

rolling

rolling
SR N HEIERE Y rolling down ramp model
15
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toral motion



o B EMAAYI L F=ma - fs—Mgsind = Magomy
. q:‘%ﬁkk#'_'ﬁfigzﬂi Tnet = la — Rfs_lcom

* acom = aR(rolling smoothly)

pa A
gsm@ a
Acomx = fs = Icom C;;;Lx
1 + COm
MR?
c. D15 II%E Work and power
-TJ) work
0,
W= fo 140
W =1(6f — 0i)
-TJ# power
Prot = dw
rot =-—-=1tw

4. fA3)E Angular momentum
a. —MERLENAZSIE Angular momentum for a particle
l=rxP=r -mv-sinf

b. —/MAIE_EFAZIE Angular momentum for a rigid body
L=1Iw

c. FAZhESF{E Conservation of angular momentum
A

Tnet =0
S

Li=Lf Lw;=Iws

- E T ER P AL Two types of conservation of angular momentum
o AEEAREER A B)E S EEA Without collision
Model 1: FKFFFERA opening arms model
PG MENEFE, T =0 Low; = Loy
TR I &7 - AR
& - - B
Model 2: Bl 7K fi#5 the springboard diver model
FrEMEEFHE, T =0 Low; = Loy
H JJ7C torque, PRUNHAEFO
Model 3: BkzEAA long jump model
FEEMENEFE, T =0 Low; = Loy

=N
E
=N
E

o fEARERER M BhESFERA With collision
Model 4: H.3E4EF 15 pendulum collision rod model

16



axis R
rest M

stick together

MIFF 46 rod B FABIE N 0; particle ffi 3] & NmvRsing
0 + mvRsingd = (I,,q + MRH)w
Model 5: PRI FAH BAEH#E Y two discs colliding with each other model

11
< —==rest

12
¥} ¥ " stick together

L7

0 + 12(1) = (11 + 12)(1),

5. “PEIRZ Equilibrium

“FEPHRIRA translational equilibrium: Fy,, = 0

-FEEPHRIRAS rotational equilibrium: T, = 0

- PSP SR the requirement of equilibrium: Fpp = 0 Tpee = 0

B AT static equilibrium

Tnet = 0 does not mean that the angular velocity is zero; it only means that it’s constant. If an object is at rest, then

it is said to be in static equilibrium.

17



Unit 6: Oscillations &%
1. fE#E#R=3h Simple Harmonic Motion (SHM)

F, is max F=0 F, is max
a is max a=0 4 is max
H H 1
)
¥ \ ¥

X = —Xmax x=0 X = Ximax
equilibrium
position

' .
R oscillation region  ------ >

7 NN
P :AVARVAAVAR

a. X
a1 18 B & B A B (AT B N UIR B 4Rt AT T2 sy, PR T 2 /) BRI RS i IE b, FE HLE
FE 8 AP E

b. EXK
dx ) dv
x(t) = Acos(wt + @) v(t) = i —wAsin(wt + @) a(t) = i —w?Acos(wt + @)
A: HEIE amplitude; w: FAMIZ angular frequency; ¢: H7AH% % phase constant=0; wt + ¢: {7 4H phase
a=-w?Ad=—kx a=-w?6
2. P EKFEEHRS) Simple Harmonic Motion in Translation
a. TEEIRBNPEERMINEE Velocity and acceleration of SHM
21 1
Vmax = —A®W gy = —Aw? © = - = 2nf T ==

b. #HIE RS R EIRS) Hooke's Law and SHM

R s
F=—kx k=mw? w= \/E T = 271\/E (nothing with A)
m k
RTINS Rk
R IXHE In series: % = kil + k_lz

FEERHE In parallel: k = ky + k,

c. TEEIRIIFIEER Energy of SHM
HUBRAETSE: E = U + K =S kA?

18



-HUBRESE T-3hRE, FHREN 0 (RIAGEE SIRIE R Big formula) E = %mv,znax = 2kA?

2

- B 7 1A AT RS SHM in vertical direction

T =
I 1
X0 > F=—kxg
RN
m l X now
measured
X from here
lmﬁ \
(a) (b)

*  The spring constant K is as same as in horizontal motion.
e The center of SHM is still at equilibrium which has changed.(}F = 0 = mg — kx,)

*  No matter what the value of A is, whether it is horizontal or vertical, the period of SHM is always the same.T =

*  Big formula can also be used. E = imv,fmx = %I{A2

3. HIHEKEEHRS) Simple Harmonic Motion in Angular Form

a. TEEIRBIPIFESIRA Angular version of a simple harmonic oscillator

- e B A 3 & 3 angular form of Hooke’s law
T

I
|
=
S

- F)TEE YRS E B period of angular SHM

b. MNMA: HES5YIEE simple pendulums and physical pendulums
-3 simple pendulums

L = length of pendulum

equilibrium

position

Py PRERE physical pendulums
19



Fg sin 6

This component
brings the
pendulum

back to center.

C.

fe— x—»]

(b)
4. PFHBf14Z3) Damped SHM

t(s)

T=T1 AWAL

20



Unit 7: Gravitation /78 5| /7

1. #7574 51 /1848 Newton’s law of gravitation
a. JiA 5|77 gravitation

iy AN
F=GT52 6 =667x10md/kg 57"
-J7 7]
FA G IR AR BRG] T, T7 1) i O A TT 1)
mm; .
F=6G—7""%
r

A 4% BT 7] & radius unit vector, REJIA 5 J177 .

b. BERFZFHIL shell theorem

R PR Ab

OB 3 21 9 J5i 41 5% uniform shell of matter 1, &4MHE 5] J1ZT 0.

c. BINJRE principle of superposition

n
Fined =Fos 4 Fig + 4 = 3 o= [dF
i=2

d. WA 5l /7 gravitation inside earth

mMins
=G 2
HEFAK
B RE /N — Mins _ M
GILEAE P %7'[1"3 —mR3
WETIHINAR: F=G625r =kr
e. JIA 5| /1% E8 gravitational potential energy
-To PRI AR Z TR IS EDN 0
-PIAN B ERZTA] A 35 g -
GMm
U=-—
r
-Z YK Z A 51 18 RE
This pair has ™3
potential energy. "\
- “\
ny rs Here too.
S w
// \
Here too.

GM;M, GM,M; GM,M
_ 172 17 2 3)
71,2 71,3 23

f. HBTRYMEKESIEE acceleration of gravity due to large bodies

U=

21



2. ZKFHEE cosmic speed limit
F—FHEE FS%REHE) first cosmic velocity / orbital velocity
-ﬂ;ﬁ%md\%zﬁfﬁ_@.r“ RIR A IR KISATIEE
- R/ 7.9km/s
SUEMITEE NI 5 1T w0 AT .

b. B_FHEE GBEHEE) second cosmic velocity / escape velocity
- N3G RAKTCBN 3 1l B HBR 5| TR S BT 5 B e /N
- R/IN 11.2km/s
- B LR RE ST 1B
GMm

K+U —%mv + (_T) = O(EREA AR 0) + 0

ZGM

=2gr

c. B=FHHEE (CKFHKRREE) third cosmic velocity / escape velocity

-FEMHBERGES K MRS RAT IR F 16.7 TK/ADES, Jofe fa S st vy LAE B RKRH 51 7o ah, i g K
PH AR ENE ) ZE A G0 Ao TX A A BRSO 28 0K P 2R RS AER CAT W P il 2 38 = 1 i
-K/NK16.7km/s

3. FFEE M Kepler’s laws
a. FFEPHE R (FUEERE) Kepler’s first law / the laws of orbits
-EAT ESORBHMPUE MR, RBHAEME ) — AN R

—e planet

b. FEEFE e/t (HHRER) Kepler’s second law / the laws of area
AT B AR S P 328 42 A R S5 ) R (1] T B P 43 ) T ARAE 55

- THI AR RE TR R P A 531
2



o HlMAEESFIE E=constant
o MZNESFE L=constant (& IHZET 0, EhekH O T4

c. FEBE=wR (AFESR) Kepler’s third law / the laws of period
-FTA AT SRR BH — & B I () 1)~ 07 5 e AT T K A E‘Jjﬁﬁfc LA o

M ) (w?r) =

2

T2 = 41
B (GM

)
4. PEFIEMELE Satellites orbits and energy
SRR, HAUEESE T 3h B HUAR

GMm GMm

2r r

ST A BEPIE, R, WEAURRE .
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