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Units of length measurement



1 mile = 5280 feet
1 mile = 1760 yard
1 mile = 320 rods
1 mile = 80 chains
1 foot=12 inches
1 yard= 3feet
1 rod=16.5 feet
1 chain=66 feet
1 chain =100 links
1 foot=0.3048 m
1 km=0.62137 miles
1 inch=25.4 mm

1 Kilometer = 1000 meters
1 meter =100 centimeters
1 centimeter = 10 millimeters
1 decimeter = 10 centimeters
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1 acre = 43560 ft2

1 acre=10 square chains
1 are = 100 m2 

1 hectare=2.471 acres
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1hectare (ha)= 1000 m2

1 square kilometer =1000000 m2 

1 square kilometer = 100 hectares
1 hectare = 100 ares

אא
Units of Volume 

tmeasuremen
 

Cubic inch, Cubic feet,
Cubic yard

Cubic centimeter,
Cubic meters
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1 revolution = 360degrees
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1 minute=60 seconds
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J אWאא
אאK

J אWאא
אKאאW 

• אאK
• אאK
• אא٣٠١٢٠K
• אאאאK
• אאאאK

אאאאאאאא
אאK


אאW

אאאאK
אאאאאK


  .2.3אאאK
• א

אK 
אF3.3א.(



א١٠٢אא
אא

 
 

- ٤٣ - 

A

B




2

1
3.3א Wא

• אאא
אK 

F4.3אKE



E

D
C

B

A



2

1 
4.3:א

אאאא •
אK 

F5.3אWE



א١٠٢אא
אא

 
 

- ٤٤ - 



A

B

C
D

E



2

1


5.3א:  
• א

אF6.3אE




6.3א: 



א١٠٢אא
אא

 
 

- ٤٥ - 

٤. א 
אאאאאאK

1000
1١אא١٠٠٠אK


 .1.4א

אאW
-1א٥٠W١٢٠٠٠:١

 -2א٥٠٠W١٥٠٠٠W١ 
-3אאאאFE٥٠٠W١١٠٠٠٠٠W١ 
4Jאא٢٥٠٠٠٠W١٥٠٠٠٠٠W١ 

-5א٢٥٠٠٠٠W١٥٠٠٠٠٠W١ 
6Jא٢٥٠٠٠٠W١١٠٠٠٠٠٠W١ 


אאW

 -1אאאאאאא
٥٠٠٠٠٠אK

 -2אא٢٥٠٠٠٠W١١٠٠٠٠٠٠W١ 
-3אא٥٠٠W١٢٥٠٠٠٠W١ 
 
٢٫٤.אא

אאאאאW


  .1.2.4אאאVerbal statement 
אאא

אKW١א١٠٠٠אאאא
אאאאאK





א١٠٢אא
אא

 
 

- ٤٦ - 

2.2.4 .אאRepresentative fraction 
א١א١،٢،

٥}٢،٤،٨١٠K


W
10

1  ، 100
1 ، 1000

1 ،.... 

20
1  ، 200

1 ، 2000
1،...... 

25
1  ، 250

1 ، 2500
1،...... 

40
1  ، 400

1 ، 4000
1،..... 

50
1  ، 500

1 ، 5000
1،..... 

80
1  ، 800

1 ، 8000
1،.... 


٥٠٠٠:١٥٠٠٠\١א٥٠٠٠א٥٠٠٠

אאאא٥٠٠٠אאאK
אאאאK


٣٫٢٫٤. אא

אאאאאא
אאא،אאאא

אאאאאאאאאK


،אאאאא
אKאאא

،אאאא
אאאKאאW

J
JK



א١٠٢אא
אא

 
 

- ٤٧ - 

Jאא Bar Scale or Graphic Scale  
אא،אא

אאאאא
אאאF٧٫٣אKE


7.3: א 

   Diagonal  Scale  אא  -ب
אאאאא

אאאאF٨٫٣אKE


8.3אWK





א١٠٢אא
אא

 
 

- ٤٨ - 

٥ .אאאא
١٫٥.  

אאאאאא
Kאאא

אאאאאאאא
אK

אאאW


• אאאא 
• אאא 


אאאאאאW


•  
•  
٢٫٥Kאאא


אאKאאאא1مאא2مW



אאZאאx
2م

1م

אאZאא x  
م
م

2
2

2
1  

W
١W٢٥٠٠א١W٢٠٠٠٥٠٠K

אא١W؟٥٠٠٠K




א١٠٢אא
אא

 
 

- ٤٩ - 

 :الحل 

אאZאx
2م

1م


==  500 x  

3000 x 1 
1 x 2500    625  متر


אאZ 

5000
625 x 100  12.5 سم =


٣٫٥Kאאא

אאאא
אאאאאאאא

אאאKאאאא
אא،אאאאK



אאFEאאא
א٣}٩אאאאK





א١٠٢אא
אא

 
 

- ٥٠ - 


 

9.3אWאאאא
 



 

 

 

אאאאאא

 

  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 



א

א


א




٤



א١٠٢אאא
אאא

 
 

- ٥١ - 

אאWאאאK

אאW

אאאאW
• אא
• אאאאאאאK 
• אאאK
• אאאK 
• אאאK 


אאאWאאא100K٪ 

 
אאW٦ 


אאW

• אK 
• אK 


אאW

אJ١



א١٠٢אאא
אאא

 
 

- ٥٢ - 

١ .
אאF٤}١אWE


• אK
• אK 
• K 
• אK 





٤}١אW


אאאאאאאא

אאאאאאאאא
אאאאאא

אאאאאK



א١٠٢אאא
אאא

 
 

- ٥٣ - 

אאאאאא
א،אK


• א  (Closed Traverse)  

אאאא
אאאK


• א Open Traverse) ( 

אאא
אאאאאאK


•   (Triangulation)   

אא
אאK



  .2אאאא
1.2  .אא  Magnetic Meridian    

א،אאאאאאאא
אK


.2K٢אאא Geographic Meridian 

אאא،אאאאא
Fو ٢٫٤א ٣٫٤ אKE



א١٠٢אאא
אאא

 
 

- ٥٤ - 

 
 

אא:٢٫٤אאאאK


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

א٣٫٤ :אאאא



א١٠٢אאא
אאא

 
 

- ٥٥ - 

3.2.  אא  Arbitrary or Assumed Meridian 
אאאאאא

אאK

٣.  א  

• אאאאAzimuth 


٤}٤אWאאאא


אאאFאEאאKאאאא

٣٦٠אאא،٣٦٠F٤}٤אKE


• אאאאBearing 
אאJJFא

٤}٥KEאאאאא٩٠אאK
אא،א٩٠אאאאאא

אאFW٩٠KE



א١٠٢אאא
אאא

 
 

- ٥٦ - 


٤}٥אWאאאאא

אW
אW
אW
אW


אWא??א??א??א?K?

• אאאDeflection Angle 


٤}٦אWאאא

אאאאאאאKאא
אאאאF٤}٧אKE



א١٠٢אאא
אאא

 
 

- ٥٧ - 

• אאAngle to the Right  



٤}٧אWאא

אאאאאאאאאאא
אאאאF٤}٧אKE


• אא אאא  Interior Angles   

אאאאאF٤}٨אKE
אאאאאW١٨٠FJ٢E

JאאK



٤}٨אWאאאאא


:  
 ١: אאאאאאאאאאאF٤}٩א:( 




א١٠٢אאא
אאא

 
 

- ٥٨ - 

אאאאאא

   ٤٠   حـ  
  ٣٠   جـ   ب جـ
  ٣٥   ش    جـ د
  ٢٥   ش   د أ


٤}٩אWאא

אאאאZ١٨٠–٤٠Z١٤٠
אאאאZ١٨٠H٣٠Z٢١٠

אאאאZ٣٦٠–٣٥Z٣٢٥
אאאאZ٢٥K


 ٢:  אאאאאאאF٤}١٠אEאא .

אאאאאאאאאאאא
١١٠K



א١٠٢אאא
אאא

 
 

- ٥٩ - 


٤}١٠אWאא

אאאא


٩٢
٧٨

١٢٠
٤٢

٢٠٨


א: 
אאאZ١١٠
אא١Z١٨٠–١١٠Z٨٠
אא٢Z١٨٠–٨٠–٧٨Z٣٢

אאאZ١٨٠H٣٢Z٢١٢
אא١Z١٢٠–٣٢Z٨٨

אאאZ٣٦٠–٨٨Z٢٧٢
אאאFZ١٨٠–٨٨E–٤٢Z٥٠

אא١Z٢٠٨–٥٠Z١٥٨



א١٠٢אאא
אאא

 
 

- ٦٠ - 

אאא١Z١٨٠–١٥٨Z٢٢


 ٣: אאאאאF٤}١١אEא،
אאאאאאאאK


אאא


٩٠
١٣٠

٢٠
١٢٠


٤}١١אWאא

אאאW


Z٩٠
Z١٣٠
Z٣٦٠–٢٠Z٣٤٠
Z١٦٠


אאאאאW


Z١٨٠–٩٠Z٩٠



א١٠٢אאא
אאא

 
 

- ٦١ - 

Z١٨٠–١٣٠Z٥٠
Z١٨٠H٢٠Z٢٠٠
Z١٨٠–١٦٠Z٢٠


 ٤ :א) ١٢٫٤ א (  ،אאאאאאא ،

    ο 030428 ο  و    ′′′ 547284 ′′′. 
א: 


١٢٫٤אW


אא ب   جـ: 



5776111

547284
030427

′′′

′′′

′′′

 
___________

   
    

ο

ο 

ο




518112 ′′′    ο

אאأ   =′′′ οο  -       180518112
    



א١٠٢אאא
אאא

 
 

- ٦٢ - 

  ٤.אא          

אאW



١٫٤. א  (Compass) 
אאאא

   אא. 

 :אאא -أ

א:  Magnetic Needle  א Graduated circle 
Sighting marks و
      Compass Formsא -ب

אW

Jאs Compass  Surveyor'
JאאPrismatic Compass

 '   s Compass   Surveyorא .١-ب

אאאאW

• א
אF

אEאאא
אאאK

• א
אFאאKE 

• אאא(Two levels)אאאא
K 



א١٠٢אאא
אאא

 
 

- ٦٣ - 

• אאאאא
אאאא

אאאK 

Jאאא

אאאFאEאאאאאאא
אאאאאSאאאא

אאאFאJאאאאא
אאאאאKEאאאJאא

٩٠אאאKאABאאא
אא،אאW

• אאFאאE
אאAא

אFאאEBFאKE

• אאאאאאאא

אאאאאאK
• אאאאאא

אאאאאאS
FEא(W)אאאא٦٥א

אא W٦٥SK 
          

   Prismatic Compass   אא   ٢ -ب
אאאאאW

•  (Compass Box) אאא ١٥-٦
אאא

אאK



א١٠٢אאא
אאא

 
 

- ٦٤ - 


• אPivotא


• אCompass Ringאאא،K

אאאאאא
٩٠١٨٠א٢٧٠א٣٦٠אא

אKאאאאאאא
אאא١٨٠א

אאאK 


• Prism
אאאK 

• Object VaneK 
• Leveling Bubbleאא

אK 
 

Jאאאא
 אאאאWhole Circle Bearing or AzimuthAB،

אאאFאאאאReference 

MeridianKאאאא
(A)אאאאאאאאK


אאKאאאא
אאKאא

אאאאאאאאאאאא
אK





א١٠٢אאא
אאא

 
 

- ٦٥ - 

אאאאFBE
אאאאאאKאא

אאאאאאאאאKאא
אאאאABKאאאאאאK


٢٫٤.  אא Plane Table  

אאKאאאאא
אאאאאKאא

אאאאאאאK

٣٫٤ .א  Sextant    
אאאאאא

אאאאאאK
Kאאאאאא


٤٫٤. אא  Optical Square  

אאF٤}١٣אEאא،٤٥،
Kאאאא،אא

אאאאאאאא
אKאאאאאא

אK



א١٠٢אאא
אאא

 
 

- ٦٦ - 




٤}١٣אWאא


אא،אאK
K

אKאאאK
،אא،אאא

אאKאK
 

٥٫٤KאאFאE
אאאאאא،

אאאKא
W
Jאא   Transit   אאאאא

K
JאאאFאאאE

אאאK٤}١٤אאאK




א١٠٢אאא
אאא

 
 

- ٦٧ - 

 
 

٤}١٤אWאMETLAND FET 110


אאאWא،א،אאK


- אאא 


אFAlidadeEW
• אאאאאאאאא
• אאFאאE 
• א 
• אא 
• אאFאאEאאא

אאאWאא
אאאVFVerticalE،

אאאאא
F(HzFHorizontalKE 

 
- א

אאאאאאאאאא
אאאאK



א١٠٢אאא
אאא

 
 

- ٦٨ - 

- א
W

• אאאא 
• אאאאFOptical PlummetEאא

אאK 


אאאאאאא،אא
،אאאאאאאאאאא

אאאאאאאאאK
• א

אאאW


١Kאאאא
אאא،א

אK
٢Kאאאא

אאK 
٣KאאFאאEאאא

אK 
٤Kאאאאאאא

אאאK 
٥Kאאאאא

אאK 
אאא 

١KKאאאאאאK 
٢Kאאאאאא

אאאאאאK 



א١٠٢אאא
אאא

 
 

- ٦٩ - 

• אא


אאאF١٥٫٤אEW
• אאאאאאFVE 
• אאאאאFAzE 

אאאאא
אאKאאאKא

א87.25 אא،191.96אאK





א٤}١٥WאאאאWild
FאאאE



א١٠٢אאא
אאא

 
 

- ٧٠ - 

• אא
אאאFאEאא،

Kאא
אאאאאא،אא

אאאאאאאK
אאKא

אאאאאאאאK


٥Kאא      Calculation of Coordinates 
 

אאאאאאF١٦٫٤אEאא
אKאאאא،א

אאאKאאאאאאW

⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

=

=

ijθ Cos ijD  ijN ∆
ijθSin  ijD  ijE ∆

 

 

θij
Dij

j

i

Ei ∆Eij

Ej

N
i

∆
N

j

N
j

E

N

 
א١٦٫٤ :אאאאאא 

 

⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

+=

+=

ijE ∆  iN  jN
ijE ∆  iE  jE

 



א١٠٢אאא
אאא

 
 

- ٧١ - 

 حيث أن ،
 

iE אאאi

iN אאא i 

jE אאא j    

jN אאאj    

ijθ אאאij    

ijD אא    i وj    
 

W
 

2
1

2
ijN ∆  2

ijE ∆  ijD ⎥⎦
⎤

⎢⎣
⎡ += 

 

ijN ∆
ijE∆

 1-tan  ijθ =

 


 



 

 

 

אאאא

 

  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 


א
א



٥



א١٠٢אא
אא

 
 

- ٧٢ - 

אאWאאאאא
אK


אאW

אאאאW
• אאK
• אאK 
• אK
• אK


אאאWאאא100K٪ 

 
אאW٧ 


אאW

• אK 
• אK 


אאW

אJ١



א١٠٢אא
אא

 
 

- ٧٣ - 

.1
 

אאאאאאא
אאאK

אאאאאא
،KאאKאאאW

אאאTrigonometric Leveling 
אאאCheckerboard leveling 

אאאDifferential Leveling   

  .2

• אאWאאא
אאKאאא

אK


• אWאאא
אאאאאKאא

אאאאא
אאאאF١٫٥אKE


٥}١אWאאK 



א١٠٢אא
אא

 
 

- ٧٤ - 

• אWאאאאאK
אאאאא

אKאאאאאא
אF٢٫٥אKE

 
٢٫٥אWא

אA
אB
אC


• אא : Bench Marks  

א
אאאאאא

אאא
אאאא

אK



א١٠٢אא
אא

 
 

- ٧٥ - 

٣. אא 
אאאאאאא

אאאאאאאאKא
אאאF٣٫٥אKE

אא
α 

A

B

E

C

D

א


א


3.5: אאא

DEW
CEWCE = DC sin α 

אABWAB = AD + CE – BC
ABWאאאA
BCWאאBאאK


אא٣٠٠K
W

אאא50,60 אא300אB
אA245,00،א1,40אאא

2,35 K



א١٠٢אא
אא

 
 

- ٧٦ - 

א: 
                                 DC     =  50,25 m 

=  300  α                              
                                    AD    =  1,40 m  

                                  BC    =   2,35 m        
                                 

                            CE = DC sin α 
                             CE = 50,60 sin (300)   = 25,30 m  
                            AB = AD + CE –BC 
                            AB = 1,40 + 25,30 – 2,35 = 24,35 m. 

אB
245,00H24,35= 269.35K


K4אא

אאאאאאאא
אאאאאKאאW

אאאא
אאא

אאא

1.4.אא

אאאא
FEאאאא

אאאF٤٫٥אKE



א١٠٢אא
אא

 
 

- ٧٧ - 


4.5:א אא

אABאאK
אאאאאא

אbaK
aWאאאAa
bWאאאBb

אW
אאz a-b ∆=

BZAHa–b
 ZBZZAHaJb

2.4.   אא

 
אאF٥٫٥אWE






א١٠٢אא
אא

 
 

- ٧٨ - 




א٥٫٥WאאMETLAND 
אא
אא

אא
E אא

אאאא
אאאאאK



٥٫٥א   :אא
١J אאא
٢J אאא

אא٣ 
٤Jאא
٥Jאא



א١٠٢אא
אא

 
 

- ٧٩ - 


٦٫٥א:אא


٦Jאאא


• אאW

אאאאאא
אF٤EאאאאK


JאאW

אאאאאאא
אKאאאא

אאאאא
F.(U





א١٠٢אא
אא

 
 

- ٨٠ - 

 


٥}٧אWאאאא



٥}٨אWאאאאא

אאאאאאאאK
Jאא

אאאאאאאא
אאאKאא

אאW



א١٠٢אא
אא

 
 

- ٨١ - 

אאאאא
אאKאאאW

אV1V2אV1 
א1V′V1אV1אאFאא

٩٫٥KE


 
 

٥}٩אWאא


אא
אאKאאאאאאא
אאאאK

 
4K3Kא

אאא٣א٥
אאF١٠٫٥אKEKא

Kא






א١٠٢אא
אא

 
 

- ٨٢ - 

 
 

١٠٫٥ א :א
אאאא

אא،אאא
אאאאK


W

אאאאא
אאאאאאאא

אאK




א١٠٢אא
אא

 
 

- ٨٣ - 


אW

Wאא
K

אW٠٩
א١٠K
אאWK
KאZא
KKZא
KKKZאKKKKKKK






١٠٫٥א : א


٥}١١אWאאאאא



א١٠٢אא
אא

 
 

- ٨٤ - 

E אאW 
אאKאאאאKאא

אKאאKאאאאא
אאאאאאאא

אאאאאאאאאא
אאאאאאאאאא

אK


 :القراءة على القامة  ) ب


٥}١٢אאא




אאאאW
אאאאאאKאא

אאאאאF(UK
אאאK 





 



א١٠٢אא
אא

 
 

- ٨٥ - 

 
 
 

 
٥}١٣אאאא

   אא:   ١٫٥ الجدول


אאאW

אאאאאאאאאאKא
אאאא100א אאאאKאאא

אאW


אא N0 1 N0 2 0 3 
אא 1 0 0 

אאא 3 7 2 
אאאאא 9 6 2 

  7 3 5אאאא
אא 1,397 0,763 0,225



א١٠٢אא
אא

 
 

- ٨٦ - 




١٤٫٥ א :  אאאא
א٥}٢אא


אאא 1 2 3 

אאא890 1404 2075 
א

א 
890

1780 
1404
2208 

2075
4150 

אא
אא 

990 
790 

1468 
1338 

2275 
1875 

400 130 200 א 
אx100 20000L

20L
13000L

13L 
40000L

40L 


אאאא
אKאאאא

K



א١٠٢אא
אא
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٥ .א  


א٥}١٥WK

 
 

אאBאאAW
אאאAאBאK
אאAאאa
אאAאאb

אאאאAאB


אאaאאאאאK
אאbאאאK


אאz a-b ∆=

אאZ–
،אאK





א١٠٢אא
אא

 
 

- ٨٨ - 


 

٥}١٦אWאא


٥}١٧אWאאא







א١٠٢אא
אא

 
 

- ٨٩ - 
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١. Right Angles 
 
 
 
 

A C

B

a
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B cos  
c
a A sin == 

Bsin   
c
b A  cos == 

Bcot   
b
a A tan == 

B cosec  
b
c A  sec == 

B sec  
a
c A  cosec ==

B tan  
a
b A cot == 

 
٢. Derived Relationships 
 
 

2b - 2c  Bcot  b A  tan b  B cos c A sin  c  a ===== 
 

2a - 2c  B tan a A cot  a  Bsin  c A  cos c  b ===== 
 

2b  2a   
Acos

b  
Bsin 

b  
B cos

a  
Asin 

a  c +===== 
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٣. Oblique Triangles 
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a- Sine Law 
 

 
Csin 

c  
Bsin 

b  
Asin 

a == 

 
b- Cosine Law 

Acosbc2-c b  a 222 += 
 

Bcosac2-c a  b 222 += 
  

Ccosab2-b  a c 222 += 
 
 

٤. General Trigonometric Formulas 
 

A cosA  tan  A cos - 1  A   cosA  sin  2 A sin 2
2
1

2
1 === 

 

A sin - 1  1 -A  cos 2 A  cos
2
12

2
12 == 

 

Asin - 1 A  sin  -A  cos  A  cos 2
2
12

2
12 == 

 

1 -A sec   
2Acos1

2Asin  
Acos
Asin   A tan 2=

+
== 
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a- Addition and Subtraction Identities 
 

Acos.Bsin   Bcos.A sin  B) (Asin ±=± 
 

Bsin .A sin   Bcos.A cos B) (A cos ±=± 
 

Btan .A tan 1
Btan A tan   B) (A tan 

±
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2
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 ( 
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1 +=+ 
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 ( 
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1

 ( 
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1

 ( 
2
1 +=− 

 
b- double-Angle Identities 
 

A  cos.A sin 22A sin  = 
 

1-A  cos2A sin2-1A sin -A cos 2A  cos 2222 === 
 

A tan1
A tan 2 2A   tan 
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c- Half-Angle Identities 
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