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.(6 V)

 1.5 V



Practical skills



 

30 cm

(Accuracy)

.(Precision)

(SI)

(m) (kg)

.(K) (A) (s)

(c) (m) (n) (p)

.(T) (G) (M) (k) (d)



(1 mm)

.(2 mm)

(21 mm)

(25 mm)

.(23 mm)

(30 cm)

(1 mm)

. (1 mm)

30
20

10
m

m
0

0 10 20 30mm

0 10 20 30mm

.(0.05 mm)



 2.6 cm 2.5 cm

(0.05 mm) (0.005 cm) (0.100 cm) 20

(0.040 cm) (0.40 mm)

(2.540 cm)

.

10

cm
mm

(0.50 mm)

.(0.50
50

 = 0.01 mm) 50

0 20
15

0 20
15



(0.5 mm)

(0.01 mm)

(0.01 mm)

.(2.5 + 0.17 = 2.67 mm)

20 N 0 N

12 N 0 N 20 N 12 N

20 N 15 N 5 N 0 N

20 N 16 N 12 N 8 N 4 N 0 N



 

:Uncertainty

:Precision

:Accuracy

Uncertainty

Precision

15 m

15.0 m

.(0.1 m)

.Accuracy

(0.01 mm)



( )

(0.5 mm)

.(1 mm)



 Systematic error

Zero error

(1.5 cm) (1.6 cm)

(–0.2 A)

(0.2 A)

 –0.2 A

0
1

2 3
4

5
A

+0.1 cm

1 2 3 4

Random errors

:Systematic error

:Zero error

:Random error



(100 m)

(11.87 s)

(11.9 s)

(0.5 mm)

.

.

x



 

(0.5 cm)

.(0.50 cm)

254

4 5 2

(0) 1208

8 2

0.0590

5 (00)

9 (0)

5000

5 × 103

5.0 × 103

5.00 × 103

5.000 × 103

(1 mm) (1 mm)

(1 mm) (0.5 mm)

(1 mm)

(20 g)



(20 g)

300
200

200 g

100 0

300

200
100

0

1°

(±0.5°)

(2)

1
2

(0.01 s)

(0.1 s)

(0.1 s)

.(0.01 s)



 

.
(0.1 cm)

23.1 23.0 22.9 22.7 22.9 (cm)

:

22.9 + 22.7 + 22.9 + 23.0 + 23.1
5

 = 22.92 cm 

(23.1) :
(22.7)

 23.1 – 22.7
2

 = 0.2 cm

:

:

22.92

(22.9 ± 0.2) cm

.(200 g)

0 10 20 30 40 50 °C

20.8 20.6

36 30 20

1.2 0.8 1.0 0.6

20.5 20.5

(0.35 A)

(±0.01 A)

(0.03 A) (±0.02 A)



.100%

 % 100

(1.4 s)

(0.2 s)

 % 100

= 
0.2
1.4  × 100% = 10%

10%

.(1.4 s ± 0.2 s)

.(1.4 s ± 10%)

%

20 10%

(0.2 s)

.(28.4 s)

 
0.2
28.4 × 100%

 = 0.7%

20

(1.42 s) 20 1%

:0.7%

 T = 1.42 s ± 0.7%



 

(24.3 cm)

(24.3 ± 0.2) cm (0.2 cm)

.(35 ± 2)°

.(2°)

(12.4 V)

(2%)

(3.0) A + B (B = 2.0 ± 0.2) (A = 1.0 ± 0.1)

(3.3) A + B

(±0.3) (2.7)

.(B A = 1.0 ± 0.3) (A + B = 3.0 ± 0.3)

(0.5 mm)

.(1.0 mm)

.
(6.0 ± 0.2) V
(2.4 ± 0.1) A

:
.

 = 0.2
6.0

 × 100% = 3.3%

= 0.1
2.4

 × 100% = 4.2%



1

.A

:

(3.3 + 4.2)% = 7.5%

:

R = V
I

R = 6.0
2.4

.

B = (2.0 ± 0.2) m   A = (1.0 ± 0.4) m

D = (0.20 ± 0.01) s   C   

A + B

B A

C × D

B
D

2 × A

(1.00 ± 0.02) ms

(22.5 ± 0.5) cm

(37.5 ± 0.7) cm

A2  A = (2.0 ± 0.2) cm



 19.0 ‘.0’

0.35
1

1000

(cm)(A)

1

(A–1)

10.30.6821.47

19.00.3502.86

(y)

(x) x) (y) y)

(y) (x) (y)

x = 0 (y)

y
x
 = 

(4.0–1.0)
(1.0–0.2)  = 3.75

.(0.3) (y)

0.2

1

2

3

4

5

y

x
0.4 0.6 0.8 1.0



(d) (h)

h

d

h
(cm)

d
(cm)

2

(cm2)
1.018.0

2.528.4

4.035.8

5.541.6

7.047.3

9.053.6
 .(h) (d)

(SI)

(SI)

Base units

(SI)

(BIPM)

Derived units

:Base unit

(SI)

:Derived unit

.(SI)



 

(SI)

F = ma

s l x(m) 

m(kg) 

t(s) 

I(A) 

T(K) 

.(SI)

( )

(sub-multiples) (multiples) (SI)

mm 1

1

m m mm



k103d10–1

M106c10–2

G109m10–3

T101210–6

n10–9

p10–12

 m

2 = (10  m)2 = 10  m2

3 = (10  m)3 = 10  m3

) .
)

:
1 g = 1 × 10  kg

1 cm3 = 1 × 10  m3  

:
1.0 g cm  = 1.0 × 1 × 10

1 × 10

= 1.0 × 103 kg m

(3 m s )

3 (3 ms )

.m2 cm2

60 pA

500 MW

20 000 mm



 

(SI)

0.68 s 0.63 s 0.58 s 0.61 s

(0.61 ± 0.02) s

(0.61 ± 0.05) s

(0.63 ± 0.02) s

(0.63 ± 0.05) s

(20 mm)

(30 cm)



10 15 35
30

10 15
35
30

17.32 mm

17.82 mm

18.32 mm

18.35 mm

(20 mm) (12 cm)

(4 mm)

(cm)12.1 12.5 12.4 12.2  12.3

(mm)22.4 22.1 22.2 22.0  22.2

(mm)3.96 3.94 3.98 3.96  

.cm3 (V)

(25.6 g)

.

:Describe

:Calculate



 

(u = 0) (t)

(s)

3.27 s 3.30 s 3.37 s 3.28 s 3.32 s

.(t)
.(t)

(s)

.(0.800 m ± 0.002 m) s

.(a) s = ut + 1
2  at 2 (a)

.(a)

(d)

.(20 mm)

(e)

1.60 1.58 1.56 mm (e)

20.10 20.10 20.10 mm (d)

.cm3 (
2

4
)

(6.11 g)

.

:Explain

:Determine

:Explain



g/cm3 (19300 kg/m3)

(m)

(200 g)

(1 cm)

20

(200 g) (20 g)

.(T) ( m)

(g)(s) 20m (g
1
2) T (s)

2012.2
5015.0

10018.7
15021.8
19024.0
20024.5

.(T) ( m)

(x) ( m) (y) (T)

(y)

T = C + k m (m) (T)

(k) (C) (k) (C)

:Give



.(SI)



Speed and Velocity



 

v = 
t

(t) (d)

14°



(15 km)

(10 km)

7 km

8 km

10 km
30º

N

S

W E

(15 km)

(10 km)

30° 30° 10 km

Vector quantity

Scalar quantity

:Vector quantity

.

:Scalar quantity

x d s

.Displacement ( s ):Displacement ( s )



 

:Velocity

(v)

Velocity

.( v )

)

v  = s
t

v = s
t

(s2  – s1 ) s ) (t) ( s )

(SI)

x s dm

 sm

ts

v

 v

s ( s )

(v)

( v )



(200 km)

(7 km h )

(2 )

.(420 km)

v = s
t

 s  = v t

t = s

v

m  × s

.

0 50 100 km

:

s  = ?

 = ?

km

(L)

(L)

. :

(6.0 cm)

(100 km)

.(2.0 cm)

s  = 6.0 × 100
2.0

s  = 300 km



 
:

0
10

20
30

40

50
60

70 80 100 110 120
130

140
150

160
170

180

90

73º

(300 km) ( s )

73º

. .

.(3.0 × 108

:
s m

10

v  = 3.0 × 108

 s  = 150 000 000 km

= 150 000 000 000 m

s  = 1.5 × 1011 m

t = ?

:

t = s

v
= 1.5 × 1011

3.0 × 108

t = 500 s

8.3 (500 s)

(t)

 [1.5] , [10n] , [11] , [÷] , [3] , [10n] , [8]

(0.40 s)(1.5 × 1011 m)



0
0

0
0

0
0

0
0 t1

0
0

(0)
s

(0)

.(t1)

(m) s1.03.05.07.07.07.0

(s) t0.01.02.03.04.05.0

(t) ( s )

(3.0 s)

.

(3.0 s)



 

t) s)

 v  = s
t

  = 

= 6.0
3.0

 

0
0

A

B
C

D

E

t (s)

s 
(m

)

(m) s085170255340

(s) t01.02.03.04.0

.(t) ( s )  

(h) t01234

(km) d023466984

.(d) (t)

.

8

6

4

2

0
1 2 3 4 50

s

t

t (s)

s 
(m

)



 (25 km)

45° (15 km)

10 2 3 4 5 km45º

15 km      

45º

- .

.(2.0 m)

A B

O

1.2 m

0.8 m

N

S

W E

AB OA :

 (OB)2 = (OA)2 + (AB)2

= 0.82 + 1.22 = 2.08

2.08

.



 
:

 tan  = = 0.8
1.2

 = 0.667

= tan  (0.667)

=

34° (1.4 m)

45° (50 km) (30 km) .
-

45°

:

(10 km) (1 cm)

:

(3 cm)

:

45° (5 cm)

1 cm

1 cm

1 cm = 10 km

30 km

45°

50 km

:

Vector triangle

7.4 cm

7.4 × 10 = 74 km   

:
28°

28° (74 km)

Resultant

135° 45°

180°

A + B = A2 + B2 + 2AB cos

s2 = 302 + 502 – (2 × 30 × 50 × cos135°)

.s = 74 km

:Resultant vector



(4.0 km) (3.0 km)45° (8.0 km)

(12 km)

.

) .
)

:

:



 

200 m s–1
200 m s–1

50 m s–1

50 m s–1

v

:
( v ) :

v2 = 2002 + 502 

= 40 000 + 2500 = 42 500

 v 42 500

: :

 tan  = = 50
200

 = 0.25

= tan

)

14°

)

)

) (vv )

.(vh )

. )

.(vh )

( )

( ) (2.0 )

A B  = A B )

B AB

A

. B A



B B

)

( ) ( ) (1 )

)

( )

( ) ( ) ( )

)

10 m s –1

50 m s –1

– 30 m s –120 m s –1

– 30 m s –120 m s –1

20 m s –1

30 m s –1

20 m s –1

30 m s –1

10 ms–1

10 ms–1

4 ms–1

10 ms–1

4 ms–1

4 ms–1

10 ms–1

4 ms–1

14 ms–1

6 ms–1

– 4 m s –110 m s –1

– 4 m s –110 m s –1

B A

A + B = C

A

C

B

A
D

B

–B

A – B = A + (–B) = D

)

)

)

)

)



 

6 3 3

3 3

3 6 0

 v  = s
t



(4.0 N) Q (3.0 N) P

(P Q )

P 53° 1.0 N

P 53° 1.0 N

P 53° 5.0 N

P 53° 5.0 N

. )

.(4.0 km) (2.0 min)

.(1.0 min)

(r) (2 r)

B A

.(60 s)

B

600 m

800 m
A



 

(2.2 km) )

) (15 min)

.

( )

(2.4 )

(t = 0 s) (3.0 )

(t = 0 s)

(10 m) (t = 5.0 s) (t = 0 s)

.(4.0 )

.(t = ) (t = )

(t)

(t = )

.(4 cm) (0 cm)

.(t = 0 s)

(t = )

( )

:

20

30

40

50

60

70

80

90

100

110

120

130

10
4
0 cm



.
)

)

(15 min)

B A

60° )

)

60°

A

B

B A

B A (5 km)

. ) A B

B

.A B A

:State

.

:Show (that)



Accelerated Motion



(30 m s )

(108 km/h)

(20 m s )



 
Acceleration:Acceleration

m s

: t) v ) ( a )

 a  = v
t

( v ) ( u )

( v ) ( u ) (v) (u)

t) (t)

  a  = v  – u
t

(v) (u) a = (v – u)
t



)

)

6  s ) (10 s) (60 km h ) (0)

. (SI)

) ) .
(50 s)

:
u

v

t = 50 s

a = ?

:

:(a)

 a = v – u
t

= 
20 – 60

50  = 50

a

. )

(6.0 s) )

.(20 s) ) )

)

(1.0 s)

(3.0 s)



 

v)

t)

a = v
t

= 

  a

(t = 0)

(t = 0)

30

20

10

5 10

v

t
0

0
t (s)

  v
)

0
0

0
0

0
0

0
0

0
0

.(a = 0)a



20

10

0
5 100 15

20 × 15 = 300 m

t (s)

v
)

10

5

0
50

t (s)

v
)

1
2

 s = 
1
2  × 5.0 × 10

s = 25 m

.

5

.

(m s–1)015303020100

(s)051015202530

.

.(10 s)

.(10 s)

.(15 s)



 

micro scale

1000



               

(u)

.(v)

(t3 – t1)

(a)

  u = 
l1

t2 – t1

l1

 v = 
l2

t4 – t3

l2

  a = 
v – u
t3 – t1

(v) (u) (a)

t3  t1

(l)
.(l1 = l2 = l)

l1 l2

t1 t2 t3 t4

6

5

(0.02 s)

.(5 x 0.02 s = 0.10 s)

(0.10 s)

a = 
v
t

= 
0.93
0.20

  a

(s)
(s)(cm))

10.00.102.30.23

20.100.107.00.70

30.200.1011.61.16

.



        

1.0

0.5

0
0.1 0.20

1.5

t = 0.20 s

v = 0.93 m s–1

v
)

t (s)

5.0 cm 5.0 cm

0 s 0.20 s 0.30 s 0.35 s

5

(16 cm) (10 cm)

(0.02 s)



:Constant acceleration

.

.Constant acceleration

(a) (s)

(t) (u)

(v)

(suvat equations)

.
.

v = u + at

s = (u + v)
2

 ×

s = ut + 
1
2

2

2 = 2 + 2as



- .
)

:
u

a 

t = 50 s

v = ?

a u :
v t

 v = u + at

 = 0 + (20 × 50)

v

(50 s) )

)

.(50 s)

)

)

(40 s)

- .
)

(18 m) )

uu = 88.0.0 mm ssuu 1–1

s = 18 ms

vv = ??vv

:
u

a 

s = 18 m

v = ?

:

 v2vv = u2 + 2as

 = 8.02 + (2 × 1.0 × 18)

v2vv = 64 + 36 = 100 m2  

)

) - .
(30 s) )

. (30 s)

u = 2200 m su 1–1

:
u

a 

t = 30 s

s = ?

:

 s = ut +
1
2

at 2

 = (20 × 30) + 
1
2

 × 0.5 × (30)2

s = 600 + 225 = 825 m

(825 m)



- .
)

u = 15 m s–1

s = 18 m

:

u

v 

s = 18 m

a = ?

:

 v2 = u2 + 2as

a = v2 – u2

2s

= 02 – 152

2 × 18

a = –225
36

 a –2 –2

)

(u)

.(v) (t)

: )

.(10 s)

.(10 s)

(24 )

) )

(100 s)

.(100 s)

v

u

t

at21
2

ut

0
0

v – u = at



 
(a)

  a = 
(v – u)

t

v = u + at 

(v) (u)

(u + v)
2

:
s = (u + v)

2  × t

v = u + at 

s = (u + v)
2

 × t 

(v)

s = (u + u + at)
2

 × t

= 2ut
2  + 

 2

2

s = ut + 1
2

 at 2 

t

v

u

0
0

.(v) (u)



( 1
2

 at 2) (ut)

v = u + at 

s = (u + v)
2

 × t 

(t)

s = (u + v)
2

 × 
(v – u)

a

2as = (u + v)(v – u)

= 2 – 2

2 = 2 + 2as 

)

(110 km h ) (30 m s )

70 (70 mph)

(50 m)

)

)

(90 km h )

(a) (a)

.Uniform acceleration



 

Non-uniform
:acceleration

.
Tangent

Non-uniform acceleration

20

10

0
10 20 300

15

5

30

25

40

t = 20 s

v = 10 m s –1

v
)

t (s)

:(t = 20 s)

Tangent

(t = ) (t )

(t = 20 s) 250

200 (20 s)

50

(y) ( )



(1 × 1 = 1 m) (x) (1 s)

(250 m)

 

.P

200

100

0
5 10 150

300

20

P

v
)

t (s)

.(30 s)

.(30 s)

.s = ut + 1
2

 at 2 :

16

8

0
10 20 300

12

4

20

v
)

t (s)



 

Free fall

Free fall )

(g)

g 

(g)

(g )

(u = 0)

(t)

s = ut + 1
2

 at 2

(s)

s = (0 × t) + ( 1
2

 × 9.81 × t 2)

 s = 1
2  × 9.81 × t 2

s = 4.9 × t 2

(g)



(g = 9.81 m s ) (u = 0)

(s)

(t)

.(t) (s)

( (s01.02.03.04.0

( (m04.9

 .(s) (t)

.(2.5 s)

(40 m)

(8.0 m)

(g)
(g)

(t)

.(g) (L)

s = ut + 1
2

 at 2

L = (0 × t) + ( 1
2

 × g × t 2)

g = 2L
t 2 .(g)

       (g)

(g)

(h)

:(g)

s = h

 t

u = 0

a = g

s = ut + 
1
2

 at 2

 h = 
1
2

 gt 2

.(g) (t) (h)



        (g)

 .(h)

h

(h) (t)

(g)

.(t 2) (h)

y = mx

h = 1
2 g t2

y = m x

h (m)t (s)t2 (s2)

0.270.250.063

0.390.300.090

0.560.360.130

0.700.410.168

0.900.460.212

(t 2) (h)

.g
2

0.8

0.6

0.4

0.2

0
0.05 0.100

1.0

0.250.15 0.20

h = 0.84 mh 
(m

)

t2 (s2)

:g
2

g
2 = 

0.84
0.20

 
g
2 = 4.2

 g

(t)

(t) h = 
1
2

 gt 2

(g)

(h)

(±1 mm) (h)

(h)

(g)

(t) (h)

(t) (h)

.(g)

(g)



       

(h)

.(t)

g

(g)

(g)

.(g)

(g) .

(g)

:

 = 
30
2.6

(u) (v) :
u

 u + v
2

 

u = 0

 v = 2 × 11.5   

:

a = v – u
t

 = 23.0
2.6

 a = –2





(g)

(g)

.

( v )

(vE ) (vN ) Components

.( v )
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