[AEF2 Cross Product 40-minute Lesson Notes

=4
EEX
Cross Product

40 PR T

[ Learning Objectives AR5, 24 RAENS: )
o RN A TFEMEN; e {#M |a x b| = |a||b|sin6;
o YIWF a x b IK77E: . FRRRE BRI R

- SRR . BEAHIE T — 1 x F |
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2. Definition and Geometric Meaning (5-10 min)

T =4EAE o M1 b, HEM ax b2 DHHIAER,

( N\

lla x b] = |a| [b|sin 6]

H7ARNEET o M b:

‘abe_a, abe_b.‘

Hit, ax b 2H a,b FrikpCrmme)— M,
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Bl B :
Cross product = “HRK/N +“BEFA” + ek .

3. Right-Hand Rule (10-14 min)

HE a x b K75 N6 A Tl
1. HFUELEE N HE a;
2. VUHEM a A% —DAE b;
3. KiHEFME/T AU a x b

k:
First vector — second vector
V\t\urn thumb gives the answer
% > a
axb

A, TR

axb:—(bxa)‘.
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4. Unit Vector Results (14-17 min)

W& IR AIE, EEREIA AR

()

lixj=k|, |ixk=i| |[kxi=j]|
Sea e b, Bian
Jjxt=—k.
[A] I
tx1=3xj3=kxk=0.
5. Calculating a Cross Product (17-23 min)
|54
aq bl
a = as | » b= b2
as bg
]
( N\
a2b3 — ang
axb=|asb —aibs
a1b2 — a261
el
7 k
axb= ay a asl-
b1 by b3
HEEPRIE § BURIFNA RS,
& J
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Example 1: Direct Calculation

24
1 4
a=1]21, b=11
3 2
K a x b,
i 3 k
axb=1]1 2 3
4 1 2
=14-3)—37(2-12)+k(1-38)
1
=/ 10
-7
N J

6. Fast Check: Is the Answer Perpendicular? (23-25 min)
L EIERE, IR 2
a-(axb)=0, b-(axb)=0.

X Example 1:
(1,2,3) - (1,10,—7) = 1 +20 — 21 = 0,

(4,1,2) - (1,10, —=7) =4 + 10 — 14 = 0.
IR I P45 e e b S ) e 2 L JECR AR N A i
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7. Geometric Meaning: Area (25-29 min)

A la| MK, H a5 b HEHFATIUOREEDN (b sing, Kitt

A =lal|b|siné = |a x b|.

Aparallelogram = |a x b

|b| sin 0

1
Atriangle = 5’“ x b

Y

a

Example 2: Area of a Triangle

HE

A(17070)7 B(37170)7 0(2’ 27 1)'

K= ABC RIH,

2 1
AB=|1|, 4C=|2
0 1

—_

WBxid= ||, |ABx7|=vil

3
(14
Area of AABC = \/212 L
8. Application: Torque / }j}i (29-34 min)
JERIEE XN

T=rxF| “T‘:TFSiIlH‘.
* 0=0° 7=0, WRFHTEHEILEA AR,
* 0=90° 7=rF, ¥IBEREK,

Example 3: Torque
—K/NA 20N BIERAERE B %4 0.30m &b, JISAEMERMAN 60°, KRIFEKR/D,

7| = 0.30(20) sin 60° = 3v3 ~|5.20 Nm|.
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9. Important Special Cases (34-36 min)

e i JR Al

al|b axb=0 sin(0° = sin 180° = 0
alb la x b| = |al|b] sin90° =1

prd 15 bxa=—(axb) T3 eI e

10. Cross Product vs Dot Product (36-38 min)

Dot Product Cross Product
a-b axb
ZEHLE scalar R IR vector
|a||b| cos @ |a||b] sin 6
iy 2[Rl A A% AR EE iy 2 e /T AR R RUR
FEHNN O SEATEA 0
T JE 22 4t RN =
[ ‘ Dot — cosf — alignment‘ ‘Cross — sinf — area / perpendicular direction‘ J
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11. Student Practice (38-40 min)

Question 1: Calculation

%4
2 1
a= 111, b= | -1
3 2
K a x b,
& J

Question 2: Geometric Interpretation

HH a x b, FHRLAE X,

-
N\

Question 3: Area

[T+

MR =AIERIMEIL, K=,

-
G

12. Answers

Q1.
5
axb=|_-1
-3
Q2.
axb=0]
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KN b = 3a, FATLARAHEAT,

Q3.
-3
axb=|1 |, la x b| = V/46.
6
FS)ixg
Area = \/;TG )
13. Exit Summary
- 2
\a x bisa Vector\
lla x b] = |alb| sin 0|
’axb:—(bxa)‘
‘ la x b| = area of the parallelogram‘
\ J

The cross product combines magnitude, perpendicularity, area and
rotation into one vector.
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