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Fundamental math definition about
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Basic Operational Rule

Cross Product

Right Hand Rule

t=1rXF
L=rXp
e a Tensor: A tensor relates two(in general non-
S cpitropovs, Right-hand rule for cross prodoct. I Wikipdia ) parallel) vectors, its mathematical structure is
Einstein Summation Convention (Optional | OH) that of matrix
E=3xb=a bjc ik ex

aX(bxc)+bx(cxa)+cx(axb)=0
axX((bxc)=(@-c):b—(a-b)-c
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Basic Coordinate System

Common Coordinate Systems
Cartesian Coordinate System

m(x.y)|(xy.2)

Polar | Cylindrical Coordinate System
m (r,0)](p,0,2)

Spherical Coordinate System
m (p.0,0)

reosf

BX1EE v=v 410

Natural Coordinate System
Definition
w (ri;, Ay, fp)
m V= v

.. 2
la=vrf,+%’—ﬁn

Radius of Curvature

a4y
ly”|

(P + ,’2)3/2

Cartesian
( ) I |f2 + 2’_12 _ rrul

(Polar)

ﬁ.tvdp city
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Relative Motion(almost without any physics knowledge)

You just need your eyes

[(Me6] WHE2-6-1,—FRH m =20 kg RIBFRE ¢, R4 55 A0 B 60 717 K H
£ . HERER — KT Py, B RR r=0.025m, BE AP ORUARNAREE =40
rad/s fEB 156 3h . RF S5 MBhE BRI R BN 0 =0.20. HEEHRFLL 0o=0.050 m/s & o BFH
PORNAE S HLERE 3, T B O 1 BE O [ A DA K AR A FL Rk F R/ |

It is in the midterm exam last year

FHXIZEF):
10 B, BAMA~EE
2. BBER/BER, —REBRAH/ SEsmEE—F (Bl) /8Hz nlz-6-1
NI R/ HE R EIRERA
3: BHENEMARERN, NREEEAHRTBAHE, SETTAREIR:
Va—sc = Vaosp T Vpose
XN F O IUEMRIBEEXNEZES, — MR A FEN AR
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Solution:

(W] HE2-6-1RIHKE,HE2-6-2 BEMFHMNEE . AHH2-6-2 Fr , BUKF
W xy VLR y B A KT R v OH T, ISZHEE .

HAE R XA ERAIREES f 051, 8, 206 2 W 1F R A R B H X B v
M5 . A 2 -6 -2, PHEE y T BN 2 BE
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J wr
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fa‘ﬂ";l,jmg
h Fm, %
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f wrz
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Trajectory(almost without any physics knowledge)
You just need your hands

R HOm B EERA K « RS E R TRy 8, (=0
B 2R T =0, y=0 AbHI/IAKRME L%, LISIIERE el x [=] —a

RS, iR AR NTLIE TR, 8 G R R R O X
mo. WEFRIAKARXT KA R . 7EAEE o >0 iFZ], 55K ¥

(1) kL

(2) WKl o i SR R L B A By AT 94375 B '
BN o)

1. SHURR, BEXEHENAZTENELEAXER
NMRFEEK' B K/ EAENZEEKSAENXAECDH, HEEIRALIR

MR EHENEIEFRYIEIER EYEENRR, ETEEARLER
MRTAEBARBHFZITERITER, HIEE AR

2. FIIRRBNIZEI AR, WE

3. Hit-t+At i BB EEMD R rc2-math part), RIZshFMD AT ERANE BEMEARHEBED
nNF (x, v, a) ERXEE, TJURIRLLFIHEEZMERR
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Solution:

(D tZii, F o2 RIS K, o2, 7
v AEbRr A

= =?a0t2 +aut(t0 —t) =_;‘aot2 +aotto —antz-_—‘ _%aotz +aott0
=%a0t0 _’%(Iot% +aott()_‘%'aot2 =%aot8_%‘ao (to—Z)z .

y=—é—g(to =%
RIRKIEL TR

L= lat—@
200 gy

LR AR 1 BR.

REYHOKMSER O’y HRDE—HRKEEERE 2 R a=—a,+g FAES
IEELE), HESHEEARAGEL. W ZIRGEL SR 2 PELATR, SRR

au ’ 1
r=—=2y", A2'=zx—%att,

= 1
g 5 V=y, B 2= 2aoto—%y

’_’ ay
—a | X 0'} X!
G,';"‘
8
780
= ¥ \'
iR i fi ] 2

(2) WRTATIE, o Z R, T ¢ B 2] AR £ 07K AE ¢ I 2008 0 y AARAT 51 H

1 1 3
x(l)=7a(y[%—7a|)(tu_[)- .

y([)=%g(lo-t)z.
i BYZKAE o 200G =0 3 HebRS51H
x(t+de), y+de).
dt B[] AR dm=m,de (907K, 7E ¢ B ZIELR P 4R dey dy ARG AL K
d1'=an (,-:) _t)dl- dy=—g(l.. _I)div

d[: \/dt2+dy2 . '\/u?l) +g2 ([n —l)dtt
Hrp dy B, BER y(O>y(e+do), mSiEE 3 B,

to Z B F e+ de B2 AR

LR v () fb TR 1
§ Bkdi __I,.a",f' A(l)—d_=nln/van+g (!,_1)
0 e — >
yt+de) %

vty to—t=+2y/g
e fRA BIAG oo B 228 b B B4R 3 8 A B v ABARAY 4
28 Fiiha W

v

iy=—me_ [E
R 3 vai+gN 2y
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Cartesian Coordinate system

Basic Formulas

x(t)Ax + ()R, + 2(t) A,
x(t) Ay + y(t)A, + z(t) A,
= X(t)nx + ¥(t)Ay + z(t)n;

T
%
a

Cylindrical Coordinate system

Basic Formulas

r= ph, + zh,
V= ph, + pohy + zh,
i= (ﬁ = p<132> P + (pod + 2p¢) iy + 27,
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Cylindrical Coordinate process Spherical Coordinate system

ylindricl  Coordinate, Process

D¢ 09 = D\?: ;T}cosyt@’sq\,jo
/\51/7 :

NE= - NP S N
= T s
N D)( § \‘f fb{ JO 7= rsin(f) cos(¢)hy + rsin(#) sin(¢)hy, + rcos(0)n;
== s B s o IFR 55 5 V= if, + iy + rsin(0)dhs
P S il D), y 87 50 D\P a= ('i— ? — rsinz(())d}?) fy

= | =DR ey — A7 e e
@ [ D)? U‘\“\P mﬂ:}ﬁy il i 87 D% + (ré+ 21 — rsin(H)cos(H)c¢32) g
2; P ’ﬁ t Ry D&? I DE? + (rsin(8)é + 2rsin(0)é + 2rcos(8)8d)hy !

= F = = ~ 2 ~> W N —
Y [p-P9% np ’r\@boch?g)D\ngc SN2
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Spherical Coordinate process Natural Coordinate

Basic Vectors

Z ﬁ? =% == ® 7. : along the direction of v
o ﬁ?‘i STA@LTTJPWA};H @)5“'9) + CU-\GJZ ® i, and np : perpendicular to the direction of v
~ —
(TR AR L BT

X DB CISG( (us 2 g D =

B MY 0 W M it I

TIOM Y NG B —panent-paaoig et

Do = -Oh7 +$ con NP s

iy i Ap = Ay X Ap
O’rﬂ“?*m@-rrbiwer? V=i,

@ JOINT INSTITUTE
@ RABRER PP




Force and Inertial Frame of Reference

Interaction between two objects or an object and the environment. \

Inertial Frame of Reference

In a inertial frame of reference, if the net force on a particle is zero, then
its acceleration is zero.

® A particle acted upon by zero net force moves with constant velocity. g A=A =
® |n an inertial frame of reference, acceleration of a particle is directly £ Y ﬁ'_'E'
proportional to the net force acting upon it, and inversely proportional —L|'$)j _g/(
to its mass. /T (ﬁﬁ{ )
® The mutual forces of action and reaction between two bodies are
equal in magnitude and opposite in direction. J:
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Similar but still difficult problems:

[W19] MERUAEE o HE, RS ESK o L2h RELHBTE . ZMzSEAMRE
BOh . SREAMERAANGEAEZBSAORE .

XFAAE T, B2 DR BES
1. s 1HFEF =ma

2. (BREI&EZE—LINEE)

3. BRIEEI TR
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Solution:

(W] W, B yEE R, REMLHE Orye, FH O €k K
MARUBETAMRE L, I SSERANIEER T,y S
SREMUHEERT, - EHAEG L . B9 o YERAK
B, RSSO (0.0,40) DI E%(0,0,0).

BRRES mg RMERFMS - 2mo X v, AF W &
B ItEHHRY

mr=mg—2moXvy (1)

Kb r,v, r FHBHEAMCEE, EERMMEE  APHXRMY
BAEEAKR

r=(xz,y,z)
g=(0,0,-g) I
®=(0,wcos @, wsin @)

v=(z,y,2)
i k
0 woosg wsng

Hm2-19-1

@Xy =

xr ¥ z
=(weos @*2 — wsin p*y)i + wsin ¢*zj — wcos g 7k

Hb i j,k R,y - MeBai Rk . 72, (DANGRERN
=-2w oosguE;—sm(pdt)
y=—2wsin¢%
§=-g+2mcosq)%“—tt

= - 2w(cos pdz — sin gdy)
dy =~ 2wsin pdz

dz = - gdt + 2weos edz

(2)

(3)
(4)
(s)

(385,48
r=—2wlzcos = ysing) +C
MEHR 2=h,y=0L(RHAE =0, BB % B”N
C=2whews ¢
A, #
r==2w[(z~h)eos ¢ - ysin ¢]
(4) AP, 18
¥= ~2azsin g+ C
WEMN 2=040, =0, BB %E C=0,RA,H
¥= —2wzsin ¢
(HXB4S. 8
z= gt +2urcos g+ C
NEWER =08, 2=0,z=0,KBIHE C=0.RA,B
2= — gt + 2wz cos @

BLRH(3).(4).(HARLBLEG 2,5,2 RAQ)R, B

= =2w( ~ gteos ¢ +2wxcoszgv+ Zmzsinzqv)

% =2wgtoos ¢ — 4w’

y=4w® sin ¢ (= — h)cos ¢ — ysin @]
e

FEHBERAFEMEE o 8, EAPE o WioTeg, 18
z=2wgtcos @
z=-g

Bl 8

x=(wgeos ¢) £+ C,
{z-_- -gt+C;

VEGER =00, r=0,2=0,KBINHE C,=C,=0,RA. B
z={wgoos @)t}
z=—gt

mea. 4
{.z':(%wg:m eI+ Cy
= —-;—grz-{-c

MEHAR =00, 2=0,z=h HRGH R C:=0,Cy=h LA, B

z=-g=4w’cos p[(z—h)cos ¢ - ysin ¢

WEH(4)AMMEE y= —2wrsin o, B EE = KA B
y=( -%wzgs'm peos @)’
B4
=(-'é‘wzgsin poos @)t + C
MR =00, y=0, BB SR C=0. A8
Caal %w‘gsin peos @)t (8)

(6)(7) (8)ABRAE B B i T 8, (U WBHA I LAy At . PHIEIEA00 = =0, (7)5K,
T B A A3 B D0 R 6] 08
- 2k
=B

fRA(6) (B) B R R AT o, v RN

¥ B TEALES 40" AT 100 m MOTRIELE 1B T HE 46 @ = 40°, A ~ 100 m, w0~ 3550000
=7.3%10"° rad/s fL A . 18
JI=1.68X10_2m=l6.8mm
ly=—8.86%10"° m= —0.0886 mm
D41 50 16..8 mon, 6118148 0. 0886 man 5 AARAF HLFT 4008, 3 IE R B ) 1y O
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Force Field

Force Field

® A force field is a physical concept that describes the distribution of
forces in a given region of space.

® Mathematically, a force field can be represented as a vector field,
where at each point in space, there is a corresponding vector that
represents the magnitude and direction of the force acting on an
object placed at that point.

® (Certain force fields, such as conservative force fields, have special
properties that allow us to determine the work done by the field and
the potential energy associated with it.
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How to check if a force field i1s conservative

? ( 9)// DZ’)
The fone frelq 15 conseyvorie 1 and any 1 ?X?—,-O

?}( F;c DX ﬂy l’)z
= S Y
ox

o
y 52 The curl is a vector operator that measures the rotation or circulation of a
rx F>{ [:'Z vector field. It indicates the tendency of vectors to circulate around a
given point.

The curl of a vector function F(x,y,z) = Fii+ F,j+ F;k is given by:

_ (9F: _OF\. (0F _0F:\. (0F 0K
VXF_(ay 0Z>'+(Z )J+(0X 0y>k

Irrotational field = conservative

JIIERE RRIIEEER
IRERI K/ NERESERRFEE

)drﬂ

HINESE R,
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Definition

KI netic Energy The kinetic energy of an object is the form of energy that it possesses due to its
motion. 1
&= imv2 (1)

The work is the energy transferred to or from an object via the application of
force along a displacement.

W= / F.ds (2)
Kinetic Energy Theorem
W= AE, = Ex — Ewo (3)
Maybe used rule Derivation
d d dx
7= 5F- g
Integration
/F(x)dx = xF(x) — /xdF(x) (5)
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Divergence of Potential Energy

M 4

dv=dxdyd
—+ | y U2 { vz,

)( d.?'. -d'X dg ‘?

9

Cd2> - Ay Xy, 2)dxd3
=QyX y+dy, 2) dxdg
=@y + 29 dy)dadz

2 0

(3+ 55 +20%) 4y v-u’-dv

= Then we hae  ¢.@% &fa&tb%
Divergene ! 7w

il OMPURS Q. salay QuAMdy fum a
Veltor j»lqd

Flis onsenaie 50 there €XStS smath funcgun ()
sSwh thay > - -
F"‘ \7 F)' o>« f2? %

L Ned fur on the panside i cop seyugtive
Then £zt Tovo, mehan ) enkiy s COMRNY

BERANEREDEERAHNATIER
%FﬁIE%T%EZ%T%/ME/E, ﬁ/}lLll:El
ﬁﬁ}#ﬁﬁ%TﬁiﬁJT%,mE/E, ;ﬁ/)n./\

Potential Energy

Definition

Potential energy is the energy possessed by an object due to its position or
condition. In the context of conservative force fields, the potential energy

associated with an object depends on its location in space.

In a conservative force field, the potential energy V is related to the force

F by the following relationship:

F=-VV

where V'V represents the gradient of the potential energy function.
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Key Concepts about Energy

I

Work: measure the effort put into moving particle from one place to another
Sge eI

Work-KE Theorem: work done by net force on a particle is equal to the change in
particle’s KE(Kinetic energy)

Key Concepts about Momentum

METEE:

The momentum-impulse theorem relates the change in momentum of an object
to the impulse applied to it. It states that the impulse J acting on an object is equal
to the change in momentum Ap of the object.

HESFE:

Conservation of momentum states that the total momentum of an isolated system
remains constant if no external forces are acting on it.

©
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Simple Question

RGWMER, MERBEEARS), B8 5HEETEE, Mk A, BAEMERF, BS
ASFSLERICEERE. JFiaet A, B ik, A% B 5KV s E f e i o 30°. 408 R4

H AL,
(D) TR, HEBEUE —BREYH B &40 BT
7K S 1T 7
p S (2) HRAM S E S K 5L 8] 3 My 6>30° a9k B i 4
s 2 a s (B UERT B —EH A S LB KEREm), Sl

=45°H‘J'H<J an {E;
(3) i[al A &g Bt 5K L e i oOKi a3 0. 1°) 88+ 4
(6T, P93t B & B K 2.

‘ KP4

Just do It
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Solution

& (D) ATI#ERECHar, BETMHEREICHK ap, HaEPKIEH T, WE
‘ mg—T=may, Tcosby=may. m: A, BKHFRE
IE 00=3O°ﬂ=]" vg=0, ﬁflﬁﬁiﬁ%ﬁiﬁ

apcost, =ax.

fi#15

T=mg/(1+cos'd,). Tsind =ﬂ09-—m =£m =

: S o/ s $ 0 1+C05200 g & =30" 7 j 24 8
W B ANgxie) b B I 5.
(2) BA0>0,=30"f, BUMAKEIKERE, SHERE. THERIE,
'ng(lu_’si%)‘:%m(vf\'f'vﬁ),
Ho=lsind =5, va=uncosd.
[ Zsind—1
"4 o=V e

drEE sz R,
J mg—T=mass Tcosd=may,

|u,.ms&=a4+‘—‘r. oh =visin'f, 1= H/sind.

4]
IT=mg—rmu. T=map/cosl, LA
214 sin’ ()
]unmsﬂ=an+'—'z lsm 0.
WET. ¥

ay +i =8+

cosd
LA G g sy G, @

-

cosdf ( ,Zti.etm‘(]).

au=

1+cos*d le
___cosf 2 2einf—1 Inin’ @
3 a'——l-é-ms’&[l‘ 2—sin'l '

#Ho=45"CA, ™
ug=%(c+ﬁ)g=0. §024.

(3) B [ LB KESLEad %A
—_mg
T sinfl’
RAGOR, #
aA=(l—§i-1n—0)g, a3=%(i)%gg. (ay<<0 FH) T>mg)

RAGH HyEsh kK, 8§

cos’d _ (,__1 \ _ 2gl(2sing—1) .,
sing® (1 sinﬂ)g (2—sintoyl, S0
= cos’f=sind—1 +2————( 2sing—1 )sin30,

2—sin*f
= 2—sin’f—sinf=2(2sind—1)sin’f/ (2—sin’d)
= (2—sin’0)*—sing(2—sin*§)=2(2sinf—1)sin’4,
= 3sin'@—3sin’§-+4sin’ g+ 2sinf—4=0.

B =5
(3sin*#—2) (sin*f—sind+2)=0,
A (LA
b 4G B ¥ H
sinﬁ=£.
AJ 1 B WIEE B FF K sL i i

f=arcsin , /% =54, 7°,
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BFEERE

K 4L B 4m SR FER R M AR AUK R IR RS NER, 4855070,

A E R, WP SREAIAB=1 40 THERE, if B R BERE UL AR, 2

(m) (m) (m) (1) 5L T 8 Ml 78 BE =>4l
Mo ! ! (L1 BHRFLARE C SRIFEE, AC=2L,
A R e RIS B3 72 o 4 5 1 e

=l B c |
‘ (1.2) BEBRAFLE— oy ([FE P HGE 3B 53 R

)
f T, BMEREER?
i : (1. 3) B p=15m/AM, RYPAE1FE S A9 B

(i Ja Az sh)
(2) LQ%EE&I-:J&/I:Z[, B p=dm/M, RYREILZF0E. (MEAEHEE)

B TN EMAEL:

1. WN—EBRHMocNE 2 hoth, SINEE

2. WEIRBFZ o, BHO KA 12T
(NEZBSLSE T —imE N o) e fFE R 1/ 35 1)
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Solution:

B (LD ABBENESY, BCRARHEH. disniExst
pMel=2mgltmg « 21,
L
w=4m/M.
M A BC Bif, [§
Mg =Amy >2mg-=3mg,
BORBE— B TR, U0 M Bk B dbatag R A, diERUE NG

-;— (M4 dmivi,=mg * -é— +mgl,

im
RS T e T
(1.2) Rl M BRGNS T . ARSEBHSHERS, HMEFL
(M + 203 + 3 1+ mical,

HEHR
y-ﬁmMM-
CE:2ISULNE 3 5]

ng=ITsmg<4mg(ﬂﬁ£l}1).

MRSEERAREIE S, W3R O L 4Oh IE B R A 8.
(L3) B p=15m/4AM, @YRERD LN » FEE, N4

ng(Zl—x)-(u‘%’lm I %Z—mg%.

a=15m/4M,
0

&y ';' v 2y =0,
MBS RN R EE . R

oM=L= Lmg (FRMREZR.
M A RBER, o
Wt L8 M R A
(2) MWA B5 B WRERS v WA
'.%'(M+4m)-vl=mg ".:,"'M-

u'z\l/M:i”;m‘" CUp WO D i v
i M M B 45§77« BERCRAE ML SO0 00 REEE v . B de NED RS
v, tde,. SGHRN, HER S ENR BN TR do ALR DAL TR BT
A E, WEIEER. B
ey ) « 2t + dem (M UEELD ) o v, ¥ 21,

= _zm“d,--(,\l-,*g%‘m)v,du.. #
8 & C ]
glA
y=(M-4-4m) /m>4, 2‘
W%
~2gde= (= Jedv.. e VL
n I L -
[7 e, =g || S G

g

~2gfin(y—) | =2gtln —

X
i

y .

vi=ed —tglin—L— =3 —4in -—Z—!sl.

1

v, =0, x ik r.. WA
3

—==4in

M L,

8. h %

i

Y

iy 28

.
pO

1

WREESTE B A 6M

2= (1=e )yl yo (M-4Am)/m>4

Ak, HIH gMg=amg>2mg, 8GR MZE,
iTie.

Me=m W y=58t, TW £, =0.696L

— R

21=2y >0,

w 2=(1—et)y>0,

(HW “>" P

AT RTH S 5 0 0 R IR A (),

— °
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Momentum-Impulse Theorem

Definition

The momentum-impulse theorem relates the change in momentum of an
object to the impulse applied to it. It states that the impulse J acting on
an object is equal to the change in momentum Ap of the object.

t'_'_‘
J=/ Fdt = Ap

ty )

o B dv_dp
—MA=M O T e

Conservation of Momentum

Definition

Conservation of momentum states that the total momentum of an isolated
system remains constant if no external forces are acting on it.

Mathematical Representation

Mathematically, conservation of momentum can be expressed as:

Z Pinitial = Z Pfinal

where > pinitial represents the initial total momentum of the system and
> Prinal represents the final total momentum of the system.
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Simple Question

SIS M. L, #5WE 1 Pos.
(1) hEZmE 2 fror, SRILE A 357 32 [ L

51 N3

(2) Hrla)Ant A dwmlE 4 T, (A4 K E Gid

o), LN EME 3 k.

)

Ll

3
= R

1|~
1~

B

=~
13

3
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Solution

3
i (1) N=N;+N;; N,=74—Mg. (2) ARBTERE, TAENTMNHMEKSER, RRPEMARSEED, LM6wE
Wi x iEEIE N v, WA
- = S —— - R

_g_vn dt (—4-L-r-.r)v—.rv.n ==y, v-—-3_1'r+1.u4,—31’_i4‘ru(,. Ly gy L

Z L
]V:d[ " L 1\/1 U ('U()= v gla) 1 L

d‘T—f(v’ —ov)dt= W(dt = J (2+— de= '['undt
=_;‘Mgdt- 7 [_IZ\/
e 1

- N—-IIWg.
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The complex guestions continue - -
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